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Introduction

Autoimmune encephalitis (AE) constitutes a discrete subgroup of acute encephalitis, 

characterized by autoantibody-mediated or other pathogenic immunological mechanisms. 

AE presents clinically with subacute onset of progressive deficits in working memory, 

alteration of mental status, seizures and/or new psychiatric symptomatology, typically 

accompanied by paraclinical features supportive of central nervous system inflammation 

(EEG, MRI, FDG-PET and/or CSF analysis).1 Distinct neuronal autoantibodies are 

associated with distinct syndromes of AE, serving as clinically relevant diagnostic 

biomarkers. Antigenic targets of AE-associated autoantibodies include intracellular as well 

as neuronal surface proteins, ion-channels, and receptors.2

Anti-NMDA receptor (NMDAR) encephalitis, the most common AE syndrome, has 

been reported to be associated with post-recovery visual dysfunction.2 However, optical 

coherence tomography (OCT) has not demonstrated retinal layer thinning, suggesting 

that no retinal structural abnormalities could explain the visual dysfunction observed in 

anti-NMDAR, and that different parts of the visual pathway may be involved.3 On the 

other hand, 18F-fluorodeoxyglucose (FDG) PET performed in the acute phase of illness 

has revealed a pattern of occipital lobe hypometabolism that may be characteristic for anti-

NMDAR compared to other AE syndromes and may be more profound among anti-NMDAR 

patients with the greatest disability.4

In the current study, we sought to assess patients with anti-NMDAR encephalitis for 

evidence of visual dysfunction during outpatient follow-up and the relationship of such 

visual dysfunction with OCT-identified retinal structure as well as FDG-PET/CT occipital 

lobe metabolism during the acute phase of illness. Finally, we assessed if acute-phase 

occipital lobe hypometabolism is associated with subsequent retrograde trans-synaptic 

degeneration of retinal ganglion cells, as assessed by OCT.5

Methods

Standard protocol approvals, registrations, and patient consents

Johns Hopkins University Institutional Review Board approval was obtained for the study. 

Written informed consent was obtained from all participants prior to study enrolment.

Study participants and clinical data

In this cross-sectional study, patients with anti-NMDAR encephalitis were prospectively 

recruited from the Johns Hopkins Encephalitis Center outpatient clinic and were invited to 

undergo OCT and visual function testing. Anti-NMDAR patients were diagnosed according 

to the consensus clinical criteria, and they were all defined by the detection of serum and/or 

CSF anti-NMDAR autoantibodies by commercially available assays (Athena Diagnostics, 

Worcester, MA; Mayo Clinic Laboratories, Rochester, MN).1 Anti-NMDAR patients were 

matched to healthy controls (HC) according to age, sex and race, in a ratio of 1:2. Matched 

HC were identified from an ongoing prospective observational OCT study at our center, and 

consisted of Johns Hopkins University staff and patients’ spouses.
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After review of medical records, the following data were collected: demographic 

information; co-morbidities; diagnosis of co-existing neoplasm(s); diagnostic test results, 

including antibody assay results; modified Rankin Scale (mRS) scores, representing 

neurological disability; availability of FDG-PET/CT within 90 days of symptom onset.

Visual function

Monocular and binocular, habitual-corrected visual acuity (VA) was tested using 

standardized retro-illuminated eye charts (Precision Vision, La Salle, IL). High-contrast VA 

(100%) and low contrast VA (2.5% and 1.25%) were assessed using the Early Treatment 

Diabetic Retinopathy Study (ETDRS) chart (at 4 m) and low-contrast Sloan Letter charts 

(at 2 m), respectively. High-contrast letter-acuity (HCLA) and low-contrast letter-acuity 

(LCLA) scores were determined by the total number of letters correctly identified on 

each level of contrast. The maximum score of detectable letters for each chart was 70 

(corresponding to a 20/10 Snellen VA).

OCT

Spectral-domain OCT (Cirrus HD-OCT, Model 5000, software version 11.5; Carl Zeiss 

Meditec, Dublin, CA) was used for retinal imaging, as previously described.6 Two types of 

scans were acquired from each participant: Peripapillary scans, using the Optic Disc Cube 

200 × 200 protocol, and macular volume scans, using the Macular Cube 512 × 128 protocol. 

