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1 | INTRODUCTION

Alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
and N-methyl-p-aspartate (NMDA) receptors are two major glutamate
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Abstract

Introduction: Autoantibodies to the alpha-amino-3-hydroxy-5-methyl-4-isoxazo-
lepropionic acid (AMPA) receptor and N-methyl-p-aspartate (NMDA) receptor are
known to be the causes of autoimmune encephalitis particularly limbic encephalitis.
The involvement of the peripheral nervous system is rarely reported.

Methods: We analyzed the serial nerve conduction studies of a previously reported
case of anti-AMPA receptor encephalitis, who was presented with conscious distur-
bance and quadriplegia. Initial nerve conduction studies (NCS) revealed motor axonal
polyneuropathy with active denervation. We also performed systematic review of
similar cases with overlapped peripheral neuropathy and glutamate receptor encepha-
litis through Embase, PubMed, and MEDLINE.

Results: Follow-up NCS of the patient with anti-AMPA receptor encephalitis found
reverse of the acute neuropathy, which was compatible with clinical recovery of quad-
riplegia. The systematic review identified 10 cases with overlapping peripheral
neuropathy with anti-AMPA or NMDA receptor encephalitis. Motor or sensorimotor
neuropathies were more common than pure sensory neuropathies. Anti-Hu, anti-
amphiphysin, or anti-gnaglioside antibodies coexisted in some cases and might be as-
sociated with the peripheral symptoms.

Conclusions: Both anti-AMPA and anti-NMDA receptor encephalitis could overlap
with acute peripheral neuropathy. It is important to consider peripheral symptoms and

perform diagnostic tests.

KEYWORDS
anti-AMPA receptor encephalitis, anti-NMDA receptor encephalitis, glutamate receptor

encephalitis, peripheral nervous system, polyneuropathy

receptors and are antigens of patients with autoimmune limbic en-
cephalitis (Lai et al., 2009; Dalmau et al., 2008). B-cell immunity and
antibody-mediated neuronal dysfunction are pathogenic of these glu-
tamate receptor encephalitis (Peng et al., 2014; Dalmau, Lancaster,
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Martinez-Hernandez, Rosenfeld, & Balice-Gordon, 2011), while role of
T-cell immunity seem to be minor (Liba et al., 2016). Although NMDA
and AMPA receptors are two major excitatory synaptic proteins in the
central nervous system (CNS), these glutamate receptors also distrib-
ute peripherally (Coggeshall & Carlton, 1998). Theoretically, the patho-
genic circulating antibodies are able to affect not only the CNS but also
the peripheral nervous system (PNS). However, the involvement of the
PNS has rarely been emphasized. Our study described serial nerve con-
duction studies (NCS) of a previously reported patient with anti-AMPA
receptor encephalitis (Wei et al., 2013) and systematically reviewed
the peripheral neuropathy in glutamate receptor encephalitis.

2 | MATERIALS AND METHODS

2.1 | Clinical presentations and initial NCS of anti-
AMPA receptor encephalitis

In 2012, a 30-year-old pregnant woman developed headache (day 1),
memory impairment, fever and confusion (day 7), unsteady gait (day
9), quadriparesis (day 11), and myoclonic seizure (day 13). The study
of cerebrospinal fluid (CSF) showed that eosinophilic pleocytosis with
elevated protein and IgG index (protein 112 mg/dl; white blood cell
70 cells/pl; IgG index 7.38). She was initially treated with antimicrobial
agents (acyclovir between day 8 and 19, and albendazole between day
10 and 13) and intravenous dexamethasone (between day 8 and 18).
She developed status epilepticus (day 13). She received intravenous
anesthesia for status epilepticus (midazolam infusion from day 13 to
15 and propofol infusion from day 13 to 14), and antiepileptic drugs
(phenytoin between day 13 and 16, levetiracetam between day 13
and 65, lamotrigine between day 14 and 19, and topiramate between
day 19 and 56). Seizure was well controlled without recurrence.
Immunoactivity assay using human embryonic kidney-293 cells,
which were transfected with neuronal surface antigen-containing
plasmids, revealed antibodies to GIUA2 subunit of AMPA receptor in
both serum and CSF (Wei et al., 2013). She received plasmapheresis
(between day 17 and 26), plasma exchange (between day 38 and 46),
and methylprednisolone pulse therapy (between day 35 and 36, 52
and 55). However, the patient became stuporous and had quadriple-
gia, areflexia, and silent plantar responses since intensive care unit
(ICU) admission (day 13). The first NCS on day 35 revealed reduced
amplitudes of compound muscle action potential (CMAP) in bilateral
median, ulnar, tibial, and deep peroneal nerves (Table 1, column 1 m).
There was neither conduction block nor reduced conduction velocity
of motor nerve conduction. Sensory nerve conduction was intact. The

patient was likely to have a motor-predominant polyneuropathy.

