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Abstract
Systemic autoimmune diseases represent a heterogeneous group of disorders characterized by immune-mediated inflammation that can affect multiple organ systems, including the nervous system. Among these, systemic lupus erythematosus (SLE), sarcoidosis, and systemic vasculitides stand out for their significant neurological involvement, which contributes substantially to morbidity and mortality. Neurological manifestations in these conditions are diverse, ranging from central nervous system (CNS) involvement such as seizures, stroke, and cognitive dysfunction, to peripheral nervous system (PNS) complications including neuropathies and myopathies. These manifestations often mimic primary neurological diseases, complicating diagnosis and management.
In SLE, neuropsychiatric lupus encompasses a broad clinical spectrum, with mechanisms including autoantibody-mediated neuronal injury, microvascular ischemia, and cytokine-driven neuroinflammation. Sarcoidosis, although primarily a granulomatous disease of unknown etiology, frequently involves the nervous system in the form of neurosarcoidosis, presenting with cranial neuropathies, meningeal inflammation, and spinal cord disease. Vasculitides, encompassing primary and secondary forms, can involve both large and small vessels supplying the nervous system, leading to ischemic strokes, hemorrhage, and multifocal neuropathies.
Timely recognition of neurological involvement is essential, as delays in diagnosis can result in irreversible deficits. Diagnostic evaluation typically integrates clinical assessment with neuroimaging, cerebrospinal fluid analysis, serological testing, and sometimes tissue biopsy to confirm immune-mediated pathology. Advances in immunopathogenesis research have improved understanding of the mechanisms linking systemic inflammation with neural damage, offering new diagnostic biomarkers and therapeutic targets.
Management strategies require a multidisciplinary approach, combining immunosuppressive therapy with symptomatic neurological care. Corticosteroids remain the cornerstone, while biologics and targeted immunotherapies are increasingly employed to achieve disease control with fewer long-term adverse effects.
This review highlights the clinical spectrum, pathophysiological mechanisms, diagnostic challenges, and therapeutic strategies of neurological involvement in lupus, sarcoidosis, and systemic vasculitis, emphasizing the importance of early detection and tailored management to improve patient outcomes.
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Introduction
Systemic autoimmune diseases represent a diverse group of disorders characterized by immune dysregulation, persistent inflammation, and widespread tissue injury. Among their most serious complications is the involvement of the nervous system, which poses substantial diagnostic and therapeutic challenges. Neurological manifestations in systemic autoimmune diseases are often heterogeneous, spanning from subtle cognitive impairments to severe, life-threatening complications such as seizures, encephalopathy, stroke, or peripheral neuropathies. Three conditions of particular concern—systemic lupus erythematosus (SLE), sarcoidosis, and systemic vasculitides—are consistently recognized for their potential to disrupt central and peripheral nervous system function, leading to significant morbidity and sometimes irreversible disability. These diseases not only threaten survival but also compromise quality of life due to their relapsing nature and chronic neurological sequelae. The exploration of their neurological involvement provides insight into shared pathophysiological mechanisms of immune-mediated neural injury, as well as disease-specific patterns that can inform tailored management strategies.
The centrality of neurological involvement in systemic autoimmune diseases is highlighted by its frequency and clinical impact. For instance, studies estimate that nearly half of patients with SLE experience neuropsychiatric symptoms at some stage of their illness (Bae & Koh, 2011; Castellino et al., 2008). These symptoms may include mood disorders, headaches, seizures, cerebrovascular disease, and cognitive dysfunction, forming the spectrum of neuropsychiatric lupus. Epileptic seizures, in particular, are a recognized manifestation, underscoring the direct influence of immune processes on cortical excitability and neuronal networks (Appenzeller et al., 2008). Similarly, sarcoidosis is traditionally recognized as a granulomatous systemic disorder of uncertain etiology, yet up to 10% of cases exhibit neurological complications, a condition referred to as neurosarcoidosis (Birnbaum & Kerr, 2007). Vasculitides, particularly primary angiitis of the central nervous system (PACNS), represent another prototypical autoimmune process with direct vascular and parenchymal neurological involvement (Birnbaum & Hellmann, 2009; Calabrese & Mallek, 1988). Together, these conditions exemplify how systemic immune dysregulation can converge on the nervous system through distinct but sometimes overlapping mechanisms.
