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Purpose

Brain 18F-fluorodeoxyglucose positron emission tomography (FDG PET) is a sensitive technique for assisting in the diagnosis of patients with anti-leucine-rich glioma-inactivated 1 (LGI1) antibody encephalitis. However, the common pattern of this disorder assessed by FDG PET remains unknown. The present study aimed to explore the glucose metabolic patterns of this disorder based on PET voxel analysis.



Methods

This retrospective study enrolled 25 patients with anti-LGI1 encephalitis, who were admitted in Beijing Tiantan Hospital between September 2014 and July 2019. The glucose metabolic pattern was compared between the included patients and 44 age- and gender-matched healthy controls using Statistical Parametric Mapping. Then, the correlation between the metabolic pattern and scaled activities of daily living (ADLs) of the patients was assessed.



Results

The median time from symptom onset to PET scans was 9 w (range:2-53w). The groupwise analysis revealed that patients with anti-LGI1 encephalitis had left hippocampal hypermetabolism and hypometabolism in almost all neocortical regions. The individual-level results showed most patients presented a decreased metabolism in neocortical regions, as well as an increase in metabolism in the hippocampus and basal ganglia. Furthermore, the metabolic gradient between hippocampus and neocortical regions was positively associated with the ADLs (frontal lobe, r=0.529, P=0.008; parietal lobe, r=0.474, P=0.019; occipital lobe, r=0.413, P=0.045; temporal lobe, r=0.490, P=0.015), respectively. In addition, the patients with facio-brachial dystonic seizures (FBDS) presented bilateral putamen hypermetabolism, when compared to patients without FBDS and healthy controls.



Conclusion

Subcortical hypermetabolism associated with cortical hypometabolism presented with a common metabolic pattern in patients with anti-LGI1 encephalitis in the present study. The resolution of the metabolic gradient of the hippocampal hypermetabolism and neocortical hypometabolism may bring about improved clinical neurologic disability.
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Introduction

Anti-leucine-rich glioma-inactivated 1 (LGI1) encephalitis is the most common limbic encephalitis with antibodies targeting neuronal surface antigens (1). Patients with anti-LGI1 encephalitis present with progressive memory alteration, psychiatric manifestation and seizures, suggesting the involvement of the limbic system. The most characteristic seizures are facio-brachial dystonic seizures (FBDS), which are characteristic of anti-LGI1 encephalitis, and these are observed in approximately half of the patients (2, 3).

Early diagnosis means the early immunosuppressive treatment, which is associated with subsequent improved cognitive impairment and preventive irreversible lesions, including hippocampal atrophy (4, 5). At present, the initial diagnosis of anti-LGI1 encephalitis is mainly based on the clinical manifestations, MRI, and antibody testing (1). Nonetheless, the clinical overlaps of various autoimmune encephalitis (AE) subtypes impede the differential diagnosis (6, 7). Furthermore, the brain MRI findings of T2WI/FLAIR hyperintensities, which involve the medial temporal lobe, are often absent at disease onset (8, 9), specifically at the FBDS stage. In addition, the prolonged time taken for results to return and inaccessibility in many institutions limit the clinical application of the antibodies testing.

Given these aforementioned AE descriptions, 18F-FDG PET can be a potential biomarker for AE diagnosis (1, 10–12). The higher uptake on 18F-FDG PET in otherwise normal mesial temporal lobe structures shown on the MRI indicates that using 18F-FDG PET can be more sensitive than MRI in assisting the diagnosis (10, 13). Furthermore, 18F-FDG PET can be more sensitive to abnormalities in patients with AE, when compared to assessments using electroencephalogram (EEG) and cerebrospinal fluid (CSF) inflammatory markers (8).

Most previous 18F-FDG PET studies on anti-LGI encephalitis have been limited to visual inspection with an inferior sensitivity to voxel analysis (9, 14–16), or the use of a relatively smaller sample size with heterogenous results for metabolic pattern analysis (17–20). The present study aimed to determine the brain common patterns of glucose metabolism changes in a relatively large sample of patients with anti-LGI1 encephalitis using Statistical Parametric Mapping (SPM) analysis. Furthermore, the present study aimed to determine the correlation of the metabolism pattern with the daily activities of anti-LGI1 encephalitis patients.



Methods


Patients

The present retrospective study was approved by the Ethics Committee of the Beijing Tiantan Hospital, Capital Medical University, and each participant provided a written informed consent. Using the database of the PET center, the investigators identified patients with anti-LGI1 encephalitis, who were admitted in Beijing Tiantan Hospital and underwent 18F-FDG PET between September 2014 and July 2019. These patients were cross-referenced with the Tiantan Hospital Neurology Department database. Part of these patients were previously reported (21). The inclusion criteria were, as follows: (1) patients who were admitted in the Neurology Department; (2) the clinical characteristics of the patient was detailed and complete; (3) patients with a relatively acute or subacute disease course. Two neurological experts (L.R. and W.Q.) performed the diagnoses of anti-LGI1 encephalitis based on the consensus criteria (1).



Clinical Evaluation

The activities of daily living (ADL) were gained by adding the Katz activities of daily living scale (22) to the Lawton instrumental activities of daily living scale (23). For male patients, 11 was set as normal, 10-7 was set as mild damage, 6-3 was set as moderate damage, and 2-0 was set as severe damage. For female patients, 14 was considered as normal, 13-9 was considered as mild damage, 8-4 was considered as moderate damage, and 3-0 was considered as severe damage. Furthermore, scaled ADL (ADLs) was produced by defining normal as 0, mild damage as 1, moderate damage as 2, and severe damage as 3.



LGI1 Antibody Detection

For all patients, the serum and CSF antibody were detected, including NMDA receptor, LGI1, and contactin-associated protein-2, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor, and γ-aminobutyric acid type B. The serum and CSF samples were tested for the presence of LGI1 antibodies using both commercially fixed cell-based assays (CBAs) in biochip form (Euroimmun, Lübeck, Germany), and immunohistochemical analyses in the Neuroimmunology Laboratory of Peking Union Medical College Hospital. The stained biochips were investigated under a fluorescence microscope (Eurostar 3 Plus, Euroimmun, Germany). The decision if antibody was present in the tested samples was made by two experienced investigators using the signal of the surrounding fields as negative controls.



