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Exercise-induced muscle stiffness is the hallmark of Brody disease, an autosomal
recessive myopathy due to biallelic pathogenic variants in ATP2A1, encoding the
sarcoplasmic/endoplasmic reticulum Ca?* ATPase SERCAL. About 40 patients have
been reported so far. Our knowledge about the natural history of this disorder,
genotype—phenotype correlations and the effect of symptomatic treatment is
partial. This results in incomplete recognition and underdiagnosis of the disease.
Here, we report the clinical, instrumental, and molecular features of two siblings
presenting childhood-onset exercise-induced muscle stiffness without pain.
Both the probands display difficulty in climbing stairs and running, frequent
falls, delayed muscle relaxation after exertion. Cold temperatures worsen these
symptoms. No myotonic discharges were observed at electromyography. Whole
Exome Sequencing analysis in the probands revealed the presence of two ATP2A1
variants: the previously reported frameshift microdeletion c.2464delC and the
likely pathogenic novel splice-site variant ¢.324+1G>A, whose detrimental effect
was demonstrated in ATP2AL transcript analysis. The bi-allelic inheritance was
verified by Sanger sequencing in the unaffected parents. This study expands the
molecular defects associated with Brody myopathy.

Brody myopathy, SERCA1, ATP2A1, WES, neuromuscular disorder

1. Introduction

Brody Myopathy (BM, MIM # 601003) is a muscle disorder characterized by childhood
onset exercise-induced progressive impairment of muscle relaxation, stiffness, cramps, and
myalgia, predominantly in upper and lower limbs and face (eyelids). Symptoms generally
improve after a few minutes of rest and may be exacerbated by cold. This disorder is recessively
inherited and associated with pathogenic variants in the ATP2A1 gene encoding for the
Sarco(Endoplasmic) Reticulum Calcium ATPase protein SERCAL1 (1-3).

SERCAL catalyzes the ATP-dependent uptake of Ca** from the cytosol to sarcoplasmic
reticulum taking part in the regulation of calcium levels in the sarcoplasmic reticulum and
therefore muscle contraction (4, 5). In Brody myopathy patients, the activity of SERCA1 in type
II muscle fibres is reduced, resulting in delayed muscle relaxation, silent cramps, muscle
weakness and muscle atrophy. The reduction of SERCA1 activity has been documented in
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available muscle samples from affected patients, supporting at
biochemical and histochemical level the diagnosis of Brody myopathy.
Since SERCAL1 is uniquely expressed in type II (fast-twitch) skeletal
muscle fibres, exercise-induced muscle stiffness in Brody disease is
primarily triggered by phasic (rapid and intense contractions), but not
tonic (slow movements), activity (3).

Although about 40 patients from 28 different families affected
with Brody myopathy have been reported so far, since the first
description in 1969 (6), our knowledge about disease progression and
pathogenesis are far from being exhaustive (2, 4, 7-12).

Here we report two siblings with clinical symptoms suggestive of
Brody myopathy. Whole Exome Sequencing analysis (WES) allowed
the identification of two ATP2A1 variants, one of which was novel.
Clinical, instrumental, and molecular findings are discussed in view
of previous literature in the field.

2. Case reports

2.1. Patient 1

Patient 1 is a 19-years-old boy, second-born to non-consanguineous
and healthy parents of Italian origin. Family history is uneventful and
negative for neuromuscular problems (see Figure 1).

The prenatal and perinatal history is unremarkable. His
psychomotor development was regular.

Since his first childhood, he showed difficulty climbing and
descending stairs and running, with frequent falls. At the age of
5years, he experienced transient upper limb tremors with spontaneous
resolution (Table 1).

At the age of 12, a neurological examination revealed mild
running impairment and delayed muscle relaxation after closing fists.
His serum creatine kinase (CK) levels were normal. In addition, to
exclude a GLUT1 deficiency syndrome with infantile onset,
he underwent SLC2A1 gene sequencing, which was negative.

At the age of 18 years, the proband was referred to our center for
neurological examination.

The clinical evaluation showed a negative neurological
examination, except for an awkward running with lower limbs muscle
stiffness. After repeated movements, such as fist opening and closing,
wrist and ankle flexion and extension, delayed muscle relaxation
phenomenon became evident bilaterally.

Electromyography (EMG) and nerve conduction studies (NCS)
results were normal. In addition, a short and long exercise test on
bilateral deep finger flexor muscles was performed, which was
unremarkable. Specifically, both before and after repeated voluntary
contractions, in basal condition and after limb cooling, there were no
myotonic discharges, however the patient clinically demonstrated
delay of muscle relaxation after repetitive efforts (silent contractures).

During the diagnostic assessment at our Center, the patient
underwent SCN4A gene sequencing to exclude a Non-Dystrophic
Myotonia (NDM, specifically the Paramyotonia Congenita of von
Eulenburg, MIM #168300). This analysis turned out negative.

The patient currently reports a feeling of muscle stiffness during
exercise, not accompanied by pain, which forces him to stop and rest
to resume the physical activity; he does not report cramps, nor
myoglobinuria. He regularly practices sports activity.
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Notably, proband’s symptoms worsen upon exposure to cold
temperatures but are stable over time.

2.2. Patient 2

Patient 2 is Patient 1’s 23 years old sister. She was born by induced
delivery at 30weeks of gestation after spontaneous pregnancy
complicated by gestosis. Perinatal period was characterized by two
episodes of pneumothorax. Her psychomotor development
was regular.

Clinical symptoms, including age and onset modalities, overlap
those observed in her brother (Table 1).

At the age of 15, she was referred to another Institute for
neurological evaluation: the CK dosage and NCS/EMG analysis were
normal. After genetic counseling, she underwent a Next Generation
Sequencing (NGS) analysis targeted on genes related to metabolic
conditions, which gave negative results. A carb-free diet was started
with no benefit.

Lastly, she was referred to our Institute at the age of 22 years. Her
neurological evaluation was overlapping with her brother’s. The NCS/
EMG was again normal; the short and long exercise test performed on
deep finger flexor muscles and on quadriceps, before and after effort,
revealed silent contractures (prolonged involuntary muscle
contractions) following voluntary phasic contractions, without
electrical activity detected by needle.

To date, she reports difficulties in walking, running, and climbing
stairs. She complains of a sensation of motor impairment as soon as
the muscle activity begins (muscle stiffness at the start of exercise). She
currently practices physical activity.

3. Methods
3.1. DNA analysis

After obtaining signed written informed consent, genomic DNA
was extracted from peripheral blood obtained from the patients and
their parents, on a QiaSymphony Automated Nucleic Acid Extraction
Platform (QIAGEN).

Whole Exome Sequencing was performed starting from 100 ng of
high-quality DNA of the two affected siblings and the parents by using
Agilent SureSelectXT Human All Exon V8 library preparation and
target enrichment kit. The libraries underwent paired-end sequencing
on a NextSeq2000 Illumina platform. The variants included in the
generated VCF files were annotated (according to the genome
assembly of hgl19) and classified according to an internal analysis
pipeline (13) and by using the bioinformatic tool eVai Expert Variant
Interpreter v2.7.

Filtering criteria applied were: (i) variants with a Quality
Score>30, (ii) variants with allele frequency <0.1 (gnomAD),
(iii) variants shared by affected subjects, (iv) variants presenting
biallelic inheritance, and (v) variants presenting a coding impact
or in conserved splice sites. The candidate variants in the ATP2A 1
gene were validated by using PCR amplification followed by
Sanger sequencing (Thermo Fisher Big Dye Terminator v3.1) on
an ABI Prism 3,130 automated DNA analyzer.
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FIGURE 1
Molecular findings in the investigated pedigree. (A) Pedigree of the family. Black symbols indicate the affected probands (patient 1: “P1" and patient 2:
"P2") carrying the described ATP2A1 variants. (B) Gel agarose showing RT-PCR products encompassing exons 1 and 6, obtained by blood extracted
cDNA showing, besides the wild-type band, a smaller fragment compatible the skipping of part of the ATP2A1 transcript in the affected siblings and
their mother ("/mw” indicates the molecular weight). (C) Sequence electropherogram of genomic (gDNA) and complementary (cDNA) DNA products
showing the effect of the c.324+1G>A variation in the alteration of physiological splicing of ATP2A1. The heterozygous deletion c.2464delC, resulting
in the loss of ATP2A1 reading frame, is observed at genomic and cDNA level.

3.2. Transcript analysis

Total RNA was extracted from peripheral blood obtained from the
subjects investigated by using Thermo Fisher Tempus Spin RNA
Isolation Kit. RNA was retrotranscribed into cDNA using Maxima
Reverse Transcriptase (Thermo Scientific). For the analysis of ATP2A1
transcript, specific primers were designed to amplify the regions
corresponding to exons 1-6 and 17 (available upon request) based on
the reference sequence NM_ 004320. Resulting Polymerase Chain
Reaction (PCR) products were stained with ethidium bromide and
visualized on 2% agarose gels and then were sequenced as
described above.
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4. Results

Whole Exome Sequencing analysis identified two ATP2AI
(NM_004320.6) variants in the affected siblings: the microdeletion
chr16:28913640C/— corresponding to c.2464delC (p.Arg822Glyfs*49)
and the single nucleotide variant chr16:28892341G/A corresponding
to ¢.324+ 1G> A. The two variants segregated from father and mother,
respectively (see Figure 1A).

The c.2464delC variant is rare (GnomAD 2.1 frequency in
non-Finnish European population is 0.003%) and has been previously
reported as a likely pathogenic variant in the ClinVar database
(Accession VCV000464084.5).
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TABLE 1 Patients timelines.

10.3389/fneur.2023.1170071

Patient 1

2008
Childhood

Referral to our Institute and

Ist neurological evaluation;

First signs and symptoms
SLC2A1 seq. (neg)

January 2022
18 yo+1 mo

clinical evaluation;

SNC4A seq. (neg)

May 2022 October 2022
18 yo+5 mos 18 yo+10 mos
CK dosage (normal);

EMG and S/L exercise

WES confirms the diagnosis of
tests;

Patient 2

2005
Childhood

22 yo
1st neurological evaluation;
NGS (metabolic diseases)
First signs and symptoms
(neg);

CK dosage (normal); EMG

January 2022

Referral to our Institute and

clinical evaluation

BM
Informed consent for
WES
May 2022 October 2022
22 yo+4 mos 22 yo+9 mos
EMG and S/L exercise
tests; WES confirms the diagnosis of
Informed consent for BM
WES

NGS, next generation sequencing; WES, whole exome sequencing; yo, years old; mo/mos, month/months; neg, negative; seq., sequencing; S/L, short/long.

The ¢.324+1G>A variant is not reported in population
databases. This variant, affecting the conserved donor splice site
downstream Exon 4, is predicted to alter physiological splicing. By
using Reverse Transcription PCR analysis on proband’s blood-
extracted RNA, we observed the skipping of the whole Exon 4 as
demonstrated by gel agarose electrophoresis (Figure 1B) and
sequencing (Figure 1C). This alteration is expected to preserve the
reading frame. Both the variants are classified as Likely Pathogenic
(class 4), according ACMG criteria (PVS1, PM2) (14).

5. Discussion

Here we report the clinical and molecular features of two siblings
in which a diagnosis of Brody myopathy was clinically suspected and
confirmed by Whole Exome Sequencing applied to the patients
pedigree. These findings were compared with those reported in a
recent publication investigating a cohort of 40 patients affected with
Brody disease (7).

BM is known to typically manifest in the first decade of life, even
though patients usually do not present to a physician until their third
decade (7).

In our patients, the first evidence of exercise induced muscle
stiffness occurred during childhood. Anyway, the siblings were
referred to our Institute for neurological examination and received a
molecular diagnosis only at the age of 18 (patient 1) and 22 (patient
2). Among the probands to date reported, only 7 patients have been
diagnosed before age 22, even though symptoms had emerged
relatively early, during childhood or before the age of 10 years.

Both our patients suffer from exercise-induced muscle stiffness
with delayed muscle relaxation, predominantly affecting the lower
limbs, with symptoms emerging after explosive, short, and repetitive
contractions: this is coherent with the selective type II muscle fiber
involvement usually observed in BM. The high percentage of type II
muscle fibres in orbicularis oculi muscle also explains the eyelid
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involvement reported in 63% of probands. Anyway, facial muscles,
and eyelids were preserved in our patients.

Similarly to the majority of Brody myopathy patients to date
reported (25 out of 36, 70%), our patients mention an increase of
symptoms upon exposure to cold temperatures.

Both our probands can currently practice sports (including
strength exercises) regularly. On the Modified Rankin Scale (MRS),
we could assign a patients disability score of 1/5, corresponding to “no
significant disability despite symptoms, able to perform all usual
activities and tasks” Our patients do not need any symptomatic
treatment and they never underwent physical therapy. In addition,
their symptoms do not show a progression and are stable over time.
Considering the 40 BM patients so far reported, symptoms were
progressive in 23% of them but did not become debilitating: the MRS
was performed in 23 of them and scored “1” and “2” (mild disability:
no longer able to carry out all the previous activities but independent
in walking/daily life activities) in 10 (43%) and 13 probands (57%),
respectively (7).

Regarding the EMG findings, none of the patients previously
described had myotonic discharges on EMG, while silent contractures
were present in 18/28 patients (64%) (7). Even in our two patients, the
EMG was normal and short and long exercise tests showed
silent contractures.

Except for the EMG findings, the symptoms described in BM are
commonly reported in many other neuromuscular disorders, so that
Brody myopathy might resemble other hereditary conditions
genetically determined, such as myotonic dystrophies or sodium/
chloride channelopathies. For this reason, Patient 1 underwent
SCN4A gene sequencing at the age of 18, since a Paramyotonia
Congenita of von Eulenburg was suspected (2, 15-19).

In inherited neuromuscular disorders, a comprehensive clinical
assessment contributes to achieve a molecular diagnosis (i.e., by
addressing the most appropriate genetic testing). This concept is easily
applied to Brody disease where the following cardinal clinical features
are associated with the disorder: muscle stiffness consequent to short,
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repetitive, and explosive movements, the presence of symptoms
manifesting on vigorous exercise, the absence of a warm-up
phenomenon (2, 19).

WES analysis, our current choice for the diagnosis of familial
forms of neuromuscular presentations, revealed the presence of the
previously unreported c.324+1G>A variant in ATP2A1. This
variant is classified as likely pathogenic and results in the skipping
of Exon 4 coding for a region encompassing SERCAI
transmembrane domain M2. This region helps to anchor the
actuator domain to the rest of the protein (1), and its absence likely
results in protein instability and impairment of SERCA1 function.
The second variant, c¢.2464delC, has been previously reported in
independent ClinVar submissions associated with Brody Myopathy.
No obvious correlation between genotype and phenotype has so
far emerged.

To date, there is no specific treatment and cure for BM. Some
therapeutic strategies have been considered such as the use of drugs
promoting Ca®* efflux from the cytosol or aiming to reduce
proteasomal SERCA1 disposal (20, 21).

In conclusion, our report expands the clinical and molecular
features associated with ATP2A1 variants in Brody Myopathy. Our
findings contribute to define the clinical presentation associated with
this condition.
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Case report: A 33 years-old
alcoholic male with diarrhea and
progressive muscle weakness
mimicking Guillain—Barré
syndrome

Anja M. Rudolph, Sofia Doubrovinskaia, Johannes Knabbe,
Corinna Seliger and Thorsten Lenhard*

Department of Neurology, Heidelberg University Hospital, Heidelberg, Germany

Background: A subacute manifestation of muscle weakness in temporal
association with a diarrheal intestinal infection is always suspicious of Guillain—
Barré syndrome (GBS). GBS is characterized as an acute inflammatory
polyneuroradiculopathy, mediated by cross-reacting autoantibodies and typically
triggered by various infections, vaccinations or other causes. Hyponatremia can
be associated with GBS and is usually seen in more severe cases. However, the
presence of relevant hyponatremia in a case suspicious of GBS can lead to a
diagnostic dilemma. We here describe an intriguing and initially misleading case of
hyponatremia mimicking GBS, where repeated and thorough electrophysiology
was the key to the correct diagnosis.

Case presentation: A 33years-old man with a history of severe alcohol
dependence and schizophrenia developed progressive muscle weakness in the
course of a preceding episode of diarrhea. Neurological examination revealed
a leg-accentuated tetraplegia with global areflexia. There was also a complex
oculomotor dysfunction. Laboratory tests showed hyponatremia of 110 mM.
Cerebrospinal-fluid analysis showed a normal cell count and cytological
evaluation, protein concentration within the normal range. Electroneurography
showed severe proximal nerve conduction block as evidenced by prolonged
F-wave latency and distal nerve conduction block as evidenced by prolonged
distal motor latencies and reduced motor nerve conduction velocities (NCV) in
all peripheral nerves examined. GBS-associated ganglioside autoantibodies were
absent. After compensation of hyponatremia alone, muscle weakness improved
rapidly and nerve conduction velocity improved similarly. These dynamics are
not consistent with GBS and unnecessary immunoglobulin treatment could
be avoided.

Conclusion: Suspicion of GBS in the presence of relevant hyponatremia can
be misleading as hyponatremia is able to mimic GBS. We demonstrate that
repeated and accurate nerve conduction studies together with F-wave diagnostics
is helpful to make the correct diagnosis. We discuss the mechanisms of the causes
of hyponatremia in GBS and contrast these with the electropyhsiological changes
caused by hyponatremia itself. The correct diagnosis will prevent the uncritical
use of intravenous immunoglobulins and save unnecessary costs. Also, a possible
aggravation of the hyponatremia by immunoglobulin treatment can be averted.
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hyponatremia, Guillain—Barré syndrome, nerve conduction blockade,
albuminocytological dissociation, Wernicke encephalopathy

Introduction

Guillain-Barré syndrome (GBS) is a common cause of acute
flaccid paralysis, characterized by symmetric limb weakness and
hyporeflexia or areflexia, reaching maximum severity within 4 weeks
(1, 2). GBS typically occurs after an infection in which the immune
response produces autoantibodies that cross-react with gangliosides
on nerve membranes. This autoimmune response leads to a functional
blockade of nerve conduction and to subsequent nerve damage. The
most common cause of antecedent infection is Campylobacter jejuni,
but other pathogens such as Epstein-Barr virus, cytomegalovirus,
SARS-CoV-2, Mycoplasma pneumoniae, Haemophilus influenzae and
influenza A virus and many others can also cause GBS (3, 4).

Nerve conduction studies show signs of demyelination, including
prolonged distal motor latency (dmL), reduced nerve conduction
velocity (NCV), prolonged F-wave latency, increased temporal
dispersion and intermediate conduction block (5).

Cerebrospinal-fluid (CSF) analysis reveals a combination of
elevated protein levels and normal CSF cell counts (called
albuminocytological dissociation), which is considered a hallmark of
GBS. In addition, testing for autoantibodies to ganglioside epitopes
has been established for the diagnosis of GBS, but has limited positive
predictive value because antiganglioside antibodies are also present in
other diseases. Exceptions to this rule are anti-GQIlb antibodies,
which are present in the serum of at least 90% of patients with Miller—
Fisher syndrome as a variant with cranial nerve involvement, and anti-
GM1/-GD1a antibodies, which are frequently found in patients with
pure motor GBS (1, 6).

In GBS, mild hyponatremia may develop during the course of the
disease. Hyponatremia in these patients is more common when
mechanical ventilation is required and occurs around day 10 after
intubation. Fluid restriction normalizes sodium levels, suggesting a
syndrome of inappropriate antidiuresis as the underlying cause. Only
a subgroup of GBS patients with severe autonomic dysregulation and
extremely high blood pressure have elevated atrial natriuretic protein
levels, which may indicate an underlying salt-wasting syndrome (7).

We report a case of severe hyponatremia mimicking features of
GBS. However, careful nerve conduction studies revealed an
alternative pathogenesis of subacute flaccid tetraparesis despite a
history of diarrhea.

Case description

A 33years-old man with a history of severe alcohol dependence
and schizophrenia was seen by a neurology consultant in the
emergency department of a hospital in northern Baden-Wiirttemberg,
Germany. The patient reported diarrhea for at least 2weeks and
progressive muscle weakness. He denied fever and associated myalgias
or painful paresthesias. He had stopped drinking (6-10 x 0.5 L bottles
of beer per day) 2 days before admission. Neurological examination
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revealed leg-accentuated tetraplegia with global areflexia. Muscle
strength was 0/5 for foot and toe flexors and extensors, 2/5 for pelvic
girdle muscles and 4/5 for shoulder girdle muscles. Sensory
examination revealed a stocking-like hypesthesia of the feet. There was
also a complex oculomotor dysfunction with an immured left eye,
abduction deficiency of the right eye and a vertical skew deviation.
Cognitive assessment revealed mild mental impairment.

Blood analysis showed elevated transaminases, y-glutamyltransferase,
lipase, slightly decreased thiamine level (26 pg/L; n: 28-85) and severe
hyponatremia (110mM; n: 135-145). Other electrolytes and renal
function were within the normal range or borderline (K* 44mM, n:
3.3-5.1; Ca*" 1.15mM, n: 1.15-1.35; GFR 57 mL/min, n: >60). The CSF
on admission showed a normal cell count and cytological assessment,
protein concentration within the normal range and an intact blood-CSF
barrier. Control lumbar puncture at day 6 after admission showed no
changes except an increase in CSF protein (78.2mg/L, n: 15-46). MRI of
the entire spine and a CT-scan of the head showed no abnormalities.

Nerve conduction studies (NCS) revealed severe proximal nerve
conduction block, as evidenced by greatly increased F-wave latency,
and distal nerve conduction block, as evidenced by increased dmL and
NCV all studied.
Chronodispersion of the tibial nerve compound muscle action

decreased motor in peripheral nerves
potential (CMAP) was also evident. No intermediate conduction block
was observed. Figures 1A,B and Figures 2A,B show representative
recordings of the ulnar and tibial nerves. Table 1 summarizes the
absolute values on admission.

Some of the electrophysiological findings are reminiscent of
GBS. However, GBS typically has an NCV of less than 30m/s and
often intermediate conduction blocks. Therefore, we concluded that
GBS may not be the underlying pathology and that hyponatremia may
be the more important underlying pathology. Therefore, we refrained
from treatment with intravenous immunoglobulin (IVIG) and
compensated the hyponatremia only by slowly increasing the sodium
concentration with intravenous sodium infusion. We also replaced the
mild thiamine deficiency (200 mg/day intravenously). Within 24h
after admission and the start of sodium replacement [(Na*)y, 110 mM;
(Na*),4, 125 mM; (Na*),g, 132 mM; (Na*),,, 137 mM], the oculomotor
dysfunction and mental abnormalities improved completely. Muscle
the

electroneurography showed an impressive improvement in NCVs and

strength also improved. At same time, follow-up
conduction blocks (Figures 1C,D, Figures 2C,D and Table 1).

Further analysis in the course revealed negative results for
autoantibodies against gangliosides (IgG +IgM immunoblotting, all
negative for GD1a, GD1b, GM1, GM2, GM3, GQ1b, GT1a, GT1b;)
and antibodies against Campylobacter jejuni (IgM +IgA ELISA: 5.7
and 6.3U/mL, n<20), making GBS even less likely. The following
pathogens were also excluded: Salmonella-, Yersinia- and Shigella
species and Treponema pallidum, Borrelia burgdorferi, Hepatitis A, B,
C virus and SARS-CoV-2.

The patient’s symptoms improved as described above and he was

transferred to a neurological rehabilitation clinic.
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FIGURE 1

Representative electroneurographic findings for the tibial nerve. (A,C) Show nerve conduction velocities with corresponding F-wave latencies (B,D).
(A,B) Show the findings on admission, (C,D) the changes after correction of hyponatremia, 4 days after admission. The small boxes below the F-wave
recordings show an overlay of (B) F-wave recordings at admission (E) and an overlay of (D) recordings after sodium corrections (F).

Discussion

This case illustrates

GBS. Diarrhea, ascending paresis and mild hypesthesia would strongly
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severe hyponatremia

remind neurologists of an underlying GBS (1, 2). Although mild

sensory deficits may be seen in GBS, more severe sensory deficits, e.g.,

mimicking

14

of the posterior funiculus, are uncommon, whereas muscle pain or
painful paresthesias are often associated with GBS. Oculomotor
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FIGURE 2

Representative electroneurographic findings for the ulnar nerve. (A,C) Show nerve conduction velocities with corresponding F-wave latencies (B,D).
(A,B) Show the findings on admission, (C,D) the changes after correction of hyponatremia, 4 days after admission. The small boxes below the F-wave
recordings show an overlay of (B) F-wave recordings at admission (E) and an overlay of (D) recordings after sodium corrections (F).

involvement is seen in Miller-Fisher syndrome as a rare variant of =~ Wernicke encephalopathy. Other differential diagnoses include
GBS (1). Areflexia may also be caused by alcoholic polyneuropathy. ~ myopathies, infectious diseases, malignancies or paraneoplastic
Cognitive impairment and oculomotor dysfunction are seen in  neuropathies and disorders of the neuromuscular junction (1). Table 2
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TABLE 1 Summary of electroneurographic findings for ulnar and tibial nerve.

10.3389/fneur.2023.1212497

Hyponatremia dmL (msec) CMAP (mV) NCV (m/s) 1st F-WL

(timepoint) (msec)

Admission* 3.9 5.4 39.1 41.6 44.0 5.1
Ulnar nerve

Compensation” 3.6 5.9 44.0 31.6 32.6 7.1
(UN)

% changes -8 +9 +13 —24 —26 +39

Admission® 6.6 1.7 33.6 82.2 85.9 2.4
Tibial nerve

Compensation” 4.4 2.1 44.1 54.7 58.3 4.0
(TN)

% changes -33 +24 +31 -33 -32 +67

dmL, distal motor latency; CMAP, compound muscle action potential; NCV, nerve conduction velocity; F-WL, F-wave latency; MF-W, mean F-wave latency; F-WCV, mean F-wave conduction
velocity. Normal values: dmL: UN <4.5 msec, TN <5.4msec; CMAP: UN >4mV, TN >5mV; NCV (age adjusted): UN >42m/s, TN >40m/s; 1st F-wave: UN <33 msec, TN <58 msec (leg length

adjusted) (8). “Admission, [Na'] 110 mM. ®"Compensation, at day 4 after admission, [Na'] 136 mM.

TABLE 2 Clinical comparison of GBS/Miller—Fisher syndrome, hyponatremia and Wernicke encephalopathy with reference to the patient’s particular

symptoms at admission.

Clinical symptom /

observation

GBS / Miller—
Fisher's variant

Hyponatremia

Wernicke

Patient

encephalopathy

Flaccid paresis Typical Impaired motor function, gait Gait instability caused by ataxia, but Present at admission
instability not flaccid paresis
Ophthalmoplegia Typical Not reported Horizontal gaze nystagmus, INO, Present at admission
abducens nerve paresis

Areflexia Typical Reduced tendon reflexes Not typical® Present at admission
Ataxia Typical Rarely reported (9) Typical Absent

Cognitive impairment Not typical Typical, consciousness disturbance® | Typical, consciousness disturbance® Present at admission; not

present®
Distal hypesthesia Not typical Not typical Not typical Present at admission

Previous diarrhea

Possible (C. Jejuni

Possible as underlying pathology

Not associated

Present at admission

infection)
Hyponatremia In the course possible intrinsic to disorder Not associated Present at admission
Slowed NCV Typical Has been described (10, 11) Not reported” Present at admission
Prolonged F-WL Typical Has been described (10, 11) Not reported” Present at admission
Prolonged dmL Typical Has been described (11) Not reported” Present at admission

Thiamine deficiency

Not associated

Not associated

intrinsic to disorder

Borderline

Albuminocytological dissociation

Typical in the course,

Not associated

Not associated

Present in the course

often not present at the

time of admission

INO, internuclear ophthalomoplegia; NCV, nerve conduction velocity; F-WL, F-wave latency; dmL, distal motor latency. “Refers to a symptom mentioned within a cell of the same line.
PAxonal neuropathy has been described in beriberi (19, 20), but exact data on NCV, F-WL, dmL are not available.

summarizes the differential clinical signs and observations in GBS—
Miller-Fisher syndrome, Wernicke encephalopathy and hyponatremia
with reference to the patient’s particular symptoms on admission.

Sodium disturbances, an important laboratory finding in our
patient, are known to be associated with GBS (12). A syndrome of
inappropriate antidiuresis is discussed as the underlying pathology in
most cases, and a salt-wasting syndrome has been reported in isolated
cases (7, 13, 14). However, to our knowledge, hyponatremia
mimicking GBS in clinical signs and some electroneurographic
patterns has not been published (15), yet.

In most cases, hyponatremia in GBS is mild and is associated
with a severe course of the disease and mechanical ventilation or
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with IVIG treatment (7, 13, 16). In our patient, however, the
hyponatremia was severe (110 mM) and was already present on
admission. It is most likely due to massive beer consumption in
the sense of dilutional hyponatremia. As the symptoms in our
patient resemble Miller-Fisher syndrome, which is strongly
associated with C. jejuni or other pathogens and GQ1b and GT1a
ganglioside autoantibodies, the absence of these antibodies in our
patient did not support this diagnosis (17); nor did the absence
of albuminocytological dissociation at admission. Other causative
agents of GBS were also excluded. Finally, convincing evidence
was provided by the rapid improvement in oculomotor
dysfunction and muscle weakness with sodium replacement,
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which occurred much faster than would be expected in GBS with
IVIG treatment.

The NCS showed changes that are common in GBS. However,
some features raised differential diagnostic considerations. There were
severe proximal conduction blocks, but only a slightly reduced NCV,
which was still faster than 30 m/s, and no intermediate conduction
blocks. Therefore, after sodium correction, there was also a rapid
improvement in follow-up NCS, as shown for proximal nerve
conduction blocks and NCV (Figures 1C,D and Figures 2C,D). These
electroneurographic changes usually improve much more slowly (if at
all) in GBS. They are associated with severe disease progression (e.g.,
mechanical ventilation) and delayed improvement (2).

Most neurological manifestations of hyponatremia are
neurocognitive and mental status changes (confusion, disorientation,
seizures, syncope, coma) and not necessarily neuromuscular, with the
exception of unsteady gait (18). The most likely cause of unsteadiness
leading to falls is decreased reaction latency, secondary to decreased
NCV and F-wave latencies (10), as were also present in our patient at
admission (see Table 1, Figures 1A,B and Figures 2A,B). Previous
publications have shown reversibility of NCV and F-wave latencies in
hyponatremia with correction of sodium levels (10, 11). However, our
patient had a pre-existing relevant axonal polyneuropathy, which was
still evident in reduced CMAP even after compensation for
hyponatremia, and this finding was particularly accentuated in the
tibial nerve (see Table 1 and Figures 1A,B). Here, the NCV slowing
and the F-Wave and dmL extension were particularly pronounced
[compare changes in percentage (%) in tibial nerve versus ulnar nerve,
Table 1]. This suggests that the pre-damaged nerve is particularly
susceptible to hyponatremia, which clinically results more in a
manifesting flaccid paresis than just gait instability. This is supported
by the fact that the effect was particularly evident in the tibial nerve,
where the CMAP remained pathologically reduced, whereas the ulnar
nerve had a normal CMAP at baseline but also showed an increase in
CMAP with sodium correction (Table 1). These results are consistent
with the measurements made by Vandergheynst et al. (10), who
discuss in their paper the effect of pre-existing polyneuropathy on
patients’ symptoms and electrophysiological changes in hyponatremia.