Scans were acquired by experienced technicians, and only scans meeting the OSCAR-IB 

quality control criteria were included in analyses.7

For peripapillary scans, average peri-papillary retinal nerve fiber layer (pRNFL) thickness 

was estimated using the incorporated software provided by the Cirrus HD-OCT device. For 

macular scans, automated macular segmentation was performed, as described elsewhere.8 

For each macular layer, the average thickness was obtained within a fovea centered annulus, 

with an internal diameter of 1 mm and an external diameter of 5 mm. Segmented macular 

volume scans underwent qualitative assessment in a blinded manner, for the assurance of 

segmentation accuracy and the recording of retinal pathology (GK, AQ).

Brain FDG-PET/CT

For patients with available FDG-PET/CT performed within 90 days of symptom onset 

(acute-phase), a review was performed by a board certified nuclear medicine radiologist 

(LS) using the commercially available database, CortexID (GE Healthcare, Waukesha, WI) 

as described elsewhere.4 Briefly, standard CortexID brain regions of interest (ROI) (visual 

cortex-representing the medial occipital lobe, occipital lobe-representing the lateral occipital 

lobe, caudate, cerebellum, frontal lobe, parietal lobe, and temporal lobe) were qualitatively 

assessed as normal, hypo-, or hypermetabolic after visual inspection. In addition, ROIs 

were semi-quantitatively assessed using the calculated regional average Z-scores using 

the CortexID database of HC. Because CortexID expresses these Z-scores in terms of 

hypometabolism, these were corrected to a hypermetabolism scale by multiplying by −1. 

Thus, corrected regional Z-scores greater than 2.00 or less than −2.00 (i.e., ± 2 SD from 

the mean of HC for each ROI) were designated as hypermetabolic or hypometabolic, 

respectively.
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Visual function testing, OCT, and FDG-PET/CT timeline

VA testing and OCT were performed at the same follow-up date, at least one year after the 

acute clinical episode. The specific timing allowed us to: i) search for characteristic patterns 

of retinal damage in the context of visual dysfunction, ii) seek for evidence of subsequent 

retrograde trans-synaptic degeneration of retinal ganglion cells following acute occipital 

hypometabolism,5 iii) limit the effect of cognitive dysfunction on VA.

Statistical methods

For the comparison of VA and OCT measures between anti-NMDAR and matched HC, 

mixed-effects linear regression models with subject-specific random intercepts adjusted 

for age, sex, and race were fitted, accounting for within-subject, inter-eye correlations. 

Spearman’s correlation was used to examine the correlation of medial (visual cortex) and 

lateral occipital lobe PET Z-scores with VA scores and OCT layer thicknesses.

For FDG-PET Z-score analyses, left and right hemisphere scores were averaged. Likewise, 

for Spearman’s correlation between PET Z-scores and VA, as well as OCT, binocular VA 

and average OCT layer thicknesses were used.

Statistical analyses were completed using Stata version 16 (StataCorp, College Station, TX, 

USA). P-value for significance was defined as <0.05.

Data availability

Anonymized data used in this study will be made available upon reasonable request and the 

proper data sharing agreements in place.

Results

16 anti-NMDAR (32 eyes) and 32 HC (64 eyes) were included in the study (Table 1). 

Thirteen anti-NMDAR (81%) had mRS ≤ 2 at the time of VA (Table 1).

Visual function and OCT measures in anti-NMDAR compared to HC

Visual function measures and OCT-measured retinal layer thicknesses are summarized and 

compared between anti-NMDAR and HC in Table 2.

Anti-NMDAR patients had lower LCLA compared to HC, both at 2.5% contrast (− 4.4 

letters [95%CI; −8.5 to −0.3] p = 0.04; see Figure, Supplemental Digital Content 1) and 

1.25% contrast (−6.8 letters [95%CI; −12.0 to −1.7]; p=0.01; see Figure, Supplemental 

Digital Content 1). No difference was noted in HCLA between anti-NMDAR patients and 

HC.