The 18F-FDG PET Protocol and Imaging Analysis

At the time of diagnosis, all participants underwent brain study. None of these patients received sedative drugs before the PET imaging. After fasting for 4-6 hours, 18F-FDG was intravenously injected at a dose of 3.7-5.0 MBq/kg. The pre-injection blood glucose levels were confirmed to be ≤8 mmol/L. The participants were isolated in a dedicated room during the uptake period. PET acquisitions were performed at 45–60 and 60–90 post-injection minutes for the brain and whole-body examinations, respectively. A brain PET scan was performed in the 3D-time-of-flight mode for 10 minutes. A whole-body (including brain region) 18F-FDG PET scan was performed for approximately 20-30 minutes. The brain imaging data were reconstructed using ordered subset expectation maximization methods, with four iterations and eight subsets, as well as smoothing with a 5-mm full-width at half-maximum filter.

The GE Advanced Workstation 4.6 software package (GE Healthcare) was used to generate the 18F-FDG PET images, and these were visually examined by two board-certified nuclear medicine physicians (Q.Z. and A.l.) with vast experience in reading PET/CT results (>10 years). These reviewers carefully checked the PET images for abnormalities in the hippocampus, basal ganglia, and neocortex. Furthermore, they also assessed the abnormality lateralization in case these were present. All reviewers were blinded from the clinical diagnosis of the patients or controls. Contradictions in the imaging evaluation were resolved through discussion, until a consensus was reached.



MRI Protocol and Imaging Review

Clinical MRIs were performed according to the institutional protocol using a 3-T scanner (Genesis Signa and Signa HDe) and Siemens (Trio Tim and Verio). The brain MRI scans were evaluated by two neuroradiologists (C.Q. and W.K.), who were blinded to the patient’s diagnosis. In the present study, the T1WI and T2WI/FLAIR signals, and some of the pre- and post-gadolinium-enhanced T1WI sequences were reviewed and rated as consistent or inconsistent with AE. The differences in rating between the two reviewers were reconciled by discussion.



Procedure for the PET Data Pre-Processing

The raw 18F-FDG PET images were pre-processed using SPM software version 12 (Wellcome Trust Centre for Neuroimaging, London, UK; https://www.fil. ion.ucl.ac.uk/spm/software/spm12/, default parameter settings). Initially, the raw data was transformed to NIfTI data, followed by realignment. Then, the brain images were spatially normalized into the stereotactic standard space based on the Montreal Neurological Institute (MNI) template using the ‘Old Normalize Tool’ of the SPM12. Stereotactically normalized images were smoothed using an isotropic 3D Gaussian kernel of 8-mm full-width half-maximal for the voxel-based analysis. Furthermore, the original normalized images underwent region of interesting (ROI) analysis. The voxel intensities in both smoothed and original normalized images were proportionally scaled to the average voxel intensity over the cerebellum. Furthermore, the investigators obtained the ratio of the standardized uptake value (SUVr). The cerebellum was used as the reference brain region, since the autoimmune encephalitis is less likely to affect this.



Voxel-Based Statistical Testing

Regarding the group analysis, the investigators performed voxel-by-voxel between-group comparisons of the scaled 18F-FDG images. The statistical significance was set at P=0.001 (Family-Wise Error [FWE] = 0.001 for multiple comparisons and effects in clusters [KE]> 30) for comparisons between patients with anti-LGi1 encephalitis and the control group, between patients with FBDS and the control group, and between patients with PET scans < 12 weeks from symptom onset and those with PET scan ≥ 12 weeks from symptom onset, respectively. In addition, the statistical significance was set at P=0.001 without multiple comparison correction (effects in clusters [KE] >30) for comparison between patients with FBDS and those without FBDS, due to the small sample size. For the two-sample t-test in the SPM procedure, the investigators used a control group that comprised of 44 normal participants without a history of neurological or psychiatric disorders (age: 49.6 ± 18.9 years old, 14 women; there was no significant difference between all patients group and control group, in terms of age and gender, P=0.068 and P=0.291, respectively). The SPM analysis results were confirmed through visual assessment. For the individual analysis, the scaled 18F-FDG brain scans underwent voxel-by-voxel comparisons with the aforementioned control group (one-sided two-sample t-tests for hypo- and hyper-metabolism; P=0.001, uncorrected for multiple comparisons, no non-sphericity correction; KE >30).



Statistical Analysis

In order to analyze the relationship between metabolic abnormalities in specific brain regions with ADL, the investigators chose the following ROIs: bilateral frontal lobe, bilateral hippocampus, and bilateral putamen. These ROIs were summarized from relatively small ROIs of Anatomical Automatic Labeling (AAL) templates (Supplemental Table 1). These ROIs were defined based on the individual- and group-level results obtained from the SPM analysis, as well as according to the visually recognized region identified by the nuclear medicine physician. The investigators calculated the mean SUVr in each ROI using the WFU Pick Atlas software and AAL-based masking. The association between the SUVr ratio of the hippocampus to neocortical regions and ADLs was determined using Spearman test, since the ratio data was non-normally distributed.




Results


Clinical Characteristics of Patients

Among the 28 patients who met the criteria for anti-LGI1, 25 patients (20 men, five women; median age: 60 years old) were included in the final analysis. Three patients were excluded due to poor image quality. Table 1 summarizes the clinical characteristics of the included patients. The pre-scan symptom duration was a median of nine weeks (interquartile ranges [IQR]: 13; range:2-52). The duration between the MRI and 18F-FDG PET scans was a median of five days (IQR: 9; range:0-26). A total of 21 (84%) patients underwent a whole-body PET scan, and none of the results revealed a tumor. Furthermore, nine (36%) patients presented with FBDS. Moreover, 14 (56%) and eight (32%) patients presented with psychiatric symptom and memory impairment, respectively. The median ADLs at the time of PET scanning was 2 (interquartile range: 1.5). Furthermore, eight (32%) patients were treated with steroids within 24 hours before the PET scan. All 25 (100%) patients tested positive for LGI1 antibodies, in both the serum and CSF (92%), with two (8%) patients showing only in the CSF or serum. The patients tested negative for other antibodies of interest.