The contribution of thiamine deficiency to the severity of
symptoms, particularly ocular motor dysfunction, needs to
be discussed. Since thiamine levels were only slightly decreased,
we believe that thiamine deficiency may have had some effect, but
the main pathology was due to hyponatremia. A contribution of
osmotic demyelination to the observed ophthalmoplegia could
be ruled out by evaluation of the clinical course. A CT-scan of the
head at day 6 showed normal brainstem structures including pons.
In chronic thiamine deficiency (beriberi) in alcoholic patients or
pregnant women rapid improvement of neurological symptoms
including muscle weakness has been reported after replacement of
thiamine (19, 20). One study reports patients predominantly
presenting with axonal polyneuropathy (19). The other reports
women exclusively presenting with axonal polyneuropathy (20).
However, neither study mentions quantitative values of
electrophysiological measurements or of thiamine concentrations.
Rather, the
polyneuropathy in our patient may have exacerbated the effects of

as discussed above, pre-existing alcoholic

hyponatremia on the peripheral nerves rather than a relevant
thiamine effect, showing reversible proximal and distal nerve
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blockades as so-called “demyelinating features” (Figures 1, 2 and
Table 1). The rapid improvement of these “demyelinating features”
with sodium replacement shows that the changes are reversible
and not due to substantial damage to the nerve fibres, further
supporting the hyponatremia hypothesis.

Our key message is that if severe hyponatremia is present already
on admission, the diagnosis of GBS should be questioned. An attempt
to treat the sodium balance alone may be indicated, as IVIG treatment
can further exacerbate the hyponatremia (2, 21). In addition, other
IVIG-associated side effects may be avoided and costs saved.
Furthermore, the case is very instructive because it illustrates the
nature of the multifactorial causality (hyponatremia, pre-existing
alcoholic neuropathy, thiamine deficiency) of the entire clinical
picture. Developing a multifactorial mindset is critical to formulating
optimal differential diagnoses, a medical skill rarely taught
in textbooks.
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Local subcutaneous lidocaine
injection for the treatment of
complex regional pain syndrome:
a case report and literature review
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A 14-year-old child was diagnosed with complex regional pain syndrome (CRPS)
after bromhidrosis surgery. She experienced a stinging, knife-like, and intermittent
attack pain, accompanied by numbness of both upper limbs and limited
movements. Ultrasound-guided radiofrequency surgery on the peripheral nerve
did not reduce pain. Then, gabapentin 300 mg three times a day and 2% lidocaine
by local subcutaneous injection once a day for 3 days were administrated. After
the local subcutaneous injection of lidocaine, the pain was significantly relieved,
and the pain induced by skin touch at the scar disappeared. No pain recurred after
the 1-month follow-up. An evidence-based literature review showed that local
or systemic intravenous lidocaine was used to reduce adult CRPS symptoms but
less has been reported in children. In our case, a local subcutaneous injection
of 2% lidocaine in a child for CRPS treatment was reported to be effective in
relieving complex local pain with favorable outcomes. Though further high-quality
randomized controlled trials are needed to investigate the effects and safety of
local subcutaneous lidocaine injection on pain relief in children with CRPS, it could
still provide a relatively safe and effective adjuvant therapy for minor patients.

KEYWORDS

lidocaine, local subcutaneous injection, complex regional pain syndrome, analgesic
therapy, case report

1. Introduction

Complex regional pain syndrome (CRPS) is usually secondary to primary trauma and
may be a syndrome of severe intractable, polytropic pain following fracture, postoperative
or unintentional minor trauma, characterized by malnutrition and dysfunction (1). The
fourth edition of the Diagnosis and Treatment Guidelines for CRPS in 2013 pointed out that
the main clinical features are acute pain inconsistent with the original trauma, and clinical
manifestations are pain, edema, erythema, hyperthermia, hypofunction, and so on. There are
two typical types of sympathetic pain disorders: CRPS type I, which has no nerve damage,
and CRPS type II, which has definite nerve damage and typical neuropathic pain features
(2). The incidence of CRPS was 5-25 per 1,00,000, the ratio of male to female was 1:2-3, and
the ratio of upper limb to lower limb was 2:1 (3), but the pathological pathogenesis of CRPS
was still unknown.

The primary treatment of CRPS is multimodal pain management, which includes
bisphosphonates, glucocorticoids, non-steroidal anti-inflammatory drugs, tricyclic
antidepressants, antiepileptics, NMDA receptor antagonists, and drugs such as calcitonin
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FIGURE 1
Postoperative figure.

and Botox. In addition, there are also other options such as
psychological therapy, physical therapy, surgery, and interventional
therapy. Minimally invasive interventional therapy mainly includes
sympathetic nerve block, spinal cord electrical stimulation,
and ultrasound-guided pulsed radiofrequency. Surgical treatment
mainly includes lesion of dorsal root of spinal cord and neurolytic
sympathetic procedures (1, 2).

We present a unique case of a child detailing the use of local
subcutaneous lidocaine injection, which is poorly documented in
the literature. An evidence-based literature review was conducted
to help us scientifically analyze and grasp the safety and
effectiveness of analgesic drugs.

2. Case presentation

A 14-year-old child (168 cm, 58kg) had been diagnosed with
complex regional pain syndrome (CRPS) on 28 October 2022. Two
months after a bromhidrosis surgery, the patient developed axillary
pain with numbness in both upper limbs. The pain site was the
axillary region, radiating to both upper limbs with pain numbness
and limited movements. The numerical rating scale (NRS) was
8 points. The patient reported pain as stinging, knife-like, and
intermittent attacks, with a frequency of 6-8 episodes per day, each
lasting 10-20 min. The pain was worse at night than during the
day, occasionally interfering with sleep. The child had no significant
weight loss and denied a history of chronic medical conditions such
as high blood pressure.

The patient received one local injection of scar softening needle
on 14 October 2022 and then applied mupirocin ointment and
human epidermal growth factor gel to the scar. The color of the
scar deepened and the contracture improved, but the pain did
not improve significantly. Physical examination revealed bilateral
axillary surgical scars of 5 * 2cm (Figure 1), peripheral skin
contracture, local tenderness (++), limited movement of both
upper limbs, abductor lift of 120°, forward flexion lift of 150°, back
extension test to the medial margin of scapula, random contact of

Frontiersin Neurology

both upper limbs on the ulnar side caused pain, and no atrophy
of the skin, tissues, and muscles of both upper limbs. The ulnar
touch induced pain in both upper limbs (+), severe pain in the
left armpit, numbness in the bilateral axilla of both upper limbs,
and contracture of the hands and feet during the attack. The
electromyography-evoked potential report showed no significant
abnormalities in nerve motor conduction, sensory conduction, F-
wave, or muscles (Table 1). Bilateral axillary ultrasound, blood,
urine, and stool tests were normal. The patient met the Budapest
diagnostic criteria for CRPS established by Harden in 2007 (4).

3. Therapeutic intervention and results

The patient was admitted to the hospital on 30th October
and was given oral ibuprofen. Flurbiprofen ester gel ointment
was applied to her right armpit for pain relief. On 1st November,
radiofrequency surgery was performed on the left periaxillary nerve
under ultrasound guidance, and 1 ml anti-inflammatory analgesic
solution (2% lidocaine 1 ml 40.9% sodium chloride solution 2 ml +
dexamethasone 5mg) was given. The patient reported unbearable
pain during the surgery. On the Ist day after the surgery, the
patient reported increased pain in the left axilla, with no significant
improvement in pain duration and attack frequency. The NRS
score was 9 points. The patient was given gabapentin 300 mg,
three times a day. However, after taking gabapentin, the child
experienced dizziness and drowsiness. Considering that gabapentin
was highly correlated with adverse reactions, the patient refused
to continue taking gabapentin. After a comprehensive evaluation
by clinical pharmacists and doctors, the patient was given a 3 ml
local subcutaneous injection of 2% lidocaine. On 5th November,
the patient reported significant relief in bilateral axillary pain, and
the NRS score decreased from 8 to 3 points at the onset of pain.
No adverse reactions were observed during the administration. The
patient was discharged immediately. After 1 month of discharge,
the patient was followed up by the clinical pharmacist, and the
frequency and duration of the pain were significantly relieved. The
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pain disappeared completely with the subsequent application of
lidocaine gel patches.

Strong
recruitment
potential
(mv)

1.2
1.9

1
2.0

4. Discussion

Lidocaine was used as an adjunct to CRPS, and local
subcutaneous injection was rarely published (5-9). To date and to
the best of our knowledge, only eight cases of CRPS with different
lidocaine administration methods were retrieved (Table 2), of

recruitment
Interference

Interference
phase

Interference
phase

Interference
phase

Strong
phase

which six were adults and two were children The history of CRPS
was more than 1 month, and the longest duration was 7 years. The
pain was mainly concentrated in the upper and lower limbs and

Normal
Normal
Normal
Normal

affected the patients’ normal life. Of the two children, one received a

Time limit

5% lidocaine local patch (10) and the other received a local block of
0.5% lidocaine 15 mL and 0.25% bupivacaine 20 mL, followed by an
intravenous infusion of 250 mg lidocaine (11). Among the six adult

Normal
Normal
Normal
Normal

patients, a 26-year-old patient was given intravenous medication
at 1-2mg/kg/h for 4h (12), one patient was given 5% lidocaine

Polyphase
WEW

ointment three times a day (13), and four patients were given

a local block therapy with combination medication (11, 14-16).
Except for one patient who received a systemic infusion of lidocaine

Normal
Normal
Normal
Normal

and ketamine without any pain relief (17), all the other patients
achieved varying degrees of pain relief, of which two patients did

Amplitude

not achieve sustained pain relief (11, 12).

In addition, we retrieved seven clinical trials of lidocaine for
CRPS (Table 3), including three observational studies and four
prospective studies. Intravenous lidocaine was administered in two

§
c
o
2
o
)
=

clinical trials, one sustained subcutaneous infusion of lidocaine 3—

5pg/ml (18), and one intravenous infusion of lidocaine 5mg/L for
5 days (19). There were three trials of lidocaine combined with
other agents for regional block (5, 7, 8), and one lidocaine patch

Beam
flutter
potential

as an additional analgesic (6). With the exception of 49 patients,
mentioned in a study by Schwartzman et al. (19), who relapsed

after 6 months of pain relief, all patients in these trials achieved
significant pain relief and no recurrence. Moreover, the duration
of remission was not associated with mean lidocaine levels or

Positive
sharp
wave

highest measured lidocaine levels but was significantly associated

with baseline pain intensity. There was a randomized controlled
double-blind trial of lidocaine for regional block. Taskaynatan et al.
found that in 22 patients with CRPS, 2% lidocaine combined with
40 mg methylprednisolone did not provide lasting pain relief and

Fibrillation
potential

only relieved pain for 1 h (9).

In terms of safety, we found that high concentrations of
systemic lidocaine were more likely to cause adverse effects,

Normal
Normal
Normal
Normal

including nausea, dizziness, fatigue, bradycardia, tachycardia, and
atrial arrhythmias (Table 3) (12, 19). The adverse reactions in
patients using lidocaine patches were mild, mainly skin reactions,

Insertion
potential

which could be recovered after drug withdrawal (6). Patients who
received lidocaine regional block had few adverse reactions, mainly
mild dizziness (9, 11, 16).

In our case, the patient was a 14-year-old child who

Left/right

developed CRPS in both arms after surgery with increased pain
following peripheral nerve radiofrequency therapy similar to the
case reported by Frost et al. in (10). The patient experienced
significant adverse reactions after taking gabapentin. The pain was

Musculi
interossiae I
Radial hip
flexors
Biceps
Deltoid

TABLE 1 Electromyography/evoked potential report: the results of electromyography.

significantly relieved 3 days after a local subcutaneous injection
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TABLE 2 Case report of different lidocaine administration modes for CRPS.

First Patients  Age Lidocaine Pain relief Duration of Position and Previous
author administration treatments
Rickard et al. 1 26 Intravenous 8 NRS decreased from 8 to 7 years Left upper limb was Glucocorticoids + Mild dizziness
(12) administration 1-2 6, but did not persist and injured, affecting the opioids + gabapentin 0.3
mg/kg/h for 4h recurred 2 months later contralateral function g/tid
Frost (10) 1 10 5% Lidocaine patch (12 ) Sustainable pain relief 5 years Left lower limb CRPS I Gabapentin 0.3 g/tid, (-)
h/d, 1 month) Amitriptyline 25 mg qn,
Tramadol 50 mg/q8h
Baclofen 10 mg/bid,
Carbamazepine 200
mg/bid, Clonazepam
0.5 mg qn In October, it
was changed to
Doxazosinzaleplonel
mg/d, mesylate 5 mg
Hanlan et al. 1 65 5% Lidocaine ointment 9 Sustainable pain relief >2 months Traumatic cervical spinal | Pregabalin 600 g/d, -)
(13) tid cord injury resulting in Prednisolone 50 mg,
restriction of the right Calcitonin 200 IU
hand CRPS II
Herschkowitz 1 47 Lidocaine and ketamine 6-7 No relief >6 years Right forearm CRPS I Regional block + opioids | (-)
and Kubias infusion therapy -+ gabapentin 0.3 g/tid
a7
Patel and 1 65 0.5ml 1% lidocaine and (-) Acute Sustainable pain relief >3 years Right hand right forearm | Multimodal therapy: Not found
Aiello (14) 20 mg dexamethasone pain CRPS1 occupational and
were injected into the desensitization therapy;
flexor tendon sheath Medication:
nortriptyline 60 mg
Oxycodone
acetaminophen 5/325 mg
Duloxetine 60 mg/bid
Wang et al. 1 32 Betamethasone + 0.5% 10 Complete pain relief, >1 month Right wrist and upper Multimodal therapy: Not found
(15) lidocaine was injected NRS decreased to 1 limb CRPS I occupational and
locally into the right desensitization therapy;
carpal tunnel and pain Medication: oral
point corticosteroid, opioid
agonist, and
antidepressant
Toda et al. (16) 1 35 10 regional blocks of 1% 10 Complete pain relief >1 years Right hand CRPS I Transcutaneous Mild dizziness
lidocaine at 0.5 mL/kg electrical nerve
were administered in the stimulation,
dorsal vein of the wrist occupational therapy
and carbamazepine
Maneksha 1 12 15mL 0.5% lidocaine + 10 Mild pain relief, NRS >5 months Right foot and lower Physical therapy, Mild toxic symptoms
etal. (11) 20 mL 0.25% decreased to 7 limb CRPS I regional nerve block and with perioral tingling
Bupivacaine+ 250 mg medication: Tramadol and some slurred speech

lidocaine iv

50 mg Gabapentin 0.3
g/tid Amitriptyline
10 mg

occurred during
intravenous
administration

NRS, numerical rating scale; tid, three times a day; bid, twice a day; iv, intravenous injection; ADR, adverse drug reaction.
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First

author

Patients

Lidocaine
administration

TABLE 3 Clinical trials of different lidocaine administration modes for CRPS.

Pain relief

Duration of

Position and

Previous
treatments

Linchitz and 5 37-63 Serum concentration is 7-10 Sustainable pain relief 3-8 years ) Conventional treatment (-)
Raheb (18); maintained by is invalid (standard
observational continuous medical therapy and
study subcutaneous infusion physical therapy)
with infusion pump for
3-5ug/mL
Schwartzman 49 18-62 Intravenous 5-10 NRS decreased to 3.4 0.5-25 years Upper and lower limbs Conventional treatment No serious
etal. (19); administration was after 1 month and and spread to the chest, is invalid (standard complications were
observational titrated slowly to 5 mg/L slightly decreased after 6 back, and feet medical therapy and found. Mild side effects
study for 5 days months physical therapy) include nausea, fatigue,
bradycardia, tachycardia,
and atrial arrhythmia
Varitimidis 168 19-78 25ml 0.5% lidocaine NRS >4, 148 patients reported >1 month Double upper limbs Conventional treatment Not found
etal. (5); +125mg 81 only mild pain (0-2) and CRPS 1 is invalid (standard
observational methylprednisolone for patients; 20 reported pain relief medical therapy and
study hand venous regional NRS physical therapy)
block 6.5-10
Calderén et al. 10 28-91 5% lidocaine ointment 7.9 Sustainable pain relief, >6 months (-) Anticonvulsants, Local skin reactions
(6); for additional analgesia NRS decreased to 3.9. antidepressants, (itching, redness, or dry
single-center, non-steroidal skin)
prospective, anti-inflammatory drugs,
observational opioids, and nerve blocks
study and radiofrequency
Singh et al. (7) 33 48-62 Regional block: Shoulder 7-10 Sustainable pain relief, >1 month <lyears Double upper limbs No other treatment )
single-center, joint: 40 mg (VAS) VAS decreased to 2.7.
prospective, methylprednisolone
observational +5ml 2% lidocaine;
study radial, median, and ulnar
nerve: 10 mg
methylprednisolone +
1.5 ml of 2% lidocaine
Paraskevas 17 33-72 Dorsal venous block of 8-10 Sustainable pain relief 5-67 months Left and right hand NSAIDs + opioids + (-)
etal. (8); hand 15 mg (VAS) calcitonin injection and
single-center, guanethidine +1 mg/kg physical therapy
prospective lidocaine twice a week
study for 5 weeks; 10 mg
guanethidine +1 mg/kg
lidocaine, once every 2
days, 20 times
Taskaynatan 22 20-25 40 mg >5 Relieved 1h later, but no >3 months Unilateral upper limb (-) Nausea, dizziness,
etal. (9); methylprednisolone significant difference tinnitus, flushing, and
prospective, +10 ml 2% lidocaine for between 1 week and 1.5 pruritus. All symptoms
randomized, cubital regional block months later resolved spontaneously
placebo study three times in a few hours

B40°UISIa13UOL)

NRS(VAS), numerical rating scale (visual analog scale); tid, three times a day; bid, twice a day; ADR, adverse drug reaction; NSAIDs, non-steroidal anti-inflammatory drugs.
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of 2% lidocaine, and no adverse reactions were observed during
the administration.

Based on the above findings, a 5% lidocaine patch appears to
have a significant analgesic effect on CRPS. Intravenous lidocaine
could provide temporary relief, but it does not last long term. The
usual dose of lidocaine for local block is 0.5-2%, and the pain
relief is obvious, which is similar to the case we reported. It is
suggested that topical lidocaine might relieve the pain of CRPS
better and has a favorable safety. However, these clinical trials
have been conducted on adults, and there have been few studies
on adolescents.

By reviewing the literature, we attempted to analyze and
speculate the reasons why local subcutaneous injection of lidocaine
could relieve the pain of CRPS. A large number of ion channels
related to pain regulation, such as voltage-gated sodium channel,
potassium channel, and calcium channel, are distributed in the
central and peripheral nervous system, which are closely related
to pain perception (20, 21). Lidocaine is a selective Na+ channel
blocker with strong membrane stabilization. It can selectively
block the inward flow of Na+, block the K+ channel, prevent
depolarization of damaged and dysfunctional nerves that are
implicated in chronic pain (20, 21), increase the cellular efflux of
glutamic acid and potassium, decrease excitability, and diminish
neuronal transmission of pain signals, achieving the purpose
of pain treatment (21, 22). Subcutaneous injection of lidocaine
creates a high drug content in the spinal ganglia through the
intradermal nerve terminal receptor pathway, severing the ring of
pain stimulation, and thereby relieving pain (23).

In summary, we reported a case of a child treated with a
local subcutaneous injection of 2% lidocaine for CRPS pain. At
present, there is still no specific treatment for juvenile CRPS at
home and abroad. There are also few clinical studies and systematic
analyses on CRPS. Through a review of evidence-based literature,
we concluded that local administration or local block used to
treat CRPS pain in adults provided more pain relief than systemic
administration of lidocaine. Our case and review of the literature
suggested that local subcutaneous injection of lidocaine might
be a convenient and effective treatment for CRPS in children.
However, due to the small number of clinical cases collected and
the lack of rigorous randomized controlled trials, the safety of
CRPS in the treatment of adolescents remains uncertain. Therefore,
further high-quality randomized controlled studies are needed to
investigate the effect of local subcutaneous injection of lidocaine on
pain relief in children with CRPS.
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Case report: A case of spinal
muscular atrophy in a preterm
Infant: risks and benefits of
treatment
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Hospital, Hamilton, ON, Canada

Spinal muscular atrophy (SMA) is a neuromuscular genetic disorder caused by the
loss of lower motor neurons leading to progressive muscle weakness and atrophy.
With the rise of novel therapies and early diagnosis on newborn screening (NBS),
the natural history of SMA has been evolving. Earlier therapeutic interventions can
modify disease outcomes and improve survival. The role of treatment in infants
born preterm is an important question given the importance of early intervention.
In this study, we discuss the case of an infant born at 32 weeks who was diagnosed
with SMA on NBS and was treated with Spinraza® (Nusinersen) and Zolgensma®
(Onasemnogene abeparvovec-xioi) within the first 2 months of life. With the scarce
evidence that currently exists, clinicians should be aware of the efficacy and safety
impact of early therapy particularly in the preterm infant.

KEYWORDS

spinal muscular atrophy, preterm, newborn screening, gene therapy, Zolgensma

Introduction

Spinal muscular atrophy (SMA) is a neuromuscular disease characterized by the
degeneration of lower motor neurons caused predominantly by defects in the SMNI gene
encoding the survival motor neuron protein (SMN). SMA is an autosomal recessive disorder
that results in progressive muscle weakness and atrophy leading to significant morbidity and
mortality. Approximately 70% of all cases are severe, with a median survival of 7 months and
a mortality rate of 95% by 18 months of age (1, 2).

SMN is highly expressed during the gestation period and in the first few months of life.
Between the fetal and postnatal phases, SMN protein content in the spinal cord declines
6.5-fold from its peak abundance during the embryonic period (2, 3). The loss of the lower
motor neurons starts before the infant presents clinically and without any physical signs of
SMA. Ramos et al. described a potential therapeutic window, encompassing the last trimester
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of gestation and the first 3 months after birth when SMN protein
decreases rapidly (4). Given this biology, early diagnosis and
intervention have a critically important impact on the natural
course of the disorder. Since 2017, various novel therapies have
been approved which have changed the natural history of SMA.

Newborn screening (NBS) is completed shortly after birth to
identify treatable diseases in the pre-symptomatic period. SMA can
be detected using NBS, allowing for early diagnosis and potential
intervention prior to, or early on in symptom onset. In Ontario,
Canada, NBS was first implemented in clinical settings in 2006, and
SMA was included in the screening as of 2020. Since then and until
this study was submitted, approximately 394,299 patients have been
screened, and 24 cases have been diagnosed in Ontario (5).

The implementation of NBS has led to an increase in pre-
symptomatic therapy in the management of SMA (6). However,
none of these therapies have been approved to treat preterm infants
nor are there any available data to suggest the optimal time to treat
a preterm infant safely. This has led to the question of when is the
safest time to treat a preterm infant given the physiology of SMA
and the potential risk associated with these interventions.

According to the WHO, the definition of a preterm infant is
a baby born <37 weeks gestation (7). The combination of NBS
and uncharted territory in the preterm world has led to a pathway
of uncertainty. Lee et al. provided a recommendation to not treat
preterm infants with SMA until the 37th week of gestational age
(GA) because concomitant treatment with corticosteroids may
adversely impact neurological development (8). They examine two
cases with the use of gene replacement therapy on a 34 + 6-week
GA infant and another of 34 + 1 weeks GA and made this
recommendation given the potential complications of gene therapy
in a younger infant.

In Canada, two therapies are currently approved for newborns
who are <6 months of age with two or three copies of SMN2.
The first is nusinersen, an antisense oligonucleotide therapy. The
second is a gene replacement therapy, onasemnogene abeparvovec-
xioi. A third medication called risdiplam (evrysdi®) is approved by
Health Canada for infants older than 2 months of age.

Here, we will examine the outcome of a pre-symptomatic
preterm infant diagnosed with SMA through the NBS program in
Ontario and review the current evidence around the risk of therapy
on this pediatric population.

Case

A 32-week-old baby boy was born via spontaneous vaginal
delivery due to premature rupture of membranes after an
uncomplicated pregnancy. His neonatal course was complicated
by respiratory distress secondary prematurity requiring 3 days
of continuous positive airway pressure (CPAP) in the neonatal
intensive care unit (NICU) and phototherapy for neonatal jaundice.
He was screened positive for SMA on NBS and had confirmatory
genetic testing for homozygous loss of SMNI and two copies of
SMN?2. There was no family history of SMA or neuromuscular
disease. Physical examinations at birth and during his first few
weeks of life were normal, including good neurological and
motor functioning. He scored 2/26 on the Hammersmith Infant
Neurological Examination (HINE) at birth. He was seen by an
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occupational therapist on day 10 of life and was deemed safe
for swallowing.

With respect to potential therapeutic interventions, his parents
were counseled on all the therapies available in the treatment of
SMA as well as the option to not treat with a therapy and allow for
the natural course of the disease. Parents were interested in treating
early and preferred to proceed with gene replacement therapy as
this would be a one-time infusion. Risdiplam was not yet approved
in Ontario at the time of this patients birth but was discussed
and not favored as an option to wait to treat until he was eligible.
Given his premature age, there was no clear evidence to suggest that
gene therapy would be safe before 39 weeks GA. As a result, we
opted to administer nusinersen before 40 weeks of age due to the
localized effects of the drug and less potential for systemic effects
that may impact a premature infant. As such, he received three
loading doses of nusinersen at 36, 38, and 40 weeks GA until he
was able to be administered onasemnogene abeparvovec-xioi. He
tolerated nusinersen well with no complications, and we did not
observe any neurological abnormalities.

He later received onasemnogene abeparvovec-xioi at 10 weeks
of age. He was monitored weekly as an outpatient for 2 months
postinfusion to ensure no adverse events would occur. His baseline
liver biochemical tests including serum transaminase levels and
abdominal ultrasound (US) were normal. He was started on
prednisone (1 mg/kg) the day before onasemnogene abeparvovec-
xioi infusion and remained on prednisone at the same dose for
4 weeks. At this time, the prednisone was slowly tapered over
the course of an additional 4 weeks. This was performed in
conjunction with weekly bloodwork, assessing liver biochemistry
and hematology and then changed to biweekly and then monthly
for 6 months post-prednisone completion. At the onset of
prednisone weaning, his serum transaminases were elevated but
steadily improved during the remainder of the tapering period
(Figures 1A, B).

Along with our physical examinations and neurological
examinations regularly, he was assessed by a physiotherapist
who obtained motor scores following onasemnogene abeparvovec-
xioi administration. He obtained head control at 4 months of
age and achieved independent walking at 18 months both of
which are delayed even for his preterm age. Presently, at 20
months of age, he is currently pulling to stand, walk, and sit
independently, is reaching for objects, and has good head control
(Figure 2). He is eating orally, is gaining weight, has no respiratory
concerns, and can say up to 10 words. In a recent EMG study,
we detected high-amplitude motor unit potentials with no signs
of denervation which might suggest some degree of chronic
motor neuron involvement, while nerve conduction studies were
normal (Figure 3).

Discussion

In our patient, the mild motor milestone delay plus the
electrophysiological findings might suggest the requirement
of initiation of treatment as soon as possible to improve
the outcome.

The importance of early intervention in the diagnosis and
management of infants with SMA is becoming increasingly clear
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(A) Alanine transaminase (ALT) was stable post-gene therapy infusion during prednisone and initially elevated upon prednisone wean but later
stabilized. (B) Aspartate transaminase (AST) was stable post-gene therapy infusion with prednisone daily. It was initially elevated and then stabilized
post-prednisone weaning. (C) Platelet post-gene therapy infusion. There was a typical drop in platelet level post-gene therapy with a nadir at day 7
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to save motor neurons and prevent declines in motor functioning.
Signs and symptoms of SMA often begin in the first 6 months of life
(1). Given this and the potential adverse effects that novel therapies
play in SMA management, impacts to a preterm infant come
with many considerations where a balance of implementing early
treatment while considering the physiology of a preterm infant is
necessary. As mentioned before, we will be focusing on the use
of gene replacement therapy in preterm infants and the currently
available evidence.

Frontiersin Neurology

Impact of steroid use on the immune
system

Currently, the use of onasemnogene abeparvovec-xioi requires
the use of systemic corticosteroids (prednisone) at 1 mg/kg for
at least 1-month posttherapy with the 2nd month tapering the
dose to help with the management of the adverse effect of
liver inflammation that comes with gene therapy. According to
the FDA, onasemnogene abeparvovec-xioi is not recommended
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and has good head control

Motor milestone development. At 4 months of age, he obtained head control, at 8 months, he achieved sitting independently, and at 12 months, he
was able to stand with support. Presently, at 20 months of age, he is currently walking short distances, can stand independently, reaches for objects,

FIGURE 3
Electromyography (1mv/Div; 10 ms/Div) (EMG) with a concentric needle over the left tibialis anterior muscle showing the presence of
high-amplitude motor unit potential between 2.5mV and 4mV at 20 months of age. We did not observe any spontaneous activity.

until preterm infants reach full-term gestational age because the
use of corticosteroids can affect neurological development (9).
However, in a study of preterm infants with bronchopulmonary
dysplasia (BPD), the primary management strategy is a course
of systemic corticosteroids for a short period of time (10). The
primary risks are adrenal insufficiency and growth failure, but
with close monitoring and recognition, these adverse effects could
be managed accordingly or prevented. Similar to onasemnogene
abeparvovec-xioi in preterm infants with SMA, the benefits of
having the corticosteroid and recovering from the disorder have a
far greater impact on the outcome of the disease than the adverse
effects of corticosteroid use.

Regarding immunosuppression in a preterm infant, the
immune system is not fully developed from an embryological
standpoint and is not exposed to prior antigens. The use of
corticosteroids in addition to adeno-associated virus 9 vector
(AAV9) needed in onasemnogene abeparvovec-xioi adds to the
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stress of the immune system. Corticosteroids lead to further
immunosuppression in the preterm infant that is already
weakened. Several immune pathways have reduced involvement,
and immune immaturity is present in premature neonates in
proportion to their age (10). Fragile skin, moderate-to-severe
hypogammaglobulinemia, decreased lymphocyte counts, plasma
complement, and antimicrobial peptide levels are also seen in
premature babies (10). Extreme preterm children lack trans-
placental transfer of maternal antibodies, which occurs primarily
during the third trimester of pregnancy. Given the specific
susceptibility of preterm newborns’ developing organs, it is
probable that a lower inflammatory response during fetal life
protects against the potentially harmful consequences of an
overactive immune system (10). Most of the adverse effects related
to AAVY expressing SMN therapy have been related to the immune
response toward the viral infection. Thus, it might be that preterm
infants will have an advantage at the time of receiving therapies
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where AAV is the vector. Moreover, AAV infection has not been
directly connected to any specific disease, thus reducing the need of
high-dose steroids for a prolonged period of time (10).

Steroids and the developing brain

With the administration of onasemnogene abeparvovec-xioi,
infants are started on low-dose prednisone for the management
of liver inflammation post-onasemnogene abeparvovec-xioi. There
is growing concern and evidence that the use of corticosteroids
can impact the developing brain in a preterm infant. Most of the
evidence of the impact of corticosteroids on neurodevelopment
comes from the use of steroids in chronic lung disease, and the risk
of short-term corticosteroid use outweighs the potential benefits
in particular when considering SMA (8). An example is in the
treatment of BPD, where infants are given dexamethasone for
earlier weaning and extubation of mechanical ventilation. However,
studies have now shown that the administration of dexamethasone
within the 1st week of life has been associated with an increased
risk for adverse effects including speech, cognitive, and learning
impairments (11). This is concerning when these infants are
on steroids post-onasemnogene abeparvovec-xioi for at least 1
month before they are weaned off, and these infants are often
still in their first 3 months of life. In a multicenter cohort study
examining the use of steroids on preterm infants with BPD, infants
given prednisone or methylprednisolone had less impact on the
developing brain compared with infants given dexamethasone
in neurodevelopment (12). This suggests that considering an
alternative systemic corticosteroid may be a solution to minimizing
the risk of neurodevelopmental health. Further studies are required
to continue to evaluate this risk in particular preterm infants
post-onasemnogene abeparvovec-xioi.

Pediatric liver and early steroid use

The liver continues to mature right after birth regardless of
gestational age, and full liver maturity takes up to 2 years to
be achieved (6). Although this liver immaturity has little effect
on a healthy full-term infant, preterm infants are particularly
susceptible to the effect of an immature liver (6, 13). Preterm infants
have a higher risk of bleeding, cholestasis, hypoglycemia, and
impaired drug metabolism. This can lead to significant concerns
with the metabolism of onasemnogene abeparvovec-xioi as it is
encapsulated in an AAV9 vector that has been shown to cause liver
inflammation and chronically elevated transaminases in patients
with SMA post-gene therapy (14). Liver insufficiency is a major
concern post-gene therapy administration, and onasemnogene
abeparvovec-xioi has a black box warning for the potential
to cause acute serious liver injury and acute liver failure (9).
There have also been reported two deaths in children following
onasemnogene abeparvovec-xioi administration due to liver
failure (9).