Even though anti-NMDAR patients exhibited worse low-contrast VA compared to HC, no 

differences were noted for any of the OCT measured retinal layer thicknesses (Table 2, see 

Figure - Supplemental Digital Content 2).
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FDG-PET/CT and its association with Visual function

For anti-NMDAR patients with available acute-phase PET-FDG/CT scans (n = 7), ROI 

z-scores and number of patients with occipital lobe hypometabolism, as well as the timeline 

of FDG-PET/CT, OCT, and VA, are summarized in Table 3. Of note, anti-NMDAR patients 

demonstrated marked lateral and medial occipital hypometabolism relative to other ROIs.

No correlation was noted between acute-phase occipital lobe FDG-PET/CT Z scores and 

post-recovery letter-acuity scores in the anti-NMDAR patients (Figure 1). In detail, no 

correlation was found between medial occipital lobe metabolism and 100% contrast VA (r = 

−0.36; p = 0.43; Figure 1A), 2.5% contrast VA (r = −0.31; p = 0.50; Figure 1B) or 1.25% 

contrast VA (r = −0.34; p = 0.45; Figure 1C). Similarly, no correlation was found between 

lateral occipital lobe metabolism and 100%, 2.5%, or 1.25% contrast VA (Figure 1D, 1E, 

1F).

FDG-PET/CT association with OCT

No correlation was found between acute-phase occipital lobe PET Z-scores and GCIPL 

thickness at a time when retrograde trans-synaptic degeneration mediated GCIPL thinning 

would be evident (Figure 2).

Conclusions

In this study, we aimed to assess the presence of visual dysfunction and characterize 

the parts of the visual pathway involved in anti-NMDAR encephalitis. Even though post-

recovery LCLA was lower in anti-NMDAR patients, we did not find any retinal structural 

abnormalities on OCT, nor any correlations of acute-phase occipital cortex metabolism on 

FDG-PET/CT with subsequent visual dysfunction. Occipital lobe metabolism within three 

months of symptom onset did not correlate with follow-up GCIPL thickness at a time point 

when retrograde trans-synaptic degeneration would theoretically have been expected to have 

occurred.

Visual dysfunction following anti-NMDAR encephalitis has been previously described.3,9,10 

When assessing visual function in our study, only low contrast VA was lower in anti-

NMDAR patients compared to HC in the post-recovery period. Despite the observation that 

81% of anti-NMDAR patients had realized a good neurologic disability outcome by the time 

of VA and OCT assessment, it is possible that low contrast VA impairment was simply a 

function of persistent cognitive impairment, as mRS is a poor marker of neurobehavioral 

outcomes.11

Besides cognitive impairment, two parts of the visual system could explain post-recovery 

visual dysfunction in patients with anti-NMDAR encephalitis. Firstly, the anterior visual 

pathway spanning from the retina to the thalamic lateral geniculate nucleus. Consistent 

with prior observations, we found no differences in OCT retinal thicknesses between 

anti-NMDAR and HC, suggesting that no structurally damaging process is responsible for 

the noted residual visual dysfunction.3 However, considering that various types of contrast-

modulating retinal neurons express NMDAR, and that anti-NMDAR autoantibodies lead to 

a selective decrease in anti-NMDAR currents by internalization of the receptor but without 
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affecting synapse numbers, functional retinal changes as a cause of visual dysfunction 

cannot be ruled out.12–14 The second potential target is the posterior visual pathway, from 

the lateral geniculate nucleus to the visual cortex. Concerning the visual cortex, a pattern 

of occipital lobe hypometabolism with frontotemporal hypermetabolism has been reported 

for anti-NMDAR patients, with the antero-posterior gradient correlating with severity of 

disease, and treatment and recovery leading to its normalization.15,16 In addition, occipital 

hypometabolism has been reported to be more evident in anti-NMDAR patients compared to 

other types of AE.4 In our study, patients with anti-NMDAR encephalitis were again noted 

to have significant occipital lobe hypometabolism, more so than for other ROIs. Despite 

the occipital lobe hypometabolism, no association was noted with post-recovery VA in 

anti-NMDAR.