2.2 | Systematic literature reviews of peripheral
neuropathy in glutamate receptor encephalitis

We conducted systematic reviews of three main databases of medical
literatures in English: Embase®, PubMed®, and MEDLINE®. Two search-
ing strategies were applied. First, we searched literatures by combin-
ing keywords of glutamate receptor encephalitis and of peripheral

neuropathies: (“glutamate receptor encephalitis” OR “AMPA receptor
encephalitis” OR “NMDA receptor encephalitis” OR “anti-N-methyl-
D-aspartate receptor encephalitis”) AND (“peripheral nerve” OR “poly-
neuropathy” OR “peripheral neuropathy” OR “Miller Fisher syndrome”
OR “chronic inflammatory demyelinating polyneuropathy” OR “Guillain
Barre syndrome” OR “demyelinating neuropathy” OR “axonal neuropa-
thy” OR “nerve conduction” OR “electromyography”). Because nar-
rations of patients’ symptoms and signs were commonly covered in
contents of case series or cohort studies, the second part of searching
used combination of three sets of keywords to find out clinical stud-
ies of antineuronal surface antigen encephalitis: (“neuronal surface”
OR “synapse” OR “synaptic” OR “anti-neuronal surface” OR “AMPA
receptor” OR “anti-AMPA” OR “NMDA receptor” OR “anti-NMDA”
OR “N-methyl-D-aspartate receptor” OR “glutamate receptor”) AND
(“antibody” OR “autoantibody”) AND (“encephalitis” OR “encephalopa-
thy”). Then, we further narrowed the results down by Boolean logic:
NOT (“case report” OR “abstract” OR “conference” OR “review article”)
NOT (“animal” OR “rat” OR “mouse” OR “in vivo” OR “in vitro” OR “cell
line”). The results from Embase, PubMed, and MEDLINE were merged
to remove duplicates and underwent full-text review. The cases with
coexisting peripheral neuropathy were collected (Figure 1).

This study had been approved by the Institutional Review Board of
Chang Gung Memorial Hospital and underwent with patient’s consensus.

3 | RESULTS

3.1 | Serial NCS and clinical follow-up of the case

The patient received aggressive immunotherapy after diagnosis of anti-
AMPA receptor encephalitis. Her consciousness gradually improved, but
quadriparesis and hyporeflexia remained. Therefore, the second NCS and
electromyography (EMG) were arranged 2 months after symptom onset
(Table 1, column 2 m). Motor amplitudes were reduced, and peroneal F
waves and H-reflex were absent. There is neither conduction block, pro-
longed latency, nor abnormal sensory conduction. EMG study showed
various degree of fibrillations and positive sharp waves with severely
reduced recruitment, and normal motor unit potentials in bilateral dor-
sal interosseous, biceps, and anterior tibialis muscles, suggesting active
denervation of diffuse motor axonal neuropathy. She kept receiving im-
munotherapy and rehabilitation. Her muscle strength returned to normal
1 year after onset. Neuropsychological assessments also revealed signifi-
cant improvement but remaining mild cognitive impairment (Mini-Mental
State Examination 26/30; impaired in recall 0/3 and orientation 9/10).
She only took low-dose prednisolone 5 mg, bisoprolol 2.5 mg, and aman-
tadine 200 mg per day. The NCS performed 2 years after onset was much
improved with only residual peroneal neuropathy (Table 1, column 2y).