In addition to liver immaturity, preterm infants are 80%
more likely to have neonatal jaundice. This is a result of
increased red cell breakdown and decreased bilirubin excretion and
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leads to unconjugated hyperbilirubinemia. There is currently no
contraindication or safety data of onasemnogene abeparvovec-xioi
administration and neonatal jaundice, but in a preterm infant who
is at increased risk with a longer time to recover from jaundice, it is
uncertain if this would be a reason to delay gene therapy.

With weekly bloodwork, the impact on the liver was assessed in
our preterm infant regularly, and this allowed for early recognition
of liver injury. His neonatal jaundice had resolved prior to the
administration of onasemnogene abeparvovec-xioi, therefore this
did not place him at higher risk.

Pediatric nephrogenesis

Nephrogenesis is completed by 34-36 weeks of gestation,
and kidney function continues to mature during the postnatal
period (15). Thus, a preterm infant whose kidney development
and function are delayed and immature at birth poses particular
susceptibility in the preterm infant to kidney injury and long-
term impacts on kidney functioning (16). This is particularly
concerning in preterm infants’ post-onasemnogene abeparvovec-
xioi as cases of thrombotic microangiopathy (TMA) were reported
post-onasemnogene abeparvovec-xioi that have led to kidney
failure (9). Post onasemnogene abeparvovec-xioi preterm infants
may be especially susceptible to any possible exogenous disturbance
causing fluid and electrolyte management to be more challenging.

Pediatric thrombocytopenia

Platelet count is an important consideration for infants
receiving onasemnogene abeparvovec-xioi since thrombocytopenia
and TMA have been previously reported in patients who received
gene replacement therapy (9). Premature infants have a higher
incidence of thrombocytopenia often due to multiple risk factors
including small for gestational age, maternal preeclampsia,
infection, and disseminated intravascular coagulation (17).
Thrombocytopenia in neonates may also relate to an inability
of platelet precursors or megakaryocytes to increase in size
in response to increased platelet demands or thrombopoietin
stimulation (18). This, therefore, decreases the ability of the
neonatal hematopoietic system to respond to the need for
platelets in a situation of consumption or destruction as seen with
TMA or infection, which can be particularly challenging for the
premature infant.

In our patient, we observed a typical decrease in platelet
levels with a nadir at day 7 postinfusion which later recovered
(Figure 1C). It is not clear which patients will naturally improve
their platelet levels or which ones might be heading to an episode
of TMA. Further investigations and better guidelines are needed in
future to clarify this important question.

Cardiac involvement in the pediatric infant

Due to cardiac immaturity, preterm newborns are subject
to myocardial structural and functional maladaptation after
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delivery (3). The elevation of troponin I has been reported

in patients post-onasemnogene abeparvovec-xioi; however,
no clinically significant cardiac events have been reported
(9). Animal studies have shown cardiac involvement in mice
following intravenous injection of onasemnogene abeparvovec-
xioi, including mild mononuclear infiltration, mild fibrosis,
and scattered cardiomyocytes degeneration and regeneration
(19). The use of corticosteroids in the preterm infant can
also lead to thickening or hypertrophy of the left ventricle
(20). This is a common side effect of corticosteroid that was
reported in premature infants that were on the medication
for as long as 42 days or as short as 3 days (21). It is thus
recommended that preterm infants are closely monitored for
cardiac involvement secondary to steroid exposure until they are
discontinued. Included in our weekly bloodwork was troponin
I levels which remained stable in our preterm infant without
signs of elevation post-onasemnogene abeparvovec-xioi and

with prednisone.

Conclusion

With the rise in early identification of SMA through newborn
screening programs, more infants are diagnosed with SMA prior
to symptoms appearing allowing for clinicians to initiate treatment
with a novel therapy early in the course of the disease leading
to improved outcomes and saving motor neurons. With this
early identification, there is a rise in identifying preterm infants
who may be impacted by SMA. Although their physiologic
immaturity, increased risk of gene therapy, and corticosteroid
use post-gene therapy pose an increased risk to the preterm
infant, waiting to treat until the infant is 39-week gestation also
poses a risk of losing motor neurons and leads to symptoms.
Knowing that time is a muscle and with careful monitoring
and guidance from a multidisciplinary team, it is valuable to
consider early treatment even in a preterm infant. Opting to
bridge with nusinersen administration as a local impact rather
than the systemic effects seen in onasemnogene abeparvovec-
xioi may be one method to ensuring the best outcome. It is
also imperative to consider that each individual case may differ,
and thus, evaluating each clinical presentation on a case-by-
case basis may also be warranted until there are enough data
to suggest otherwise. We recognize that this is one case of a
preterm infant and to investigate this further, we would require
more data to suggest the risk and benefits of early treatment
in the preterm infant. We hope to bring awareness to this
clinical predicament and acknowledge the advent of medicine
and change in the natural history of SMA with the rise of
novel therapies, as well as the need to still treat the preterm
infant early is imperative for the best possible outcome of
the disease.
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Guillain-Barré syndrome with a
thalamic lesion and COVID-19: a
case report and discussion on
mechanism
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Department of Neurology, Weihai Municipal Hospital, Weihai, China

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
primarily affects the respiratory system. During the global coronavirus disease
(COVID-19) pandemic, COVID-19-associated neurological diseases have been
increasingly reported, including peripheral nervous system diseases, such as Guillain—
Barré syndrome (GBS). Acute motor-sensory axonal polyneuropathy (AMSAN), is a
GBS variant associated with COVID-19. To date, there are no reports of GBS cases
with thalamic injury and dynamic evolution with fluctuating GBS symptoms. In this
report, we describe the first case of COVID-19-associated AMSAN accompanied by a
thalamic lesion and discuss the magnetic resonance imaging (MRI) findings.

Case presentation: A 76-year-old woman, with known co-morbid type 2 diabetes
mellitus, presented to the emergency room with complaints of weakness and
paraesthesia in both her legs and arms for 4 days, and fever and dry cough for
the past 5days. A nasopharyngeal swab for SARS-CoV-2 returned positive. The
patient had not received specific treatment for COVID-19 infection. Neurological
examination disclosed symmetric weakness (Medical Research Council grade
upper limbs 4/5, lowers limbs 2/5) and areflexia in both the legs and feet. No
cranial nerves were involved. Following a neuro-electro-physiology study to
evaluate neurological symptoms, AMSAN was suggested. Cerebrospinal fluid
(CSF) analysis showed elevated protein levels that confirmed the diagnosis of GBS.
The patient was subsequently treated with intravenous immune globulin (IVIG),
which improved her neurological symptoms (upper limbs 4/5, lowers limbs 4/5).
However, urinary retention, dysarthria, dysphagia, bilateral facial paralysis, facial
diplegia, bucking, and motor alalia gradually appeared, followed by aggravated
paralysis (upper limbs 3/5, lowers limbs 1/5). After being hospitalized for 16 days,
the patient underwent continuous plasma exchange (PE) treatment for a duration
of 3days. Following treatment, the patient’s neurological symptoms and paralysis
gradually improved (upper limbs 4/5, lowers limbs 4/5) over 2 weeks. Meanwhile,
we observed that the patient’s cerebral magnetic resonance imaging (MRI) findings
dynamically evolved along with the fluctuation of her GBS symptoms, mainly in
terms of the changes in T2 hyperintensity in the right thalamus accompanied
by microhaemorrhages. The inflammation index was normal. We considered a
wide range of possible causes including hypoxia, drugs, toxins, and metabolic
derangements but these were excluded.

Conclusion: The AMSAN variant of GBS secondary to COVID-19 infection is severe
and can cause extensive damage to the peripheral nerves system. The deterioration
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of symptoms in the patient after early immunotherapy may indicate treatment-related
fluctuation (TRF) and could be attributed to immune rebound. Moreover, an excessive
immune response post-COVID-19 infection may trigger concurrent damage to the
central nervous system, indicating secondary harm to brain small blood vessels and
nerve units. For suspected cases of GBS complicated by COVID-19, it is essential to
conduct early brain MRI examinations in addition to routine peripheral nervous system
evaluations to promptly detect any intracranial lesions. This facilitates appropriate
immunotherapy and improves patient prognosis.

Guillain-Barré syndrome, COVID-19, neuro-electrophysiological characteristics, MRI
findings, thalamic lesion

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), which causes the coronavirus disease 2019 (COVID-19),
primarily affects the respiratory system. During the global
COVID-19 pandemic, neurological complications of COVID-19
have been increasingly reported, including Guillain-Barré
syndrome (GBS) (1). GBS is an acute poly radiculo-neuropathy
characterized by rapid progression, symmetrical limb weaknesses,
areflexia, sensory symptoms, and, in some patients, facial weakness.
GBS is a life-threatening inflammatory/autoimmune condition, in
which the immune system targets healthy nerve cells in the
peripheral nervous system (PNS) (2). The common variants of GBS

include acute inflammatory demyelinating polyradiculoneuropathy
(AIDP) which is a motor sensory demyelinating disorder; and acute
motor axonal neuropathy (AMAN), and acute motor and sensory
axonal neuropathy (AMSAN), both of which are axonal disorders
(3). The AMSAN variant of GBS has been associated with
COVID-19 (4). The symptoms of AMSAN are severe and the
prognosis is poor. To date, there are no reported cases of AMSAN
involving the central neurovascular unit or discussions relating to
the findings on cerebral magnetic resonance imaging (MRI). In this
report, we described the first case of COVID-19-associated
AMSAN, accompanied by a thalamic lesion detected on
MRI. We also discussed the thalamic injury, in which the symptoms
dynamic evolved and fluctuated (Figure 1).
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March 20, 2023, the symptoms of weakness recover.
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Case presentation

On January 6, 2023, during the COVID-19 epidemic in this region
of China, a 76-year-old woman, with known co-morbid type 2 diabetes
mellitus, presented to the emergency room of our hospital, the Third
Grade First Class Hospital, with complaints of weakness and paraesthesia
in both her legs and arms for four days, and fever and dry cough for the
past 5days. A nasopharyngeal swab for SARS-CoV-2 returned positive.
The patient had received the inactivated COVID-19 virus vaccine one
year ago, and had not been administered any other specific antiviral
therapy for a COVID-19 infection.

On admission, baseline laboratory investigations were performed
(Table 1). A nasopharyngeal swab was repeated for COVID-19 PCR
testing. The result of which was negative. However, the serologic test
result was positive. A brain MR was performed prior to the patient’s
onset (2022.11), and no abnormal signals were detected
(Figures 2A-D). Following admission, the patient underwent a
subsequent cerebral MRI re-examination, which revealed slightly
elevated signals (T2) and low signals in the right thalamus (SWI)
(Figures 2F,G). However, no hyperintensity was observed in T1 or
DWI (Figures 2E,H). The patient was treated with intravenous
immunoglobulin (IVIG 0.4 g/kg-d) for 5days.

On further investigation, the neuro-electrophysiology (Table 2)
examination on January 8, 2023 showed a decreased compound
muscle action potential (CMAP) amplitude and sensory nerve action
potential (SNAP) amplitude in the left median and ulnar nerves.
Based on these results, AMSAN was suggested. Cerebrospinal fluid
(CSF) analysis was performed and the results demonstrated elevated
protein levels (1871.9mg/dL, normal 150-450mg/dL) while the
leukocyte level was normal (2/mm3), Based on the clinical findings,
neurophysiological studies, CSF analysis, and cervical MRI, the
patient was diagnosed with AMSAN, a GBS variant associated with
COVID-19. The MRI of the patient’s cervical spine revealed no
abnormal signals in the cervical spinal cord, ruling out the possibility
of limb numbness and weakness caused by lesions in the cervical
spinal cord. Although we considered COVID-19-related AMSAN
based on patients history of COVID-19 infection, acute limb
movement, sensory disturbance, protein cell isolation, and EMG
results, there are limitations due to the lack of proximal CMAPs and
the timing of the EMG study. Furthermore, despite the patient’s
history of diabetes, there were no neuropathic symptoms (sensory or
motor) related to diabetes. Therefore, considering the distal axonal
sensory and motor changes caused by AMSAN.

After some improvement of the limb weakness following treatment
with IVIG, the patient experienced aggravated symptoms including
choking on water, slurred speech, weakness during chewing, reduced
muscle strength, and urinary retention. The neurological examination on
day 11 reported the patient as conscious, with dysarthria, bilateral eyelid
closure weakness, a left eye fissure of 6mm and a right eye fissure of
4mm, a flattened left nasolabial fissure, tongue deviation towards the
right side on attempted protrusion, grade 3 upper limb muscle strength,
grade 1 lower limb muscle strength, negative patellar reflex (—), and
negative Babinski sign (—). The above symptoms continued to aggravate.
On January 19, 2022, a re-examination with cerebral MRI revealed that
the right thalamus had T1 hypointensity and a more pronounced T2
hyperintensity than before. Moreover, hypointensity was detected on the
susceptibility-weighted imaging (SWTI), while no hyperintensity was
noted on the diffusion-weighted imaging (DWT) (Figures 2I-L). After
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TABLE 1 Baseline investigations of the patient on admission.

Parameter Result Normal range
Complete blood count

Hb (g/dl) 143 115-150
MCV (fl) 88 82-100
MCH (pg) 30.8 27-34
MCHC (Gm/dL) 350 316-354
Total leukocyte count 1.75 1.1-3.2
(*10°/L)

Lymphocytes (%) 29.9 20-50
Neutrophils (%) 63.8 40-75
Platelets count (counts/uL) 262,000 125,000-350,000
Inflammatory markers

CRP (mg/dL) 1.98 0-3
ESR (mm/h) 31 0-20
Biochemical profile

Sodium (mEq/L) 135 135-145
Potassium (mEq/L) 391 3.5-55
Chloride (mEq/L) 97.2 96-108
Calcium (mEq/L) 227 2.12-2.52
Magnesium (mg/dl) 0.66 0.66-1.07
Phosphorous (mg/dl) 0.79 0.81-1.58
BUN (mg/dL) 3.94 3.2-7.1
Cr (mg/dl) 54.6 36-100
COVID-19 antigen

1gG (500copy/ml) 149.02 0-1
IgM (500copy/ml) 3.45 0-1
CSF protein (mg/dL) 1871.9 150-450
CSF cell (*10°/L) 2 0-1

Hb, Hemoglobin; MCV, Mean Corpuscular Volume; MCH, Mean Corpuscular Hemoglobin;
MCHC, Mean Corpuscular Hemoglobin Concentration; CRP, C-Reactive Protein; ESR,
Erythrocyte Sedimentation Rate; BUN, Blood Urea Nitrogen; Cr, creatinine; CSE,
Cerebrospinal fluid.

16days of hospitalization, the patient underwent a continuous plasma
exchange (PE) treatment for a duration of 3 days. On February 3, 2022,
the patient had grade 4 muscle strength in the upper limbs and grade 2
muscle strength in the lower limbs. Another re-examination with cerebral
MRI revealed a loss of both T1 hypointensity and T2 hyperintensity in
the right thalamus. Only the hypointense lesion on SWI was visible
(Figures 2M-P). Two weeks after the follow-up, the lower limb muscle
strength of the patient improved to grade 4. The patient continued
rehabilitation by OT/PT cotreatment sessions (Table 3). One month after
the follow-up, the patient demonstrated stable walking ability and overall
improvement of her condition.

Discussion

Several variants of GBS exist. It is an immune-mediated
polyneuropathy that is most often preceded by an infection. In this
report, we described a patient with AMSAN, a variant of GBS, that
presented with a thalamic lesion, and was associated with COVID-19.
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Cerebral MRI (2022.11): (A) TIWI; (B) T2WI; (C) SWI; (D) DWI. No signals in the right thalamus on the images acquired with these imaging sequences
MRI (A-D) conducted before the onset of the patient, and no abnormal signals were found. As a group of normal controls, we found subsequent
changes in thalamic lesions. Cerebral MRI (2023.1.6): E: TIWI; (F) T2WI; (G) SWI hypointense punctate foci. (H) No DWI hyperintensity. Cerebral MRI
(2023.1.19): (I) TIWI hypointensity in the right thalamus. (J) T2WI hyperintensity in the right thalamus; (K) SWI hypointense punctate foci in the right
thalamus; (L) No DWI hyperintensity,represented the signal contrast of the rest of the MR Sequence; (N) T2WI hyperintensity in the right thalamus
disappeared; (O) SWI hypointense punctate foci in the right thalamus; (P) No DWI hyperintensity.

AMSAN is more commonly associated with COVID-19 in Asia
(4). In our patient with AMSAN, we observed fluctuations in symptom
progression despite IVIG treatment. The patient’s condition stabilized
and improved only after receiving PE treatment. At the follow-up,
significant improvements in muscle strength were observed. The
pathophysiological mechanism of GBS caused by COVID-19 is still
unclear. For GBS triggered by SARS-COV-2, it has been hypothesized
to be the result of cross-reactivity between the viral protein-associated
gangliosides and peripheral nerve gangliosides leading to molecular
mimicry (5). In contrast, others have suggested that GBS was not

Frontiers in Neurology

associated with COVID-19, as autoantibodies were not detected (6).
In our patient with AMSAN, anti-ganglioside antibodies and GD1b
IgG antibodies were not detected in the serum and CSF samples. The
patient’s symptoms worsened once again after a brief period of
improvement following immunoglobulin treatment, possibly
indicating treatment-related fluctuations. It has been reported that one
patient developed Guillain-Barré syndrome (GBS) after being infected
with COVID-19, and treatment-related fluctuations (TRF) after
receiving intravenous immunoglobulin (immunoglobulin) treatment.
However, complete recovery was achieved after multiple rounds of
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TABLE 2 Neuro-electrophysiology report results.

Motor nerve conduction study

Nerve CMAPS amplitude (mV) Distal latency (ms) Proximal latency (m/s) Conduction velocity
recording site (m/s)

Lt. Normal Lt. Normal Lt. Normal Lt. Normal

value value value value

Median APB 27 >4 8.78 <45 14.4 39.1 45-55
Ulnar ADM 5.0 >6% 431 <42 327 58.6 45-55
Peroneal EDB 0.044 >2 9.46 <6.5 17.4 333 40
Tibial AHB 0.74 >3 5.19 <6.5 16 30.7 40
Peroneal TA 0.080 >2 7.6 <3 284 36.5 40

Sensory nerve conduction study

Nerve Latency Snaps Amplitude UV

Recording value

Normal range Recording value Normal range

Left Median 3.72 2.9-3.5 0.45 >15
Left Ulnar 297 2.9-3.5 7.7 >15
Left Sural 4.15 <4.2 3.8 >5

APB, Abductor pollicis brevis; ADM, abductor digiti minimi; EIP, extensor indicis proprius; EDB, extensor digitorum brevis; AHB, abductor halluces brevis; TA, tibialis anterior; *<70 years
old, the baseline reference value for CAMP is >4, >70 years old, the baseline diagnostic data for CMAP is > 6 (Stetson DS, JW. Albers. Effect of age, sex, and anthropometric factors on nerve

conduction measures. Muscle Nerve, 1992,15:1096-1,104).

IV-IG treatment. The mechanism behind this improvement following
repeated treatment may be attributed to a rebound in the immune

TABLE 3 Upper and lower extremity assessments (MRC scores).

Assessment Admission Progression Discharge
response (7).
Another hypothesis has suggested the direct invasion of peripheral RUE strength
nerves by SARS-COV-2. The olfactory nerve is the most common Shoulder 4-/5 3/5 4-/5
cranial nerve that is directly affected in this way (2). Recently, a Elbow 4e/s 3/5 4e/s
different mechanism for the nerve damage presented in COVID-19- )
) . ; o Wrist 4/5 3+/5 4/5
associated GBS has been proposed, suggesting primary facilitation
through T-cell activation, release of inflammatory factors, and Grip 45 3+/5 45
activation of macrophages, resulting in a hyperinflammatory response. LUE strength
Furthermore, a novel para infectious mechanism for GBS mediated Shoulder 4-/5 3/5 4-/5
by the generalized, hyperinflammatory response that occurs with Elbow s 35 s
COVID-19 has also been suggested, because the acute symptoms
. a Wri 4/5 3+/5 4/5
overlap with the onset of GBS, and autoantibodies were not detected st / + !
(8). Our case supports this hypothesis. We have included this Grip 475 3+/5 475
suggestion in the article. However, we did not carry out additional RLE strength
CD4/8 T lymphocyte tests. Further research is required to confirm and Hip flexion 25 14/5 /s
evaluate the common T-cell biomarkers using specialized blood
) e o Hip 2/5 1+/5 4-/5
panels. For our patient, serum and CSF ganglioside antibodies and
GD1b IgG antibodies were negative. Moreover, weakness and Knee 25 1+/5 4=/
paraesthesia in both the legs and arms were accompanied by a dry Ankle dorsiflexion 2/5 1+4/5 4-/5
cough on admission. The peripheral nerve damage was severe and RLE strength
extensive including the spinal nerves, cranial nerves, and autonomic
. K . . Hip flexion 2/5 1+/5 4-/5
nerves. Importantly, the patient improved after immunomodulation
therapy. It was emphasized that follow-up rehabilitation was also very Hip 25 /5 4=/
important for returning to the community (9). Knee 2/5 1+/5 4-/5
After admission, we performed a series of cerebral MRI Ankle dorsiflexion 25 14/5 4—/5

examinations on this patient. When we compared and analyzed the
images obtained during hospitalization and those obtained before
disease onset, we were surprised that cerebral MRI showed an
emerging SWI signal from microhaemorrhage in the right thalamus
with a slightly enhanced T2 signal at the early stage of the disease. As
the disease aggravated, the T2 hyperintensity in the right thalamus
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RUE, right upper extremity; LUE, left upper extremity; RLE, right lower extremity; LLE, left
lower extremity.

was significantly more intense and the coverage was larger. However,
the T2 hyperintensity and T1 hypointensity of the right thalamus
resolved when clinical symptoms improved. The abnormal T2 signal

frontiersin.org


https://doi.org/10.3389/fneur.2023.1227505
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Geng etal.

in the right thalamus evolved synchronously and dynamically with the
changes in clinical symptoms. At the same time, in Figure 20 (SWI
sequence from March 3, 2023), we observed changes in bilateral
thalamic SWI, not only in the right thalamus, but also in support of
the excessive immune response secondary to COVID-19. The
presence of unilateral thalamus does not account for the patient’s
initial presentation or the deterioration of symptoms. Thalamic lesions
may not be directly linked to COVID-19 infection, but could
potentially be a result of secondary immune reactions. To our
knowledge, this is the first reported case of AMSAN with observable
damage to intracranial neurons and blood vessels.

Bickerstaff brainstem encephalitis, a variant of GBS, is known
to cause damage to the brainstem. However, it mainly affects the
cranial nerves and the reticular activating system. Moreover, the
condition does not have any indications on medical imaging, such
as cerebral MRI (10). In our patient, the lesion was located in the
right thalamus with microhaemorrhages and abnormal changes in
neuronal signals. The etiological analysis suggested that an
exaggerated immune response to the SARS-CoV-2 infection may
have affected the cerebral small vessels and thalamic neurons,
thereby resulting in microhaemorrhages as well as damage and
changes in the neurons.

Conclusion

AMSAN variants of GBS secondary to COVID-19 can cause
severe peripheral nerve damage. The deterioration of symptoms in the
patient after early immunotherapy may indicate treatment-related
fluctuation (TRF) and could be attributed to immune rebound.
Moreover, an excessive immune response post-COVID-19 infection
may trigger concurrent damage to the central nervous system,
indicating secondary harm to brain small blood vessels and nerve
units. For suspected cases of GBS complicated by COVID-19, it is
essential to conduct early brain MRI examinations in addition to
routine peripheral nervous system evaluations to promptly detect any
intracranial lesions. This facilitates appropriate immunotherapy and
improves patient prognosis. Our study demonstrates that
immunomodulatory therapy, such as the use of immunomodulatory
drugs, can significantly alleviate both peripheral and central nervous
system damage in patients with AMSAN variant GBS associated with
COVID-19. This suggests that immunomodulatory drugs hold
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A female case report of LGMD2B
with compound heterozygous
mutations of the DYSF gene and
asymptomatic mutation of the
X-linked DMD gene

Xiaojie Caot'!, Li Zeng?', Zhijie Lu?, Jin Fan?, Song Tan?,

Mingjie Zhang'* and Zegang Yin'*

tDepartment of Neurology, The General Hospital of Western Theater Command, Chengdu, Sichuan
Province, China, 2Department of Neurology, Sichuan Academy of Medical Science and Sichuan

Provincial People’s Hospital, University of Electronic Science and Technology of China, Chengdu,
Sichuan Province, China

We report the case of a 31-year-old Chinese woman with a chief complaint
of weakness in the lower limbs, which was diagnosed as limb-girdle muscular
dystrophy 2B (LGMD2B) with compound heterozygous mutations of the DYSF
gene. Meanwhile, this woman is an asymptomatic carrier with the mutation of
the X-linked DMD gene. The electromyography, muscle MRI, and muscle biopsy
indicated a chronic myogenic injury with dysferlin deletion. As a result of genetic
testing, compound heterozygous G-to-T base substitution at position 5,497 in
exon 49 of the DYSF gene, leading to a codon change from glutamic acid to
termination codon at position 1,833, and a heterozygous C-to-G base change
at position 4,638 + 8 in intron 42 of the DYSF gene with a consequence of
splice, which has never been reported, were identified as candidate causative
mutations. Unfortunately, DMD gene mutation ¢.39214+12A>G of the DMD gene
on the X chromosome was also found in this patient. Finally, the patient was
diagnosed as LGMD2B clinically and genetically. In the previous 2 years, the
patient’s lower limb weakness became slightly worse, resulting in even the total
distance walked than before. Fortunately, during the follow-up, her son had not
shown slowness or limitation of movement. Genetic testing by next-generation
sequencing confirmed the final diagnosis of LGMD2B, and we identified the novel
compound heterozygous variants in the DYSF gene, which is of great significance
to the accurate diagnosis of genetically coded diseases. Much attention needs
to be paid in clinics toward hereditary neuromuscular diseases with multiple
pathogenic gene mutations. Genetic counseling and clinical follow-up should be
the priorities in future, and promising treatments are also worth exploring.

KEYWORDS

LGMD, DMD/BMD, dysferlin, dysferlinopathy, DYSF gene, case report

Introduction

Limb-girdle muscular dystrophy (LGMD) is a group of rare, genetically determined
degenerative muscle disorders with high genetic heterogeneity and phenotypic diversity.
The main clinical manifestations are weakness and atrophy of predominant pelvic and
shoulder muscles, with the typical symptom of difficulty climbing stairs. Among 11 studies
included in a meta-analysis including all age groups in 2016, the pooled prevalence of LGMD
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was 1.63 per 100,000 (1). According to a genetic pattern, LGMD
can be divided into the autosomal dominant inheritance (LGMD1)
and autosomal recessive inheritance (LGMD2) forms. The LGMD2
form currently accounts for 90% of total LGMD patients and
has an earlier onset and faster progression (2). LGMD2B and
LGMD2A accounted for 75% of the total LGMDs, as the most
common LGMD subtypes in a previous China-based cohort (3).
LGMD2B, the more frequently diagnosed subtype of the two, is
caused by homozygous or complex heterozygous mutations of the
Dysferlin gene (DYSF), resulting in dysferlin protein deficiency or
dysfunction (4).

Duchenne muscular dystrophy (DMD) is a rare X-linked
recessive muscle degenerative disorder found predominantly in
male children. The frequent clinical manifestations of DMD are
proximal muscle weakness and wasting, gastrocnemius muscle
hypertrophy, and gait abnormality, seriously affecting daily motor
abilities. DMD is caused by mutations of the Dystrophin gene
(DMD) in the Xp21.2 region that cause the absence of dystrophin
protein or structural defects of the cytoskeleton (5). As reported
in an updated meta-analysis, the pooled global DMD prevalence
was 7.1 per 100,000 men, while the birth prevalence was 19.8
per 100,000 live male births (6). Usually, patients with DMD
lose independent ambulation within the age of 12 or 13 years
and die mainly due to cardiorespiratory failure before the age
of 30 years. In comparison, Becker muscular dystrophy (BMD)
is the allelic form characterized by a more benign clinical
course (5).

LGMD and DMD/BMD are different types of progressive
muscular dystrophies in consideration of age at onset, atrophic
muscle distribution, disease progression, and prognosis. In this
current report, we describe the case of a woman with a chief
complaint of weakness in her lower limbs, which was finally
diagnosed as LGMD2B with compound heterozygous mutations
of the DYSF gene in combination with other means of inspection.
Furthermore, this woman is an asymptomatic carrier with a
mutation of the X-linked DMD gene, which is relatively uncommon
in clinical practice. This report focuses on the diagnostic process
of the female case and her family and attracts increasing attention
to hereditary neuromuscular diseases with multiple pathogenic
gene mutations.

Case presentation

A 31-year-old Chinese woman was admitted to the Department
of Neurology of our hospital on 2 April 2021, with a chief complaint
of lower limb weakness. More than 1 year before admission, the
patient found that she had to pull the handrail to get on the bus
because of the weakness of her lower limbs. Before 1 year, she began
suffering from low back pain and experiencing difficulty in standing
after squatting and weakness in her lower limbs when climbing
uphill or stairs. The abovementioned symptoms were getting worse
in the past 6 months. Unfortunately, she was unable to stand up
after squatting, and she had to bend over and put her hands on
her thighs when climbing uphill or stairs at the time of admission.
The patient was gradually unable to perform coordinated running
and jumping movements. There was no obvious abnormality when
walking on a flat road. This patient was previously healthy. Her
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parents, her younger brother, her daughter, and her son had no
similar symptoms.

On the day of admission, the patient’s vital signs were normal.
The neurological examination of the cranial nerves was negative.
The patient had difficulty climbing the stairs or standing up after
squatting during the physical examination. Movements of the hips
and knees were slightly limited, while the feet were not. The
proximal muscle strength of both lower limbs (mainly including
the pelvic girdle and quadriceps muscles) was level 4 (0-5), and
the distal muscle strength was level 5. The muscle strength of both
upper limbs was normal. There were no sensory deficits in the four
limbs. The tendon reflexes of both lower limbs were weakened, and
the upper limbs were normal. The bilateral Babinski signs were
negative. Gowers’ sign was positive.

Laboratory data showed increased levels of glutamic-pyruvic
transaminase (126.3 IU/L), glutamic-oxalacetic transaminase
(122.8 TU/L), creatine kinase (CK, 8950.4 IU/L), myohemoglobin
(846.140 ug/L), creatine kinase isoenzyme (94.960 ug/L) but
decreased counts of white blood cell (3.62*10"9/L), red blood cell
(3.95*10"12/L), hemoglobin concentration (97 g/L), red blood cell-
specific volume (31.2%), neutrophil (1.74*10"9/L), mean red blood
cell volume (78.9 fL), mean red blood cell hemoglobin content
(24.6 pg), and mean corpuscular-hemoglobin concentration (312
g/L). Blood routine examination indicated iron deficiency anemia,
thus ferritin (3.40 ng/ml), serum iron (4.58 umol/L), iron saturation
(7.5%), unsaturated iron (56.79 umol/L), and total iron binding
(61.37 umol/L) were further measured. In addition, autoantibody
test results showed that the anti-nuclear antibody (1:100) and anti-
mitochondrial antibody (M2) were positive. Anti-Ha/Tyr antibody
IgG was also positive in the idiopathic inflammatory myopathy
(IIM) spectrum test from the serum. Comprehensive infectious,
paraneoplastic, and inflammatory examinations of the patient
were negative.