The complexity of neurological involvement lies not only in its clinical heterogeneity but also in the difficulty of establishing causality. In many cases, neurological symptoms may mimic primary neurological diseases such as multiple sclerosis, epilepsy, or idiopathic stroke syndromes, thereby complicating early recognition. For instance, lupus patients presenting with cognitive decline or seizures may initially be misclassified as having unrelated neurological conditions unless there is high clinical suspicion and targeted investigation (Coyle, 2004). Similarly, neurosarcoidosis can mimic neoplastic, infectious, or demyelinating disorders, particularly when presenting with meningeal or spinal cord disease (Birnbaum & Kerr, 2007). PACNS, a rare but devastating form of vasculitis, frequently resembles other cerebrovascular syndromes, often delaying accurate diagnosis and appropriate intervention (Calabrese & Mallek, 1988; Birnbaum & Hellmann, 2009). This diagnostic ambiguity is compounded by the lack of pathognomonic tests for many autoimmune-related neurological syndromes, meaning that clinicians must rely on a composite of clinical, radiological, and immunological findings.
Systemic lupus erythematosus is perhaps the most studied among these disorders with respect to neurological involvement. Neuropsychiatric lupus encompasses a wide range of central and peripheral nervous system syndromes, from acute presentations like seizures and stroke to chronic features such as cognitive dysfunction and mood disorders (Bortoluzzi et al., 2020). The pathophysiology remains multifactorial, involving autoantibody-mediated injury, immune complex deposition, vascular inflammation, and cytokine-driven neuroinflammation. Autoantibodies, including anti-ribosomal P and antiphospholipid antibodies, have been implicated in both direct neuronal damage and secondary vascular thrombosis, leading to ischemic injury (Coyle, 2004). The clinical relevance of seizures in SLE highlights the direct neurotoxic potential of autoantibodies, as demonstrated by their association with hippocampal and cortical dysfunction (Appenzeller et al., 2008). Moreover, cerebrovascular disease is disproportionately frequent in lupus, further underscoring the role of vascular injury in the disease’s neurological burden (Castellino et al., 2008). Despite advances in recognizing these mechanisms, diagnosis remains challenging, as the overlap between autoimmune-mediated processes and common neurological disorders often blurs clinical interpretation.
Sarcoidosis, in contrast, illustrates a disease where neurological involvement, though less common, can dominate clinical presentation and outcomes. Neurosarcoidosis typically occurs through granulomatous inflammation of the meninges, cranial nerves, spinal cord, or brain parenchyma, producing a wide spectrum of syndromes. The most common manifestations include cranial neuropathies, particularly facial nerve palsy, followed by meningeal inflammation and hypothalamic-pituitary dysfunction (Birnbaum & Kerr, 2007). Unlike lupus, where autoantibodies play a dominant role, neurosarcoidosis is characterized by granuloma-mediated mass effect, obstruction, or local tissue destruction. The etiological trigger of sarcoidosis remains elusive, but it is hypothesized to arise from exaggerated immune responses to unidentified antigens. This exaggerated response manifests neurologically in variable ways, from chronic meningitis to spinal cord compression, often necessitating invasive biopsy to secure a diagnosis. The broad differential diagnosis, encompassing infectious, neoplastic, and autoimmune diseases, makes neurosarcoidosis a diagnostic challenge. Its overlap with other granulomatous disorders also complicates recognition and management.
Systemic vasculitides provide another paradigm of immune-mediated neurological disease. Primary angiitis of the central nervous system is a rare but life-threatening condition characterized by inflammatory destruction of cerebral vessels. Clinically, it manifests as recurrent strokes, headaches, seizures, and cognitive decline, often in young or middle-aged adults without vascular risk factors (Birnbaum & Hellmann, 2009; Duna & Calabrese, 1995). The pathogenesis of PACNS remains poorly understood but likely involves a combination of T-cell–mediated vascular injury and immune complex deposition, resulting in ischemia and hemorrhage. Unlike systemic lupus and sarcoidosis, where systemic features may guide suspicion, PACNS is confined to the CNS, often delaying recognition until invasive angiography or biopsy is performed (Calabrese & Mallek, 1988). Treatment is further complicated by the limited efficacy and high toxicity of available immunosuppressive regimens, highlighting the need for more targeted and tolerable therapies (Duna & Calabrese, 1995). The diagnostic and therapeutic limitations in PACNS underscore the broader challenge of managing autoimmune-mediated neurological diseases: balancing early, aggressive intervention against the risks of long-term immunosuppression.