3.2 | Differential diagnoses of the peripheral
neuropathy in this case

3.2.1 | Myelopathy

Cervical magnetic resonance imaging study was unremarkable.
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Part 1. Searching for peripheral neuropathies and
glutamate receptor encephalitis by combining 2 sets of
keywords
(‘glutamate receptor encephalitis’ OR ‘AMPA receptor
encephalitis’ OR “NMDA receptor encephalitis’ OR ‘anti-
N-methyl-D-aspartate receptor encephalitis’)

AND
(‘peripheral nerve’ OR ‘polyneuropathy’ OR ‘peripheral
neuropathy” OR ‘Miller Fisher syndrome’ OR ‘chronic
inflammatory demyelinating polyneuropathy” OR ‘Guillain
Barre syndrome’ OR ‘demyelinating neuropathy” OR
‘axonal neuropathy’ OR ‘nerve conduction” OR
‘electromyography’)

|

-

\_

~

Part I1. Searching for clinical studies of anti-neuronal surface antigen
encephalitis by combing 3 sets of keywords and narrowing down
strategies
(‘neuronal surface’ OR ‘synapse’ OR ‘synaptic’ OR ‘anti-neuronal surface’
OR ‘AMPA receptor’ OR ‘anti-AMPA’OR ‘NMDA receptor’ OR ‘anti-
NMDA’OR ‘N-methyl-D-aspartate receptor” OR ‘glutamate receptor’)
AND
(‘antibody’ OR ‘autoantibody’)

AND
(“encephalitis” OR ‘encephalopathy”)

NOT
(“case report’ OR “abstract” OR ‘conference’ OR ‘review article’)
NOT
(‘animal’ OR ‘rat’ OR ‘mouse’ OR ‘in vivo’ OR ‘in vitro’ OR ‘cell line’)

J

Exclude
19 not glutamate receptor encephalitis

58 no peripheral neuropathy
\

4 N\
76 records in Embase 364 records in Embase
15 records in PubMed 454 records in PubMed
12 records in MEDLINE 252 records in MEDLINE
Total 84 articles after removing duplicates Total 802 articles after removing duplicates
.
Ve N\

Exclude
235 not anti-neuronal surface antigen encephalitis
564 no peripheral neuropathy

Enroll 6 articles (all case reports)

Enroll 3 articles (1 case series and 2 cohort study)

Full-text review to find glutamate receptor encephalitis with peripheral neuropathy:
2 cases of anti-AMPA receptor encephalitis
7 cases of anti-NMDA receptor encephalitis

FIGURE 1 Flowchart of systematic reviews: peripheral neuropathies in patients with glutamate receptor encephalitis. AMPA, alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid; NMDA, N-methyl-p-aspartate

3.2.2 | Metabolic, nutritional, inflammatory, and
drug-induced neuropathies

The laboratory studies did not find diabetes mellitus, renal func-
tion impairment (creatinine 0.31 mg/dl; reference 0.44-1.03 mg/dl),
abnormal thyroid function (free-T4 0.96 ng/dl; reference 0.76-
1.64 ng/dl), vitamin B12 deficiency (223.2 pg/ml; reference 211-
946 pg/ml), porphyria (porphobilinogen 1.44 mg/day; reference
0-2 mg/day), paraproteinemia (negative result in serum protein elec-
trophoresis and immunofixation electrophoresis), vasculitis (negative
for antineutrophil cytoplasmic antibody), hepatitis C virus, human
immunodeficiency virus infection, syphilis, or heavy metal intoxi-
cation by serum tests of lead <0.6 pg/L (reference <23 pg/L), cad-
mium 1.5 pug/L (reference <2.6 pg/L), mercury <0.9 ug/L (reference
<10 pg/L), and arsenic 19.35 pg/g (reference <100 pg/g). She did not
have alcohol consumption habit, previous history of polyneuropathy,

or hereditary neuropathy in her family. There was also no exposure

history to offending agents of drug-induced neuropathies. Her dis-
ease course was similar to that of acute motor axonal neuropathy
(AMAN). Although anti-ganglioside antibodies were not checked in
this patient, she did not have common anticipating events of AMAN,
such as diarrhea or upper respiratory tract infection. Therefore, she
was not likely to have metabolic, nutritional, inflammatory, or drug-

induced neuropathy.