Electrophysiological tests showed that the motor and sensory
nerves of the limbs were normal. On needle electromyography
(EMG), the spontaneous potentials of the muscles were not
observed in the resting state. During light contraction, the mean
amplitudes of the bilateral gastrocnemius and iliopsoas muscles
and the left gluteus maximus decreased, and the mean time limit
was narrow. These results indicated myogenic injury. There were
no abnormal signs on cranial, cervical, and lumbar spine magnetic
resonance imaging (MRI). To confirm the type of myopathy, we
selectively performed the right limb muscle MRI, which showed
that the muscle groups (anterior and posterior thigh and also
posterior calf) were amyotrophic and spotted fatty degeneration,
accompanied by partial muscle edema (Figure 1). Meanwhile, a
muscle MRI of the right upper arm showed slight edema.

While combing through the current information analysis,
we suspected that the patient suffered from muscular dystrophy.
To confirm the hypothesis, muscle biopsy (Figure2) and
genetic testing were furtherly performed after getting approval.
Hematoxylin-eosin (HE)-stained images of left gastrocnemius
muscle biopsy showed muscle cells of slightly variable size and
irregular shape and scattered necrotic fibers without the increased
endomysial connective tissue and lymphocytic infiltration.
Modified Gomori trichrome (MGT)-stained images showed
sporadic ragged-red fibers (RRFs), while no small rod-like
particles or rimmed vacuoles were observed. In addition, no
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FIGURE 1

respectively.

Axial MRl images of right lower limb muscles. The right vastus intermedius muscle (a, b), medial head of gastrocnemius muscle, and soleus muscle
(c, d) showed spotted fatty degeneration. The MRI sequences were T1-weighted imaging (a, ¢) and fat-suppressed T2-weighted imaging (b, d),

evident abnormality was shown in the other histochemical
staining techniques involving a reduced form of nicotinamide
adenine dinucleotide (NADH), cytochrome C oxidase (COX),
succinate dehydrogenase (SDH), periodic acid Schiff (PAS),
oil red O (ORO), Sudan black B (SBB), and ATPase. Finally,
immunohistochemical data demonstrated the absence of major
histocompatibility complex class I (MHC I), myxovirus resistance
protein A (MxA), membrane attack complex (MAC), and dysferlin.
These results were consistent with the chronic myogenic injury
with dysferlin deletion. In consideration of RRFs observed usually
in mitochondrial damage, an additional complementary blood
test was conducted. However, none of the mutations in the
mitochondrial genome was detected in the genetic screening of the
pathogenic mutations in the MITOMAP database.

As a genetic testing result (Figure 3A), compound heterozygous
G-to-T base substitution at position 5,497 in exon 49 of the
DYSF gene, leading to a codon change from glutamic acid to
termination codon at position 1,833 (NM_003494.3: ¢.5497G>T,
p.Glu1833Ter), and a heterozygous C-to-G base change at position
4,638 + 8 in intron 42 of the DYSF gene with a consequence
of splice, which has never been reported, were identified as
candidate causative mutations. According to related guides of the
American College of Medical Genetics and Genomics (ACMG),
the former mutation is pathogenic and the latter mutation
is a variation of unknown clinical significance (VUS). The
variant naming rules refer to Human Genome Variation Society
(HGVS) recommendations. Unfortunately, DMD gene mutation
¢.3921+12A>G of the DMD gene on the X chromosome was also
found in this patient. Further genealogical verification confirmed
that ¢.5497G>T in the DYSF gene was derived from her mother
and ¢.4638+4-8C>G was derived from her father, while there was
no mutation in the DMD gene of her parents. Only ¢.5497G>T
in the DYSF gene was identified in her younger brother without
muscular atrophy symptoms. To further investigate the possibility
of muscular dystrophy in the offspring, the son of the patient
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completed genetic verification and carried the same DMD gene
mutation on the X chromosome. A pedigree chart was shown in
Figure 3B to illustrate the genetic inheritance among the patient
and her family members.

Finally, the patient was diagnosed as LGMD2B clinically
and genetically. We offered symptomatic treatment during
hospitalization, but the muscle weakness did not improve
remarkably. We recommended regular medical follow-up for this
patient after discharge. To date, the patient’s lower limb weakness
has become slightly worse, resulting in the walking distance
becoming even shorter than before.

Discussion

Progressive muscular dystrophies comprise a group of
inherited and degenerative diseases characterized by progressive
muscle weakness and atrophy that induces dyskinesia. According to
age at onset, atrophic muscle distribution, disease progression, and
prognosis, progressive muscular dystrophies include DMD/BMD,
LGMD, facioscapulohumeral muscular dystrophy (FSHD), Emery-
Dreifuss muscular dystrophy (EDMD), congenital muscular
dystrophy (CMD), oculopharyngeal muscular dystrophy (OPMD),
distal muscular dystrophy, and other rare types (7-11).

LGMD mainly manifests as weakness and atrophy of
predominantly pelvic and shoulder muscles with different genetic
patterns and gene mutations. The current diagnosis of LGMD
is based on clinical manifestations and genetic inheritance,
besides laboratory criteria, such as elevated serum CK, muscle
biopsy, histopathological features, and muscle imaging changes
(2). The female patient discussed above suffered from proximal
muscle weakness of both lower limbs with insidious onset, which
aggravated gradually from the age of 30 years of the patient.
Laboratory data showed elevated serum CK detected in the blood.
In addition, EMG results indicated that muscular damage and right

frontiersin.org


https://doi.org/10.3389/fneur.2023.1213090
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Cao et al.

10.3389/fneur.2023.1213090

FIGURE 2

Immunohistochemical staining images of left gastrocnemius muscle biopsy. Hematoxylin-eosin (HE, a), modified Gomori trichrome (MGT, b, c),
cytochrome C oxidase (COX, d), oil red O (ORO, e), Sudan black B (SBB, f), major histocompatibility complex class | (MHC I, g), and dysferlin (h).
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limb MRI showed widely spread muscular dystrophy. Furthermore,
muscle biopsy indicated chronic myogenic injury with dysferlin
deletion in accordance with dystrophic changes. This patient was
therefore diagnosed as suffering from dysferlinopathy.
Dysferlinopathies are a group of autosomal recessive disorders
characterized by the involvement of proximal and/or distal limb-
girdle muscles caused by dysferlin deficiency/mutations (2, 4).
Dysferlinopathy phenotypes at onset include LGMD2B, distal
Miyoshi Myopathy (MM), proximal-distal limb-girdle phenotype,
distal anterior compartment myopathy (DACM), and other less
frequent phenotypes. In general, patients with LGMD2B present
with weakness that is first evident in the proximal muscles of the
pelvic girdle, leading to difficulties in walking upstairs or running
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(12). The age of LGMD2B onset is in the late teens or early
adulthood. Moreover, the shoulder girdle and upper limb muscles
are frequently involved later, while facial, neck, and hand muscles
are usually unaffected during the course of the disease (4). Based
on the clinical characteristics and the results mentioned above, the
patient was diagnosed with LGMD2B.

Before the muscle biopsy and genetic testing, however,
polymyositis (PM) should be considered in the differential
diagnosis. PM is a CD8 (+) T cell-mediated autoimmune disease
clinically manifested by symmetrical and proximal muscle
weakness (13). LGMD2B and PM have some common clinical
features, including weakness of proximal limbs, increased CK
level, EMG changes indicating muscle-derived injury, and
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MRI changes in the affected muscles (14). Furthermore, the
positive myositis-specific autoantibody such as anti-Ha/Tyr
antibody makes PM highly suspicious. However, there were still
many points of disapproval. This patient did not suffer from
neck flexor weakness, muscle tenderness, and other systemic
symptoms along with elevated inflammatory or infectious
indicators. Finally, the critical methods for distinguishing
these two diseases are muscle biopsy and genetic testing of
dysferlin deficiency/mutations.

Dysferlin, a protein encoded by the skeletal muscle gene
DYSF in the 2pl3 region, is mutated in dysferlinopathies (15).
It has been identified as a crucial member of membrane
repair, vesicle trafficking, and membrane remodeling in the
skeletal muscle (16, 17). Moreover, dysferlin deficiency causes
the activation of the muscle inflaimmasome to generate a
proinflammatory environment and exacerbate muscle damage (18).
As expected, immunohistochemical staining images of the left
gastrocnemius muscle biopsy showed chronic myogenic injury
with dysferlin deletion and no lymphocytic infiltration or MHC I
expression, which could complement the evidence to discard the
PM diagnosis.

A growing number of studies are being devoted to
mitochondrial diseases (MIDs), especially those involving the
neuromuscular system (19). MIDs are a group of genetically
defective disorders that result from structural and functional
alterations of the mitochondria, which then lead to respiratory
chain and energy metabolism dysfunctions. In addition to
molecular genetic tests as the gold standard, pathological
examinations following a muscle biopsy can complement the
diagnosis of mitochondrial myopathies, including (1) RRFs,
(2) mitochondria proliferation observed in SDH staining often
described as ragged-blue fibers, (3) COX deficient or negative,
and (4) ultrastructurally abnormal mitochondria often with
paracrystalline inclusions (20). The extent of mitochondrial
abnormalities in dysferlinopathy is presently unclear but attracts
sufficient interest (21). A previous LGMD case report has shown
a mitochondrial deficit in histomorphology characterized by the
presence of RRFs, deficiency of COX, and abnormal ultrastructure
of mitochondria (22). Moreover, RRFs in the skeletal muscle
of dysferlinopathy have been reported (23). Similarly, more
cases with dysferlinopathy reported in a Chinese-based study
displayed a higher proportion of RRFs and COX-deficient
fibers in muscle pathologies (24). In consideration of sporadic
RRFs observed in MGT-stained images of the present patient,
additional gene sequencing was conducted, and no mitochondrial
DNA mutations were found. Primary mitochondrial myopathy
was not supported based on the molecular genetic test, but
secondary muscle mitochondrial dysfunction could not be
completely excluded.

In the last decades, Asian and European countries have
conducted nationwide multicenter genetic studies regarding the
mutations of the DYSF gene involving dozens to hundreds of
patients. In world patients with dysferlinopathy, the exons with
the most DYSF gene variants were exon 29, exon 39, exon 45,
and exon 6, and the most common consequences were missense,
splice, and frameshift variants (25). Reported in a Japanese cohort,
the ¢.2997G > T (p.Trp999Cys), ¢.1566C > G (p.Tyr522Ter),
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and c.3373del (p.Glul125Lys) variants were common in the MM
subtype, while the ¢.2997G > T variant was definitely the most
common in the LGMD2B subtype (26). However, c.1375dup
was identified as the hotspot in the Chinese dysferlinopathy
cohort, differing from the hotspot ¢.2997G>T in world patients
(25). Hence, we reported the compound heterozygous mutations,
¢.5497G>T and c.46384+-8C>G, in the DYSF gene of this patient.
Additionally, ¢.5497G>T was a known nonsense mutation (15),
while ¢.4638+8C>G was a splice mutation that has not been
reported in any public databases. The parents and a brother of
this patient were screened for further genealogical verification. The
results showed that the mutations of this patient were derived from
her parents, and her younger brother was a pathogenic mutation
carrier without muscular atrophy symptoms, which confirmed that
this disease accorded with the autosomal recessive inheritance
rule. Therefore, gene sequencing confirmed her final diagnosis
of LGMD2B and identified the novel compound heterozygous
variants in the DYSF gene.

According to the autosomal recessive inheritance rules,
the offspring of the patient will not suffer from the disease
if her husband is not a pathogenic gene mutation carrier.
However, unfortunately, the patient carried a DMD gene mutation
€.39214+12A>G on the X chromosome, which has been reported
earlier (27). It is reasonable to presume that this mutation can
only come from her mother. Variants in the DMD gene caused X-
linked recessive DMD/BMD characterized by progressive muscle
degeneration and weakness. DMD/BMD generally affects men
only, but there are still some female carriers experiencing muscle
weakness (28). As a heterozygous carrier, this patient passed the
genetic disease on to her son with a 50% chance, and her daughter
has a 50% chance of being a carrier. To conduct appropriate genetic
counseling, further genealogical verification was conducted and
identified that the son of the patient has carried the same DMD gene
mutation regrettably. To date, her 5-year-old son has not shown
slowness or limitation of movement.

Hereditary neuromuscular disorders are a wide-ranging group
of diseases influencing the life quality of patients severely. With
the development of detection technology, hundreds of related
genes and many more pathogenic variants are discovered. Genetic
testing by the next-generation sequencing method to identify
the pathogenic mutations is of great significance to the accurate
diagnosis of genetically coded diseases. LGMD2B and DMD are
different types of progressive muscular dystrophies and are caused
by mutations to the dysferlin and dystrophin genes, respectively.
In this current report, we reported a Chinese woman who was
finally diagnosed as LGMD2B with the compound heterozygous
mutations, ¢.5497G>T and c.4638+8C>G, in the DYSF gene.
Additionally, c.46384-8C>G is a novel mutation and broadens the
genetic spectrum of LGMD2B. Furthermore, this woman is an
asymptomatic carrier with a mutation of the X-linked DMD gene
and has passed the pathogenic mutation on to her son. A case
of neuromuscular disease suffering multiple genetic pathogenic
risks is relatively uncommon in clinical practice. Much attention
must be paid in clinics toward hereditary neuromuscular diseases
with multiple pathogenic gene mutations. Genetic counseling and
clinical follow-up are the priorities in future, and promising
treatments are also worth exploring.
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Case report: A novel CACNAIS
mutation associated with
hypokalemic periodic paralysis

Evgenii P. Nuzhnyi, Alina S. Arestova*, Alexey V. Rossokhin,
Anna O. Protopopova, Nataliya Yu Abramycheva,
Natalia A. Suponeva and Sergey N. Illarioshkin

Research Center of Neurology, Moscow, Russia

Background: Hypokalemic periodic paralysis (HypoKPP) is a rare neuromuscular
genetic disorder causing recurrent episodes of flaccid paralysis. Most cases
are associated with CACNAIS mutation, causing defect of calcium channel
and subsequent impairment of muscle functions. Due to defined management
approaches early diagnosis is crucial for promptly treatment and prevention new
attacks.

Materials and methods: We report a case of HypoKPP associated with previously
unreported mutation in CACNA1S gene (p.R900M). Molecular modeling of Cayl.1
was applied to evaluate its pathogenicity.

Results: As a patient referred between attacks neurological status, laboratory
and neurophysiological examination were unremarkable. Molecular modeling
predicted that the p.R900M mutation affects the process of calcium channels
activation.

Conclusion: Novel CACNALS mutation, associated with HypoKPP was identified.
Monte-Carlo energy minimization of the Cayl.1 model supported the association
of this mutation with this disease.

KEYWORDS

hypokalemic periodic paralysis, HypoKPP, CACNA1S, mutation, molecular modeling,
case report

Introduction

Hypokalemic periodic paralysis (HypoKPP) is a rare neuromuscular disorder
(channelopathy), characterized by the recurrent episodic attacks of muscle weakness lasting
from minutes to several days accompanied by low serum potassium (1). The majority of
HypoKPP cases are inherited and caused by mutations in skeletal muscle calcium (CACNAIS,
up to 70%) and sodium (SCN4A, up to 20%) channels genes, while a small proportion remains
genetically undefined (2). Acquired cases of HypoKPP are associated with thyrotoxicosis and
other endocrine disorders, some may result from gastrointestinal and renal potassium loss (3).

Pathological variants in many ion channel diseases are widely distributed throughout the
channel proteins, whereas those in HypoKPP are almost exclusively concentrated in the voltage
sensor. Most such mutations affect arginine residues in S4 segments that contribute to voltage
sensing, leading to abnormal channel functioning. However, the full spectrum of HypoPP
mutations has not been defined (4).
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We report a case of HypoKPP with a novel de novo pathogenic
variant in the CACNA S gene, supported by using molecular modeling
approach. Currently, the generally accepted mechanism for the
development of HypoKPP is the occurrence of a leak current through
the voltage sensor domain (VSD) of Cay1.1 and Nay1.4 channels with
mutated arginines in the S4 helix (4-6). In this work, based on the
structural analysis of the Cay1.1 channels, we predicted that the newly
discovered p.R900M mutation affects the mobility of the ITIS4 helix,
which leads to disruption of the channel activation process.
We hypothesize that this mechanism also contributes to the
development of HypoKPP.

Case description

A 19-years old man, originated from Tajikistan, presented with
severe reversible episodes of muscle weakness for 3 years. The episode
starts abruptly with progressive weakness in extremities and
paraspinal muscles up to complete immobility by the third day with
further spontaneous recovery. The episodes reoccur 3 times a year
without any noticeable triggers. Breathing, swallowing, speech,
urination is always intact. Between attacks the patient feels absolutely
normal and has no complaints. The medical history was
unremarkable for chronic conditions, constant medication use,
substance abuse. There was no family history on similar symptoms
or any neurological disorders (parents, two sibs are clinically
unaffected) (Figure 1A).

During interictal period on neurological examination deep
tendon reflexes were diminished and slight muscle hypotonia was
observed in the extremities with no signs of muscle hypotrophy,
paresis or percussion myotonia.

The laboratory testing revealed normal complete blood count and
comprehensive metabolic panel, including sodium and potassium
levels. It should be mentioned that during the attack the potassium
level has never been investigated.

Brain MRI revealed pituitary microadenoma 0.5 x 0.5 x 0.8 cm
and blood test showed normal levels of pituitary hormones. The
patient was consulted by an endocrinologist, so an underlying
endocrine pathology was excluded.

10.3389/fneur.2023.1267426

Neurophysiological examination included repetitive nerve
stimulation test, short exercise test according to standardized protocol
and needle EMG (7). No decrement was observed on repetitive nerve
stimulation test, short exercise test was also unremarkable. Prolonged
exercise test was not performed. Needle EMG of m. extensor
digitorum communis and m. vastus lateralis did not demonstrated any
myopathic changes.

Diagnosis of primary periodic paralysis was suspected. Next-
generation sequencing with a related commercial gene panel
(“Neuromuscular disorders,” Illumina MiSeq) was performed. A
€.2699G>T (p.Arg900Met, p.R900M, NM_000069.3, exon 21) variant
in the CACNA IS gene was identified, satisfying the ACMG criteria of
“likely pathogenic” (PS2, PM6, PM1), however according to InterVar
the variant is interpreted as “uncertain significance” (8). Despite
pathological variants in R900 substituting for another amino acid, like
R900G and R900S, associated with HypoKPP, have already been
reported (4, 9, 10), the identified variant was absent in the ExAc,
gnomAD, GENOMED Databases.

The substitution was further confirmed by Sanger sequencing
(Figure 1B). The mutation was not found in parents and two sibs,
suggesting that it had arisen de novo.

In order to confirm either the novel identified variant is
pathogenic and to evaluate its effect on calcium channel functioning,
the molecular modeling was applied.

To build a homology model of the alS subunit of the human
calcium voltage-gated channel, a cryo-EM (EM - electron microscopic)
structure of the inactivated Cay1.1 channel (5GJW, code in the Protein
Data Bank) of the rabbit, in which the voltage sensors are in the
activated position, was used as a template (11). A schematic
representation and structural model of the a1S subunit of Cay1.1 are
shown in Figures 2A,C. Model building was preceded by alignment of
the amino acid sequences (UniProt entries Q13698 CAC1S_HUMAN
and P07293 CAC1S_RABIT). Aligned sequences of S4 segments are
shown in Figure 2B.

We used the Monte-Carlo energy minimization (MCM) method
(12) to optimize the model geometry. Non-bonded interactions were
calculated using the AMBER force field (13). Electrostatic interactions
were calculated using the solvent exposure- and distance-dependent
dielectric function (14). Energy was minimized in the space of internal
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FIGURE 1
shows wild type allele (a) and ¢.2699G > T mutation (b).

(A) The pedigree chart. The arrow indicates the proband with HypoKPP (Wt—wild type allele). (B) Sanger sequencing chromatograms (revers variant)
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1s
B
R1 R2 R3 R4

Cavl.l Is4 GLDVKALRAFRVLRPLRLVSG

Cavl.l IIs4 PLGISVLRCIRLLRLFKITKY

Cavl.l ITIS4 ISVVKILRVLRVLRPLRAINR

Cavl.l ITIS4M ISVVKILRVIMVLRPLRAINR

Cavl.l IVs4 RISSAFFRLFRVMRLVKLLNR

D
FIGURE 2
Architecture of the hetero-tetrameric voltage-gated human calcium channel Cay1.1. (A) Schematic representation of four domains (I-1V) of the alS
subunit. S1-S6 transmembrane helices and four positive charges of S4 helix are shown in each domain. (B) Alignment of S4 segments of domains |-V
of Cayl.1. Positively charged Arg residues (R1-R4) are highlighted in color. The Arg900Met mutation is highlighted in the I1IS4M (mutated) segment.
(C) Structural model of the alS subunit of Cay1.1. View from the extracellular space is presented. The color coding of domains corresponds to (A).
Transmembrane helices S1-S4 forming a voltage sensor (V/S) are denoted in domain IlI. Yellow sphere in the center represents Ca®* ion in the selective
filter of the channel. (D,E) Structural models of VS-IIl in the activated state in the native and mutated forms, respectively. Residues R1-R4 of the S4 helix
are shown, as well as residues E819, D836, E846, and F843 of the S2 helix interacting with them. The side chain of R900 is highlighted in yellow (D).
lonic contacts formed by R900 with residues E819 and D836 are shown as red dashed lines.

model coordinates, which are the lengths of valence bonds, valence
and torsion angles, Cartesian coordinates and Euler angles that
determine the position of individual molecules, using the ZMM
program (14).

The MC minimization was carried out in two stages. At the first
stage, the energy was minimized with constraints imposed on Ca
atoms. Minimizing the energy of the model with a system of
constraints allows to avoid the deformation of the structure given by
the template due to steric conflicts, which are inevitable in the starting
geometry of the model. After a constrained MCM trajectory
converged, all constraints were removed and the model was finally
refined. Each MCM trajectory was terminated if 5,000 successive
changes in the model coordinates did not lead to a decrease in the

Frontiers in Neurology

model energy. A detailed description of the MCM method is given in
our previously published papers (15, 16).

The al subunit of Cay includes four domains I-IV, each of which
contains six transmembrane helices S1-S6 (Figure 2A). The S5, S6
helices form a pore with a selective filter and an activation gate (17).
The S1-S4 helices form the VSD of the channel (Figure 2C). Each
S4 helix contains positively charged Arg and Lys residues
(Figure 2B).

At the resting state, a negative membrane potential pulls the
positively charged S4 helices toward the cytoplasmic side of the
membrane, keeping the channel gate closed. Membrane depolarization
is accompanied by a change in the electric field, which leads to a shift
of $4 across the membrane plane, which initiates a conformational
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transition of the channel from the resting (closed) state to the open
state (18, 19).

According to this mechanism, the R1-R4 charges of the S4 helix
of domain IIT (Arg897, Arg900, Arg903, and Arg906) alternately
form ion pairs with countercharges of the S2 helix (Asp836 and
Glu846) when the helix moves in an electric field (20). In our
Cayl.1 model, VS is in an activated state, and Arg900 (R2) forms
salt bridges with Asp836 and Glu819 residues (Figure 2D). MC
minimization showed that these contacts are lost when positively
charged Arg900 is replaced by nonpolar Met (Figure 2E). Thus, salt
bridges between Met900 (S4) and Asp836/Glu819 (S2) in domain
III cannot be formed in the mutated channel, which obviously leads
to a decrease in the probability of domain III transition to an
activated state. Therefore, disruption of domain III activation
should decrease the probability of the entire channel transition to
the open state.

Thus, our calculations predict the association of the p.R900M
mutation in CACNAIS gene with the disease.

Since hypokalemia has not been identified in the patient, there is
a chance of normokalemic periodic paralysis (NormoKPP). However,
the type of mutation increases our suspicion in favor of HypoKPP and
the patient was prescribed with potassium supplementation and
spironolactone (25 mg per day) ex juvantibus and educated to notice
and avoid possible triggers. For 10-months follow-up the patient has
not experienced new attacks and the potassium level has
remained normal.

Discussion

Primary hypokalemic periodic paralysis is a rare condition, yet
with established approaches to management for prevention severe
attacks and life-threatening consequences (1). The majority of primary
HypoKPP cases is associated with mutations in CACNAIS gene,
which encodes the a1S subunit of the calcium voltage-gated channel
Cayl.1 (4). The first identified mutation in the CACNAIS gene was
reported in 1994 (21). Up to date it has been shown that most
mutations occur at positively charged arginine in the VSD (54 helix)
of the a1S subunit (4).

10.3389/fneur.2023.1267426

at the
neuromuscular junctions leads to the entry of sodium ions and

Activation of nicotinic acetylcholine receptors
depolarization of muscle cells. Depolarization causes an influx of
calcium ions through the voltage-gated Cay1.1 channels and through
Cayl.1-bound ryanodine receptors (RYR1) in the sarcoplasmic
reticulum (SR), which triggers muscle contraction. Mutation in
CACNAIS gene (p.R900M) identified in this study impairs the
functioning of the voltage sensor in domain III of the Cay1.1 channels.
Therefore, this mutation affects the channel opening process and
results in the loss of function of these channels.

RYR1 are intracellular receptors and have no voltage-sensing
structures. The Cayl.1 channels associated with RYR1 act as a
voltage sensor of calcium release from SR (22). Savalli et al. (23)
showed that VSD III in the Cay1.1 channels bound to RyR1 exhibits
fast activation compatible with Ca?*-release kinetics form
SR. Therefore, the ROOOM mutation may also impair calcium release
from the SR through RyR1.

It was previously shown that mutations of S4 Arg residues are also
accompanied by a leak current carried by protons or other monovalent
cations through a gating pore (5, 6). The gating pore is a tunnel formed
between S1 and S4 helices in which the S4 helix moves across the
membrane in response to changes in membrane potential (24).
Sokolov et al. (6) showed that mutations of the two outermost Arg669
and Arg672 to Gly in domain II of Nav1.4 result in generation of a
cation leak through the gating pore at hyperpolarized potentials. In
the Shaker potassium channel, mutations of the more intracellular S4
Arg to His resides resulted in a leak current carried by protons already
at depolarized potentials (25). It has been suggested that such leak
currents mainly contribute to the pathophysiology of HypoKPP (5,
26), supported by the fact that the muscles of HypoKPP patients are
usually depolarized (27).

Here we demonstrate a HypoKPP case associated with CACNA 1S
gene mutation p.R900M, previously unreported. Matthews et al. (4)
have reported a HypoKPP patient with p.R900S mutation; however,
clinical characteristics were not described. Pathological variants in
R900 substituting for another amino acid, p.Arg900Ser and
p-Arg900Gly, have also been reported in two Chinese and Japanese
families (9, 10). The clinical features of these cases and our patient are
presented in Table 1.

TABLE 1 Clinical features of the cases due to R900 mutations in the CACNA1S gene.

Cases (references) Family 1 (9) Family 2 (10) Present
study
Nationality Chinese Japanese Tajik
Age/Sex 25/M 27/M 46/M 41/M 35/M 69/M 19/M
(sib) (sib) (father) (sib) (sib) (father)
Onset age 16 17 17 21 13 13 16
Frequency of attacks (times 12-100 10-12 10-40 5 10 5 3
per year)
Duration of attack (hours) 24-48 12-24 <24 12-48 No data No data 72-84
Attack triggers High carbohydrate meal, High Exhaustion, high Hard physical | Hard physical exercises, | Not identified
exhaustion, staying up late, carbohydrate carbohydrate meal, exercises overeating
prolonged immobility meal, exhaustion alcohol, coldness

Mutation c.2700G>C c.2698A>G €.2699G>T

(p-R900S) (p-R900G) (p-R900M)
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All patients had a typical HypoPP phenotype with attacks
onset in the second decade. Also all patients were male, which
may confirm the hypothesis of different gender penetrance and
disease severity in males and females (28). In our patient, the
frequency of attacks was less, but the attacks were more severe
(up to 84h). We did not identify any attack triggers; however,
this fact does not contradict the diagnosis. It can be assumed
that the R900 mutations in the CACNAIS gene are
associated with the classical phenotype of HypoKPP with
varying severity.

In rare cases, mutations in the CACNAIS gene can cause
Cayl.1-related myopathy (congenital and late-onset limb-girdle
forms) with both autosomal dominant and recessive inheritance
with at least one nonsense mutation (29). The clinical features of
congenital Cayl.1-related myopathy includes severe generalized
muscle weakness and atrophy; in case with a late disease onset
- proximal leg weakness with signs of vacuolar myopathy on the
muscle biopsy (29, 30). Our patient had not any clinical signs of
myopathy, also creatine kinase level was normal and needle EMG
did not show myogenic changes.

Another disease caused by CACNAIS gene mutations is
NormoKPP. We were unable to exclude the diagnosis of
NormoKPP because the blood potassium level was never
examined during the attack; however, in all previously published
cases with mutations in the R900 position the diagnosis of
HypoKPP was laboratory confirmed (9, 10). Also the positive
effect of the potassium supplementation and spironolactone
indirectly confirms the diagnosis of HypoKPP.

The amplitude of the gating pore current contributing to the
development of HypoKPP depends on the number of mutated
Arg residues and the size of the side chains of the newly included
residues (4, 26). Thor et al. (31) showed the appearance of such
current through the Nay1.4 channels when R2 in S4 VSD I is
mutated to Trp. However, the amplitude of this current was
approximately two times less compared to the mutation of the
same residue on Gly. In our case, only one of the two outermost
arginine residues in S4 VSD III is mutated to Met, which has a
rather bulky side chain. Obviously, this mutation will contribute
less to the flow of gating pore current compared to the R900G
and R900S mutations (see Table 1).

We suppose that multiple pathophysiological mechanisms are
involved in the development of HypoKPP in our patient,
including depolarization of muscle cells due to leak current
through the VSD III, disruption the gating of the main pore of
the Cayl.1 channels, and, possibly impaired calcium release from
the SR through RYRI. We that these
pathophysiological mechanisms may be involved to varying

hypothesize

degrees in the development of the disease in different
patients (see Table 1). In patients with more gentle attacks,
depolarization of muscle cells due to leak current may
predominate, and in our patient (severe attacks), the latter two
causes may contribute more significantly to the development of
HypoKPP. Further studies, including molecular dynamics
simulations, are needed to provide a better understanding
of the which different
mechanisms are involved in HypoKPP caused by the IIIS4
R900M mutation.

extent to pathophysiological
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Carpal tunnel syndrome (CTS) is a common peripheral neuropathy of the hand,
mainly manifesting as sensory disturbances, motor dysfunctions, and pain in the
fingers and hand. The pathogenesis of the disease is associated with fibrosis of
the transverse carpal ligament in the carpal tunnel, which compresses median
nerve. In our case, we demonstrate an ultrasound-guided needle knife technique
to treat CTS. We guided the patient to a supine position on the examination table.
The skin of the wrist area was sterilized for the procedure. After the skin was dry,
we positioned sterile drapes, located the median nerve and compression, and
marked the compression point. Local anesthesia was administered. An ultrasound-
guided needle knife was inserted. The needle knife was advanced under ultrasound
guidance. The carpal ligament was incised. A gradual release of pressure on the
median nerve was observed on the ultrasound monitor. After treatment, the
patient’s finger sensation and motor function can significantly improve, and pain
symptoms are markedly reduced, this case demonstrates that small needle-knife
treatment can serve as a safe and effective minimally invasive therapeutic method.