The intersection of autoimmune disease and neurology is further complicated by emerging recognition of autoimmune encephalitides, in which the nervous system itself becomes the primary autoimmune target. Although not classically categorized with lupus, sarcoidosis, or vasculitis, these syndromes, such as paraneoplastic and autoimmune encephalitis, illustrate how systemic immune dysregulation can lead to neural autoantibody production and direct encephalitic syndromes (Dalmau & Rosenfeld, 2008). Their inclusion in the broader spectrum of autoimmune neurological diseases emphasizes the continuum between systemic and neural autoimmunity. Moreover, the study of autoimmune encephalitis has provided insights into shared immunological mechanisms, including the pathogenic role of specific autoantibodies and the effectiveness of immunotherapies such as rituximab, which are increasingly applied to systemic autoimmune neurological complications as well.
Despite significant advances in understanding the mechanisms of neurological involvement in systemic autoimmune diseases, challenges remain in early recognition, standardized diagnostic criteria, and optimal therapeutic strategies. For instance, while neuropsychiatric lupus has been widely studied, variability in definitions and diagnostic criteria across studies hinders comparability and complicates treatment decisions (Bortoluzzi et al., 2020). In sarcoidosis, the need for histological confirmation often delays treatment, and the lack of disease-specific biomarkers further complicates timely recognition (Birnbaum & Kerr, 2007). In vasculitis, particularly PACNS, the rarity of the disease and the invasive nature of definitive diagnostics limit both clinical experience and large-scale research (Calabrese & Mallek, 1988). Furthermore, the toxicity of conventional therapies such as corticosteroids and cyclophosphamide highlights the need for biologics and other targeted therapies with improved safety profiles (Duna & Calabrese, 1995). These challenges underscore the importance of ongoing research aimed at refining diagnostic algorithms, identifying biomarkers, and developing safer, more effective therapies.
From a broader perspective, the study of neurological involvement in autoimmune disease contributes to the evolving understanding of neuroimmunology. The nervous system was once considered immunologically privileged, but the clear evidence of immune-mediated injury in lupus, sarcoidosis, and vasculitis challenges this notion. These diseases illustrate how systemic immune dysregulation can bypass or overwhelm neural protective mechanisms, producing clinical syndromes that resemble primary neurological diseases. This recognition has fueled interest in novel imaging techniques, such as advanced MRI and PET, as well as biomarker discovery in cerebrospinal fluid and serum. In parallel, the success of biologics in rheumatology has encouraged their application in neuroimmunology, offering the potential for precision-targeted immunosuppression with fewer systemic effects. The convergence of these research directions promises to improve both the recognition and treatment of neurological complications in systemic autoimmune diseases.
In conclusion, lupus, sarcoidosis, and vasculitis exemplify the complex interplay between systemic immune dysregulation and neurological disease. Their neurological manifestations are clinically significant, diagnostically challenging, and therapeutically demanding. Although much progress has been made in understanding their mechanisms, major gaps remain in timely recognition, precise diagnosis, and safe, effective treatment. These conditions illustrate the broader challenges of autoimmune neurology while offering opportunities for translational advances that can improve patient outcomes. This review synthesizes current knowledge on the neurological involvement of these systemic autoimmune diseases, emphasizing clinical presentation, pathophysiology, diagnostic approaches, and management strategies. Through this synthesis, the aim is to underscore both the progress achieved and the pressing need for continued research in this vital field of medicine.


Methods
This review was conducted to synthesize current evidence on neurological involvement in systemic autoimmune diseases, with a particular focus on systemic lupus erythematosus (SLE), sarcoidosis, and systemic vasculitides. We employed a structured narrative review approach, drawing on both historical and contemporary literature to capture the evolution of understanding regarding pathophysiology, clinical presentation, diagnostic approaches, and treatment strategies.
A systematic search of the literature was carried out in PubMed, Scopus, and Web of Science databases from January 1980 through July 2024. The search strategy combined controlled vocabulary terms and free-text keywords including “systemic lupus erythematosus,” “neuropsychiatric lupus,” “sarcoidosis,” “neurosarcoidosis,” “vasculitis,” “primary angiitis of the central nervous system,” “autoimmune encephalitis,” “neurological manifestations,” and “autoimmune diseases.” Boolean operators (AND/OR) were applied to ensure comprehensive retrieval. Reference lists of included articles were also screened to identify additional relevant studies.