3.2.3 | Paraneoplastic syndrome

The surveillance for malignancy included gynecological sonogra-
phy, breast sonography, pelvis MRI, CSF cytology, peripheral blood
smear, tumor markers (CA199 3.12 U/ml, CA153 12.8 U/ml, CEA
<0.50 ng/ml, AFP 11.9 ng/ml, SCC 1.70 ng/ml, CA125 487.7 U/ml
possibly related to endometriosis, beta HCG 144,559 mlU/ml dur-

ing pregnancy), and contrast-enhanced chest computed tomography
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(after termination of pregnancy). However, no malignant tumor was

found.

3.2.4 | Critical illness neuropathy and critical
iliness myopathy

Critical illness neuropathy (CIN) and critical illness myopathy (CIM) are
difficult to be distinguished from other acute neuropathies by NCS
and EMG studies. Clinical history and laboratory exclusion of other
causes are essential. Several predisposing factors are highly corre-
lated to CIN and CIM, including sepsis, multiple organ failure, acute
respiratory distress syndrome, ICU admission, and prolonged neuro-
muscular blocking or sedative agents (Dyck & Thomas, 2005; Katirji,
2002; Hermans, De Jonghe, Bruyninckx, & Van den Berghe, 2008).
Although the patient had ICU admission and short-term midazolam
and propofol infusion, gait disturbance and quadriparesis developed
before seizure and ICU admission. The absence of sepsis and multiple
organ failure suggested low risk of CIN. Most of CINs are axonal type
with sensorimotor (60%-71%), followed by pure motor (19%-40%)
and pure sensory (0%-10%) pattern (Khan, Harrison, Rich, & Moss,
2006; Zifko, Zipko, & Bolton, 1998). According to the serial NCS, the
patient’s pure motor neuropathy was the less common type of CIN.
Serum creatine kinase (CK) of this patient was normal (160 U/L; refer-
ence 20-180 U/L; day 13). Although CIM is usually non-necrotizing
myopathy with limited CK elevation (Hermans et al., 2008), the nor-
mal motor unit potentials and severely reduced recruitment of EMG
suggested neuropathy rather than myopathy of our patient (Table 1,
column 2 m). Therefore, CIN and CIM were less likely to be the cause
of the patient’s weakness.

3.3 | Results of systematic review of glutamate
receptor encephalitis and peripheral neuropathy

Through the protocol of systematic review (Figure 1), part | searching
yielded 76 records in Embase, 15 in PubMed, and 12 in MEDLINE. Full-
text review of 84 merged articles found six case reports of peripheral
neuropathy in anti-NMDA receptor encephalitis (Pohley et al., 2015;
Hatano et al., 2011; Tojo et al., 2011; Ishikawa et al., 2013; Pruss,
Hoffmann, Stenzel, Saschenbrecker, & Ebinger, 2014; Samejima et al.,
2010). One report describing a case with severe axonal neuropathy
33 months before the detection of NMDA receptor antibodies was
excluded due to difficulty in identifying the correlation between neu-
ropathy and encephalitis (Kéhler et al., 2012). Part Il review found 364
records in Embase, 454 in PubMed, and 252 in MEDLINE. One case of
anti-NMDA receptor encephalitis (Byun et al., 2016) and two cases of
anti-AMPA receptor encephalitis were identified (Zekeridou, McKeon,
& Lennon, 2016; Hoftberger et al., 2015).

Table 2 summarized the symptoms and NCS/EMG findings of our
patient and the nine cases from systematic reviews. Pure motor or
motor-predominant neuropathies were relative common among these
cases (4 motor or motor predominant, 3 sensorimotor, 1 pure sensory;
Table 2). Response to immunotherapy and reverse of neuropathy were
found by serial NCS in at least 2 over 9 cases.