KEYWORDS

minimally invasive surgery, ultrasound-guided, needle knife technique, carpal tunnel
syndrome, carpal tunnel release

1. Introduction

Carpal tunnel syndrome (CTS) is a prevalent and debilitating condition characterized by the
compression of the median nerve as it passes through the carpal tunnel at the wrist. CTS (Carpal
Tunnel Syndrome) is one of the common peripheral nerve injury disorders (1). This compression
results in symptoms such as hand numbness, tingling, and pain, often impairing a patient’s ability
to perform daily activities. Diagnosis of CTS typically involves a combination of clinical tests and
electrodiagnostic studies, some common clinical tests include Phalen’s test, carpal compression test,
Tinels test, and Durkan’s compression test (2-6). These tests help assess the sensitivity, specificity,
and predictive values for CTS diagnosis. However, relying on a single test may not be sufficient for
definitive diagnosis, and a combination of clinical and paraclinical tests may be necessary (3). Nerve
conduction studies (NCS) are often used to confirm CTS diagnosis based on the latency, amplitude,
distance, and velocity of the median and ulnar nerves (7). Ultrasound has emerged as a noninvasive
diagnostic alternative to NCS for CTS (8). It evaluates the median nerves cross-sectional area,
regional echogenicity, and coexisting pathologies that may increase pressure in the carpal tunnel.
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Conservative methods for CTS include non-surgical treatments
such as splinting, physiotherapy, corticosteroid, neurodynamic
techniques, gabapentin, therapeutic ultrasound, and extracorporeal
shockwave therapy (9). However, conservative treatment has been
effective for mild and moderate idiopathic (10). Traditional surgical
interventions for CTS involve a number of different methods for
surgical release, including traditional open dissection, double incision
cannula (11), single-small incision release (12), and endoscopic
release (13). However, there remain several controversies regarding
the advantages and disadvantages of various surgical methods, such
as longer recovery times, scarring, and potential complications. (14).
In recent years, there has been growing interest in the development of
minimally invasive techniques for carpal ligament release, aimed at
alleviating the compression on the median nerve. One such technique
that has gained attention is the ultrasound-guided needle knife
technique. This innovative approach combines the precision of
ultrasound imaging with a minimally invasive needle knife to achieve
carpal ligament release. By directly visualizing the anatomy and
pathology of the carpal tunnel using ultrasound, clinicians can
accurately guide the needle knife to the point of ligamentous
compression, thus reducing the risk of injury to surrounding
structures. Ultrasound guidance can also diagnose other causes of
median nerve injury, such as tumors, gout, and more (15-17).

The ultrasound-guided needle knife technique offers several
potential advantages over traditional open surgical approaches. First
and foremost, it allows for a smaller incision and reduced tissue
trauma, leading to quicker postoperative recovery and decreased
scarring. Additionally, the real-time visualization provided by
ultrasound ensures accurate targeting of the compressed median
nerve, minimizing the risk of inadvertent nerve or vessel damage. This
technique has the potential to provide patients with a more efficient
and less painful treatment option, ultimately improving their quality
of life. After the treatment of ultrasound-guided needle knife
technique, we can judge the effectiveness and safety of the treatment
by ultrasonography, which can assess median nerve and carpal tunnel
dimensions, median nerve position within the tunnel, and flexor
retinacular bowing and thickness (18).

In this protocol, we present a detailed description of the ultrasound-
guided needle knife technique for carpal ligament release in the
treatment of carpal tunnel syndrome. We outline the steps involved in
the procedure, from preoperative preparation to postoperative care.
Furthermore, we discuss the potential benefits and limitations of this
technique and its significance in the context of existing treatment
methods. By offering a less invasive alternative, we aim to contribute to
the advancement of effective and patient-friendly approaches for
managing carpal tunnel syndrome. And we provide a comprehensive
guide to implementing this innovative technique and discuss its potential
implications in the field of hand surgery.

2. Protocol
2.1. Reoperative preparation
2.1.1. Informed consent
Before initiating the procedure, ensure thorough communication

with the patient regarding the ultrasound-guided needle knife
technique. Explain the purpose of the procedure, the potential
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benefits, risks (puncture site infection, bleeding at the puncture site,
median nerve injury et al.), and alternatives. Obtain written informed
consent from the patient, addressing any concerns or questions they
may have.

2.1.2. Patient positioning

In an operating room, gently guide the patient to a comfortable
supine position on the examination table. Instruct the patient to
extend the affected hand with the palm facing upward. Encourage
relaxation to minimize muscle tension during the procedure.

2.1.3. Skin preparation and sterilization

Prepare the skin for the procedure by cleaning the wrist area using
an antiseptic solution. Begin by cleaning the entire wrist and hand,
including the palm and fingers. Use a circular motion while cleaning,
moving from the center outward to create a sterile field.

2.1.4. Application of sterile drape

Once the skin is clean and dry, carefully position a sterile drape
over the wrist area. Ensure that the drape covers the entire wrist and
hand, leaving only the target area exposed for the procedure. Maintain
the sterility of the draped area throughout the procedure.

2.1.5. Anesthesia discussion

Engage in a discussion with the patient about local anesthesia
administration. Address the type of anesthesia to be used, the
sensation they might experience, and its purpose in ensuring their
comfort during the procedure. Reiterate their ability to communicate
any discomfort or sensations during the procedure.

2.1.6. Verification of patient identity

Before proceeding, verify the patient’s identity by confirming their
name and date of birth. Cross-reference this information with their
medical records and the consent form to ensure accurate
patient identification.

2.1.7. Patient comfort and reassurance

Take a moment to ensure the patient’s comfort and address any
last-minute concerns they may have. Reiterate the steps of the
procedure and emphasize your commitment to their well-being and
safety throughout the process. An ECG monitor is connected to
the patient.

2.2. Ultrasound-guided localization of
median nerve

2.2.1. Application of sterile ultrasound gel

Dispense a sufficient amount of sterile ultrasound gel onto the
wrist area where the median nerve is expected to be located. The gel
enhances acoustic coupling between the skin and the ultrasound
transducer, facilitating clear visualization of the underlying structures.

2.2.2. Ultrasound transducer placement

Hold the ultrasound transducer (WISONIC WA55-23020232022-
03) with a sterile transducer cover in your dominant hand and gently
position it over the wrist area covered with ultrasound gel. Orient the
transducer to obtain a longitudinal view of the wrist, aligning it
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parallel to the forearm. Gradually adjust the transducer’s angle and
orientation until you obtain a clear view of the median nerve.

2.2.3. Identification of median nerve and
compression point

Slowly slide the ultrasound transducer along the wrist while
observing the real-time ultrasound images on the monitor. Identify
the median nerve as a hypoechoic structure with internal fascicular
patterns. Differentiate the nerve from surrounding tendons
and ligaments.

Using the ultrasound imaging, identify the specific point where
the median nerve is compressed within the carpal tunnel. This point
may exhibit hypoechoic changes or narrowing of the nerve diameter,
indicating the site of compression. Measure the diameter of the
compressed portion of the median nerve to quantify the degree
of compression.

2.2.4. Marking the compression point

With the compression point identified and visualized on the
ultrasound monitor, use a sterile marking pen to place a small dot on
the patient’s skin directly above the compressed region. This mark will
serve as a reference point during the subsequent steps of the procedure.

2.2.5. Documentation and image capture

Capture representative ultrasound images of the median nerve in
both its normal and compressed states. These images will serve as
visual documentation for patient records and can be referred to during
the procedure to ensure accurate needle placement.

2.3. Needle knife technique for carpal
ligament release

2.3.1. Administration of local anesthesia

Prepare a syringe containing the predetermined volume of local
anesthetic (2% lidocaine 5mL) with a fine needle attached. Administer
local anesthesia at the marked site over the compressed median nerve.
Insert the needle gently, avoiding excessive pressure. Slowly inject the
anesthetic while monitoring the patient’s comfort and response. Wait
for a few moments to allow the anesthetic to take effect.

2.3.2. Insertion of ultrasound-guided needle knife

Once adequate anesthesia is achieved, prepare the ultrasound-
guided needle knife. Hold the needle knife (HUAYOU small needle-
knife 0.6*0.8 mm) in your dominant hand, positioning it at the marked
site (0.5cm above transverse striation of palm wrist) over the
compressed median nerve. Align the needle knife(at an insertion
angle of 30°) with the orientation observed on the ultrasound monitor.

2.3.3. Needle knife advancement under
ultrasound guidance

Begin advancing the needle knife slowly and steadily under
continuous ultrasound guidance. As you progress, closely monitor the
needle’s trajectory on the ultrasound monitor to ensure accurate
positioning in relation to the compressed median nerve. Adjust the
angle and depth of insertion as necessary to maintain the needle’s
alignment with the target site.
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2.3.4. Carpal ligament incision

With the needle knife accurately positioned near the compressed
median nerve, initiate the incision of the carpal ligament. Employ
controlled and deliberate movements, ensuring the needle knife’s
trajectory remains aligned with the nerve. As you incise the ligament,
observe for any reduction in tension or pressure on the median nerve,
which may be visualized on the ultrasound monitor.

2.3.5. Monitoring patient comfort and anesthesia
adjustment

Throughout the procedure, maintain open communication with
the patient. Inquire about their comfort level and any sensations they
may experience. If the patient expresses discomfort or pain, administer
additional local anesthesia as needed. It is essential to prioritize the
patient’s well-being and ensure they remain comfortable throughout
the intervention.

2.3.6. Continuous ultrasound visualization

During the entire needle knife technique, maintain continuous
visualization of the needlé’s position and its proximity to the median
nerve using the ultrasound monitor. Adjust the needle’s orientation
and trajectory as necessary to optimize accuracy and avoid
unintended structures.

2.3.7. Gradual release of pressure

As the carpal ligament is incised, you may observe a gradual
release of pressure on the compressed median nerve on the ultrasound
monitor. This reduction in compression should result in morphological
changes of the previously compressed median nerve, which can
be visually assessed during the procedure.

2.4. Postoperative care and follow-up

2.4.1. Application of sterile dressing

Following the completion of the needle knife technique,
ensure hemostasis at the incision site. Gently clean the area with
sterile saline solution to remove any residual blood or debris.
Apply a sterile dressing over the incision site to protect it from
external contaminants and to facilitate wound healing. Ensure
that the dressing is secure but not too tight, allowing for
adequate circulation.

2.4.2. Wrist elevation and activity restrictions

Instruct the patient to keep the treated wrist elevated for the
first 24 to 48h after the procedure. Elevating the wrist helps
minimize swelling and promotes fluid drainage. Advise the patient
to avoid engaging in strenuous activities or heavy lifting for several
days postoperatively to prevent unnecessary strain on the
healing tissues.

2.4.3. Pain medication and antibiotics

Prescribe pain medication as necessary to manage postoperative
discomfort. Educate the patient on the proper dosage and
administration schedule of the prescribed pain relievers. Additionally,
if deemed appropriate, prescribe a short course of antibiotics to
minimize the risk of infection at the incision site.
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2.4.4. Scheduling a follow-up appointment

During the patient’s discharge, schedule a follow-up appointment
for a comprehensive assessment of their recovery progress. This
appointment should occur within a suitable timeframe, typically 1 to
2weeks postoperatively. During the follow-up visit, assess whether the
puncture site is infected, pain levels, and overall comfort. Assess the
effectiveness of the procedure in alleviating symptoms and improving
median nerve function.

2.4.5. Patient education

Provide the patient with detailed postoperative instructions in
written form. Include information on wound care, signs of
infection, and guidelines for gradual resumption of normal
activities. Emphasize the importance of adhering to the prescribed
medication and the  scheduled

regimen attending

follow-up appointment.

2.4.6. Monitoring and complications

Educate the patient about potential complications that may arise
after the procedure, such as infection, bleeding, or persistent
discomfort. Instruct them to promptly seek medical attention if they
experience worsening pain, signs of infection (redness, swelling,
warmth, pus), or any concerning symptoms.

2.4.7. Rehabilitation and physical therapy

Consider incorporating rehabilitation and physical therapy into
the patient’s recovery plan. Collaborate with rehabilitation specialists
to design a tailored program that aims to restore wrist strength,
mobility, and function. Rehabilitation can help accelerate the
patient’s return to regular activities while minimizing the risk

10.3389/fneur.2023.1291702

3. Representative results

The ultrasound-guided needle knife technique led to improved
patient outcomes, reducing hand numbness and pain. Median nerve
diameter increased after carpal ligament release, indicating successful
decompression (see Figures 1, 2).

4. Discussion

Open release and medical management are two common
approaches for treating CTS. Each approach has its advantages and
disadvantages (19). Open release is a surgical procedure that
involves cutting the transverse carpal ligament to relieve pressure
on the median nerve. This technique has been shown to be effective
in treating CTS, with high success rate and low complication rete
(20). However, there are some disadvantages to open release,
including a longer recovery time compared to minimally invasive
techniques (21), potential scarring, and the risk of complications
such as infection or nerve damage. Medical management for CTS
typically involves conservative treatment such as wrist splinting,
(NSAIDs),
corticosteroid injections. These treatments can provide temporary

nonsteroidal  anti-inflammatory  drugs and
relief of symptoms and may be effective for mild cases for
CTS. However, medical management may not provide long-term
relief for more serve cases, and patients may eventually require
surgery. Additionally, corticosteroid injections can have side
effects, such as pain at the injection site and potential weaking of
the tendons (22). The protocol introduces a novel and innovative

approach—the ultrasound-guided needle knife technique—for the

of complications. release of carpal ligament in the management of carpal tunnel
FIGURE 1
Puncture point located on the body surface. The x marks entry site. The vertical line marks the direction of advancing the needle knife.
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FIGURE 2

Ultrasound Images Demonstrating Median Nerve Compression and Carpal Ligament Release (A) Ultrasound image illustrating the location of median
nerve compression before carpal ligament release. The compressed median nerve is indicated by the yellow arrow, and the carpal ligament is labeled
as "CL." Red arrow marks the needle knife. (B) The needle knife is slowly and carefully advanced (red arrow) to incise the carpal ligament, relieving
pressure on the median nerve (MN). Green arrow marks the partly sectioned carpal ligament. (C) Ultrasound image showing the same area after carpal
ligament release. The relieved median nerve is highlighted by the green arrow, and the incised carpal ligament is denoted as "CL(R).” The reduction in

compression and enhanced nerve space can be observed.

syndrome (CTS). This technique presents a paradigm shift from
traditional open surgeries, offering a range of distinct advantages
that significantly enhance patient outcomes (23). In a clinical study
using ultrasound-guided percutaneous release to treat stenosing
flexor tenosynovitis with a needle knife, The results suggest that
this technique is both safe and effective for the treatment of
stenosing flexor tenosynovitis. The length and percentage of
released Al pulley were found to be longer with ultrasound
guidance compared to non-ultrasound-guided techniques. The full
release rate was highest in the ultrasound-guided group. However,
it is important to note that the full release rate was still relatively
low (13.6 to 31.4%) in all groups (24).

One of the primary advantages of the ultrasound-guided needle
knife technique is its potential to expedite patient recovery.
Compared to open surgical procedures, this minimally invasive
approach involves a smaller incision, reduced tissue disruption, and
decreased postoperative pain (24). As a result, patients may
experience a quicker return to daily activities and work, mitigating
the economic burden associated with extended recovery periods
observed in conventional surgeries. The reduced trauma to
surrounding tissues also contributes to the overall comfort of the
patient during the postoperative phase. Another compelling benefit
of the technique lies in the minimal to even no scarring it produces.
The smaller incision and precision-guided nature of the needle
knife approach result in esthetically pleasing outcomes that are
particularly important in visible areas like the wrist (25). This can
have positive psychological effects on patients, enhancing their
body image and self-confidence during the recovery process.
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Furthermore, the real-time ultrasound guidance ensures accurate
localization of the median nerve and precise targeting of the
compressed ligament. This reduces the risk of inadvertent damage
to adjacent structures, such as vessels or nerves, which is a concern
in open surgeries (26). The technique’s accuracy contributes to a
safer and more predictable procedure, further bolstering patient
safety and positive outcomes. Several percutaneous ultrasound-
guided approaches have been reported, including the “X” blade,
needle release, hook knife, carpX, and thread carpal tunnel release
(27). However, these methods still have certain limitations, such as
the utilization of proprietary tools and a lack of larger clinical case
studies. Among these techniques, the needle-knife technique has
gained widespread usage and has been proven to be a cost-effective
and efficient method (28).

The adoption of the ultrasound-guided needle knife technique not
only offers immediate benefits to patients but also has wider
implications for the field of hand surgery (29). The combination of
ultrasound imaging and minimally invasive procedures is a promising
avenue for advancing the treatment of various musculoskeletal and
neurologic conditions. The technique’s success in CTS management
highlights its potential to be adapted for other pathologies with similar
anatomical constraints. Despite its numerous advantages, it is essential
to acknowledge the potential limitations of the technique. The learning
curve associated with ultrasound guidance and precise needle
manipulation could impact procedural efficiency. As with any
procedure, patient selection and thorough preoperative assessment
remain pivotal for successful outcomes. While the ultrasound-guided
needle knife technique offers significant advantages over traditional
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open surgeries, it is important to address potential challenges and
consider its broader impact on clinical practice and research. One
important aspect to consider is the role of operator expertise and
training in the successful implementation of the technique.
Ultrasound-guided procedures require a level of skill and familiarity
with imaging technology. Ensuring that healthcare providers receive
adequate training and hands-on experience is crucial to achieve
consistent and optimal outcomes. As the technique gains popularity,
specialized training programs and certification processes can
contribute to its widespread adoption.

The long-term efficacy and durability of the results obtained
from the ultrasound-guided needle knife technique warrant
ongoing investigation. While short-term outcomes have shown
improved patient comfort and function, longitudinal studies are
necessary to assess the technique’s impact over extended periods.
Monitoring patient outcomes, recurrence rates, and long-term
nerve function will provide a comprehensive understanding of its
sustainability. In the context of evolving healthcare practices, the
economic implications of the ultrasound-guided needle knife
technique should also be considered. While the technique may
lead to faster recovery and reduced healthcare costs in the short
term, comprehensive cost-effectiveness analyses are needed to
assess its economic benefits in the long run. These analyses can
inform healthcare decision-makers and policymakers when
evaluating the integration of the technique into clinical practice.
The successful adoption of the ultrasound-guided needle knife
technique also highlights the importance of interdisciplinary
collaboration. Close collaboration between radiologists, surgeons,
and rehabilitation specialists is essential to optimize patient
outcomes. Additionally, continuous collaboration between
researchers and clinicians can drive further refinements of the
technique based on real-world feedback and clinical insights.
Furthermore, the technique’s successful application in carpal
tunnel syndrome treatment raises intriguing possibilities for its
adaptation in other clinical scenarios. Exploring its potential for
other nerve compression syndromes, such as cubital tunnel
syndrome or tarsal tunnel syndrome, could expand the scope of
its clinical utility. This calls for multidisciplinary research efforts
to explore its efficacy in various anatomical locations and
patient populations.
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Objective: Emerging evidence shows that patients with myasthenia gravis (MG)
were at a higher risk for the co-occurrence of other autoimmune diseases, which
reflects phenotypic heterogeneity in MG. The coexistence of MG and cryptogenic
organizing pneumonia (COP) has rarely been reported. The present case is to
report the coexistence of triple-seronegative MG and pathology-proven COP in a
patient.

Methods: The clinical data of the patient were derived from medical records of
Nanjing First Hospital, Nanjing Medical University, China. Written informed consent
was obtained from the patient.

Results: We presented a 56-year-old man with acute respiratory syndrome, who
was diagnosed with COP based on the intra-alveolar fibroinflammatory buds
(Masson'’s bodies) in the pathology of bronchoscopy biopsy. Oral prednisone
induced dramatic symptomatic improvement and complete resolution of previous
lung lesions. After a stable course of no respiratory symptom for 2 months,
he was referred to the neurology department with complaints of fluctuating
generalized muscle weakness. He was diagnosed with triple-seronegative MG
based on fluctuating weakness, neostigmine test-positivity and RNS-positivity.
After three-month treatment with pyridostigmine in combination with tacrolimus,
the symptoms gradually improved and he achieved minimal symptom expression.
Conclusions: This case highlights the rare coexistence of triple-seronegative MG
and pathology-proven COP. However, a causal association between COP and MG
cannot be explicitly ascertained. In future, more data are needed to clarify the
relationship, taking into account the limited number of cases reported with this
coexistence of the diseases.

KEYWORDS

myasthenia gravis, cryptogenic organizing pneumonia, coexistence, seronegative,
antibody
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Introduction

Myasthenia gravis (MG) is a rare autoimmune disease, which
is characterized by fatigable muscle weakness. The disease is
an organ-specific disease mediated by autoantibodies, including
antibodies against acetylcholine receptor (AChR), muscle-specific
tyrosine kinase (MuSK) and lipoprotein receptor-related protein
4 (LRP4) (1).
detectable antibodies are classified as triple-seronegative MG,

However, about 10% of MG patients without

which represents a heterogeneous group (2). Patients with
MG carried an elevated risk of developing other autoimmune
diseases simultaneously or successively, which reflects phenotypic
heterogeneity in MG (3, 4). As we previously reported, MG could
coexsit with autoimmune thyroid disease, Sjogren’s syndrome,
rheumatoid arthritis, psoriasis, vitiligo, autoimmune hemolytic
anemia, idiopathic thrombocytopenic purpura, polymyositis and
autoimmune hepatitis (5).

Here, we reported the rare coexistence of triple-seronegative
MG and pathology-proven cryptogenic organizing pneumonia
(COP) in a patient. COP has no recognizable cause, which is
classified as a subtype of idiopathic interstitial pneumonia. To the
best of our knowledge, the coexistence of MG and COP in a single
patient has not been reported in the literature.

Case presentation

A 56-year-old man presented to the department of respiratory
medicine with cough, sputum and mild chest pain for 4 days.
He also reported fever with the highest temperature of 38°C.
He denied dyspnea, night sweat and weight loss. The patient’s
medical history include hypertension, which was well controlled.
His family history was unremarkable. Lung auscultation revealed
normal breath sounds. Routine blood tests and biochemical tests
were within normal ranges. Tumor markers and autoantibodies
of connective tissue diseases were normal. The elevated C-reactive
protein level of 87.27 mg/L (normal range < 10 mg/L) was
revealed. Subsequent arterial blood gas analysis was normal.
The blood culture and sputum culture were negative. High-
resolution computed tomography (HRCT) indicated irregular
nodular opacitie in the upper lobe and lower lobe of the right
lung and the middle lobe of left lung (Figures 1A-C). Initially,
he was diagnosed with community-acquired pneumonia and
treated with piperacillin/tazobactam. However, the symptoms were
not alleviated after 1-week antibiotic therapy. The lesions on
chest HRCT expanded gradually (Figures 1D-F). Bronchoalveolar
lavage revealed a nonspecific inflammatory pattern with lack
of eosinophil and tumor cell. The pathology of bronchoscopy
biopsy showed preservation of the lung architecture with a patchy
distribution of intra-alveolar fibroinflammatory buds, in the form
of Masson’s bodies (Figures 1J-L). Based on the findings, lung
cancer, infection, connective tissue diseases or other diseases that
can cause interstitial pneumonia were ruled out. Hence, he was
diagnosed with COP. Oral prednisone (60 mg QD, 0.75 mg/kg of
weight) as a monotherapy was initiated with dramatic symptomatic
improvement after 1 week. This initial dose was given for 4 weeks
and the symptom of COP was remitted completely during the
period. Then, the dose of prednisone was reduced by 10 mg/d every
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2 weeks. After a stable course of no symptom for 2 months (the
dose of prednisone at that time was 40 mg QD), he was referred
to the neurology department with complaints of fluctuating ptosis,
diplopia, mild dysphagia to solid foods, and generalized muscular
weakness for 2 weeks. On neurological examination, he presented
bilateral ptosis. He had difficulty in crouching down or walking
on his toes or heels. Stretch reflexes, muscle tone, tropism, and
sensation were normal. There was bilaterally moderate weakness
(Medical Research Council grade 3/5) in shoulder abduction,
elbow flexion, wrist extension, hip flexion, knee extension, and
foot dorsiflexion. The quantitative MG (QMG) score was 20.
The MG activities of daily living (MG-ADL) score was 9. The
neostigmine test was positive. Repetitive Nerve Stimulation (RNS)
at the deltoid muscle showed a 26.5% decrement. The chest
HRCT showed no evidence of thymoma and complete resolution
of previous lung lesions (Figures 1G-I). Furthermore, anti-AChR,
anti-MuSK and anti-LRP4 antibodies were negative by ELISA. He
was diagnosed with triple-seronegative MG based on fluctuating
weakness, neostigmine test-positivity and RNS-positivity. In order
to decrease the dose of prednisone and to avoid the side effects,
pyridostigmine 60 mg TID and tacrolimus 3 mg QD was added (the
dose of prednisone at that time was 40 mg QD). After 3-month
follow-up (time from the diagnosis of MG), his symptoms gradually
improved. The QMG score was 1 (ptosis). The MG-ADL score
was 1 (ptosis). Prednisone was tapered to 20 mg QD, while the
dose of tacrolimus remained unchanged. Figure 2 summarizes the
clinical course.

Discussion

This report presented the coexistence of triple-seronegative
MG and pathology-proven COP in a patient. MG with no
detectable AChR, MuSK, or LRP4 antibodies in serum represents
a heterogeneous group, which is classified triple-seronegative MG.
Different methods are available for the detection of anti-AChR,
anti-MuSK or anti-LRP4 antibodies, but the current gold standard
remains the radioimmunoprecipitation assay (RIPA) (1). Damato
et al. (6) reported that cell-based assay (CBA) can detect the
antibodies in a proportion of triple-seronegative MG patients by
RIPA. Initially, ELISA was employed to detect serum antibodies,
although its sensitivity was relatively low. Recently, we have
detected the antibodies in stored serum sample (stored at first visit
to the neurology department) by CBA. The anti-AChR, anti-MuSK
and anti-LRP4 antibodies were still negative by CBA. Given that
the patient was taking prednisone (40 mg QD, for the treatment
of COP) when the onset of myasthenic symptom, it is plausible
that the immunosuppressive therapy before antibody testing might
complicate the identification of the patient’s seropositivity. Similar
cases have been reported in other antoimmune diseases, such
as Celiac disease (7). In addition to detection methods and
immunosuppressants in use, other factors might predispose to
seronegativity in MG, including unknown autoantibodies, rapid
autoantibody clearance and so on (8).

The diagnosis and treatment are more challenging in triple-
seronegative MG. As no detectable specific antibodies, diagnosis of
triple-seronegative MG should be supported by adequate clinical
characteristics and electrophysiological support, especially when
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The chest high-resolution computed tomography and pathology of bronchoscopy biopsy. (A—C) The chest high-resolution computed tomography
at onset indicated irregular nodular opacities in the upper and lower lobe of the right lung and the middle lobe of left lung (Red arrows). (D—F) The
chest high-resolution computed tomography after 1-week antibiotic therapy indicated expanded lesions (Red arrows). (G—I) The chest
high-resolution computed tomography at 2-month follow-up showed complete resolution of previous lung lesions (Red arrows). (J-L) The
pathology of bronchoscopy biopsy showed intra-alveolar fibroinflammatory buds (Red arrows, J), in the form of Masson's bodies (Red arrows, K, L)
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the effectiveness of standard treatment is dissatisfactory. From a
clinical point of view, it is observed that the clinical characteristics
of triple-seronegative MG patients varied among different age
groups (9). The overall prognosis of triple-seronegative MG is
relatively good, with a low occurrence of crisis. Pyridostigmine
is the drug of choice for symptomatic treatment. To improve
efficacy and minimize side effects of steroids, a combination of
immunosuppressive drugs for the majority of MG patients is
recommended, which is based on the sum of guidelines, clinical
experience, and relevant research. Efgartigimod is a novel neonatal
Fc receptor (FcRn)-inhibiting agent, which have shown significant
efficacy in the treatment of anti-AChR generalized MG (10).
Efgartigimod is believed to be a new treatment choice for anti-
AChR generalized MG and can reduce the dosage of steroids
or other immunosuppressants (11). Whether efgartigimod can
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improve the symptoms of triple-seronegative MG needs further
study. Triple-seronegative MG has shown positive response to
steroids and pyridostigmine, with approximately a third of patients
achieving either complete stable remission or pharmacological
remission (9). After 3-month treatment with pyridostigmine in
combination with immunosuppressive therapy, the present patient
achieved minimal symptom expression, which was defined as MG-
ADL score of 0 or 1 and regarded as an practical tool for MG
treatment goals (12).

Individuals with MG have an increased vulnerability to other
autoimmune diseases, which may manifest before or after the onset
of MG. Notably, the incidence of autoimmune thyroid disease
appears to be higher in patients with MG (3). We reported a case
of triple-seronegative MG with COP. Apart from COP, no other
autoimmune diseases were observed during follow-up.
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As an idiopathic form of interstitial pneumonia, COP is
pathologically characterized by intra-alveolar fibroinflammatory
buds (Masson’s bodies). The pathogenesis of COP still remains
elusive. However, the abnormal immune process might play
a pivotal role in the pathogenesis. The diagnosis of COP is
an exclusive one to rule out infective pneumonia, eosinophilic
pneumonia, other forms of interstitial pneumonia, alveolar
hemorrhage, and malignancy and so on (13). The diagnosis of
COP requires multidisciplinary approaches, including clinical,
radiologic and pathologic expertise. This patient presented with
flu-like symptoms prior to the diagnosis of MG, which was
initially treated as community-acquired pneumonia. But he had a
poor response to antibiotic treatment. Typical radiologic findings,
bronchoalveolar lavage and transbronchial biopsy are valuable
in the diagnosis of COP. Poletti et al. reported a series of 37
patients with suspected COP. The sensitivity and specificity of
bronchoalveolar lavage was 63 and 57%, respectively. Meanwhile,
the sensitivity and specificity of transbronchial biopsy was 64 and
86%, respectively (14).

In addition, COP is associated with a high recovery rate
if managed appropriately (15). COP patients have a significant
response to corticosteroids, which is considered to be one of the
strong evidences for the diagnosis of COP. Furthermore, a small
proportion of COP patients may recover spontaneously without
medical intervention. Corticosteroid therapy is considered the
preferred treatment for patients with nonresolving or progressive
COP (13). Complete resolution of radiologic infiltrates can be
observed after a 3-month period of treatment. However, a
retrospective study showed that 31.5% (23/73) of patients relapsed
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after reduction or cessation of corticosteroids (16). Another study
revealed that the recurrence rate after 1-year follow-up was 38.2%
(13/30) (17). Clarithromycin has also been proposed for the
treatment of COP, with fewer side effects and recurrences than
corticosteroids (18). However, it is currently unclear whether
macrolides play a specific role in the treatment of COP.

In a retrospective cohort with 91 patients initially diagnosed
with COP, 4 patients were eventually identified as OP that was
secondary to connective tissue diseases (16). Notably, no clinical
or pathological evidence of connective tissue disease was present
in the initial evaluation. In other words, secondary OP was
the initial manifestation of connective tissue diseases. Hence, it
should be acknowledged that OP may not always be cryptogenic.
Furthermore, regular prospective monitoring of other clinical
manifestation and dynamic assessment of serum biomarkers might
be of great significance in identifying potential etiology. During the
follow-up period, clinicians need to be aware of screening for other
immune-mediated diseases.

More interestingly, OP can coexist with autoimmune
neurological diseases. A Japanese retrospective cohort study
suggested that 4 in 52 patients with neuromyelitis optica spectrum
disease showed pulmonary involvement with a diagnosis of OP,
which preceded or coincided with neuromyelitis optica spectrum
disease (19, 20). Anti-AQP4 antibody induced complement-
dependent cytotoxicity of lung epithelial cells is believed to be
partially involved in the development of OP. To our knowledge,
there are no reports of the coexistence of COP and triple-
seronegative MG in a single patient. Herein, a rare case of
triple-seronegative MG in pathologically-confirmed COP is
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reported. We speculated that the rare co-occurrence might be
ascribed to the common immune-mediated mechanisms.

Few reports focus on any association between these two
distinct conditions. It could be argued that an immune response
to pulmonary antigens might elicit an immune attack against
neuromuscular junction. To explore this association is crucial for
both diagnosis and management of patients presenting with these
rare conditions. There is another possibility that the coexistence
of triple-seronegative MG and COP in this case could just be a
simple coincidence.

This case highlights the rare coexistence of pathology-proven
COP and triple-seronegative MG. However, this descriptive study
cannot definitively ascertained the causal association between COP
and MG. In future, more data are needed to clarify the relationship,
taking into account the limited number of cases reported with this
coexistence of the diseases.
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Case report: Mononeuropathy
multiplex of extranodal natural
Killer/T-cell lymphoma
misdiagnosed as systemic
vasculitis
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Hui Zhang?, Hongzhi Guan?, Mingsheng Liu' and Yuzhou Guan'*
*Neurology Department, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences,
Beijing, China, 2Rheumatology and Immunology Department, Peking Union Medical College Hospital,
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College Hospital, Chinese Academy of Medical Sciences, Beijing, China

Background: Extranodal NK/T-cell lymphoma (ENKTL) is an aggressive
non-Hodgkin lymphoma that typically develops in the upper aerodigestive tract.