Retrograde neuronal degeneration, a well-studied phenomenon, represents neuronal 

apoptosis following axonal injury. Subsequent apoptosis of the next in chain neurons 

providing afferent input to the neurons undergoing retrograde degeneration describes the 

phenomenon of retrograde trans-synaptic degeneration.17 OCT may be an invaluable tool 

for studying retrograde trans-synaptic degeneration in the visual pathway.5,17 In retrograde 

trans-synaptic degeneration of the visual system, lesions in the neurons of the visual 

cortex can lead to retinal ganglion cell degeneration, which can be captured on OCT 

as GCIPL thinning. In our study, FDG-PET/CT occipital lobe hypometabolism did not 

associate with OCT measured GCIPL thickness, suggesting the absence of retrograde 

trans-synaptic degeneration mechanisms in anti-NMDAR encephalitis. Anti-NMDAR 

autoantibodies target neuronal surface proteins and thus potentially lead to reversible 

functional changes. Functional, short-lasting abnormalities of the visual cortex rather than 

degenerating mechanisms could explain why FDG-PET/CT occipital hypometabolism did 

not associate with follow-up OCT measured GCIPL thickness, emphasizing the potential 

role of immunotherapies in reversing observed dysfunction during the acute-phase of illness.

Our study is limited in several aspects. First, our observations were derived from a relatively 

small, heterogenous group of patients evaluated at a tertiary, subspecialty clinic. However, 

anti-NMDAR encephalitis is a rare disease, with a prevalence as low as 0.6 cases per 

100,000 per year.18 Also, patients included in the study were recruited in a single center, and 

underwent scanning on the same OCT and PET devices, limiting measurement bias. Second, 

our study is limited by the cross-sectional design. The lack of longitudinal OCT data limited 

our ability to study dynamic changes of OCT retinal thicknesses in different syndromes 

of AE and the association of OCT measures with FDG-PET/CT occipital metabolism 

throughout time. Finally, our study is limited by the retrospective nature of our data.

In conclusion, anti-NMDAR patients exhibit visual dysfunction without structural retinal 

damage. While occipital hypometabolism could explain visual dysfunction in patients with 

anti-NMDAR encephalitis, we did not find such an association when comparing acute-phase 

occipital metabolism with post-acute visual acuity and OCT. Future prospective studies with 

the addition of acute-phase OCT and VA assessment (if possible), post-acute FDG-PET/CT 

assessments at time of post-acute OCT and VA assessment, electroretinography, and visual 

evoked potentials may further clarify visual dysfunction in anti-NMDAR encephalitis.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Relationships between follow-up letter-acuity scores and acute onset FDG-PET/CT 
medial and lateral occipital lobe Z-scores in anti-NMDAR.
Two-way scatter plots depicting the lack of an association between acute-phase medial 

occipital lobe FDG-PET/CT Z-scores and letter-acuity scores for anti-NMDAR at all 

contrasts (A. 100% contrast, B. 2.5% contrast and C. 1.25% contrast), as well as the 

lack of an association between acute-phase lateral occipital lobe FDG-PET/CT Z-scores 

and letter-acuity scores at all contrasts (D. 100% contrast, E. 2.5% contrast and F. 1.25% 

contrast). Spearman’s correlation coefficients and relative p-values are also reported. The 

vertical, dashed, gold line represents the tipping point in terms of hypometabolism – when 

FDG-PET/CT Z-scores are lower than −2 the ROI is considered to be hypometabolic.
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Figure 2. Relationships between follow-up GCIPL thickness and acute onset medial and lateral 
occtipital lobe FDG-PET/CT Z-scores in anti-NMDAR.
Two-way scatter plots depicting the lack of an association between acute-phase occipital 

lobe FDG-PET/CT Z-scores (A. medial, B. lateral occipital lobe) with GCIPL thickness. 