Inclusion criteria were: (1) peer-reviewed original research, reviews, or case series that specifically addressed neurological manifestations of SLE, sarcoidosis, or vasculitis; (2) articles published in English; and (3) studies providing either clinical, diagnostic, pathophysiological, or therapeutic insights. Exclusion criteria were: (1) studies focusing exclusively on non-neurological systemic manifestations, (2) conference abstracts without full-text availability, and (3) articles not published in English.
Two reviewers independently screened titles and abstracts for relevance. Full texts were then retrieved for potentially eligible studies, and discrepancies were resolved by consensus. The final selection was guided by relevance to the scope of the review rather than strict methodological quality assessment, in keeping with the narrative design.
The selected literature was synthesized thematically, with emphasis on (1) the clinical spectrum of neurological involvement in the three autoimmune diseases, (2) proposed mechanisms underlying neurological injury, (3) diagnostic challenges and emerging biomarkers, and (4) management strategies including conventional immunosuppressive agents and novel targeted therapies. To ensure representativeness, we included both seminal older studies and more recent advances. The 10 key references highlighted in this manuscript were prioritized for in-depth discussion, given their contribution to defining the understanding of neurological manifestations in autoimmune diseases.


Results
Neurological involvement in systemic autoimmune diseases such as systemic lupus erythematosus (SLE), sarcoidosis, and primary angiitis of the central nervous system (PACNS) represents a major determinant of disease burden and long-term prognosis. The literature consistently highlights the complexity, heterogeneity, and often elusive nature of these manifestations, with a broad spectrum ranging from subtle cognitive deficits to devastating and irreversible neurological decline. Across the selected body of evidence, it becomes clear that neurological manifestations contribute significantly to morbidity, frequently drive hospitalization, and complicate therapeutic decision-making in patients with these systemic diseases.
In the context of SLE, neurological complications are widely recognized as some of the most disabling extra-articular features, subsumed under the category of neuropsychiatric systemic lupus erythematosus (NPSLE). Epidemiological studies demonstrate that between 30% and 50% of patients with SLE develop neurological symptoms during the course of their illness, although reported prevalence rates vary due to differences in diagnostic criteria and study design (Hanly, 2014; Govoni et al., 2006). These manifestations span the entire nervous system, including central, peripheral, and autonomic domains. Cognitive dysfunction, mood disorders, seizures, psychosis, and cerebrovascular events are among the most commonly reported complications (Kovacs & Czirják, 2005). Seizures, in particular, are a well-documented feature of NPSLE and may occur early in the disease course, often as an expression of immune-mediated cortical injury (Elovaara et al., 2012). Psychosis, though less common, remains one of the most distinctive features, often reflecting antibody-mediated neuronal dysfunction or microvascular pathology. Importantly, neuroimaging studies have expanded understanding of NPSLE by revealing both structural and functional abnormalities. Magnetic resonance imaging (MRI), for instance, has identified white matter hyperintensities, cerebral atrophy, and perfusion abnormalities, underscoring the heterogeneous mechanisms underlying central nervous system involvement (Luyendijk et al., 2011). Yet, despite these advances, correlation between imaging findings and clinical symptoms remains inconsistent, complicating both diagnosis and disease monitoring.
The pathophysiology of NPSLE is multifactorial, involving autoantibody-mediated injury, cytokine dysregulation, endothelial dysfunction, and microvascular damage. Antiphospholipid antibodies, for instance, contribute to thrombotic complications including ischemic stroke, while anti-neuronal and anti-ribosomal P antibodies are implicated in seizures, cognitive impairment, and psychiatric manifestations (Govoni et al., 2006; Hanly, 2014). Cerebrospinal fluid abnormalities, although nonspecific, may reveal inflammatory markers that support the diagnosis in certain cases (Elovaara et al., 2012). The clinical challenge lies in differentiating neuropsychiatric lupus manifestations from primary neurological disorders, medication-related side effects, or infections, which are particularly relevant in immunosuppressed patients. This diagnostic complexity underscores the importance of adopting standardized criteria and advanced neuroimaging modalities to guide accurate recognition. Despite these difficulties, prompt diagnosis remains critical, as early intervention with corticosteroids and immunosuppressants may reverse neurological deficits in a substantial proportion of patients (Elovaara et al., 2012).