Case presentation: We encountered an ENKTL patient who presented with
purpura-like rashes and foot drops as initial symptoms and later developed
other peripheral nerve involvement. The nerve conduction study of both
the motor nerve and the sensory nerve showed axonal damage resembling
mononeuropathy multiplex. Although the initial response to steroids was
encouraging, the patient's symptoms reappeared and aggravated. A biopsy of
the abdominal subcutaneous fat tissue with additional immunohistochemistry
revealed neoplastic NK/T lymphocytes.

Conclusion: We reported the first case presented as mononeuropathy multiplex
as the initial clinical manifestation in ENKTL patients. Lymphoma should be
considered in the diagnosis of atypical mononeuropathy in multiplex patients.

KEYWORDS

mononeuropathy multiplex, extranodal NK/T-cell lymphoma, axonal neuropathy,
immunohistochemistry, biopsy

Background

Extranodal NK/T-cell lymphoma (ENKTL) is an aggressive non-Hodgkin lymphoma
(NHL) that most frequently occurs in East Asia and Latin America (1, 2). ENKTL usually
arises in the nasal cavity, but extra-nasal sites are sometimes involved, including the
skin, soft tissue, and gastrointestinal tract (3). Extra-nasal site involvement might cause
infrequent manifestations. The morphology and immunohistochemical characteristics of
neoplastic cells are various. Since the clinical and pathological variability of ENKTL can
sometimes be misleading, the correct diagnosis of patients might be delayed. ENKTL is
scarcely relevant to PNS manifestations. We here report a case of ENKTL, which first
manifested as mononeuropathy multiplex mimicking systemic vasculitis and gradually
developed polyneuropathy.
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Case presentation

An 18-year-old previously healthy female experienced bilateral
purpura-like rashes on both calves 9 months before admission. The
details of the subsequent clinical course are outlined in timeline
form in Figure 1. After 1 month, she developed a sudden right-
foot drop and steppage gait. On month 4, she noticed numbness
on the ulnar side of her right hand with an intermittent fever of
39°C. She was admitted to a local hospital, and an abnormal full
blood count was found (WBC 1.30-2.9x10% L, Hgb 91-95 g/L,
PLT 175-238x10°/L). ESR was elevated to 64-94 mm/h. Serum
immunoglobulin G (IgG) was 37.62 g/L. Autoimmune antibodies
provided a positive result for PR3-anti-neutrophil cytoplasmic
antibody (ANCA). Urine routine, liver and kidney function, serum
Epstein-Barr virus (EBV), and cytomegalovirus (CMV) DNA,
high-sensitive C-reactive protein (hsCRP), serum immunofixation
electrophoresis, bone marrow biopsy, bone marrow pathology, and
bone marrow flow cytometry analysis showed no abnormality.
Nerve conduction studies were conducted, and the results are
shown in Supplementary Table 1. Cranial, cervical, and thoracic
vertebrae magnetic resonance imaging (MRI) showed no obvious
abnormality. She was then treated with antibiotics, and her fever
was relieved, but in month 5, she gradually developed symptoms
of bilateral pain in both hands and feet, which disturbed her daily
life. She was diagnosed with systemic vasculitis and was referred
to the Department of Rheumatology and Immunology for further
diagnosis. Serum tests showed PR3-ANCA at 60 RU/ml titer and
anti-nuclear antibody (ANA) S1:160(+). She was diagnosed with
connective tissue disease and was treated with methylprednisolone
(MP) 1g intravenously for 3 days, followed by 48 mg prednisone
orally. She was also treated with cytoxan (CTX) 1g intravenously.
After treatment, her symptoms of hand and foot pain were relieved
dramatically, but limb weakness and numbness did not change.
On month 7, hand and foot pain re-appeared to a severe extent,
and she developed a sudden left-foot drop. She gradually lost the
strength of her left hand, and on month 9, she was unable to hold
a spoon or lift her both wrists. She was treated with MP 1 gx3
days, CTX 1g once, and intravenous immunoglobulins (IVIg) at
0.4 g/kgx 10 days, but her symptoms did not relieve. On month 9,
muscle atrophy could be observed on both of her hands, forearms,
and calves. Before 1 week of admission, she developed signs of left

Abbreviations: ENKTL, extranodal NK/T-cell lymphoma, NHL, non-Hodgkin's
ANCA,
antibody, EBV, Epstein—Barr virus, CMV, cytomegalovirus, hsCRP, high-

lymphoma, Ig, immunoglobulin, anti-neutrophil cytoplasmic

sensitive C-reactive-protein, MRI, magnetic resonance imaging, ANA,
CTX,

intravenous immunoglobulins, CSF, cerebro-spinal fluid, PET-CT, positron

anti-nuclear antibody, MP, methylprednisolone, cytoxan, [Vlg,
emission tomography-computer tomography, AMPA, a-amino-3-hydroxy-
5-methyl-4-isoxazole-propionicacid, GABA, y-aminobutyric acid, CASPR2,
contactin-associated protein 2, LGI1, leucine-rich glioma-inactivated 1,
NGS, next-generation sequencing, SUV, standard uptake value, EMG,
electromyogram, CSA, cross-sectional area, CD, cluster of differentiation,
TIA, cytotoxic granule associated protein, EBER, EBV-encoded RNA, DXM,
dexamethasone, MTX, methotrexate, VP16, vepeside, lv, intravenously, HL

Hodgkin's lymphoma.
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peripheral facial palsy. She was admitted to our hospital 9 months
after the disease onset.

Physical examinations at admission showed a few old eruption
stains on both calves, but no fresh rashes could be observed.
Nervous system physical examinations showed signs of left
peripheral facial palsy. Tendon reflexes were absent. The muscle
atrophy of the thenar and interosseous muscles of both hands could
be observed. The proximal muscle strength of the right upper limb
is grade IV, while the left upper limb is grade III. The strength of
the distal muscles of the upper limbs was grades I-II. The proximal
muscle strength of both lower limbs is grade V, and the muscle
strength of the dorsum of the foot is grades I-II. The muscle tension
was normal. The Romberg sign was positive. The sensation of
acupuncture and vibration decreased in a sock-like and glove-like
fashion in both upper and lower limbs.

The work-up, including serum tests, cerebral-spinal fluid
(CSF) examinations, positron emission tomography-computer
tomography (PET-CT), and electrodiagnostic tests, was conducted
after admission. Serum tests for EBV DNA showed a positive result
with a copy number varying from 500 to 2,400/ml. Serum tests
for IgG and IgM of HBV, HCV, HIV, RPR, TPPA, CMV, Lyme,
and brucellosis were all negative. Serum tests of ANA, ANCA, and
anti-Clq were negative. Serum and CSF anti-GM1, anti-GQ1b,
anti-Hu, anti-Yo, anti-Ri, anti-a-amino-3-hydroxy-5-methyl-4-
isoxazole-propionicacid (AMPA), anti-CV2, anti-y-aminobutyric
acid (GABA), anti-Amphiphysin, anti-contactin-associated protein
2 (CASPR2), and anti-leucine-rich glioma-inactivated 1 (LGI1)
were all negative. The serum levels of interleukin (IL) 10 and
tumor necrosis factor (TNF) a were elevated at 16.4 and 28.5
pg/ml. The CSF results showed a slightly elevated protein level of
52-54 mg/dL, and the cell count was 32-34 cells/pl. Oligoclonal
bands were negative in CSF. Cells in CSF were mostly lymphocytes,
and no atypical cell was observed. Next-generation sequencing
(NGS) for pathogens in CSF proved to be positive for EBV with
a copy number of 2,564. The CSF levels of IL6, IL8, and IL10
were all elevated at 18.3, 222, and 15.4 pg/ml, respectively. CSF
flow cytometry was negative. PET-CT gave a very interesting
finding of hypermetabolism in the subcutaneous fat tissue all over
the body with a slightly elevated standard uptake value (SUV)
maximum of 1.6 (Figure 2). PET-CT also showed a soft tissue
signal with a SUVmax of 3.3 in the bilateral nasal meatus. Nerve
conduction study results are shown in Supplementary Table 1.
Electromyogram (EMG) results showed an enormous amount of
positive sharp waves and fibrillation discharges in the left deltoideus
muscle and left tibialis anterior muscle. Nerve ultrasound was
conducted and revealed an unremarkable cross-sectional area
(CSA) enlargement in bilateral median, posterior tibial, and
peroneal nerves.

Pathological tests of both abdominal subcutaneous fat tissue
and left nasal meatus soft tissue were conducted subsequently. The
histologic study of abdominal subcutaneous fat tissue revealed
many distended vessels filled with atypically large lymphoid cells,
causing vessel occlusion. The tumor cells had large, irregular
hyperchromatic nuclei and ample eosinophilic cytoplasm that
was not only confined to the vessels but also disseminated in the
fat tissue. Immunohistochemical staining showed the cluster of
differentiation (CD)21(-), CD138(-), CD34(around vessels+),
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FIGURE 1

Clinical and therapeutic course of the patient. ENKTL, extranodal NK/T-cell lymphoma, MP, methylprednisolone, CTX, cytoxan, IVlg, intravenous
immunoglobulins, DXM, dexamethasone, MTX, methotrexate, VP16, vepeside, PET-CT, positron emission tomography/computed tomography

FIGURE 2
Positron emission tomography/computed tomography scans. A positron emission tomography/computed tomography scan shows multiple slightly
fluorodeoxyglucose-avid subcutaneous fat tissue lesions scattered throughout the body (SUVmax of 1.6). (A) Thoracic wall (arrow); (B) abdominal

wall (arrow); (C) pelvic wall (arrow).

CD20(+), CD3(+), Ki-67(index 80%), CD56(-), CD5(+),
CD7(-), CD2(+), CD4(+), CD38(+), granzyme B(+), TIA-1(+),
and EBER (+), which consisted of the diagnosis of ENKTL
(Figure 3). The left nasal meatus soft tissue showed a microscopic
finding of pseudostratified ciliated columnar epithelium infiltrated
by lymphocytes and plasma cells, which was regarded as an
EBV-related T-cell proliferative disease. The patient was diagnosed
as ENKTL, staging IVb.

The patient was then treated with a classic scheme for ENKTL,
including dexamethasone (DXM) 40mg iv d1-d4, methotrexate
(MTX) 3.6 g iv dl, cytoxan (CTX) 1.2 g iv d2-d4, vepeside (VP16)
150 mg iv d2-d4, after which her nervous system symptoms showed
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no improvement. The patient developed septic shock and digestive
tract hemorrhage and succumbed to the disease 12 months after its
disease onset.

Discussion and conclusion

Lymphomas are hematopoietic neoplasms originating from
immunocompetent cells. They are divided into the NHL and HL
(1). HL and NHL both infrequently cause peripheral nervous
system complications, with NHL a much more common cause. In a
case series, 98% of lymphoma patients with peripheral nerve system
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FIGURE 3

Immunohistochemical staining. (A) Histological findings of the subcutaneous fat tissue (hematoxylin-eosin: A, x 200), showing distended vessels
filled with atypically large lymphoid cells, causing vessel occlusion (arrow). Infiltration of atypical lymphoid cells could also be observed in the
subcutaneous fat tissue. (B—E) Immunohistochemical staining was positive for CD20 (B, x 100), CD34 (C, x100), EBER (D, x100), granzyme B (E,
x 100). F: Ki-67 index 80% (F, x100). Pathological figures are provided by the Pathology Department, Peking Union Medical College Hospital.

complications had NHL (2, 3). Most are B-cell NHL, with T-cell
NHL accounting for only approximately 10% (2). The mechanisms
of nerve damage caused by lymphoma are usually not clear, but
several hypotheses have been proposed. First, direct invasion of
lymphoma cells into the PNS, known as neurolymphomatosis is the
most common cause of PNS system involvement (1, 4). Malignant
lymphocytes that react with the antibody of a neural cell adhesion
molecule, including CD56, may adhere to neural cell adhesion
molecules, which allow the passage of certain classes of lymphocytes
across the blood-nerve barrier, causing neurolymphomatosis
(5). Most infiltrative neuropathies in humans are due to B-
cell lymphoma, but peripheral T-cell lymphoma has also been
reported to cause infiltrative neuropathies (1, 6). This phenomenon
may cause unusual sites of involvement in lymphoma. Second,
inflammatory, dys-immune neuropathies such as GBS, CIDP,
or vasculitic neuropathy can occur in lymphoma due to the
accompanying or preexisting immune perturbation, also known
as paraneoplastic neuropathy (4, 7). These disorders are more
commonly reported with HL than NHL. Third, hematogenous
metastases can occlude vessels by local intravascular proliferation
or direct pressure (8). Angiotrophic lymphoma, characterized by
neoplastic lymphoid cells and immune-complex deposition within
the walls of the vasa nervorum, could lead to vessel occlusion and
cause nerve infarction (9).

ENKTL is most common in Asia and Central and South
America and affects adults with a male predominance. It classically
arises in the nasal cavity, the paranasal sinuses, or the palate and
is associated with EBV infection but can also be observed in 15-
20% of other sites such as the skin (60%), sub-cutaneous tissue,
gastro-intestinal tract, testis, and even pancreas, without nasal
localization (10). ENKTL is scarcely related to peripheral nervous
system complications, based on our review of the English literature
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(Table 1), and only six cases of ENKTL invasion of peripheral
nerves have been reported. All cases reported are women, and the
age range is from 17 to 70 years. Most cases’ clinical presentation
is mononeuropathy, presented as tumor infiltration of a single
nerve, including the median nerve, ulnar nerve, and tibial nerve
(5, 11, 12). In addition to our case, two other cases presented as
polyneuropathy (13, 14). One case, reported by Tian et al.,, (13)
also presented with rashes before nervous system involvement.
In another case, because of nerve root enlargement, AIDP was
diagnosed in the first place (14).

Back to our case, it is a pity that the patients’ parents
refused a nerve biopsy, worrying about the deterioration of nerve
function caused by the procedure. As a nerve biopsy was not
obtainable, the mechanism of patient PNS involvement could
only be hypothesized. We conducted nerve ultrasonography to
directly observe the CSA of involved nerves, showing no obvious
CSA enlargement that does not support neurolymphomatosis (15).
From the abdominal subcutaneous fat tissue biopsy, we could
observe vessel occlusions and vessel wall thickening (Figure 3A,
arrow), which pathologically support the hypothesis of nerve
infarction caused by vessel occlusions. Additionally, the patient’s
tumor cells expressed the antibody CD34 (Figure 3C), which is
reactive to the vascular endothelial cell marker, leading to tumor
cells propensity to attach to vessel walls (16). In contrast with
typical ENKTL, the immunohistochemical result of our case is
relatively rare since CD56 was negative while CD20 was positive.
Although CD56 is an important clue to diagnose NK/T cell
lymphoma and is believed to be a marker for ENKTL, it has
been infrequently reported to be negative in some cases, especially
in cases with uncommon clinical manifestations (17). ENKTL
with aberrant CD20 expression is extremely rare. To the best of
our knowledge, there have only been 11 CD20-positive ENKTLs

frontiersin.org


https://doi.org/10.3389/fneur.2023.1283874
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Shi et al.

10.3389/fneur.2023.1283874

TABLE 1 Clinical characteristics of patients with ENKTCL-NT combined with peripheral neuropathy.

References Year Age/sex Neuropathy manifestation Primary site of ENKTL Primary diagnosis = Prognosis
Kim et al. (5) 1998 70/F Mononeuropathy, median nerve NR NR Survival

Wills et al. (14) 2008 29/F Lumbar nerve roots Lumbar nerve roots AIDP Survival
Agrawal et al. (11) 2013 57/F Mononeuropathy, ulnar nerve Nasal cavity ENKTL Survival
Aynardi et al. (12) 2018 59/F Mononeuropathy, tibial nerve Nasal cavity ENKTL Survival

Tian et al. (13) 2023 17/F Polyneuropathy Skin Granuloma annulare Survival

Our case 2023 18/F Mononeuropathy multiplex Skin Vasculitis Death

NR, not recorded.

reported. ENKTL with aberrant CD20 expression primarily
occurred at extra-nasal sites rather than in the nasal cavity,
including the testis, skin, and soft tissue, with a relatively aggressive
clinical course, which is in accordance with our case (18). The
rare immunohistochemistry of our case could help to explain
infrequent clinical symptoms and the site of tumor origin. The
patient’s original diagnosis was systematic vasculitis, which was
based on the result of a positive PR3 ANCA in the former hospital.
The false-positive result of auto-antibody is not uncommon in
lymphoma patients due to cross-immune reactions (13) and could
be misleading in these patients’ diagnoses.

In conclusion, we reported that the first case manifested as
mononeuropathy multiplex and was diagnosed as ENKTL. Patients
with lymphoma can manifest various neuropathic patterns.
Although an infrequent clinical manifestation, lymphoma should
never be overlooked in patients with neuropathy of various forms,
especially those with mononeuropathy multiplex. It is possible that
mononeuropathy multiplex is misdiagnosed as systematic angiitis
since the clinical course could be similar and show the presence of
signs of an axonal neuropathy pattern. ENKTL is extremely rare to
show PNS symptoms, and its mechanism of neuropathy is still not
established, requiring further research.
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Background: Missense VCP gene variants lead to a disruption in protein
homeostasis causing a spectrum of progressive degenerative diseases. Myopathy
is the most frequent manifestation characterized by slowly progressing weakness
of proximal and distal limb muscles. We present a family with myopathy due to
c.277C>T variant in VCP gene.

Case presentation: The patient’s phenotype includes symmetrical muscle wasting
and weakness in the proximal parts of the limbs and axial muscles, a wide based
gait, lordotic posture, positive Gowers’ sign, mild calf enlargement, impaired
mobility, elevated CK, and myopathy in proximal limb muscles. Whole body MRI
revealed fatty replacement, predominantly affecting right vastus intermedius and
medialis, gastrocnemius and soleus in calf, abdomen wall and lumbar muscles.
Next-generation sequencing analysis revealed a pathogenic heterozygous variant
c.277C>T (p.(Arg93Cys)) in exon 3 of the VCP gene. Segregation analysis showed
that the detected variant is inherited from the affected father who developed
symptoms at 60.

Conclusion: The patients described experienced muscle wasting and weakness
in the proximal and distal parts of the limbs which is a common finding in VCP
related disease. Nevertheless, the patient has distinguishing features, such as high
CK levels, early onset of the disease, and rapid mobility decline.

KEYWORDS

VCP gene, VCP related disease, inclusion body myopathy, multisystem proteinopathy,
degenerative disease

1 Introduction

Valosin-containing protein (VCP) related disease is a rare, autosomal dominant, multisystem
proteinopathy characterized by inclusion body myopathy (IBM), Paget disease of bone (PDB)
and frontotemporal dementia (FTD), affecting around 90%, 28-42%, and 14-30% of patients
accordingly (1, 2). Other manifestations include amyotrophic lateral sclerosis (ALS), Alzheimer’s
disease, Parkinson’s disease, Charcot-Marie-Tooth type 2 disease and complex hereditary spastic
paraplegia (3-6).
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VCP related disease has been associated with heterozygous
missense variants in VCP gene. VCP belongs to the ATPases associated
with diverse cellular Activities (AAA+) family, which uses ATP for
protein remodeling. Each subunit contains N-terminal binding
domain and two ATPase domains, D1 and D2 (7, 8). VCP is involved
in a variety of cellular activities such as cell cycle control, organelle
biogenesis and elimination, cellular signaling, membrane fusion,
transcription, regulation of autophagy and protein degradation (8, 9).
Missense variants at the NTD-D1 interface of the VCP are thought to
cause a disruption in protein homeostasis causing a spectrum of
progressive degenerative diseases (7, 10, 11).

In this paper we report patient and his father with ¢.277C>T
[p.(Arg93Cys)] variant in VCP gene, presenting with IBM. Patient's
and his father’s phenotype is compared with phenotypes reported
in literature.

2 Case description

Proband is a 49-year-old male. At the age of 38, the patient
reported difficulties in standing-up from a sitting position. Symptoms
showed a slow but progressive worsening. He noticed upper and lower
limb weakness and difficulty in daily activities such as carrying a child
and stumbling. At the age of 49, the patient had difficulties in walking
unaided, climbing up the stairs, and standing up from sitting and lying
positions (Table 1).

Neurological examination at the age of 46 revealed symmetric
atrophy and weakness of limb proximal muscle. Shoulder abduction
and adduction were 4/5 grades (MRC-scale) on both sides. Elbow
flexion and extension 4/5 bilaterally. Wrist and fingers flexion and
extension were normal. Hip flexion was 3/5, hip extension - 4/5
bilaterally. Knee flexion and extension were 3/5 grades bilaterally.
Ankle plantar flexion was 4/5 and dorsiflexion - 4/5 on both sides.
We observed weakness of axial muscles predominantly affecting the
paraspinal and abdominal muscles. The patient showed a wide based
gait with a lordotic posture. Positive Gowers sign and mild
enlargement of the calves was also noted. Tendon reflexes, sensory
examination, and cranial nerve examination were normal. Cognitive

TABLE 1 Patients’ timelines.

10.3389/fneur.2023.1290960

testing did not reveal any frontal lobe and other cognitive
abnormalities. During 4 years of follow up the muscle weakness slowly
progressed. We noticed the muscle strength deterioration in the distal
parts of the upper limbs. A slight asymmetry of muscle strength
appeared with the right limbs being more affected. The patient can
walk unaided a few meters and uses walking sticks most of the time.
We did not find any cognitive deterioration. A nerve conduction study
at the age of 46 did not show any abnormalities. Needle
electromyography revealed myopathic changes without spontaneous
activity. The myopathic pattern was more prominent in the proximal
parts of the limbs. His creatine kinase (CK) level at the age of 46 was
1,237 U/L (reference range: 25-195U/L), it increased to 1,309 U/L
after a year. Whole body bone scintigraphy showed no abnormalities
characteristic of Paget’s disease.

Whole body MRI showed fatty replacement, predominantly
affecting right vastus intermedius and medialis, gastrocnemius and
soleus in calf, abdomen wall and lumbar muscles (Figure 1).

Family history revealed a similar phenotype of the patient’s father
and paternal uncle. The uncle had difficulty walking and experienced
muscle weakness from the age of 40, however he died at 59.

The patients father is a 73-year-old male. At the age of 60,
he started to struggle climbing stairs, and he suffered from frequent
falls. At the age of 68, he had difficulty walking and started using
crutches. He also has difficulty standing up from sitting and lying
positions. ENMG examination revealed signs of partial axonal
degeneration of the motor nerves in the lower limbs. Myopathic
patterns were recorded in all muscles of the lower limbs (especially the
quadriceps femoris) and the proximal muscles of the upper limbs. His
CK level was 119 U/L.

Next-generation sequencing analysis of the proband revealed
a previously reported pathogenic heterozygous variant
NM_007126.5:c.277C>T (NP_009057.1:p.(Arg93Cys)) in exon 3 of
the VCP gene. Based on the guidelines of ACMG/AMP for
interpretation of sequence variants, it is classified as pathogenic
(categories: PP5, PP3, PM1, PM5, and PM2) (12). Segregation analysis
showed that the detected variant is inherited from the affected father.
The detailed sequencing and analysis methods have previously been
described (13).

Proband

Neurological examination:

symmetrical muscle wasting

Whole body bone Progression of muscle

Onset of symptoms

Onset of symptoms CK 1237 U/L scintigraphy showed no CK 1309 U/L weakness, impaired
of proximal parts of the
abnormalities mobility
limbs
38y.0 ‘ 46 y.0 ‘ 47 y.0 ‘ 49y.0

Proband’s paternal uncle

Died (suddenly)

40 y.0

Proband’s father

59y.0

Whole body bone scintigraphy showed no
Onset of symptoms Started using crutches CK119U/L
abnormalities
60 y.0 68 y.0 69 y.0 70y.0

CK, creatine kinase.
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FIGURE 1

prominent on left side).

(A) T2W axial image at level of L1 showing fatty replacement of abdominal wall and lumbar muscles. Axial at level of middle third of femur T2W (B), T2
DIXON WATER (C) and FAT (D) images showing mm. vastus intermedius and medialis edema with fatty replacement. Coronal T2W (E), axial at level of
proximal third of calf T2W (F), T2 DIXON WATER (G) and FAT (H) images showing fatty replacement of muscle in mm. soleus and gastrocnemius (more

3 Discussion

Myopathy is the most frequent manifestation of VCP related
disease affecting around 90% of patients with pathogenic variants in
VCP gene (1, 2). It is characterized by slowly progressing weakness
and atrophy of proximal and distal upper and lower limb muscles,
initially involving shoulder and pelvic muscles (1, 2, 14). Some of the
other symptoms include axial muscle weakness, scapular winging,
respiratory impairment, lower motor neuron sings, dysautonomia,
dysphagia (1). Patients often have abnormal gait, lordotic stance,
experience difficulty climbing stairs, raising arms (14, 15). Our patient
presented with typical symptoms: weakness of proximal and distal
limbs, atrophied shoulder and pelvic girdle muscles, wide based gait,
lordotic posture. Both the patient and his father experienced
difficulties in daily activities such as climbing up the stairs, standing
up from a sitting position. However, the patient’s father is unable to
move around without the crutches showing the progression of
the disease.

An electromyographic (EMG) examination showed a myopathic
pattern mainly in patient’s proximal limb muscles and in all leg
muscles and proximal arm muscles in patients father. Myopathic
pattern in EMG is characteristic of IBM. Purely myopathic pattern is
observed in 31-47% of patients in literature. 11-21% of patients have
neurogenic and 14-20% mixed myopathic and neurogenic pattern (1,
3). The patient’s father showed signs of partial axonal degeneration of
the motor nerves in the legs. Motor neuron involvement was reported
in 25% of patients in Schiava et al. cohort. Of those, almost a half
showed exclusively lower motor neuron signs (1).

It is worth mentioning that while patients with VCP related
myopathy usually exhibit normal or slightly increased CK levels (2-4),
the CK levels of our proband are higher than what is typically observed.
However, there have been some reported cases of elevated CK levels in
individuals with certain VCP gene variants, such as homozygous
p-Argl59His variant with early disease onset at 29years (16), or the
newly described case of a heterozygous variant of ¢.760A > T with CK
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levels >2,378 (17). The patient’s relatively early age of disease onset and
the aggressive progression of their symptoms are also noteworthy. While
the mean age of symptoms onset for VCP related disease is around
43years (2, 3), there can be a significant variation depending on the
specific variant and other factors. Patients with heterozygous ¢.277C>T
variant experience first symptoms later than our patient (1). Similarly,
patient’s uncle had difficulty walking at the age of 40. In comparison,
patient’s father experienced the onset of symptoms at the age of 60,
which has been observed in several cases with ¢.277C>T variant (18,
19). As aresult, the combination of early onset and high CK levels might
suggest a more severe form of the disease in this patient.

Human Gene Mutation Database (HGMD) reports 71 variants of
VCP gene, 66 of those are missense/nonsense (20). In Varsome
database 89 of the reported VCP gene variants were identified as
pathogenic or likely pathogenic (21). Although genotype-phenotype
correlations are not yet well defined a few studies have identified some
correlations between phenotype and specific variants (2, 3). In Schiava
etal. study variant ¢.277C > T was associated with older age of disease
onset compared to ¢.464G > A. Median age for ¢.277C > T variant was
52.3+5.6years (1). Table 2 summarizes clinical findings of reported
patients with ¢.277C>T. Of the reported cases in literature with
¢.277C>T variant, the lowest age of symptom manifestation was
42years (23). In the reported cases with ¢.277C>T variant, most
patients have myopathy together with FTD or PDB. In comparison,
only one case was reported with all 3 manifestations of the disease and
only one case where FTD was the only manifestation of the disease
(19). CK in most of the reported cases was slightly above normal. Most
reported patients did not lose ambulation, but some have difficulty
moving (25, 26). Both proximal and distal muscles were affected in
reported cases with ¢.277C> T variant (1).

As muscle weakness progresses, especially in the lower limbs,
patients eventually lose ambulation. In Schiava et al. study after
8.5years 23% of the patients were no longer ambulant (1). In
Figueroa-Bonaparte et al. study mean time to lose ambulation was
13.37 £6.6 years (23). Over time muscle weakness involves respiratory
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TABLE 2 Clinical findings of patients with c.277C > T variant of VCP gene found in literature.

Reference Age of Ageat | CK(U/L) Wheelchair Muscle
onset follow up use WEELGESS
(onset)
Proximal UL 80%;
Muscle weakness - 94%
Schiava et al. (1) 17 52.3+5.6 64.2+5.3 NA NA 20% Proximal LL 90%;
FTD - 24% PDB - 44%
Distal UL and LL 73%
Mengel et al. (22) 1 IBM + cognitive impairment 50 74 288 NA NA Distal > proximal
Figueroa-Bonaparte 1 IBM + cognitive impairment 42 56 400 high No Distal LL
etal. (23) 1 IBM + cognitive impairment 48 67 normal normal | No Distal LL>UL
Mehta et al. (3) 2 IBM +PDB IBM + FTD 60 NA 370 NA NA NA
Shi et al. (24) 1 IBM 58 70 286 NA NA Proximal>distal
No, has difficulties
Fanganiello et al. (25) 1 IBM +PDB 55 62 285-572 NA . Proximal>distal
moving
No, requires
Krause et al. (26) 1 IBM +FTD 55 74 115 154 Distal>proximal
assistance
1 FTD 60 61 NA NA NA Proximal and distal
muscles, absent in
Guyant- Maréchal 1 PBD +FTD 55 60 NA NA NA
muscles of face,
etal. (19) 1 IBM+PDB+FTD 48 68 NA NA NA
tongue, and scapular
1 | IBM+FTD 44 49 NA NA NA fixators
Proximal UL, proximal
Present study proband 1 IBM 38 49 1,237-1,309 56 No, uses crutches
and distal LL
Present study affected Proximal UL, proximal
1 IBM 60 69 92-119 87 No, uses crutches
father and distal LL

N, number of patients; NA, not available; FTD, frontotemporal dementia; IBM, inclusion body myopathy; PDB, Paget disease of bone; CK, creatine kinase; ALP, alkaline phosphatase; UL,

upper limb; LL, lower limb.

and cardiac muscles leading to death from respiratory or cardiac
failure (1, 3). Schiava et al. identified forced vital capacity (FCV)
below 50% as the major risk factor associated with loss of ambulation
and FCV below 70% with higher risk of death (1). Patients usually die
in their 60s 15-20 years after the onset of the disease (1, 3).

This study adds to previous evidence demonstrating a summary of
clinical findings of reported patients with ¢.277C> T variant in VCP gene.
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“Victor Babes” University of Medicine and Pharmacy, Timisoara, Romania

Background: Kearns-Sayre syndrome (KSS) is classified as one of the
mitochondrial DNA (mtDNA) deletion syndromes with multisystemic involvement.
Additionally, the negative prognosis is associated with inherited thrombophilia,
which includes the presence of homozygous Factor V G1691A Leiden mutation,
MTHFR gene polymorphisms C677T and A1298C, and PAI-1 675 homozygous
genotype 5G/5G.

Case presentation: This case report presents a 48-year-old man with
chronic progressive external ophthalmoplegia, bilateral ptosis, cerebellar ataxia,
cardiovascular signs (syncope, dilated cardiomyopathy, and cardiac arrest) with
electrocardiographic abnormalities (first-degree atrioventricular block and major
right bundle branch block), endocrine dysfunction (short stature, growth hormone
insufficiency, primary gonadal insufficiency, hypothyroidism, and secondary
hyperparathyroidism), molecular genetic tests (MT-TL2 gene), and abnormal
MRI brain images, thus leading to the diagnosis of KSS. The patient came
back 4 weeks after the diagnosis to the emergency department with massive
bilateral pulmonary embolism with syncope at onset, acute cardiorespiratory
failure, deep left femoral-popliteal vein thrombophlebitis, and altered neurological
status. In the intensive care unit, he received mechanical ventilation through
intubation. Significant improvement was seen after 2 weeks. The patient tested
positive for inherited thrombophilia and was discharged in stable conditions
on a new treatment with Rivaroxaban 20 mg/day. At 6 months of follow-
up, ECG-Holter monitoring and MRI brain images remained unchanged.
However, after 3 months, the patient died suddenly while sleeping at home.
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Conclusion: The genetic tests performed on KSS patients should also include
those for inherited thrombophilia. By detecting these mutations, we can
prevent major complications such as cerebral venous sinus thrombosis, coronary
accidents, or sudden death.