Table 1 | Clinical characteristics of the patients included in the study.





Visual Inspection

Table 2 presents the comparison of the visual analysis of 18F-FDG PET scans with the MRI scans. On visual inspection, 19 (76%) patients presented with abnormal metabolism on the 18F-FDG PET. The brain regions that revealed the hypermetabolism included the hippocampus (18 [95%]), putamen (15 [79%]) and caudate (13 [68%]). The brain regions that revealed the hypometabolism included the frontal lobe (11 [58%]), parietal lobe (8 [42%]), occipital lobe (2 [11%]), and temporal lobe (1 [5%]) (Figure 1). Considering the metabolic pattern of visual evaluation may be influenced by the disease course (24, 25), the images findings of patients with PET scans < 12 weeks from symptom onset and those with PET scan ≥ 12 weeks from symptom onset were further analyzed. According to the diagnostic guideline of AE (1) and other studies on anti-NMDA encephalitis (8, 26, 27) and Hashimoto’s encephalopathy (28), twelve weeks (approximately 3 months) was selected as the recommended time point to divide the acute/subacute and chronic/recovery stage. There were 15 patients whose duration time from symptom onset to PET scans was less than 12 weeks. A total of 10 patients had more than 12 weeks between symptom onset and PET scans. There were 11 (73%) patients with hippocampal hypermetabolism on either side and 9 (60%) patients with putamen hypermetabolism on either side in less than 12 weeks group. Further, there were 7 patients (70%) with increased hippocampus on either side and 6 patients (60%) with increased putamen metabolism on either side in more than 12 weeks group. There was no significant difference in the proportion of hypermetabolism in hippocampus and putamen between these two groups (Supplemental Table 2).


Table 2 | Imaging findings from visual inspection of the patients included in the study.






Figure 1 | Participant 22: A 67-year-old man with a 1-month history of epileptic seizures. Positive anti-LGI1 receptor antibodies were detected in both the serum and CSF samples. The axial 3D 18F-FDG PET image at the level of the basal ganglia (A) and medial temporal lobe (C) reported an increased uptake at the medial temporal lobe (thick black arrow) (left side > the right side) and bilateral striatum (black dash arrow), along with a decreased uptake in almost all neocortex, especially in the bilateral frontal lobe (thin black arrow). The axial T2WI/FLAIR MRI (B, D) shows an abnormal signal in the bilateral medial temporal (right side > left side) (thick white arrow). There was no evidence of abnormality in the basal ganglia (white dash arrow) and frontal cortex (thin white arrow) as well as other cortical region, except for the nonspecific change at the left-hind limb of the internal capsule.



Positive MRI findings suggestive of encephalitis were observed in 14 (56%) patients. The most common MRI findings in these patients was increased T2/FLAIR signals in the medial temporal lobes (13, 93%), which included the bilateral medial temporal lobes (9, 64%), left medial temporal lobe (2, 14%), and right medial temporal lobe (2, 14%). Merely one (7%) patient presented with basal ganglia MRI signal abnormalities.



Imaging Findings From the Voxel Analysis


The Hippocampus and Cortex

The groupwise revealed a significantly increased uptake in the left hippocampus, para hippocampus, and amygdala. Patients presented with a decreased standard uptake in almost all neocortical regions. Particularly, hypometabolism extend in the frontal lobe was larger than in other brain areas, including the superior, middle, and inferior frontal gyrus, as well as the orbito-frontal lobe (Figure 2). Furthermore, hypometabolism was observed in the parietal lobe, including the left inferior parietal gyrus, bilateral precuneus, left calcarine, and right angular gyrus. Moreover, hypometabolism was observed in the left middle occipital gyrus, as well as in the left superior, middle, and inferior temporal gyrus. The individual-level results varied among patients, with most patients presenting a decreased metabolism in the frontal, parietal, occipital, and temporal lobe, as well as an increase in metabolism in the hippocampus and basal ganglia. However, some patients presented with an increase in metabolism in the neocortical region (Supplemental Figure 1).




Figure 2 | The comparison of metabolism using the 18F-FDG PET scans of patients with encephalitis and healthy controls by SPM analysis. The T-maps show the hypo-metabolism (cold) and hyper-metabolism (hot colors). The glucose metabolism increased in the left hippocampal region, and decreased in the extensive bilateral prefrontal cortex, bilateral parietal, and limited left temporal cortex. The SPM T-maps were projected onto surface, rendering and axial views of an MNI 152 template. The number in each transaxial brain image indicates the distance (mm) from the anterior commissure-posterior commissure plane. P = 0.001 was corrected. R, right; L, left.



The metabolic abnormality revealed by the SPM analysis and visual inspection was indicative of the hypermetabolism in the hippocampus, and basal ganglia associated with neocortical hypometabolism. With caution, these aforementioned observations can be interpreted to result from similar mechanisms. The investigators calculated the individual-level SUVr ratio for the hyper- to hypo-metabolism brain regions based on the relative 18F-FDG uptake in the anatomically defined hippocampus, putamen, and neocortical regions. Then, the investigators analyzed the relationship of the SUVr ratio of the hypermetabolic region (hippocampus and putamen) to hypometabolic region (all neocortical regions) with ADLs. The SUVr ratio of the hippocampus to neocortical region was positively associated with the ADLs (frontal lobe, r=0.529, P=0.008; parietal lobe, r=0.474, P=0.019; occipital lobe, r=0.413, P=0.045; temporal lobe, r=0.490, P=0.015), respectively. The SUVr ratio of the putamen to neocortical region was not correlated with the ADLs. Previous findings (16) and the present group-analysis results suggest that anti-LGI1 antibodies tend to affect the unilateral brain. Therefore, the investigators analyzed the association of metabolic changes in each hemisphere with ADLs. The SUVr ratio of the left hippocampus to the left frontal lobe was positively correlated with the ADLs (r=0.538, P<0.05). Furthermore, the SUVr ratio of the left putamen to the left frontal lobe was not correlated with the ADLs, which is consistent with the results for the right sides (P>0.05) (Table 3).