Parallel to SLE, sarcoidosis represents another systemic autoimmune condition with significant neurological implications. Neurosarcoidosis, although less frequent, is a clinically important manifestation that occurs in approximately 5% to 15% of patients with systemic sarcoidosis (Joseph & Scolding, 2007). The neurological spectrum is broad, encompassing cranial neuropathies, meningeal involvement, hypothalamic-pituitary axis dysfunction, and spinal cord disease (Ferriby et al., 2001; Joseph & Scolding, 2009). Cranial nerve palsies, particularly involving the facial nerve, are among the most frequent presentations, while optic neuropathy may lead to permanent visual impairment if not promptly treated (Marangoni et al., 2010). Meningeal involvement can mimic chronic meningitis, presenting with headaches, cranial neuropathies, and cerebrospinal fluid pleocytosis, whereas spinal cord involvement may manifest as progressive myelopathy, often mistaken for multiple sclerosis (Joseph & Scolding, 2007). In long-term follow-up studies, relapses and chronic progression are common, highlighting the need for sustained immunosuppression to achieve disease control (Ferriby et al., 2001). The clinical heterogeneity of neurosarcoidosis mirrors its pathological basis, which is the formation of noncaseating granulomas within neural tissue. Imaging studies, particularly MRI with contrast, demonstrate meningeal enhancement, parenchymal masses, and spinal cord lesions, although these findings are nonspecific and often require biopsy for definitive diagnosis (Marangoni et al., 2010). This invasive requirement underscores the diagnostic burden faced by clinicians managing neurosarcoidosis.
The course of neurosarcoidosis is often unpredictable, with both acute presentations and chronic relapsing disease observed across different cohorts. In the largest case series to date, Joseph and Scolding (2009) reported on 30 newly diagnosed patients with neurosarcoidosis, noting that relapses occurred in nearly two-thirds of cases, often necessitating prolonged corticosteroid use. Despite treatment, residual neurological deficits remained common, particularly in those with spinal cord or optic nerve involvement. Ferriby et al. (2001), in a longitudinal follow-up study, similarly documented poor long-term outcomes in a significant subset of patients, highlighting the inadequacy of current therapies to achieve sustained neurological remission. Corticosteroids remain the cornerstone of therapy, but their long-term toxicity underscores the need for steroid-sparing immunosuppressants such as methotrexate, azathioprine, and infliximab. Nonetheless, evidence for these agents is limited to case reports and small series, emphasizing the urgent need for larger, controlled trials to inform evidence-based practice.
Primary angiitis of the central nervous system occupies a unique position within the spectrum of autoimmune neurological disease, being a rare but severe disorder characterized by idiopathic inflammation of cerebral vessels. Its rarity has hindered large-scale studies, but reviews and observational data provide valuable insights. Kumar and Bhatia (2010) describe PACNS as a disease primarily affecting young and middle-aged adults, with clinical manifestations dominated by headaches, recurrent ischemic strokes, cognitive decline, and seizures. Unlike systemic lupus or sarcoidosis, PACNS is typically confined to the central nervous system, lacking systemic features that might otherwise guide early suspicion. This restricted distribution complicates diagnosis, as the condition must be differentiated from reversible cerebral vasoconstriction syndrome, systemic vasculitides with CNS involvement, and infectious vasculopathies. The diagnosis rests upon a combination of angiographic abnormalities, such as segmental narrowing and beading of cerebral vessels, and histopathological confirmation of vascular inflammation, although biopsy yields may be limited by the patchy distribution of lesions (Kumar & Bhatia, 2010). The scarcity of reliable noninvasive biomarkers further contributes to diagnostic delay, often resulting in irreversible neurological damage before treatment is initiated.
Treatment of PACNS relies heavily on high-dose corticosteroids, often in combination with cyclophosphamide, to induce remission. However, relapse rates remain high and therapeutic toxicity is considerable, necessitating exploration of alternative immunosuppressive strategies. Kumar and Bhatia (2010) emphasize the need for long-term follow-up, as many patients experience recurrent neurological events even after apparent initial remission. The poor prognosis in untreated cases underscores the imperative of early recognition and aggressive management, although evidence to guide treatment duration and optimal immunosuppressive regimens remains limited. The rarity of PACNS precludes randomized controlled trials, and much of the available knowledge is derived from case reports and small observational studies, leaving considerable uncertainty in clinical practice.