KEYWORDS

Kearns-Sayre syndrome (KSS), inherited thrombophilia, heart conduction block, brain
magnetic resonance imaging, genetic tests

1 Introduction

Kearns-Sayre syndrome (KSS), initially reported in 1958 at the
Mayo Clinic (1, 2), is an uncommon mitochondrial myopathy. It is
characterized by a greater severity compared to chronic progressive
external ophthalmoplegia (CPEO), encompassing multiple systems
in its manifestation. There are three cardinal clinical features
of KSS: onset prior to 20 years of age, pigmentary retinopathy,
and progressive external ophthalmoplegia (3, 4). Furthermore, the
diagnosis of KSS requires the presence of at least one of the
features, including cardiac conduction abnormalities, cerebellar
ataxia, cerebrospinal fluid (CSF) protein level above 100 mg/dl,
short stature, endocrine abnormalities, and cognitive decline (5).

Inherited thrombophilia genetic risk factors include factor
V G1691A-Leiden mutation, prothrombin G20210A mutation,
methylenetetrahydrofolate reductase (MTHFR) gene C677T and
A1298C mutation, and plasminogen-activator inhibitor PAI-1 675
5G/5G mutation, correlated with cardiovascular risk factors, which
represents an aggravating status for patients with KSS due to the
risk of pulmonary embolism, deep venous thrombosis, or cerebral
venous sinus thrombosis (CVST) (6, 7).

This article describes a case of Kearns-Sayre syndrome without
a family history of KSS or other mitochondrial disorders in
which inherited thrombophilia was detected, complicated with
pulmonary embolism and deep venous thrombosis, leading to the
patient’s death. The patient was assessed by a multidisciplinary team
(neurologist, cardiologist, endocrinologist, neuro-ophthalmologist,
and neuro-radiologist) to establish a clinical diagnosis of KSS.

2 Case presentation

A 48-year-old male patient presented to the emergency
department with headache, dizziness, unstable gait, limb weakness,
accentuation of eyelid ptosis, external ophthalmoplegia, and sinus
tachycardia. The disease manifested in the patient at the age of
16, initially presenting with a small stature and symptoms related
to the extraocular muscles. As the disease progressed, the patient
experienced a gradual onset of additional clinical characteristics
such as heart conduction issues, endocrine dysfunction, and a slight
cognitive decline.

The diagnosis of KSS was supported by identifying relevant
clinical characteristics that indicated an abnormality in the
patient’s ophthalmologic system: bilateral ptosis, diplopia, chronic
progressive external ophthalmoplegia, and a moderate decrease
in visual acuity (Figure 1A). Considering that the patients
ophthalmoplegia did not match a specific group of cranial nerve
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palsies (oculomotor nerve palsy, fourth nerve palsy, and sixth
nerve palsy), the likelihood for myopathies was even higher.
Paralysis of the vertical movements of the eyeballs was observed
(Figure 1B). No retinitis pigmentosa was discovered during the
fundus examination performed by the ophthalmologist, but retinal
angiosclerosis has been described.

Following ophthalmologic observations, the neurological
examination highlights mild generalized muscle weakness,
cerebellar ataxia, cerebellar tremor, and a slight cognitive
impairment (Mini-Mental State Examination score of 22 points).

The patient had endocrinological symptoms and signs that
preceded the neurological manifestations, including short stature
(154cm) caused by growth hormone insufficiency, delayed
puberty, primary hypogonadism, hypothyroidism, secondary
hyperparathyroidism, gynecomastia, frontal baldness, and
brachydactily. The patient had no children.

Cardiac involvement is common in disorders characterized
by mitochondrial dysfunction due to their impact on organs
that rely heavily on energy (8). Following the confirmation of
the diagnosis, the patient underwent a series of medical tests,
including 12-lead surface electrocardiography (ECG), transthoracic
echocardiography, and 24-h Holter monitoring. Conduction
abnormalities were seen, including first-degree atrioventricular
block (AVB), significant right bundle branch block (RBBB), and
sinus tachycardia (Figure 2). The echocardiogram revealed mild
anterior mitral valve prolapses (MVP) and type I diastolic and
systolic LV dysfunction (LVEF = 40%).

Given the presence of many clinical features suggesting KSS in
this patient, we conducted a comprehensive analysis of biochemical
and genetic tests related to cardiovascular risk factors. The lab
testing demonstrated WBC of 12,460/pl (NV 4,000-9,500/pl),
hemoglobin of 17.9 g/dl (NV 13.6-17.2 g/dl), hematocrit of 53.6%
(NV 39-51%), blood glucose of 101 mg/dl (NV 74-106 mg/dl),
aspartate aminotransferase of 58 U/L (NV 15-37 U/L), alanine
aminotransferase of 71 U/L (NV 30-65 U/L), lactic dehydrogenase
of 356 U/L (NV 85-227 U/L), creatinine kinase of 308 U/L (NV 39-
308 U/L), and creatinine kinase-MB of 42 U/L (NV 7-25 U/L). The
serum jonogram revealed ionic calcium of 3.95 mg/dl (NV 4.2-5.2
mg/dl), magnesium of 2.2 mg/dl (NV 1.8-2.4 mg/dl), potassium of
5.5 mmol/L (NV 3.5-5.1 mmol/L), and sodium of 149 mmol/L (NV
136-145 mmol/L).

Endocrinological analyses showed the following values: growth
hormone (hGH) <0.050 ng/ml (NV 0.4-10 ng/ml) and the thyroid
hormone levels were FT3 of 3.35 pmol/L (NV 3.54-6.47 pmol/L),
FT4 of 15.19 pmol/L (NV 11.48-22.70 pmol/L), TSH of 0, 150
mlIU/ml (NV 0.55-4.78 mIU/ml), anti-TG of 24.6 U/ml (NV 0-60
U/ml), and anti-TPO of 31.9 U/ml (NV 0-60 U/ml). Intact PTH
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FIGURE 1

Clinical ophthalmologic symptoms. Bilateral ptosis (A) and external ophthalmoplegia with paralysis of vertical movements (B).

FIGURE 2
ECG-first-degree atrioventricular block, major right bundle branch block, and sinus tachycardia.

was 61.8 pg/ml (NV 7.5-53.5 pg/ml) with a low level of ionic
calcium (3.95 mg/dl). Gonadotropic hormones were testosterone
of 182.76 ng/dl (NV 241-827 ng/dl), FSH of 22.56 mIU/mL
(NV 1.4-18.1 mIU/mL), and LH of 24.39 mIU/mL (NV 1.5-9.3
mIU/mL). Serum cortisol was normal (15.16 pg/dl). CSF indicated
a high protein level of 91 mg/dl (NV 0.12-0.60 mg/dl) and a
high glucose level of 131 mg/dl (NV 40-70 mg/dl) in the absence
of white blood cells during a lumbar puncture procedure. For
the differential diagnosis of myasthenia gravis, we tested anti-
acetylcholine receptor antibodies, which were normal (AChR <
0.2 nmol/L).

Performing  next-generation  sequencing (NGS) on
mitochondrial DNA extracted from peripheral blood leukocyte
samples is the primary diagnostic method for identifying
deletions in situations where KSS is clinically suspected
(5, 9). We requested the testing for sequence analysis of the
MT-TL2 gene; this test was developed and its performance
was validated by CENTOGENE AG (Rostock, Germany)
for clinical purposes. The blood sample was processed by
enriching targeted sequences, and sequencing was done using
NGS Technologies.

We did not detect any clear pathogenic variant in the MT-
TL2 gene sequencing, including the variant m.12315G>A, which
has been reported to be associated with KSS. However, it should
be noted that the variants encoded in the mitochondrial genome
may not be detected in blood if the percentage of heteroplasmy
is low (typically <15% heteroplasmy) (10). In this situation, it is
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recommended to test a sample from an affected tissue, but the
patient did not agree to the muscle biopsy.

Electromyography (EMG) showed a myogenic pathway with
small amplitude and short-duration motor unit potentials with
an early recruitment pattern (bilateral frontal and deltoid
muscles). Electroencephalography (EEG) revealed a generalized
theta background pattern; the lesion-type route was maintained
even when activated by hyperventilation or intermittent light
stimulation (6-12 Hz).

Upon admission to our clinic, brain magnetic resonance
imaging (MRI) was performed with and without contrast. The
results revealed symmetrical high-T2 and Flair signals in the
cerebral white matter of both temporal lobes and in the bilateral
insula of the Reil lobes (Figure 3).

The appearance of brain lesions did not change; the patient
underwent several brain MRIs in the year in which he was
supervised. Unusual high-T2 signals were identified in the
white matter of the cerebellum. Figure 4 shows the presence of
cerebellar atrophy.

The patient was discharged in stable condition with the
recommendation of cardiological monitoring. There is now no
known remedy for this uncommon condition, and all available
therapies only provide support. It was advised to undergo
hormone replacement therapy and take Coenzyme Q10 (CoQ10).
The patient presented at the emergency department 1 month
later with a severe case of bilateral pulmonary embolism,
accompanied by syncope at the onset, acute cardiorespiratory
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FIGURE 3

Upon admission to the hospital, MRI brain scans with contrast revealed T2 axial hypersignal in the subcortical white matter of both temporal lobes (A)
and in the bilateral insula of the Reil lobes (B). MRI stands for magnetic resonance imaging
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failure, proximal deep vein thrombosis in the left limb (the femoral-
popliteal veins), and altered neurological status characterized by
a depressed level of consciousness and extreme agitation. He
received intubation and mechanical ventilation in the critical
care unit.

The patient’s laboratory results showed WBC of 10,800/l
hemoglobin of 16.1 g/dl, hematocrit of 48.6%, platelets of
263,000/pl, blood glucose of 128 mg/dl, aspartate aminotransferase
of 6,570 U/L, alanine aminotransferase of 5,735 U/L, lactic
dehydrogenase of 4,736 UJ/L, creatinine kinase of 535 U/L,
creatinine kinase-MB of 48 U/L, cholinesterase of 14,428 U/L (NV
5,320-12,920 U/L), and lactic acid of 3.2 mmol/L (NV 0.5-2.2
mmol/L). Serum inflammatory workup showed elevated hsCRP of
71.98 mg/L (NV 0-10 mg/L) and fibrinogen of 599 mg/L (NV 200-
393 mg/L). The hepatitis panel (AcHBs, aHCV, and HAV Ig M) was
negative. The hormone levels were FT3 of 2.55 pmol/L, FT4 of 15.08
pmol/L, TSH of 1,003 mIU/ml, and anti-TPO of 45.3 U/L; FSH of
2.76 mIU/ml, LH of 3.70 mIU/ml, and testosterone of 66.80 ng/dl.
Coagulation tests were prothrombin time of 16.0s (NV 9.4-12.5s),
APTT of 74.1s (NV 25.1-36.5s), and INR of 1.43 (NV 0.80-1.07).

Chest-computed tomography (chest-CT) revealed massive
bilateral pulmonary embolism with multifocal infiltrates. The
echocardiogram showed dilation of the right cardiac chambers and
moderate secondary pulmonary hypertension. The venous Doppler
ultrasonography of the lower extremities detected recent total
thrombosis in the left femoral and popliteal veins. The patient was
tested for inherited thrombophilia, obtaining the following genetic
mutations: homozygous Factor V G1691A Leiden, MTHFR gene
polymorphism C677T and A1298C, and PAI-1 675 homozygous
genotype 5G/5G. The patient did not present a prothrombin
G20210A mutation or protein C, protein S, or antithrombin
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deficiencies. In individuals with Kearns-Sayre syndrome, the
presence of inherited thrombophilia, together with pre-existing
cardiovascular disease, is indicative of a poor prognosis.

Significant improvement was seen after 2 weeks, and the patient
returned home in stable conditions on a novel treatment with an
oral anticoagulant drug (Rivaroxaban 20 mg/day). At 6 months
of follow-up, ECG-Holter monitoring and MRI brain images
remain unchanged. After 3 months, the patient died suddenly while
sleeping at home.

3 Discussion

This is an exceptional instance where a patient has Kearns-
Sayre syndrome (KSS) together with inherited thrombophilia,
namely, the homozygous Factor V G1691A Leiden mutation,
MTHEFR gene polymorphisms C677T and A1298C, and PAI-1
homozygous genotype 5G/5G. Unfortunately, this combination of
conditions leads to a catastrophic prognosis.

KSS is an uncommon mitochondrial disorder characterized
by both systemic and ocular symptoms. These symptoms include
chronic progressive external ophthalmoplegia (CPEO), pigmentary
retinopathy, and a beginning of symptoms before the age of 20.
Patients who have chronic progressive external ophthalmoplegia
(CPEO) who satisfy some, but not all the criteria for KSS are
referred to as having “KSS minus” or “CPEO plus” (1, 11).

The patient in our case report did not have a familial
predisposition to KSS or any other mitochondrial illnesses. Our
findings indicate that the patient had symptoms related to
ophthalmology, neurology, cardiology, and endocrinology. This
result aligns with the diagnosis of KSS.
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FIGURE 4

MRI axial Flair FSE images without contrast demonstrated abnormally high signals in the bilateral temporal lobes (A) and in the bilateral insula of the
Reil lobes (B) MRI T2 axial images without contrast showed hypersignal in bilateral temporal lobes (C) and cerebellar white matter (D); imaging
appearance was unchanged after 6 months. MRI, magnetic resonance imaging; Flair, fluid attenuated inversion recovery; FSE, fast spin echo.

O-Ax Flair

The condition manifested in the second decade of life, with
the first symptom being unilateral ptosis, which subsequently
developed into bilateral ptosis and external ophthalmoplegia. We
used a serial examination of old photos to establish the chronic,
progressive nature of this disorder. As a particularity of this
case, we did not find pigmentary retinopathy, and a dilated
fundus examination revealed retinal angiosclerosis. The patient
had considerably diminished visual acuity and was presenting
with retinopathy.
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Additionally, our investigation highlighted the presence of
cardiovascular involvement. Yu et al. reported a study including
19 patients with KSS diagnosed with conduction defects that were
aggravating but not constant, gradually deteriorating from bundle
branch blockage to complete atrio-ventricular block (14). Other
reports also demonstrated that the primary cause of sudden death
in KSS patients was a complete atrio-ventricular block, and the
incidence of sudden cardiac death was 20% as reported. The
most common type of ventricular arrhythmia reported in KSS
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patients by others was bradycardia-related polymorphic ventricular
tachycardia (14, 15). We identified conduction abnormalities
characterized by first-degree atrioventricular block (AVB), major
right bundle branch block (RBBB), and sinus tachycardia.
The criteria for permanent pacemaker/implanted cardioverter
defibrillator (PPM/ICD) insertion include high-grade heart block,
bradycardia, a combination of heart block and bradycardia, and
broadening of the QRS complex (1). Given the circumstances,
the patient did not meet the criteria for PPM/ICD devices.
Throughout a span of 1 year, the patient had ECG-Holter
monitoring, which revealed no more abnormal heart rhythms.
Prior research on progressive heart block and sudden cardiac
death in individuals with KSS recommends considering regular
preventive installation of a pacemaker (PPM) or implantable
cardioverter-defibrillator (ICD). It also suggests having a low
threshold to perform electrophysiological testing rather than
doing formal electrophysiological testing in these patients, with a
preference for a lower threshold (1, 12-14).

KSS has been associated with several endocrine disorders.
Khambatta et al. reported a case series of 35 adults and
children with KSS. They identified patients with short stature,
delayed puberty, diabetes mellitus, and hypothyroidism. However,
hyperaldosteronism and hypoparathyroidism, which have been
reported in previous studies, were not observed in their study
(1).

similar to those in our patient, including short stature and

Endocrine disturbances are frequently reported in KSS,

brachydactyly from low growth hormone, delayed puberty, primary
hypogonadism, frontal baldness, and gynecomastia caused by
gonadotropic insufficiency and hypothyroidism. Usually, a patient
with KSS has primary hypoparathyroidism, but in our case, the
patient had been reported to have secondary hyperparathyroidism
with an increased level of PTH and a low level of ionic calcium.
Hypocalcemia associated with elevated PTH values in a patient with
normal renal function suggests resistance to PTH actions.

Throughout the progression of the illness, the individual had
a progressive onset of other neurological symptoms, including
cerebellar ataxia, cerebellar tremor, muscular weakness in the limbs
and shoulders, and a decline in cognitive abilities. The results of the
brain magnetic resonance imaging (MRI), both with and without
contrast, showed abnormalities. In a previous study conducted
by other scholars, it was shown that the subcortical white matter
had a 90.9% involvement rate, the basal ganglia and brainstem
had a 63.6% involvement rate each, the thalamus had a 54.5%
involvement rate, and the cerebellum had a 25.0% involvement
rate (15, 16). The patient exhibited cerebral involvement, namely
in the bilateral temporal lobes and bilateral insula of the Reil
lobes, as well as cerebellar white matter involvement. However,
there was no involvement of the brainstem. There was evidence
of cerebellar atrophy. Subsequent investigations should include
extended clinical and MRI monitoring to more accurately monitor
the progression of brain MRI abnormalities and their correlation
with clinical characteristics (15).

Prior published case series have included individuals diagnosed
with KSS. Yamashita et al. reported on a group of 136 individuals
who had mtDNA deletions. However, after using the diagnostic
criteria established by Roland et al., they discovered that 24% of
these patients fulfilled the criteria for Kearns-Sayre syndrome (KSS)
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(4, 17). Khambatta et al. conducted a study on 35 individuals with
KSS. They relied on the diagnosis made by the treating physician
instead of retrospectively applying criteria based on positive
genetic test results (1). The patients exhibited more heterogeneity,
including cases with onset occurring beyond the age of 20 years
and lacking both progressive external ophthalmoplegia (PEO) and
pigmentary retinopathy. Our investigation has constraints. No
pathogenic variant was identified in the MT-TL2 gene sequencing.
Additionally, due to logistical constraints, additional genetic testing
could not be performed since it is only available in another
country. If patients with a high likelihood of having KSS based
on their physical characteristics have negative blood tests for KSS,
it is recommended to sequence their muscle mtDNA. This is
because tissue-specific mutations can sometimes be overlooked,
and low levels of heteroplasmy in the blood can result in false-
negative outcomes (5). Regrettably, the patient declined to have the
muscle biopsy.

Since the patient returned to the emergency department with
massive bilateral pulmonary embolism with syncope at onset,
cardiorespiratory acute failure, proximal deep vein thrombosis,
and altered neurological status without atrial fibrillation, we
did tests for inherited thrombophilia, obtaining the following
genetic mutations: homozygous Factor V G1691A Leiden, MTHFR
gene polymorphisms C677T and A1298C, and PAI-1 675
homozygous genotype 5G/5G. A differential diagnosis was made
with cerebral venous sinus thrombosis. The diagnostic assessment
using magnetic resonance imaging (MRI) and magnetic resonance
venography (MRV-2D TOF) disproved the diagnosis of cerebral
venous sinus thrombosis (CVST).

A study conducted by Tripathi et al. (18) examined a population
in North India and found a correlation between the MTHFR
C677T gene polymorphism, elevated plasma homocysteine levels,
and coronary artery diseases. Previous literature studies have
shown the significance of the MTHFR C677T polymorphism in
the development of ischemic stroke and cerebral venous sinus
thrombosis (6, 7, 19, 20). MTHFR deficiency is an inherited
disorder that affects the way the brain processes folate. In 2004,
Ramaerkers et al. coined the term cerebral folate deficiency (CFD)
to include any neuropsychiatric or neurodevelopmental diseases
that are linked to low MTHFR concentration in cerebrospinal
fluid (CSF), despite normal levels of folate, vitamin B12, and
homocysteine outside the nervous system (21, 22). Mitochondrial
abnormalities related to mutations in nuclear- or mitochondrial-
encoded DNA are a significant cause of CFD syndrome. These
mutations are responsible for mitochondrial encephalopathies,
KSS, and Alper’s illness. MTHFR deficiency is a genetic condition
that causes elevated levels of homocysteine, leading to many
symptoms, including developmental delay, eye issues, thrombosis,
and osteoporosis (23). The presence of either homozygous (C677T)
mutations or compound heterozygous (C677T and A1298C)
mutations is anticipated to result in reduced MTHFR enzyme
activity, which may present a variety of clinical neurological
symptoms similar to those seen in infantile CFD (24, 25). In
our patient diagnosed with KSS, it would have been necessary
to dose folate in the CSF. MTHFR gene polymorphisms C677T
and A1298C did not mean that the patient had cerebral folate
deficiency, but determination of the folate level in the CSF
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would have been important to institute treatment with folic
acid. In our patient diagnosed with KSS and having both
heterozygous C677T and A1298C mutations, the presence of a
cerebral folate deficit may play a role in the development of
leukoencephalopathy and cognitive symptoms. Additionally, this
deficiency significantly increases the likelihood of experiencing
venous and arterial thrombosis. In addition to quantifying the
proteins in the cerebrospinal fluid by lumbar puncture, we firmly
believe that it is essential to determine the concentration of folic
acid as early as possible in the evolution of the disease.

4 Conclusion

Patients with high suspicion of KSS must be examined by
clinicians from a neurological, cardiological, endocrinological,
and ophthalmological point of view. Specific medical tests
in the diagnosis,
DNA deletions,
(to assess the protein and folic acid in the cerebrospinal

may assist including genetic tests for

mitochondrial muscle biopsy, spinal tap

fluid), blood tests, EKG and echocardiogram, MRI of
the brain, and screening for endocrinological disorders
(dosing of hormones, especially thyroid, gonadotropins,

and growth hormone).

This presentation in the patient with KSS associated with
inherited thrombophilia is a coincidence discovered following
thromboembolic complications that appeared with a reserved
prognosis. We consider that genetic testing for inherited
thrombophilia in KSS patients with pulmonary thromboembolism,
deep vein thrombosis, or cerebral venous sinus thrombosis is
necessary, including the following mutations: MTHFR gene
polymorphism C677T and A1298C, PAI-1 675 homozygous
genotype, Factor V. GI1691A Leiden, prothrombin G20210A
mutation, protein C, protein S, and antithrombin deficiencies.
The mutations in the MTHFR and PAI-1 genes were not clinically
important alone, but when found with Factor V Leiden, they
could contribute to the risk of thromboembolism. By detecting
these mutations, we can prevent major complications that can
have a fatal prognosis, such as cerebral venous sinus thrombosis,
ischemic stroke, coronary accidents, or sudden death. Therefore,
certain treatments should include oral anticoagulant drugs,
folic acid, hormone replacement, and a pacemaker for heart
rhythm problems.
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Have one’s view of the important
overshadowed by the trivial:
chronic progressive external
ophthalmoplegia combined with
unilateral facial nerve injury: a
case report and literature review
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Xueqin Chen ® *?, Yangsicheng Liu ® !, Wenxin Qin ® *,
Xiude Qin ® *** and Fanxin Kong ® ***

'The Fourth Clinical Medical College, Guangzhou University of Chinese Medicine, Shenzhen, China,
2School of Acupuncture and Tuina, Chengdu University of Traditional Chinese Medicine, Chengdu,
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Chronic progressive external ophthalmoplegia (CPEO) is a mitochondrial
encephalomyopathy that is characterized by progressive ptosis and impaired
ocular motility. Owing to its nonspecific clinical manifestations, CPEQO is often
misdiagnosed as other conditions. Herein, we present the case of a 34-year-
old woman who primarily presented with incomplete left eyelid closure and
limited bilateral eye movements. During the 6-year disease course, she was
diagnosed with myasthenia gravis and cranial polyneuritis. Finally, skeletal muscle
tissue biopsy confirmed the diagnosis. Biopsy revealed pathological changes
in mitochondrial myopathy. Furthermore, mitochondrial gene testing of the
skeletal muscle revealed a single chrmM:8469-13447 deletion. In addition, we
summarized the findings of 26 patients with CPEO/Kearns—Sayre syndrome who
were misdiagnosed with other diseases owing to ocular symptoms. In conclusion,
we reported a rare clinical case and emphasized the symptomatic diversity of
CPEO. Furthermore, we provided a brief review of the diagnosis and differential
diagnosis of the disease.
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Introduction

In clinical settings, some atypical symptoms often misdirect doctors’ attention during
the diagnosis of some difficult diseases, thereby rubbing shoulders with the truth. For
example, when chronic progressive external ophthalmoplegia (CPEO) is combined with
other eye or facial symptoms, the diagnosis may be delayed for several years. CPEO
is a subtype of mitochondrial encephalomyopathy that is characterized by a mutation
in mitochondrial DNA (mtDNA) or nuclear DNA; this impairs adenosine triphosphate
synthesis and subsequently leads to energy deficiency. Chronic progressive ptosis and
impaired eye movement are the hallmark clinical symptoms of CPEO. In general, this
disease occurs sporadically, with onset ranging from early childhood to ~50 years of age;

84 frontiersin.org


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2023.1268053
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2023.1268053&domain=pdf&date_stamp=2024-01-05
mailto:qinxiude@foxmail.com
mailto:kfx1662@gzucm.edu.cn
https://doi.org/10.3389/fneur.2023.1268053
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2023.1268053/full
https://orcid.org/0009-0007-0380-5970
https://orcid.org/0009-0001-0461-5075
https://orcid.org/0009-0004-8286-4909
https://orcid.org/0000-0003-1234-7338
https://orcid.org/0009-0004-9131-6963
https://orcid.org/0009-0002-2679-7196
https://orcid.org/0000-0002-4856-3748
https://orcid.org/0000-0002-7652-9803
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Feng et al.

nevertheless, it most often occurs before 30 years of age and affects
both men and women at a similar ratio of ~1:1.8-2.5 (1, 2).
Bilateral ptosis is often the initial symptom of CPEO; however,
some patients may also experience diplopia and fatigue intolerance
as initial symptoms. Progressive ptosis, ocular motility disorders,
fatigue, and proximal limb weakness are the primary clinical
manifestations of CPEO (3). However, the clinical presentation
of CPEO overlaps with other conditions, including oculomotor
myasthenia gravis, resulting in potential misdiagnosis. Herein, we
present the case of a patient who was diagnosed after 6 years
of seeking medical attention for her rare clinical presentation.
Simultaneously, we briefly summarized the findings of previous
patients with CPEO who were misdiagnosed with other diseases
owing to their ocular symptoms.

Case report

A 34-year-old woman presented with a history of incomplete
left eyelid closure and limited eye mobility for 8 years; she
had no relevant family history. In addition, she reported mild
physical activity limitation; however, she did not promptly seek
medical attention. Her parents are healthy non-blood relatives. In
2017, she visited an ophthalmology hospital for these symptoms;
fundoscopy and optical coherence tomography revealed the
absence of any anomalies. Subsequently, she was diagnosed with
myasthenia gravis and prescribed oral pyridostigmine (60 mg tid)
and prednisone (30mg qd); however, her symptoms did not
significantly improve. Prednisone dosage was gradually decreased
to 15mg QD. In 2018, she experienced fatigue and weakness 6
months after giving birth. In September 2019, she discontinued
pyridostigmine and prednisone because she did not notice any
substantial changes in her symptoms while on this medication.
In late 2020, she developed left-sided facial hypoesthesia. In 2021,
her limited eye movement worsened, with emotional stress during
the 8th month of pregnancy, resulting in retesting and strabismus.
She sought medical attention at another hospital, where she
tested negative for anti-AchR, anti-MuSK, anti-Titin, and anti-
VGCC antibodies. Routine biochemical tests and cerebrospinal
fluid pressure were unremarkable. However, oligoclonal bands
were observed in both blood and cerebrospinal fluid samples.
Moreover, in both blood and cerebrospinal fluid samples, she
tested negative for anti-AQP4, anti-MOG, anti-GFAP, and anti-
MBP antibodies. Enhanced chest computed tomography (CT)
did not reveal any thymoma. Furthermore, cranial magnetic
resonance imaging showedrevealed no significant anomalies.
Electromyography (EMG) results revealed the following: (1) mixed
damage to the motor fibers of the temporal branch of the left facial
nerve; (2) neurogenic injury of the left orbicularis oculi muscle;
and (3) bilateral neurogenic injury of the quadriceps and tibialis
anterior muscles. Finally, she was diagnosed with polyneuritis
cranialis. Treatment with methylprednisolone pulse therapy and
B vitamins was initiated; as a result, her strabismus and diplopia
improved. She was discharged on oral prednisone (60 mg qd) and
B vitamins; however, the symptoms of incomplete left eyelid closure
and limited eye movement did not resolve.

When she was admitted to our department in September 2021,
neurological examination revealed incomplete left eyelid closure

Frontiersin Neurology

10.3389/fneur.2023.1268053

and decreased sensation on the left side of her face. Furthermore,
she exhibited limited eye movement in both eyes: there was
significant upward, downward, outward, and inward movement
in the left eye and significant upward, downward, and outward
movement in the right eye. However, bilateral ptosis and nystagmus
were not observed. The bilateral upper extremity muscle strength
grade was 5, whereas the bilateral lower extremity muscle strength
grade was 5-, with no muscle bundle tremor.

She gave birth to one son and one daughter. The eldest daughter
seems to displaying signs of fatigue intolerance.

Laboratory examination

At rest, the blood lactic acid levels were 1.8 mmol/L. After
15min of exercise, lactic acid levels increased to 11.9 mmol/L;
however, after 10min of rest, they decreased to 8.1 mmol/L.
The levels of serum lactate dehydrogenase (LDH), creatine
kinase (CK), and creatine kinase isoenzyme (CK-MB) were in
the normal range. Other blood routine and biochemical tests
were unremarkable. Electrocardiography revealed mild changes
in the T wave without any conduction block. EMG revealed the
following: (1) electrophysiological signs of left facial nerve damage,
characterized by lower wave amplitudes of action potentials in
the orbicularis oculi, orbicularis oris, and nasal muscles compared
with the contralateral side, with normal latency; and (2) negative
electrophysiological findings in the repetitive electrical stimulation
test. Brain magnetic resonance imaging revealed no anomalies.
Finally, peripheral blood samples were collected for whole-exome
and full-length mitochondrial gene sequencing. Genetic testing did
not reveal any mutations in the relevant genes.

In December 2021, after obtaining consent from the patient,
biopsy of the biceps muscle was performed for tissue analysis and
genetic testing. Tissue biopsy revealed changes in mitochondrial
myopathy. Furthermore, hematoxylin and eosin staining revealed
muscle fibers of different sizes and scattered atrophic muscle
fibers (Figure 1A). Modified Gémori trichrome staining revealed
a few ragged-red fibers (RRF) (Figure 1B). Moreover, succinate
dehydrogenase (SDH) staining revealed scattered ragged-blue
fibers (RBF) (Figure 1C). Cytochrome ¢ oxidase (COX) staining
revealed several scattered negative muscle fibers (Figure 1D).
Although blood genetic testing did not reveal any relevant
mutations, muscle genetic testing revealed the deletion of a
meaningfully large fragment in the mitochondrial gene. Finally,
mitochondrial gene analysis revealed the deletion of a large gene
segment, with a single deletion region in chrmM:8469-13447. Based
on these findings, the patient was finally diagnosed with CPEO
(Figure 2).

Discussion

CPEO is a rare disease that was first reported by Von Grafe in
1868. Studies have reported that the prevalence of CPEO differs in
different populations. For example, a study published in Neurology
in 2005 reported that the prevalence of large-fragment mtDNA
deletions is 1.6/100,000 in adults in northern Finland (4). Another
study reported that the minimum estimated prevalence of CPEO
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FIGURE 1

muscle fibers.