Table 3 | Ratio of hippocampus to cortex correlation with scaled activities of daily living.





Basal Ganglia

Previous studies have shown that 18F-FDG hyperactivity in the basal ganglia of patients may be correlated to FBDS development (2, 29). In order to explore the metabolic pattern of patients with FBDS, the metabolic pattern of patients with FBDS was compared with that of patients without FBDS and healthy controls, respectively. The groupwise revealed a significant increase uptake in the bilateral putamen in patients with FBDS, when compared to those without FBDS (Figure 3A). Furthermore, left cerebellum hypermetabolism was also observed. In addition, bilateral putamen hypermetabolism was found in the FBDS group, when compared to healthy controls (Figure 3B). Moreover, right focal frontal lobe hypometabolism was found in patients with FBDS. The metabolic difference between those without FBDS and healthy controls was similar to the difference between all included patients and healthy controls.




Figure 3 | The comparison of metabolism using the 18F-FDG PET scans of patients with FBDS and those without FBDS and healthy controls by SPM analysis. The T-maps show the hypo-metabolism (cold) and hyper-metabolism (hot colors). The SPM T-maps were projected onto surface, rendering and axial views of the MNI 152 template. The number in each transaxial brain image indicates the distance (mm) from the anterior commissure-posterior commissure plane. (A) Compared to patients without FBDS, the glucose metabolism increased in the bilateral putamen and left cerebellum of patients with FBDS. P = 0.001 without correction. R, right; L, left.(B) Compared to healthy controls, the glucose metabolism increased in the bilateral putamen, and decreased in the right frontal lobe of patients with FBDS. P = 0.001 was corrected. R, right; L, left.



Similar to visual inspection, the images findings of patients with PET scans < 12 weeks from symptom onset and those with PET scan ≥ 12 weeks from symptom onset were evaluated from the voxel analysis. Voxel analysis at groupwise level showed there was no significant cluster between these two groups. Further, for voxel-based analysis at individual level, there were 10 (66.7%) patients with hippocampal hypermetabolism on either side and 8 (53.3%) patients with putamen hypermetabolism on either side in less than 12 weeks group. Further, there were 8 patients (80%) with increased hippocampus on either side and 4 patients (40%) with increased putamen metabolism on either side in more than 12 weeks group. There was no significant difference in the proportion of hypermetabolism in hippocampus and putamen between these two groups (Supplemental Table 2).





Discussion

The present study revealed that the topography of anti-LGI1 encephalitis characterized by the hypermetabolism of the hippocampal and basal ganglia associated with the hypometabolism of the cortical areas. Furthermore, the metabolic abnormality extent between the hippocampus and the cortical areas was correlated with the neurological disability of these patients.

Some previous studies have focused on exploring the topography of the subtypes of AE, in order to provide characteristic metabolic patterns for the differential diagnosis (17, 30, 31). Among these, merely one study investigated the topography of certain anti-LGI1 encephalitis. This 18F-FDG PET study focused on four patients with anti-LGI1 encephalitis through SPM analysis, and discovered the topography of anti-LGI1 encephalitis was partly consistent with the present study. This study revealed the hypermetabolism in the cerebellar, basal ganglia and occipital lobe, rather than in the hippocampal, as well as the hypometabolism that was limited to the anterior cingulate/frontomesial cortex (17). This discrepancy with the present findings could be partly attributable to the differences in sample size and disease course. When compared with all four patients with an mRS score of 2, which indicated a relatively mild disease status, these present patients had a moderate status with an ADLs of 2.

The clinicopathological basis of this metabolic characteristic of anti-LGI1 encephalitis AE remains unclear. A previous study conducted a pathological analysis of patients with anti−LGI1 encephalitis, and reported the T−cell infiltration in the hippocampus and amygdala (32). Direct T−cell-mediated toxicity could result in increased 18F-FDG uptake in the corresponding brain region (33, 34). Another previous study reported LGI1 antibodies expression in the hippocampus and neocortex (35). This could partly explain the abnormal metabolic pattern in the neocortical region, as well as in the hippocampal region. Furthermore, patients with anti-LGI1 encephalitis presented with large-scale functional network disruptions, in addition to the hippocampal damage, which contributed to the extra-limbic clinical manifestations (36, 37). Given the higher gradient of metabolic abnormalities in the hippocampus and neocortex in patients with clinical neurologic disability, it was speculated that a higher gradient is indicative of more severe inflammation and functional connectivity impairment in the brain. However, there is a need for longitudinal studies based on the analysis of brain metabolic functional connectivity.

The SPM group-wise analysis revealed the increase in left hippocampal glucose metabolism. Furthermore, the extent of the left hippocampus hypermetabolism and cortical hypometabolism was correlated with the neurological disability. The common left hippocampal abnormalities in patients with anti-LGI1 encephalitis could be partially due to the asymmetric distribution of LGI1 expression in the human brain. A study on 36 tissue sections of the hippocampus and globus pallidus obtained from humans reported the LGI1 expression was mainly in the left hemisphere (16). Similarly, a study reported that the LGI1-antibody encephalitis affected asymmetrically only one hemisphere, which was contralateral to the affected limb for several months (18).

The hypermetabolism in the striatum could be a useful biomarker for early-stages encephalitis, before apparent EEG, MRI, or CSF abnormalities can be observed in patients with FBDS (2, 14, 29). Partially consistent with the present study, in a previous study conducted on five patients with FBDS, the 18F-FDG PET study revealed the hypermetabolism in the not only the striatum, bilaterally, and the amygdala, but also in the motor primary cortex, as well as the hypometabolism in the prefrontal cortex and right parietal associative areas (18). This discrepancy may arise from the different threshold condition for the image analysis. Compared with the P<0.05 corrected for multiple tests using the false discovery rate method, the present study used a more stringent condition with P<0.001 and the FWE correction to compare patients with the controls.