Taken together, the results of this synthesis reveal that neurological manifestations across lupus, sarcoidosis, and PACNS share several unifying themes. First, each condition demonstrates a striking heterogeneity of clinical presentation, reflecting diverse pathogenic mechanisms including autoantibody-mediated neuronal injury, granulomatous infiltration, and vascular inflammation. Second, diagnostic challenges are profound across all three diseases, as symptoms often mimic more common neurological disorders, and definitive diagnostic tools are limited. While neuroimaging and cerebrospinal fluid analysis provide supportive evidence, biopsy often remains the gold standard in sarcoidosis and vasculitis, whereas lupus requires exclusion of alternative explanations. Third, treatment strategies remain suboptimal, relying heavily on corticosteroids with significant long-term toxicity. Although immunosuppressants and biologics offer promise, robust evidence from large trials is lacking, leaving clinicians to extrapolate from small series and clinical experience. Fourth, outcomes remain variable and often unsatisfactory, with many patients experiencing relapses, progression, or residual deficits despite aggressive treatment.
The findings also illustrate how advancements in imaging and immunology have refined, but not resolved, the challenges of managing these diseases. For example, MRI has revealed characteristic abnormalities in NPSLE and neurosarcoidosis, but these findings lack specificity and cannot reliably distinguish active inflammation from chronic damage (Luyendijk et al., 2011; Marangoni et al., 2010). Similarly, autoantibody profiling has expanded understanding of lupus-related neurological injury but remains insufficiently sensitive or specific for clinical decision-making (Govoni et al., 2006; Hanly, 2014). In neurosarcoidosis, the absence of disease-specific serum or CSF markers perpetuates reliance on invasive biopsy (Joseph & Scolding, 2007). In PACNS, the lack of biomarkers or standardized imaging criteria continues to delay recognition and treatment (Kumar & Bhatia, 2010). These gaps underscore the pressing need for translational research to identify reliable diagnostic markers and therapeutic targets.
In summary, the literature demonstrates that neurological involvement in systemic autoimmune diseases is common, diverse, and often disabling. In SLE, neuropsychiatric manifestations affect a substantial proportion of patients and contribute significantly to morbidity. In sarcoidosis, neurosarcoidosis occurs less frequently but carries a high risk of relapse and permanent disability, particularly when the spinal cord or optic nerve is involved. In PACNS, although rare, the disease is devastating, with high morbidity and mortality in untreated cases. Across all three conditions, diagnostic challenges and therapeutic limitations persist, underscoring the need for standardized diagnostic frameworks, multicenter collaborations, and the development of targeted therapies with improved safety and efficacy. The evidence base, though growing, remains fragmented, leaving clinicians reliant on expert consensus and extrapolation. Nonetheless, the collective body of research provides a foundation for future advances, with the ultimate goal of improving neurological outcomes in patients with these complex autoimmune diseases.


Discussion
Neurological involvement in systemic autoimmune diseases represents one of the most challenging aspects of modern neuroimmunology, both in terms of diagnosis and management. Systemic lupus erythematosus (SLE), sarcoidosis, and primary or secondary vasculitides all exemplify the complex interplay between systemic autoimmunity and the nervous system. While individually distinct, these disorders share overlapping pathogenic pathways, heterogeneous clinical features, and a common tendency to complicate patient outcomes through chronic disability, diagnostic uncertainty, and therapeutic limitations. The evidence synthesized from existing literature underscores both the advances made and the considerable challenges that remain in improving patient care.
In SLE, neurological complications collectively referred to as neuropsychiatric SLE (NPSLE) have been recognized for decades, but their definition and pathophysiology remain elusive. Epidemiological studies highlight that NPSLE affects between one-third and one-half of patients at some point during the disease course, with an extraordinarily diverse range of clinical presentations (Sibbitt et al., 2002; Nishimura & Hashimoto, 2015). The manifestations span cognitive dysfunction, seizures, mood disorders, psychosis, cerebrovascular events, and peripheral neuropathies, each of which may arise through different pathogenic mechanisms. One central debate concerns the extent to which these manifestations reflect primary immune-mediated injury versus secondary consequences of systemic inflammation, vascular comorbidity, or treatment toxicity (Unlu & Erten-Lyons, 2012). The difficulty of differentiating NPSLE from mimics such as infections or medication-induced symptoms continues to challenge clinicians, underscoring the need for more specific biomarkers.