4 | DISCUSSIONS

The serial NCS/EMG findings of our patient suggested that acute
reversible motor axonal polyneuropathy could coexist with acute
anti-AMPA receptor encephalitis. We also found nine similar cases
combining acute neuropathies with acute anti-AMPA or NMDA re-
ceptor encephalitis in systematic literature review. Anti-NMDA recep-
tor encephalitis may also overlap with other diseases. Demyelinating
diseases including neuromyelitis optica spectrum disorder (NMOSD)
(Titulaer etal., 2014), brain stem encephalitis, leukoencephalopa-
thy following herpes simplex encephalitis, and acquired demyelina-
tion syndrome could overlap with anti-NMDA receptor encephalitis
(Hacohen et al.,, 2014). Coexisting antibodies including antibodies
against aquaporin-4 (AQP4) and myelin oligodendrocyte glycoprotein
(MOG) were found in the patients who had overlapping anti-NMDA
receptor encephalitis and NMOSD (Titulaer et al., 2014). From our
systematic literature review, anti-Hu antibody was found to be the
coexisting antibody in three cases and was assumed to be the par-
aneoplastic antibody in two of them (Pohley et al., 2015; Samejima
et al.,, 2010). The clinical manifestations of these cases were typical
for anti-Hu antibody associated neuropathy (Camdessanche et al.,
2002). Besides, antibodies against amphiphysin was noted in another
case with anti-AMPA receptor encephalitis and was assumed to be
the paraneoplastic antibodies of lung cancer (Hoftberger et al., 2015;
Saiz et al., 1999). Antibodies to ganglioside were also found in another
reported case with anti-NMDA receptor encephalitis (Hatano et al.,
2011). However, this case probably had overlapped Miller-Fisher
syndrome (Kaida et al., 2006). In summary, the presence of coexisting
antibodies may indicate an overlapping syndrome. It is important to
arrange diagnostic tests like NCS/EMG in anti-AMPA and anti-NMDA
receptor encephalitis patients when peripheral nervous system in-
volvement is suspected. It is also important to arrange comprehensive
work-ups of possible malignancy when these coexisting antibodies are
well-known paraneoplastic antibodies.

Another reasonable anatomical explanation of our patient’s
presentation might be motor neuron dysfunction due to delayed
late response with pure motor involvement. Both NMDA receptors
(Spalloni, Nutini, & Longone, 2013) and AMPA receptors (Tomiyama
et al.,, 1996) are not only widespread in the neocortex, but also
are distributed in anterior horn cells of the spinal cord. Antibody-
mediated damage on motor neurons had been found in autopsy of
a case with anti-NMDA receptor encephalitis (Tuzun et al., 2009).
AMPA receptor GIuA2 subunit RNA editing error also played roles in
developing motor neuron disease (Hideyama et al., 2012). Therefore,
motor neuron injury in acute anti-AMPA receptor encephalitis could
be another possible cause of motor paresis. Immunohistological
statins or animal studies are warranted in the future for further
confirmation.

To date, concurrent motor paresis or peripheral presentations
had rarely been described in anti-AMPA receptor encephalitis. (Lai
et al., 2009) only reported one patient with rigidity due to coexisting
stiff-person syndrome and another with gait disturbance in a case

series of 10 patients. Besides, anticipating Guillain-Barré syndrome
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(GBS) had also been reported in patients with anti-NMDA receptor
encephalitis (Tojo et al., 2011; Pruss et al., 2014). Moreover, GBS
may also develop concurrently with acute disseminated enceph-
alomyelitis (Bernard, Riou, Rosenblatt, Dilenge, & Poulin, 2008),
Bickerstaff's brainstem encephalitis (Odaka et al., 2003; Han et al.,,
2012), and combined central and peripheral demyelination (Ogata
et al,, 2016; Cortese et al., 2016). In clinical practice, peripheral
symptoms may be masked by severe CNS dysfunctions (Joubert
et al., 2015). Therefore, localization of motor weakness requires
comprehensive history taking, neurological examination, assistance
of electrophysiological tools, and neuroimaging. However, differen-
tiating overlapping syndromes from patients with concurrent CNS
and PNS disorders is still challenging. We wish our study will help
to improve the detection of PNS involvement in glutamate receptor
encephalitis in the future.

This literature review was based on previously published reports.
Due to the rarity of this disease, the majority of articles were case re-
ports and the clinical correlations were difficultly studied. For example,
although patients with underlying malignancies (e.g., two lung cancers
and one seminoma in Table 2) had poor outcomes in our review, reg-
istry studies with larger patient numbers in the future may be needed
to examine the statistical correlation. Second, the literature searching
was based on full-text or abstract in English and publications in other
languages could also be missed. Third, some paraneoplastic autoanti-
bodies including anti-Hu antibody were not examined in this patient,

which may lead to bias of our results.

5 | CONCLUSIONS

PNS and CNS presentations could overlap in anti-AMPA receptor and
anti-NMDA receptor encephalitis. It is important to arrange proper

diagnostic tests when peripheral neuropathy is considered.
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