The results of PET analysis between patients with scans < 12 weeks from symptom onset and those ≥ 12 weeks from symptom onset showed no significant difference in the present study. Although some cases have reported that the duration of symptom onset is related to the metabolic pattern of autoimmune encephalitis (11, 24, 38, 39), whether and how the duration of symptom onset influences the metabolic pattern has not been concluded in a large sample prospective study. Compared with the duration of symptom onset, daily activities score of patients can reflect objectively the stage of autoimmune encephalitis. The median ADLs in this study was 2 (interquartile range: 1.5), indicating that most patients were in acute or subacute stage.

The present study has several limitations. First, this was a retrospective study that included patients from a single tertiary medical center, which could have resulted in selection bias. Second, the investigators normalized brain activity values to the average cerebellar activity rather than the average whole-brain activity, and further studies are required to verify the current findings. Third, eight patients with anti-LGI1 encephalitis in the present study were treated with steroids within 24 hours of the initial brain 18F-FDG PET. Since the corticosteroid effect could decrease the generalized cortical metabolism (40), it should be carefully noted that the effect on the whole-brain gradient metabolism pattern was slight. Finally, the antibodies were tested by fixed CBAs. Compared to a live CBAs, the fixed LGI1antibody CBAs can fail to detect some patients with low levels of LGI1 antibodies (41). Considering the present study was retrospective in nature, this factor has little impact on the results.

Overall, it was observed that subcortical hypermetabolism associated with cortical hypometabolism was the generalized topography pattern of this syndrome. Furthermore, the extent of this metabolic change between hippocampus and neocortical region was correlated with the clinical neurologic disability. When considering anti-LGI1 encephalitis has many phenotypes, including FBDS, grand mal seizures, focal aware motor seizures (FAMS), focal impaired awareness (FIAS) as well as hyponatremia. Further FAMS have different metabolic pattern from FBDS and FIAS (42) and hyponatremia may contribute to aberrant brain metabolism (43), there is a need for further prospective study to clarify the impacts of different phenotype on the metabolic characteristics of anti-LGI1encephalitis.



Conclusions

In conclusion, hippocampal and basal ganglia hypermetabolism co-existing with neocortical hypometabolism is a common metabolic abnormality in anti-LGI1 encephalitis. Furthermore, the extent of the metabolic gradient between the hippocampus and neocortical regions was positively correlated with the neurological disability. In addition, basal ganglia hypermetabolism may contribute to the development of FBDS.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

XZ: analysis and interpretation of data, and drafting manuscript. SZ: analysis and interpretation of data, and revising the manuscript. YC and ZZ: interpretation of data and revising the manuscript. XTL: analysis and interpretation of data. XL and RL: interpretation of data. QW and LA: design and conceptualization of the study, analysis and interpretation of data, and revising the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by funds from the National Natural Science Foundation of China (81527805), the National Natural Science Foundation of China (2018YFC1315201), and Beijing Natural Science Foundation (81771143).



Acknowledgments

The authors thank Wei Zhang, Qingsong Long, and Tong Wu for the image data acquisition, and Qian Chen, Kai Wang, and Zhen Qiao for the image interpretation.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.672846/full#supplementary-material



References

1. Graus, F, Titulaer, MJ, Balu, R, Benseler, S, Bien, CG, Cellucci, T, et al. A Clinical Approach to Diagnosis of Autoimmune Encephalitis. Lancet Neurol (2016) 15(4):391–404. doi: 10.1016/S1474-4422(15)00401-9

2. Irani, SR, Michell, AW, Lang, B, Pettingill, P, Waters, P, Johnson, MR, et al. Faciobrachial Dystonic Seizures Precede Lgi1 Antibody Limbic Encephalitis. Ann Neurol (2011) 69(5):892–900. doi: 10.1002/ana.22307

3. van Sonderen, A, Schreurs, MW, Wirtz, PW, Sillevis Smitt, PA, and Titulaer, MJ. From VGKC to LGI1 and Caspr2 Encephalitis: The Evolution of a Disease Entity Over Time. Autoimmun Rev (2016) 15(10):970–4. doi: 10.1016/j.autrev.2016.07.018

4. Finke, C, Prüss, H, Heine, J, Reuter, S, Kopp, UA, Wegner, F, et al. Evaluation of Cognitive Deficits and Structural Hippocampal Damage in Encephalitis With Leucine-Rich, Glioma-Inactivated 1 Antibodies. JAMA Neurol (2017) 74(1):50–9. doi: 10.1001/jamaneurol.2016.4226

5. Thompson, J, Bi, M, Murchison, AG, Makuch, M, Bien, CG, Chu, K, et al. The Importance of Early Immunotherapy in Patients With Faciobrachial Dystonic Seizures. Brain (2018) 141(2):348–56. doi: 10.1093/brain/awx323

6. Dalmau, J, Lancaster, E, Martinez-Hernandez, E, Rosenfeld, MR, and Balice-Gordon, R. Clinical Experience and Laboratory Investigations in Patients With Anti-NMDAR Encephalitis. Lancet Neurol (2011) 10(1):63–74. doi: 10.1016/S1474-4422(10)70253-2

7. Kim, TJ, Lee, ST, Shin, JW, Moon, J, Lim, JA, Byun, JI, et al. Clinical Manifestations and Outcomes of the Treatment of Patients With GABAB Encephalitis. J Neuroimmunol (2014) 270(1-2):45–50. doi: 10.1016/j.jneuroim.2014.02.011

8. Probasco, JC, Solnes, L, Nalluri, A, Cohen, J, Jones, KM, Zan, E, et al. Abnormal Brain Metabolism on FDG-PET/CT Is a Common Early Finding in Autoimmune Encephalitis. Neurol Neuroimmunol Neuroinflamm (2017) 4(4):e352. doi: 10.1212/NXI.0000000000000352