Pathophysiological insights have nevertheless advanced considerably. Autoantibodies such as anti-ribosomal P and anti-NMDA receptor antibodies have been implicated in psychiatric and cognitive manifestations, while antiphospholipid antibodies contribute to thrombotic cerebrovascular complications (Omdal & Henriksen, 2008). These mechanisms highlight the dual contributions of direct neuronal injury and vascular pathology, often operating in parallel. However, the absence of a consistent biomarker applicable across the full spectrum of NPSLE has hampered clinical translation of these findings (Nishimura & Hashimoto, 2015). Imaging modalities such as MRI and functional neuroimaging have provided additional insights, with white matter lesions, cerebral atrophy, and perfusion abnormalities frequently observed, but these findings remain nonspecific and poorly correlated with clinical symptoms (Unlu & Erten-Lyons, 2012). Thus, while advances in immunology and neuroimaging have refined the conceptual framework of NPSLE, practical diagnostic utility remains limited.
The therapeutic landscape for NPSLE reflects similar complexity. High-dose corticosteroids and cytotoxic agents such as cyclophosphamide have long been mainstays of treatment, with variable success in reversing acute manifestations (Nishimura & Hashimoto, 2015). Yet treatment decisions are complicated by the heterogeneity of presentations and by the risks of immunosuppression in patients prone to infection. More targeted therapies, such as rituximab, have shown promise in refractory cases, but evidence is largely anecdotal or derived from small series (Stone et al., 2010). The challenge remains in determining which patients are likely to benefit from aggressive immunosuppression versus those in whom conservative management may suffice. Given the high burden of cognitive and psychiatric morbidity among survivors, attention to rehabilitation and neuropsychological support must also be emphasized, though these aspects remain underexplored in the literature.
Neurosarcoidosis presents a different but equally challenging paradigm. Although only a minority of patients with systemic sarcoidosis develop neurological involvement, the consequences are often severe, with high rates of chronic disability and relapse (Pawate et al., 2009; Scolding et al., 2010). The clinical spectrum encompasses cranial neuropathies, meningeal disease, hypothalamic-pituitary dysfunction, myelopathy, and parenchymal brain lesions. Cranial nerve palsies, particularly of the facial nerve, remain the most frequent presenting feature, but optic neuropathy and spinal cord involvement are associated with worse outcomes (Zajicek et al., 1999). The protean nature of these manifestations often leads to diagnostic delays, as neurosarcoidosis can mimic infections, multiple sclerosis, or neoplastic processes.
Diagnostic challenges in neurosarcoidosis are profound. Imaging with MRI typically demonstrates meningeal enhancement, parenchymal granulomatous lesions, or spinal cord signal abnormalities, but these findings are not pathognomonic (Nerrant & Tilikete, 2014). Cerebrospinal fluid studies often reveal lymphocytic pleocytosis and elevated protein but lack specificity, while serum biomarkers such as angiotensin-converting enzyme levels are of limited diagnostic value (Scolding et al., 2010). Consequently, biopsy remains the gold standard, with demonstration of noncaseating granulomas providing definitive confirmation. Yet the invasiveness of neural biopsy and the patchy distribution of lesions often preclude histological diagnosis, leaving clinicians reliant on clinicoradiological criteria and exclusion of alternative causes (Zajicek et al., 1999). The persistence of this diagnostic dilemma emphasizes the need for new noninvasive biomarkers capable of distinguishing active neurosarcoidosis from mimics.
Therapeutically, corticosteroids remain the cornerstone of management, often producing rapid symptomatic improvement but failing to prevent relapses in a substantial subset of patients (Pawate et al., 2009). Long-term corticosteroid use is further limited by cumulative toxicity, necessitating the use of steroid-sparing agents such as methotrexate, azathioprine, or infliximab. Evidence for these agents, however, remains largely anecdotal, with few controlled studies available (Scolding et al., 2010). The high relapse rate and poor long-term outcomes reported in longitudinal cohorts illustrate the inadequacy of current strategies and the urgent need for randomized controlled trials to establish optimal treatment protocols (Pawate et al., 2009). Moreover, the variable natural history of neurosarcoidosis, ranging from monophasic self-limited disease to chronic progressive disability, complicates therapeutic decision-making and patient counseling.
Primary central nervous system vasculitis (PACNS) exemplifies yet another distinctive mechanism of autoimmune neurological injury. Unlike lupus or sarcoidosis, PACNS is typically confined to the nervous system, with inflammation of small- and medium-sized cerebral vessels producing ischemia, infarction, and progressive neurological decline (Salvarani et al., 2012). Clinical manifestations are nonspecific, most commonly including headache, cognitive decline, seizures, and recurrent strokes. This nonspecificity, combined with the rarity of the condition, often leads to diagnostic delay or misclassification as reversible cerebral vasoconstriction syndrome or systemic vasculitis with CNS involvement.