Spearman’s correlation coefficients and relative p-values are also reported. The vertical, 

dashed, gold line represents the tipping point in terms of hypometabolism – when FDG-

PET/CT Z-scores are lower than −2 the ROI is considered to be hypometabolic.
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Table 1.

Demographic and clinical characteristics of participants

Anti-NMDAR HC

Participants, n (eyes) 16 (32 eyes) 32 (64 eyes)

Age in years, mean (SD) 30.6 (12.2) 30 (11.1)

Female sex, n (%) 13 (81%) 26 (81%)

Race, n (%)

 Caucasian American 9 (56%) 18 (56%)

 African American 4 (25%) 8 (25%)

 Other 3 (19%) 6 (19%)

New cancer diagnosis, n (%) 6 (38%)

 Ovarian Teratoma 4 (25%)

 Diffuse large B cell lymphoma 1 (6%)

 Melanoma 1 (6%)

mRS ≤ 2 at the time of VA, n (%) 13 (81%)

NMDAR: NMDA receptor; HC: Healthy control; SD: Standard deviation; mRS: Modified Rankin Scale
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Table 2.

Summary and comparison of letter acuity scores and optical coherence tomography retinal layer thicknesses

Anti-NMDAR HC
Anti-NMDAR

vs
HC

Letter-acuity scores, median (IQR) Beta (95% CI)
a

P-value
a

 100% contrast 56.5 (53 to 61.5) 60 (56 to 64) −2.6 (−6.4 to 1.2) 0.18

 2.5% contrast 29 (22 to 35) 34 (26.5 to 37) −4.4 (−8.5 to −0.3) 0.037

 1.25% contrast 12.5 (4 to 22) 22 (14.5 to 27.5) −6.8 (−12.0 to −1.7) 0.010

OCT measures, μm, mean (SD)

 GCIPL 74.6 (6.1) 75.5 (3.8) −0.8 (−3.5 to 1.8) 0.54

 INL 44.6 (1.9) 44.1 (2.0) 0.5 (−0.6 to 1.6) 0.36

 ONL 66.2 (3.6) 67.1 (5.4) −0.9 (−3.7 to 1.9) 0.52

 AMT 307.6 (11.3) 309.4 (10.8) −1.7 (−7.7 to 4.3) 0.58

 pRNFL 90.2 (12.2) 94.1 (9.0) −3.9 (−9.4 to 1.5) 0.16

NMDAR: NMDA receptor; HC: Healthy control; IQR: Interquartile range; SD: Standard deviation; GCIPL: Ganglion cell/Inner plexiform layer; 
INL: Inner Nuclear layer; ONL: Outer Nuclear layer; AMT: Average Macular thickness; pRNFL: Peripapillary Retinal Nerve Fiber layer.

a
Mixed-effects linear regression models adjusted for age, sex and race were used in analyses. Beta coefficients represent differences in number 

of correct letters and micrometers between the groups compared, for letter-acuity scores and OCT measures, respectively. Statistically significant 
results are in bold.
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Table 3.

Summary of regional FDG-PET/CT metabolism within 3 months of symptom onset for NMDA receptor, and 

FDG-PET/CT, VA, and OCT timeline.

Region Anti-NMDAR

N (patients) 7

PET–FDG/CT Z–scores, median (IQR)

 Lateral occipital lobe −2.7 (−3.3 to −0.8)

 Visual cortex (medial occipital cortex) −2.5 (−4.1 to −1.1)

 Parietal lobe −1.0 (−2.9 to −0.2)

 Temporal lobe −1.1 (−1.6 to 0.2)

 Frontal lobe −1.4 (−2.4 to 0.2)

 Caudate −1.0 (−3.0 to 2.0)

 Cerebellum −0.0 (−0.9 to 1.8)

N of abnormal cortical metabolism on semi-quantitative assessment (patients)

 Occipital lobe (medial and/or lateral) hypometabolism 5 (71%)

Time between FDG−PET/CT and onset, days (range) 26 (15 to 52)

Time between FDG−PET/CT and VA/OCT, days (range) 620 (491 to 705)

Time between VA/OCT and onset, days (range) 635.5 (71 to 3,860)
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