9. Lv, RJ, Pan, J, Zhou, G, Wang, Q, Shao, XQ, Zhao, XB, et al. Semi-Quantitative FDG-PET Analysis Increases the Sensitivity Compared With Visual Analysis in the Diagnosis of Autoimmune Encephalitis. Front Neurol (2019) 10:576. doi: 10.3389/fneur.2019.00576

10. Baumgartner, A, Rauer, S, Mader, I, and Meyer, PT. Cerebral FDG-PET and MRI Findings in Autoimmune Limbic Encephalitis: Correlation With Autoantibody Types. J Neurol (2013) 260(11):2744–53. doi: 10.1007/s00415-013-7048-2

11. Park, S, Choi, H, Cheon, GJ, Wook Kang, K, and Lee, DS. 18f-FDG PET/CT in Anti-LGI1 Encephalitis: Initial and Follow-Up Findings. Clin Nucl Med (2015) 40(2):156–8. doi: 10.1097/RLU.0000000000000546

12. Heine, J, Prüss, H, Bartsch, T, Ploner, CJ, Paul, F, and Finke, C. Imaging of Autoimmune Encephalitis–Relevance for Clinical Practice and Hippocampal Function. Neuroscience (2015) 309:68–83. doi: 10.1016/j.neuroscience.2015.05.037

13. Ances, BM, Vitaliani, R, Taylor, RA, Liebeskind, DS, Voloschin, A, Houghton, DJ, et al. Treatment-Responsive Limbic Encephalitis Identified by Neuropil Antibodies: MRI and PET Correlates. Brain (2005) 128(Pt 8):1764–77. doi: 10.1093/brain/awh526

14. Shin, YW, Lee, ST, Shin, JW, Moon, J, Lim, JA, Byun, JI, et al. VGKC-Complex/LGI1-Antibody Encephalitis: Clinical Manifestations and Response to Immunotherapy. J Neuroimmunol (2013) 265(1-2):75–81. doi: 10.1016/j.jneuroim.2013.10.005

15. Masangkay, N, Basu, S, Moghbel, M, Kwee, T, and Alavi, A. Brain 18f-FDG-PET Characteristics in Patients With Paraneoplastic Neurological Syndrome and Its Correlation With Clinical and MRI Findings. Nucl Med Commun (2014) 35(10):1038–46. doi: 10.1097/MNM.0000000000000163

16. Jang, Y, Lee, ST, Bae, JY, Kim, TJ, Jun, JS, Moon, J, et al. LGI1 Expression and Human Brain Asymmetry: Insights From Patients With LGI1-Antibody Encephalitis. J Neuroinflamm (2018) 15(1):279. doi: 10.1186/s12974-018-1314-2

17. Wegner, F, Wilke, F, Raab, P, Tayeb, SB, Boeck, AL, Haense, C, et al. Anti-Leucine Rich Glioma Inactivated 1 Protein and Anti-N-Methyl-D-Aspartate Receptor Encephalitis Show Distinct Patterns of Brain Glucose Metabolism in 18F-Fluoro-2-Deoxy-D-Glucose Positron Emission Tomography. BMC Neurol (2014) 14:136. doi: 10.1186/1471-2377-14-136

18. Navarro, V, Kas, A, Apartis, E, Chami, L, Rogemond, V, Levy, P, et al. Motor Cortex and Hippocampus Are the Two Main Cortical Targets in LGI1-Antibody Encephalitis. Brain (2016) 139(Pt 4):1079–93. doi: 10.1093/brain/aww012

19. Shan, W, Liu, X, and Wang, Q. Teaching NeuroImages: (18)F-FDG-PET/SPM Analysis in 3 Different Stages From a Patient With LGI-1 Autoimmune Encephalitis. Neurology (2019) 93(20):e1917–8. doi: 10.1212/WNL.0000000000008473

20. Tripathi, M, Tripathi, M, Roy, SG, Parida, GK, Ihtisham, K, Dash, D, et al. Metabolic Topography of Autoimmune Non-Paraneoplastic Encephalitis. Neuroradiology (2018) 60(2):189–98. doi: 10.1007/s00234-017-1956-2

21. Liu, X, Shan, W, Zhao, X, Ren, J, Ren, G, Chen, C, et al. The Clinical Value of (18) F-FDG-PET in Autoimmune Encephalitis Associated With LGI1 Antibody. Front Neurol (2020) 11:418. doi: 10.3389/fneur.2020.00418

22. Katz, S, Ford, AB, Moskowitz, RW, Jackson, BA, and Jaffe, MW. The Index of ADL: A Standardized Measure of Bilogical and Psychosocial Function. JAMA (1963) 185:914–9. doi: 10.1001/jama.1963.03060120024016

23. Lawton, MP, and Brody, EM. Assessment of Older People: Self-Maintaining and Instrumental Activities of Daily Living. Gerontologist (1969) 9(3):179–86. doi: 10.1093/geront/9.3_Part_1.179

24. Seniaray, N, Verma, R, Ranjan, R, Belho, E, and Mahajan, H. Metabolic Imaging Patterns on 18F-FDG PET in Acute and Subacute LGI1 Autoimmune Limbic Encephalitis. Clin Nucl Med (2021) 46(1):e27–8. doi: 10.1097/RLU.0000000000003258

25. Takkar, A, Choudhary, A, Ram Mittal, B, and Lal, V. Reversible Bilateral Striatal Hypermetabolism in a Patient With Leucine-Rich Glioma Inactivated-1 Encephalitis. J Clin Neurol (Seoul Korea) (2016) 12(4):519–20. doi: 10.3988/jcn.2016.12.4.519

26. Liu, X, Yan, B, Wang, R, Li, C, Chen, C, Zhou, D, et al. Seizure Outcomes in Patients With Anti-NMDAR Encephalitis: A Follow-Up Study. Epilepsia (2017) 58(12):2104–11. doi: 10.1111/epi.13929