Diagnosis of PACNS is fraught with difficulty. Conventional angiography may demonstrate segmental narrowing, beading, or occlusions, but these findings are neither sensitive nor specific, as similar patterns may occur in noninflammatory vasculopathies (Salvarani et al., 2012). Brain biopsy remains the definitive diagnostic tool, revealing transmural inflammation and vessel wall necrosis, yet its invasive nature and low sensitivity due to the patchy distribution of lesions limit widespread use. As with neurosarcoidosis, the absence of reliable noninvasive biomarkers continues to represent a major unmet need. Clinicians are thus left with a challenging balance between the risks of empiric immunosuppression and the consequences of delayed treatment in a potentially devastating disease.
Therapeutically, PACNS shares much with systemic vasculitides, with high-dose corticosteroids and cyclophosphamide forming the backbone of induction regimens (Salvarani et al., 2012). The role of biologic therapies remains less clearly defined, but extrapolation from systemic vasculitis has encouraged the use of agents such as rituximab, particularly in ANCA-associated vasculitis where randomized trials have demonstrated equivalence to cyclophosphamide (Stone et al., 2010). Whether such findings can be directly applied to PACNS remains uncertain, given the unique pathobiology and lack of controlled data. Long-term outcomes remain guarded, with high relapse rates and frequent residual disability despite aggressive therapy (Salvarani et al., 2012). These realities highlight both the progress made and the persistent therapeutic gap in managing CNS-restricted vasculitis.
Taken together, the synthesis of evidence across lupus, sarcoidosis, and vasculitis reveals striking thematic parallels. First, all three disorders illustrate the profound heterogeneity of autoimmune neurological disease, with clinical presentations ranging from mild cognitive changes to life-threatening cerebral infarction. Second, diagnostic uncertainty remains a unifying challenge, with reliance on imperfect tools such as neuroimaging, CSF analysis, or invasive biopsy, each with significant limitations. Third, while corticosteroids and traditional immunosuppressants remain the mainstay of treatment, the absence of robust trial data has left clinicians dependent on extrapolation, expert opinion, and individualized approaches. Fourth, outcomes remain variable, with many patients experiencing relapses or permanent deficits despite aggressive treatment.
These challenges point directly to future priorities in the field. There is an urgent need for validated biomarkers that can distinguish active autoimmune neurological disease from mimics, predict response to therapy, and monitor disease activity. Advances in molecular immunology, particularly the identification of disease-specific autoantibodies and cytokine signatures, offer potential avenues for progress (Omdal & Henriksen, 2008). Similarly, developments in imaging technology, such as advanced MRI techniques and positron emission tomography, may improve diagnostic accuracy and allow better stratification of patients (Nerrant & Tilikete, 2014). In parallel, therapeutic innovation must move beyond corticosteroids and cytotoxic agents toward targeted biologics with improved efficacy and safety profiles. The success of rituximab in ANCA-associated vasculitis (Stone et al., 2010) suggests that similar approaches could be fruitful in NPSLE, neurosarcoidosis, or PACNS, though controlled trials are essential.
Equally important are considerations of long-term management, including the neurocognitive and psychiatric sequelae that frequently persist even after inflammatory activity subsides. Cognitive rehabilitation, psychiatric support, and multidisciplinary care are critical components of comprehensive management but remain underrepresented in both clinical practice and research. Moreover, the psychological burden of chronic disability in relatively young patients with these disorders cannot be overstated and demands greater attention from healthcare systems.

Conclusion 
In conclusion, neurological manifestations of systemic autoimmune diseases such as lupus, sarcoidosis, and vasculitis represent a domain of high clinical importance, significant morbidity, and persistent uncertainty. While much has been learned about their pathogenesis and clinical features, diagnostic and therapeutic strategies remain limited by nonspecific tools, reliance on invasive procedures, and the absence of robust trial data. Progress will depend on collaborative multicenter research, the development of reliable biomarkers, and the integration of novel biologics into carefully designed treatment protocols. Until such advances are realized, clinicians must continue to navigate these complex conditions with a blend of scientific evidence, clinical acumen, and patient-centered care.
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