27. Finke, C, Kopp, UA, Pruss, H, Dalmau, J, Wandinger, KP, and Ploner, CJ. Cognitive Deficits Following Anti-NMDA Receptor Encephalitis. J Neurol Neurosurg Psychiatry (2012) 83(2):195–8. doi: 10.1136/jnnp-2011-300411

28. Ferracci, F, Bertiato, G, and Moretto, G. Hashimoto's Encephalopathy: Epidemiologic Data and Pathogenetic Considerations. J Neurol Sci (2004) 217(2):165–8. doi: 10.1016/j.jns.2003.09.007

29. Flanagan, EP, Kotsenas, AL, Britton, JW, McKeon, A, Watson, RE, Klein, CJ, et al. Basal Ganglia T1 Hyperintensity in LGI1-Autoantibody Faciobrachial Dystonic Seizures. Neurol Neuroimmunol Neuroinflamm (2015) 2(6):e161. doi: 10.1212/NXI.0000000000000161

30. Probasco, JC, Solnes, L, Nalluri, A, Cohen, J, Jones, KM, Zan, E, et al. Decreased Occipital Lobe Metabolism by FDG-PET/CT: An Anti-NMDA Receptor Encephalitis Biomarker. Neurol Neuroimmunol Neuroinflamm (2018) 5(1):e413. doi: 10.1212/NXI.0000000000000413

31. Leypoldt, F, Buchert, R, Kleiter, I, Marienhagen, J, Gelderblom, M, Magnus, T, et al. Fluorodeoxyglucose Positron Emission Tomography in Anti-N-Methyl-D-Aspartate Receptor Encephalitis: Distinct Pattern of Disease. J Neurol Neurosurg Psychiatry (2012) 83(7):681–6. doi: 10.1136/jnnp-2011-301969

32. Bien, CG, Vincent, A, Barnett, MH, Becker, AJ, Blumcke, I, Graus, F, et al. Immunopathology of Autoantibody-Associated Encephalitides: Clues for Pathogenesis. Brain (2012) 135(Pt 5):1622–38. doi: 10.1093/brain/aws082

33. Fox, CJ, Hammerman, PS, and Thompson, CB. Fuel Feeds Function: Energy Metabolism and the T-Cell Response. Nat Rev Immunol (2005) 5(11):844–52. doi: 10.1038/nri1710

34. Palmer, CS, Ostrowski, M, Balderson, B, Christian, N, and Crowe, SM. Glucose Metabolism Regulates T Cell Activation, Differentiation, and Functions. Front Immunol (2015) 6:1. doi: 10.3389/fimmu.2015.00001

35. Irani, SR, Alexander, S, Waters, P, Kleopa, KA, Pettingill, P, Zuliani, L, et al. Antibodies to Kv1 Potassium Channel-Complex Proteins Leucine-Rich, Glioma Inactivated 1 Protein and Contactin-Associated Protein-2 in Limbic Encephalitis, Morvan's Syndrome and Acquired Neuromyotonia. Brain (2010) 133(9):2734–48. doi: 10.1093/brain/awq213

36. Heine, J, Prüss, H, Kopp, UA, Wegner, F, Then, BF, Münte, T, et al. Beyond the Limbic System: Disruption and Functional Compensation of Large-Scale Brain Networks in Patients With Anti-LGI1 Encephalitis. J Neurol Neurosurg Psychiatry (2018) 89(11):1191–9. doi: 10.1136/jnnp-2017-317780

37. Loane, C, Argyropoulos, GPD, Roca-Fernandez, A, Lage, C, Sheerin, F, Ahmed, S, et al. Hippocampal Network Abnormalities Explain Amnesia After VGKCC-Ab Related Autoimmune Limbic Encephalitis. J Neurol Neurosurg Psychiatry (2019) 90(9):965–74. doi: 10.1136/jnnp-2018-320168

38. Moubtakir, A, Dejust, S, Godard, F, Messaoud, L, and Morland, D. 18f-FDG PET/CT in Anti-NMDA Receptor Encephalitis: Typical Pattern and Follow-Up. Clin Nucl Med (2018) 43(7):520–1. doi: 10.1097/RLU.0000000000002098

39. Yuan, J, Guan, H, Zhou, X, Niu, N, Li, F, Cui, L, et al. Changing Brain Metabolism Patterns in Patients With ANMDARE: Serial 18f-FDG PET/CT Findings. Clin Nucl Med (2016) 41(5):366–70. doi: 10.1097/RLU.0000000000001164

40. Fulham, MJ, Brunetti, A, Aloj, L, Raman, R, Dwyer, AJ, and Di Chiro, G. Decreased Cerebral Glucose Metabolism in Patients With Brain Tumors: An Effect of Corticosteroids. J Neurosurg (1995) 83(4):657–64. doi: 10.3171/jns.1995.83.4.0657

41. Thouin, A, Gastaldi, M, Woodhall, M, Jacobson, L, and Vincent, A. Comparison of N-Methyl-D-Aspartate Receptor Antibody Assays Using Live or Fixed Substrates. J Neurol (2021) 268(5):1818–26. doi: 10.1007/s00415-020-10329-0

42. Li, TR, Zhang, YD, Wang, Q, Shao, XQ, and Lv, RJ. Recognition of Seizure Semiology and Semiquantitative FDG-PET Analysis of Anti-LGI1 Encephalitis. CNS Neurosci Ther (2021) 00:1–9. doi: 10.1111/cns.13707

43. Giuliani, C, and Peri, A. Effects of Hyponatremia on the Brain. J Clin Med (2014) 3(4):1163–77. doi: 10.3390/jcm3041163




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Zhao, Zhao, Chen, Zhang, Li, Liu, Lv, Wang and Ai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Subcortical Hypermetabolism Associated With Cortical Hypometabolism Is a Common Metabolic Pattern in Patients With Anti-Leucine-Rich Glioma-Inactivated 1 Antibody Encephalitis

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patients

          



          		

            Clinical Evaluation

          



          		

            LGI1 Antibody Detection

          



          		

            The 18F-FDG PET Protocol and Imaging Analysis

          



          		

            MRI Protocol and Imaging Review

          



          		

            Procedure for the PET Data Pre-Processing

          



          		

            Voxel-Based Statistical Testing

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Clinical Characteristics of Patients

          



          		

            Visual Inspection

          



          		

            Imaging Findings From the Voxel Analysis

          

            		

              The Hippocampus and Cortex

            



            		

              Basal Ganglia

            



          



          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Patient no.

Visual PET interpretation

18F-FDG PET results

Regions with significant metabolic changes by visual inspection

Hypermetabolism

Hypometabolism

Brain T2/FLAIR
MRI interpretation

Regions with increased
signal in T2/FLAIR MRI

1 Abnormal
2 Abnormal
3 Abnormal
4 Abnormal
5 Abnormal
6 Abnormal
7 Abnormal
8 Abnormal
9 Normal

10 Abnormal
1 Abnormal
12 Abnormal
18 Abnormal
14 Normal

15 Normal

16 Abnormal
17 Abnormal
18 Abnormal
19 Abnormal
20 Normal

21 Normal

22 Abnormal
23 Abnormal
24 Normal

25 Abnormal

L CAU; L PUT; BHIP
B HIP

B HIP

B PUT; B HIP

B PUT; B HIP

B CAU; B PUT

R CAU; B PUT; B HIP
B CAU; BPUT; B HIP

B CAU; B PUT; B HIP
B HIP

B CAU; BPUT; BHIP
B CAU; BPUT; BHIP

B CAU; BPUT; BHIP
B CAU; B PUT; B HIP
B CAU; BPUT; BHIP
B CAU; B PUT; B HIP

B GAU; B PUT; B HIP
B CAU; B PUT. B HIP

BHP

B FRO; B PAR
R PAR

R FRO; ROCC
B FRO; B PAR

B FRO; R TMP

B FRO; B PAR
R FRO; R PAR
B OCC
B FRO

B FRO
B FRO

B FRO; B PAR
B FRO; R PAR

B PAR

Abnormal
Abnormal
Abnormal
Abnormal
Abnormal
Abnormal
Normal
Normal
Normal
Abnormal
Abnormal
Abnormal
Abnormal
Normal
Normal
Abnormal
Normal
Abnormal
Abnormal
Normal
Normal
Abnormal
Normal
Normal
Normal

B medial TMP
L medial TMP
B medial TMP
B medial TMP
B medial TMP
B medial TMP

B CAU; B PUT
R medial TMP
R medial TMP
B medial TMP

L medial TMP
B medial TMP
B medial TMP

B medial TMP

B, bilateral: L, left; R, right; CAU, caudate; FRO, frontal lobe; PAR, parietal lobe; TMP, temporal lobe; OCC, occipital lobe; HIP, hippocampus; PUT, putamen.





OEBPS/Images/fimmu-12-672846-g003.jpg





OEBPS/Images/table3.jpg
Ratio

Hippocampus/Frontal lobe
Hippocampus/Parietal lobe
Hippocampus/Occipital lobe
Hippocampus/Temporal lobe
L_Hippocampus/L_Frontal lobe
L_Hippocampus/L_Parietal lobe
L_Hippocampus/L_Occipital lobe
L_Hippocampus/L_Temporal lobe

[, left.

0.529
0.474
0.413
0.490
0.538
0.488
0.457
0.534

0.008
0.019
0.045
0.015
0.007
0.015
0.025
0.007





OEBPS/Images/fimmu-12-672846-g001.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu.2021.672846_cover.jpg
’ frontiers
in Immunology

Subcortical Hypermetabolism
Associated With Cortical
Hypometabolism Is a Common
Metabolic Pattern in Patients With
Anti-Leucine-Rich Glioma-Inactivated
Antibody Encephalitis 1





OEBPS/Images/table1.jpg
Patient ~Antibody positive Age,y Sex  Duration of
no. findings in Serum symptoms before

or CSF presentation (wk)
1 Both 59 M 2
2 Both 70 M 26
3 Both 34 F 2
4 Both 67 F 1
5 Both 68 M 18
6 Both 6 M 52
7 Both 61 M 9
8 Both “F 4
9 Serum 5 M 1
10 Both 58 M 2
1 Both 9 M 13
12 CSF 61 M 13
13 Both 3 M 6
14 Both 64 M 8
15 CSF 6 M 39
16 Both 60 M 13
17 Both 7% M 0
18 Both 68 F 52
19 Both 60 M 6
20 Serum 39 F 1
21 Both 54 M 7
22 Both 6 M 4
23 Both 59 M 13
24 Both 67 M 17
25 Both a7 M 9

The duration of
symptom onset and
18F-FDG PET (wk)

3
28
3
2
19
53
10
5
2
4
13
14
8
9
40
14
2
53
6
2
7
5
13
19
9

The duration
between MRI and
18F-FDG PET (d)

©

28

RO AN AN

F fanale; M, male: ADLs. activitios daily e scale; FBDS, faciobrachial dysionic seizure; Y, yee: N, no: B, brain; W, whole Bodly.

ADLs at the
time of 18F-
FDG PET

J O T Y N SR O I I O O S

FBDS  Memory

ZZ<<<zZ<2Z<X22<2z2<2<2222<2222

impairment

zZzzz<zz<zzZZZ<2Z2Z<ZZ<Z<<Z2<Z

Psychiatric Treated with steroids
within 24h before

symptom

ZX<Z<XZZ<<X<ZZ<Z<ZZZ<<<<<<2Z

zZ<zzzzzZz<zZZ<Z2<2ZZZZZZZ<<<<

Whole body
scan or brain
scanning

EEPEZIWESSSIEITIWSESIEIVESISZISSE





OEBPS/Images/fimmu-12-672846-g002.jpg
"HHO

y— 1cephalits>control
@ Tscores Encephalitis<controls
- - i 8