(A) Hematoxylin and eosin (HE) staining; (B) Modified Gomoéri trichrome (MGT) staining; (C) Succinate dehydrogenase (SDH) staining; and (D)
Cytochrome c oxidase (COX) staining. (A) HE staining revealed different muscle fiber sizes and scattered atrophic muscle fibers. (B) MGT staining
revealed a few ragged-red fibers. (C) SDH staining revealed scattered ragged-blue fibers. (D) COX staining revealed several scattered negative

is 3.39/100,000 in the UK (5). CPEO can manifest at any age;
however, it is often observed during childhood and adolescence,
with a higher prevalence before 30 years of age. This condition can
sporadically occur or run in families, indicating that it has both
sporadic and familial forms. In general, CPEO initially presents
with ptosis, with patients possibly experiencing diplopia and
fatigue as their initial symptoms. Because no universally accepted
diagnostic criteria for CPEO are available, a comprehensive
approach involving clinical evaluation, laboratory tests, muscle
tissue biopsies, and mitochondrial genetic testing is warranted
to establish a diagnosis. Owing to symmetrical paralysis of the
bilateral extraocular muscles and slow disease progression over
months or years, compensatory mechanisms in the extraocular
muscles frequently maintain a balanced ocular movement, resulting
in infrequent complaints of diplopia or visits to the clinics for
diplopia symptoms specifically (6, 7). In biochemical tests, the
levels of CK, CK-MB, and LDH are frequently measured; these
markers are generally normal or only mildly increased in patients
with CPEO and serve as the initial screening indicators during
diagnosis. Furthermore, blood lactic acid and pyruvate tests are
vital for evaluating mitochondrial function. In some cases, blood
lactic acid and pyruvate levels fail to return to normal within
10 min after exercise. However, in our case, only blood lactic acid
was measured, without measuring pyruvate. Nevertheless, lactic
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acid test results aligned with the characteristic metabolic changes
associated with CPEO.

Muscle tissue biopsy of the extremities is a valuable tool for
diagnosing CPEOQ; it generally focuses on examining the proximal
skeletal muscle. Necrotic and degenerated muscle fibers can be
observed under a light microscope. Gomori staining, which stains
abnormal mitochondria, reveals the presence of RRF, which is
a characteristic pathological feature of mitochondrial diseases.
Furthermore, SDH staining, also called RBF staining, stains the
muscle fibers blue; in general, it is a more sensitive method
for detecting anomalies (8). COX staining can reveal COX(-)
muscle fibers because respiratory chain enzymes are inhibited in
mitochondrial diseases. In the present case, muscle tissue biopsy
revealed the presence of RRE, RBF, and COX(-) muscle fibers; these
findings were consistent with the characteristic histological changes
associated with CPEO. Figure 1 provides a visual representation of
the study findings.

In patients with CPEO, the primary mutation type is a single
large-fragment deletion of mtDNA (9). A study conducted at
Peking University First Hospital has revealed that the size of the
deletion fragment of mtDNA is inversely correlated with the disease
onset age, with larger deletions associated with earlier disease onset
(10). Furthermore, point mutations in mtDNA or nuclear DNA can
result in CPEO development (11, 12).
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FIGURE 2
Triangular muscle mitochondrial gene testing. A single deletion (chrmM:8469-13447, arrow) was observed in the mitochondrial gene.

Mitochondrial genetic testing is the gold standard for CPEO
diagnosis. Biological samples such as blood, urine, saliva, hair
follicles, and muscle tissues can be used to perform genetic testing
for mitochondrial encephalomyopathy. The first four samples can
be collected non-invasively; however, muscle tissues achieve the
highest positive rate, whereas blood samples achieve the lowest rate
(13-16). Because mutant mtDNA is abundant in skeletal muscle
tissues, they are generally preferred for testing purposes. A single
major fragment deletion of mtDNA is commonly observed in
patients with sporadic CPEO. Schon (17) identified a deletion
fragment of 1.3 kb—7.6kb, spanning from base 8483 to base
13459. In the present case, whole-exome sequencing of peripheral
blood samples and full-length sequencing of mitochondrial genes
only revealed mutations with no clinical significance. However,
these findings did not align with muscle biopsy results; therefore,
the patient underwent muscle tissue genetic testing. Fortunately,
genetic testing confirmed the presence of CPEO (Figure 2).
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Interestingly, in the present case, unilateral eyelid closure
opacification and facial hypoesthesia were observed during the
definitive diagnosis. EMG revealed facial nerve damage and
neurogenic orbicularis oculi damage; therefore, the hospital
diagnosed the patient with polyneuritis cranialis. This diagnosis
was supported by improvements in the patients symptoms after
treatment with corticosteroids and B vitamins. Although CPEO
is associated with peripheral neuropathy, it generally manifests
as symmetric sensory and motor deficits in the limbs, rarely
affecting the unilateral cranial nerves (2, 18, 19). Previous studies
(20-22) have reported that the orbicularis oculi is involved in
CPEOQ, resulting in incomplete closure of the eyelid. However,
electromyography generally indicates myopathic weakness, with
involvement of both sides. Furthermore, some studies (23, 24) have
identified RRF in the muscle tissues of patients with CPEO and
weakness of the orbicularis oculi via muscle biopsies, suggesting
a myogenic lesion. Therefore, in the present case, the patient
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presented with a combination of unilateral facial nerve injury,
which was supported by neurophysiological findings, and a possible
trigeminal nerve injury, which remains unreported. Considering
that incomplete eyelid closure did not worsen with the progression
of oculomotor limitation in 2021, we suggest that the facial nerve
injury in the present case was independent of CPEO. Subsequently,
we believe that our patient experienced an independent left facial
nerve injury during CPEO progression.

Owing to its rare clinical symptoms, CPEO can be easily
overlooked or misdiagnosed. Therefore, differentiating it from
other conditions that may present with similar extraocular
muscle paralysis, including oculopharyngeal myasthenia gravis
(OMGQG), oculopharyngeal muscular dystrophy (OPMD), and ocular
pharyngeal distal myopathy (OPDM), is vital. Therefore, we
reviewed the relevant literature on cases of CPEO/ Kearns-
Sayre syndrome (KSS) that were previously misdiagnosed as other
diseases owing to ocular symptoms (Table 1).

In total, 26 patients were misdiagnosed. Of these, 14 were
females (53.8%). In 7 of 26 patients, the disease started when
they were minors (<18 years old); furthermore, 17 of 26 patients
presented with symptoms in adulthood. For 2 patients, the age of
disease onset was not mentioned.

The onset age was recorded in 20 patients, with a mean age of
31.55 £ 16.72 years. The age at first diagnosis was recorded in 10
patients, with a mean age of 33.5 & 16.88 years. The age at final
diagnosis was recorded in 12 patients, with a mean age of 38 + 16.78
years. Considering the differences in the onset age between patients
with KSS and CPEO, the mean onset age was 34.20 & 15.47 years
for 18 of 24 patients with CPEO, the mean age at first diagnosis was
36.33 £ 15.37 years for 9 of 24 patients, and the mean age at final
diagnosis was 43.10 £ 13.42 years for 10 of 24 patients.

Oculomotor palsy was observed in 23 of 26 patients and ptosis
was observed in 23 of 26 patients. Fatigue or malaise was observed
in 15 of 26 patients. Strabismus was observed in 2 of 26 patients
(case 2 and our patient). Diplopia was also observed in 2 of
26 patients (case 24 and our patient). Moreover, dysarthria or
dysphagia was observed in 6 of 26 patients. Vision and hearing loss
were observed in 1 of 26 patients, and arthralgia was also observed
in 1 of 26 patients (case 19). Finally, 1 of 26 patients experienced
unsteady gait and bradykinesia (case 3).

Of the 16 documented patients, 1 (case 18) tested positive for
serum AchR antibodies via ELISA, resulting in the diagnosis of
myasthenia gravis. However, clinical symptoms did not improve
after 2 months of oral brompheniramine. After subjecting the initial
serum samples to radioimmunoassay, the results were negative.
This emphasizes the interference of test results in the presence of
false positives in disease diagnosis.

Serum lactate was higher than normal in 4 of 8 patients.
Furthermore, LDH was increased in 2 of 4 patients and CK was
increased in 5 of 15 patients.

The muscle biopsy findings of 22 patients were reported, of
which 20 exhibited RRF or/and COX(~) muscle fibers, whereas the
remaining 2 patients had possible mitochondrial lesions (cases 1
and 22).

Furthermore, the genetic testing results of 19 patients were
reported. Four patients had a single large-fragment deletion,
whereas 15 patients had a point mutation.
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Twenty patients were previously diagnosed with myasthenia
gravis: 18 patients were diagnosed with ocular myasthenia and
administered brompheniramine. On the other hand, five patients
were previously diagnosed with OPMD, and two patients were
previously diagnosed with myositis owing to increased LDH and
CK levels (cases 19 and 21). Progressive supranuclear palsy owing
to ataxia was suspected in one patient (case 3).

In general, OMG manifests as ptosis and diplopia, with milder
symptoms in the morning, which worsen as the day progresses.
OMG is commonly characterized by positive muscle fatigue and
Tensilon test findings, the presence of serum anti-AChR antibodies,
and positive repeated nerve stimulation test results. Furthermore,
chest CT may confirm the presence of thymoma, and corticosteroid
therapy is often effective. In our case, relevant antibodies and
repeated nerve stimulation test results were negative, and chest CT
revealed thymoma; therefore, OMG was excluded as a diagnosis.

OPMD frequently starts
the extraocular and pharyngeal muscles is an early clinical

in middle age. Paralysis of
manifestation, with symptoms progressively exacerbating. Muscle
pathology reveals rimmed vacuoles and fenestrated intranuclear
inclusion bodies in the muscle fibers. Furthermore, genetic testing
reveals mutations in PABPNI.

In general, the initial symptom of OPDM is droopy eyelids;
however, it later progresses to dysphagia and limb weakness. Studies
(38-41) have linked this condition to mutations in genes such as
LRPI2, GIPCIl, NOTCH2NLC, and RILPLI. In the present case,
we did not observe pharyngeal muscle weakness, and the genetic
testing results were inconsistent with those of OPDM. Therefore,
oculopharyngeal distal myopathy was excluded from the diagnosis.

KSS, a severe subtype of CPEO, is characterized by the risk
of sudden death owing to heart block. It is defined using specific
criteria (3, 42), including (1) onset before 20 years of age; (2)
clinical features of CPEO accompanied by retinopathy pigmentosa;
and (3) presence of one of the following: cardiac conduction
anomalies, cerebrospinal fluid protein level > 1 g/L, or cerebellar
dysfunction. In the present case, symptoms presented after 20
years of age, with no evidence of retinopathy pigmentosa. The
protein levels in the cerebrospinal fluid were in the normal range,
with no signs of ataxia or other types of cerebellar dysfunctions.
Furthermore, electrocardiography did not reveal any conduction
blocks. Therefore, our patient did not fulfill the diagnostic criteria
for KSS at that time.

During the follow-up period until April 2023, incomplete left
eyelid closure persisted, with limited movement of both eyes.
Fortunately, there was no significant disease progression, and
electrocardiography did not reveal any conduction block.

At present, no specific treatment modalities are available for
CPEQ, and medication primarily involves administering vitamins
and coenzyme factors (43). Corticosteroids may help decrease lactic
acid accumulation and provide therapeutic benefits for the disease.
However, gene therapy holds promise as a potential treatment
strategy for CPEO. Ongoing advances in gene therapy may lead
to significant breakthroughs in the treatment of this disease in
the future.

In the present study, we demonstrated the challenges faced
by physicians in diagnosing CPEO, a rare presentation. The
patient’s clinical symptoms can mislead the physician’s direction of
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TABLE 1 Literature review of patients with CPEO/KSS who were misdiagnosed with other diseases owing to ocular symptoms.
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diagnosis. Therefore, to diagnose such patients, physicians should
master the diagnostic process as well as be familiar with the
differential diagnosis of related diseases.

Our study has some limitations that should be acknowledged.
Initially, the results of peripheral blood gene sequencing were not
positive. We performed skeletal muscle biopsy only after a 3-
month interval. Therefore, we suggest that patients with a clinical
suspicion of mitochondrial encephalomyopathy, who can tolerate
the pain associated with biopsy, should undergo skeletal muscle
biopsy after directly consulting with them.
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Acute intermittent porphyria (AIP) is a rare inherited metabolic disorder
resulting from increased production of porphyrins and their precursors, &-
aminolevulinic acid (ALA) and porphobilinogen (PBG), due to deficiencies
in the enzymatic activity of the heme synthesis pathway. The disease is
typically characterized by a triad of abdominal pain, neurologic impairment
symptoms, and psychiatric abnormalities. However, only a small percentage
of patients present with this classic triad of symptoms. Our female patient,
aged 23, was admitted to the hospital with a 4-year history of abnormal
mood episodes and weakness in the limbs for over 1 week. She had a
previous medical history of intestinal obstruction. After admission, a cranial MRI
revealed reversible posterior leukoencephalopathy imaging manifestations, and
the patient exhibited weakness of the extremities, respiratory failure, seizures,
and severely reduced serum sodium concentration. The diagnosis of AIP was
ultimately confirmed by a positive urine PBG-sunlight test and analysis of HMBS
gene variants. The absence of typical triadic signs in acute attacks of AIP can
make early recognition of the disease challenging. We present a case with
multiple typical clinical manifestations of AIP in the hope of aiding clinicians in
fully recognizing acute intermittent porphyria.

KEYWORDS

acute intermittent porphyria, abdominal pain, limb weakness, epilepsy, psychiatric
abnormalities

Introduction

Porphyrias are a group of metabolic disorders resulting from impaired heme
biosynthesis, leading to abnormally high concentrations of porphyrins or their precursors
that accumulate in tissues and cause cellular damage. These diseases are primarily caused
by enzyme defects and are inherited in an autosomal dominant manner with low epistasis
(1). They can be categorized into two groups based on the site of porphyrin production:
erythropoietic porphyrias, characterized by skin damage and minimal neurological
involvement, and hepatic porphyrias, characterized by neurological and visceral signs
and symptoms (2). Hepatic porphyrias is subdivided into acute hepatic porphyria and
chronic hepatic porphyria. Acute hepatic porphyrias (AHPs) is a complex group of inborn
errors of metabolism that result in acute episodic neurovisceral attacks, encompassing four
life-threatening disorders—acute intermittent porphyria (AIP), hereditary coproporphyria
(HCP), variegate porphyria (VP), and delta- or 5-aminolevulinic acid (ALA) dehydratase
deficiency (or Doss porphyria) (ALADP). The mode of inheritance of acute hepatic
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porphyria is autosomal dominant with low penetrance, except for
ALAD-deficiency hematoporphyria (ALADP), which is autosomal
recessive. AIP is classified as a subtype of acute hepatic porphyria
and is the most frequently encountered type of this disorder
(3, 4). AIP is a hereditary disease resulting from defects in
the HMBS gene encoding porphobilinogen deaminase (PBG
deaminase), the third key enzyme in the heme synthesis pathway.
Deficiency of this enzyme leads to the accumulation of toxic
porphyrin precursors, primarily 3-aminolevulinic acid (ALA)
and porphobilinogen (PBG). Due to its toxic impact on nerve
fibers, AIP can manifest clinically as abdominal pain, neuropathy,
and psychiatric abnormalities (5). AIP is a rare disease often
overlooked by clinicians. As patients may not exhibit multiple
typical symptoms simultaneously, there can be a considerable delay
between the first symptom and the diagnosis of porphyria, resulting
in decreased quality of life, permanent neuropathy, severe and
long-lasting sequelae, and even death. Here, we present a case
of acute intermittent porphyria with an acute onset of severe
limb weakness progressing to respiratory muscle weakness and
respiratory failure. This case report aims to raise awareness among
clinicians and facilitate early recognition and accurate diagnosis of
this rare disease.

Case

On April 9, 2023, a 23-year-old woman was admitted to
the hospital with a history of abnormal mood episodes for 4
years and weakness in the extremities for over 1 week. The
patient had experienced intestinal obstruction in 2018, which
was conservatively treated with satisfactory results, without any
significant personal or family medical history. The patient began
to exhibit mood abnormalities 4 years ago, manifesting as signs
of depression and irritability. Over the years, the patient has
frequently experienced abdominal and lumbar pain, leading her to
engage in habitual jumping to alleviate these discomforts. These
physical symptoms were accompanied by panic attacks, chest
tightness, and difficulty sleeping. These symptoms often preceded
menstruation and resolved spontaneously post-menstruation.
Despite being treated with citalopram, olanzapine, and quetiapine
at a hospital, the symptoms persisted. One month ago, the patient
again became irritable and experienced insomnia, accompanied by
unresponsiveness. Consequently, she was admitted to an external
hospital, though the details of the consultation and treatment
remain unknown. The symptoms did not improve significantly.
One week prior to admission, the patient developed weakness
in all four limbs, particularly the upper limbs, and progressively
became bedridden. She also experienced dysphagia, shortness
of breath, urination difficulties, and mental depression. Physical
examination revealed moderate growth, malnutrition, a passive
position, emaciation, and cyanosis. The patient had a urinary
catheter and gastric tube in place. The remaining examination
findings were unremarkable. The neurological examination showed
that the patient was unconscious, non-verbal, and could only open
her eyes in response to stabbing pain. The bilateral pupils were
equal in size and round, with a diameter of approximately 4.0 mm,
and the direct and indirect light reflexes were sensitive. The muscle
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strength of the limbs was weak, and there was a slight avoidance
response to stabbing pain. Additionally, the patient exhibited
decreased muscle tone in the extremities, absent tendon reflexes in
the extremities, absent bilateral baroreflexes, neck tenderness, and
kyphosis. Blood gas analysis indicated an oxygen partial pressure
of 27 mmHg and carbon dioxide partial pressure of 68 mmHg,
suggestive of type II respiratory failure. Despite being admitted to
the hospital and receiving cardiac monitoring, high-concentration
oxygen therapy, and sputum suction, the patient’s SpO2 remained
below 70%. As a result, she was intubated and ventilated with
ventilator-assisted ventilation. Laboratory test results revealed a
significant elevation in the white blood cell count at 24.52*109/L,
a significantly reduced sodium ion concentration at 115.5 mmol/L,
and an elevated calcitoninogen level at 0.530fng/mL. BNP,
troponin I, coagulation routine, hepatic function, renal function,
thyroid function, ANCA, and rheumatoid immune series did
not exhibit any significant abnormalities. The results of infection
markers, aspergillus serology test, and fungal D-glucan were within
normal limits. On April 11, 2023, cranial magnetic resonance
imaging (MRI) revealed high signal intensity in the bilateral
parieto-occipital lobe and right temporal lobe in T2-FLAIR, local
high signal intensity in the diffusion-weighted imaging (DWI)
sequence, and a slightly low signal intensity in the corresponding
ADC. No obvious abnormality of low signal intensity was observed
in the brain parenchyma on the susceptibility-weighted imaging
(SWI). Based on these imaging findings, reversible posterior
white matter encephalopathy was considered (see Figure 1).
Electromyography showed peripheral nerve damage in the upper
and lower extremities involving both motor and sensory fibers, as
well as axonal damage. The cell count in the cerebrospinal fluid was
normal, while the protein concentration was elevated; ganglioside
antibodies were negative in both blood and cerebrospinal fluid.
Guillain-Barré syndrome (GBS) was suspected due to the acute
onset and rapid progression of spinal and cranial nerve damage
in the extremities, along with the presence of albuminocytological
dissociation in the cerebrospinal fluid. Therefore, we administered
human immunoglobulin (0.4 g/kg.d) for 5 days, methylcobalamin
and lipoic acid to nourish the nerves, antibiotics to combat
infection, and 3% hypertonic saline to correct hyponatremia,
among other treatments. However, the patient’s limb weakness did
not show any significant improvement, and she still had difficulty
with extrication and quadriplegia. Nine days after admission, the
patient in the ICU experienced repeated loss of consciousness,
failure to call out, and limb twitching. These symptoms could
be terminated after administering sedative diazepam. Seizures
were considered, so levetiracetam and sodium phenobarbital
were added for antiepileptic purposes. Electroencephalogram
showed a slowing of the background rhythm. At that time,
we carefully considered the possibility of a misdiagnosis and
further summarized the patient’s condition. The patient had
a history of intestinal obstruction and subsequently developed
intermittent psychiatric abnormalities and abdominal pain related
to the menstrual cycle. Recently, the patient had experienced
acutely worsening peripheral neurological symptoms, which were
consistent with the classic triad of acute intermittent porphyria.
We observed that the patient’s urine darkened to a dark brown
color when exposed to sunlight (see Figure 2). Additionally, we
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collected urine samples from the patient’s parents and found that
the father’s urine did not significantly change color after exposure
to sunlight, while the mother’s urine exhibited a mild darkening.
Further genetic analysis of the patients family line revealed that
the patient carried a heterozygous missense variant in the HMBS
gene (c.518G>A:p.R173Q), which was inherited from the patient’s
mother and was not present in the patients father or younger
brother. Ultimately, a definitive diagnosis of acute intermittent
porphyria was made. Subsequently, we adjusted the patients
treatment regimen to include progesterone injections of 20 mg
once daily (QD) intramuscularly to delay menstruation, dextrose
injections of 150 g twice daily (BID) intranasally, and discontinued
the use of aggravating medications such as sodium phenobarbital.
On April 28, 2023, the patient’s repeat cranial brain MRI revealed
a significant decrease in the extent of the abnormal signal in the
bilateral parietal-occipital lobes and right temporal lobe compared
to the previous scan (see Figure 3). Despite being hospitalized for
32 days, the patient was still unable to be discharged, and her family
requested an automatic discharge. At the time of discharge, she was
coherent but mentally impaired, with normal comprehension and
attention span. Her bilateral pupils were equal in size and round,
measuring approximately 3 mm in diameter, and light reflexes were
present. Both eyes were incompletely closed, and her bilateral
frontal lines and nasolabial folds were symmetrical. The muscle
strength of both upper limbs was grade 0, the distal muscle strength
of both lower limbs was grade 1, and the muscle tone of all limbs
was reduced. Tendon reflexes of the extremities were not elicited,
and Babinski’s sign was not present on both sides. The patient
exhibited no signs of meningeal irritation, and the remaining
portions of the examination could not be coordinated. On follow-
up 10 days after discharge, the patient tolerated being weaned off
the ventilator but still had weakness in all four limbs. Three months
after discharge, the patient was on an intermittent high-sugar diet,
and her limbs had significantly improved in strength, allowing her
to stand on her own. Although she could breathe on her own, she
still exhibited emotional irritability.

Discussion

Porphyrias are a group of diseases resulting from enzyme
deficiencies in the heme synthesis pathway, which leads to
increased production of porphyrins and their precursors, 8-
aminolevulinic acid (ALA) and porphobilinogen (PBG) (1).
Heme, an iron porphyrin compound, serves as the cofactor for
numerous crucial proteins in the blood, including hemoglobin,
myoglobin, cytochromes, and peroxidase (6). Hemoglobin
biosynthesis involves eight steps, and enzyme impairments at any
of these steps can cause porphyrin dysregulation, resulting in the
development of distinct porphyria subtypes. Based on the site
of porphyrin production, they are classified as either hepatic or
erythrocytic porphyrins (2). Acute intermittent porphyria (AIP) is
the most prevalent form of acute hepatic porphyria (AHP) and is
characterized by the accumulation of toxic neurological substances,
such as porphyrins and their precursors, due to the absence of the
third crucial enzyme in heme synthesis. Acute attacks manifest
as the classic triad of abdominal pain, neurological symptoms,
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and psychiatric abnormalities (5). An analysis of the REBRAPPO
study, which examines Brazilian patients suffering from porphyria,
reveals that among 148 individuals diagnosed with AHP, the most
common initial clinical manifestations were abdominal pain in
77 patients (52.0%) and acute muscle weakness in 23 patients
(15.5%) (7). Similarly, a prospective, multinational observational
study of patients with recurrent AHP found that 92% of patients
experienced abdominal pain, while 91% presented with a change in
urine color. The most common psychiatric symptoms were fatigue,
anxiety, and sleep disturbances (8). However, a recent statistical
analysis of AHP cases between 2012 and 2018 showed that only 32%
of patients presented with the “classic triad” of symptoms during
an attack. Additionally, 42% of patients exhibited two of these
symptoms, while 55% reported dark-colored urine. Therefore,
timely diagnosis of AIP remains a challenge for clinicians. Early
diagnosis and effective treatment of AIP can significantly reduce
the medical burden on both the patient’s family and society, and
improve prognosis (9). This case involves a young woman who was
severely disabled by AIP for about 5 years, from the initial intestinal
obstruction to the appearance of neurologic symptoms such as
limb weakness and respiratory muscle weakness. During this time,
she visited several hospitals. This patient presented with “classic
triad” of AIP symptoms, including abdominal pain resulting
from intestinal obstruction, neurological deficits manifesting as
muscular weakness, and psychological anomalies in the form of
sleep disturbances and alterations in mood. Due to the rarity of
AIP and its non-specific symptoms, it is crucial that physicians
across various specialties, including gastroenterology, neurology,
psychiatry, and endocrinology, are aware of this disease to prevent
potentially serious consequences of delayed diagnosis.

AIP is an autosomal dominant disorder caused by mutations
in the HMBS gene, which encodes porphobilinogen deaminase
(PBG deaminase). DNA sequencing of genes involved in heme
biosynthesis has made it possible to pinpoint disease-causing
mutations in an almost comprehensive manner for patients
suffering from porphyria. However, it is noteworthy that significant
genetic variations still remain elusive in a minority of patients
exhibiting clinical and biochemical manifestations. The rapid
development of next-generation sequencing (NGS) technologies
could lead to an increase in the detection of missing genetic variants
(10). DNA sequencing and analysis of HMBS genes to detect these
mutations represent the gold standard for diagnosing AIP. Genetic
diagnosis not only confirms the presence of AIP in individuals
but also predicts disease severity and treatment responsiveness.
The severity of clinical symptoms and disease progression in AIP
appears to be mutation-specific. For instance, patients harboring
p-W198X, ¢.1073delA, and p.R26C variants tend to exhibit more
severe symptoms, while those with p.R167W, p.R225G, and ¢.G33T
variants typically have a more indolent disease course with milder
manifestations (11). In the present case report, we describe a patient
with an HMBS gene mutation located at p.R173Q. Although the
relationship between this specific mutation and disease severity
remains unclear, our patient developed severe neurological damage
and rapidly worsening symptoms of myasthenia gravis, suggesting
a poor prognosis. This case underscores the importance of early
genetic diagnosis in AIP to facilitate timely intervention and
potentially alter disease outcomes.
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FIGURE 1
On April 11, 2022, cranial magnetic resonance imaging (MRI) revealed high-signal intensities in the bilateral parieto-occipital lobes and the right
temporal lobe on T2-FLAIR sequences. Additionally, diffusion-weighted imaging (DWI) demonstrated localized areas of high signal
Susceptibility-weighted imaging (SWI) within the brain parenchyma did not detect any noticeable abnormal low-signal intensities. The neuroimaging
features are highly suggestive of PRES syndrome diagnosis. The red arrows indicate lesion locations.
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Patient's father

Patient

FIGURE 2

This figure displays the outcomes of urinary PBG solarization tests conducted on patient and her parents.

Patient's mother

AIP is not only an autosomal dominant disorder but also
a monogenic one. Patients with AIP can retain up to 50% of
enzyme activity when the mutated HMBS gene is inherited from
one of their parents, a level sufficient for normal hemoglobin
synthesis. As a result, most patients are asymptomatic carriers (12).
ATIP has been reported worldwide, with its distribution varying
across regions and populations. HMBS gene variants have a low
frequency in the general population but are more common in
AIP families. Analysis of genome/exome sequencing data from
45,955 Caucasians revealed a prevalence of AIP of <1%, suggesting
that acquired factors such as drugs, alcohol, hormones, starvation,
and stress play a crucial role in the acute onset of the disease.
The disease occurs in all races, with Europeans having a rate of
HMBS gene mutations of approximately 1 in 1700. In contrast,
the frequency of mutations in Caucasians may be as high as 6
in 1000. Studies conducted in 11 European countries found an
annual incidence of symptomatic AIP of 0.13 per million. Due
to the founder effect, the prevalence is significantly higher in the
Nordic region, with rates of 0.51 and 0.22 per million reported in
Sweden and Switzerland, respectively (13, 14). The HMBS variant
rate in the Chinese general population is estimated to be 1 in 1765.
Although the outlier rate is low, the large population size in China
results in a considerable number of patients with symptomatic
ATP. A retrospective study conducted on the general population
of Hebei Province, China, between 2011 and 2020 showed an
annual incidence of symptomatic AIP of approximately 0.03-0.08
per million. Given that the population of Hebei Province exceeds
70 million, it is estimated that there are around 400 patients
with symptomatic AIP (15). Upon comparing and analyzing the
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data from the aforementioned studies, it becomes apparent that
the incidence of symptomatic AIP in China is significantly lower
than that in Europe. This difference can be attributed to the early
recognition of porphyria in Europe and the establishment of a
robust diagnostic and management system for AIP patients, along
with enhanced family screening and preventive counseling (16).
Furthermore, while there is no gender difference in carriers of
the HMBS gene variant, the majority of studies indicate a higher
proportion of acute exacerbations in female patients with AIP
compared to males, suggesting a close association between female
hormones and the development of AIP (17).

Most patients experience symptom onset between the ages
of 20 and 40, with a smaller proportion experiencing symptoms
during the prepubertal and postmenopausal periods. AIP
typically manifests as acute, intermittent episodes, and its clinical
presentations are complex and varied, making it challenging
to differentiate from other common disorders solely through
clinical assessment. AIP can affect the autonomic nervous system,
the peripheral nervous system, and the central nervous system.
Abdominal pain is the most common and earliest autonomic
symptom of an attack, occurring in over 90% of patients (18). This
pain is typically intermittent colic without significant pressure
and is often accompanied by nausea, vomiting, and constipation.
Patients’ episodes of abdominal pain are acute and severe, and
are frequently misdiagnosed as acute abdominal diseases such as
intestinal obstruction, appendicitis, pancreatitis, among others.
Some patients undergo unnecessary surgical treatments due
to recurrent episodes that do not allow for a clear etiology.
Additionally, these gastrointestinal symptoms lead to decreased
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FIGURE 3

On April 28, 2023, cranial magnetic resonance imaging (MRI) revealed high-signal intensities in the bilateral parieto-occipital lobes and the right
temporal lobe on T2-FLAIR sequences, while DWI sequences demonstrated localized areas of high signal. The extent of these signals has significantly
decreased compared to the previous examination conducted on April 11, 2023.

appetite and reduced energy intake, resulting in negative energy
balance in patients, which further exacerbates attacks (19). A
large-scale, population-based survey study conducted in the
United States in 2020 revealed that approximately one-fourth of
patients with a history of abdominal pain experienced symptoms
similar to those of acute hepatic porphyria (20). Although the
incidence of AIP is low, it remains a crucial differential diagnosis
in patients presenting with recurrent episodes of severe abdominal
pain. Autonomic neuropathy can also induce other symptoms,
such as hypertension, tachycardia, diarrhea, postural hypotension,
and abnormal sweating (21). Neuropsychiatric symptoms in
AIP patients manifest in various forms, lacking specificity and
occurring at any given time. The typical manifestation of peripheral
neuropathy is acute motor nerve axonal damage, initially affecting
proximal muscles and upper limbs, gradually progressing to lower
limbs and distal extremities, primarily manifesting as muscle
weakness. In severe cases, motor polyneuropathy can result in
quadriplegia and respiratory failure (22, 23). In some patients,
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sensory nerves are involved, resulting in a “glove-and-stocking”
distribution of sensory deficits, which may manifest as neuralgia,
hyperalgesia, or numbness, with loss of nociceptive sensation being
less common (24). Epilepsy occurs in up to 20% of AIP patients,
typically manifesting as complex partial seizures, myoclonic jerks,
and tonic-clonic seizures (25). Additionally, other symptoms of
acute AIP onset may induce seizures, such as hyponatremia and
post-reversible encephalopathy syndrome (PRES) (26). PRES is
a reversible subcortical vasogenic cerebral edema, characterized
by symptoms such as headache, seizures, encephalopathy, and
visual disturbances. AIP is a rare cause of this condition (27).
Recent studies examining the clinical features of AIP patients
with PRES have revealed that the mean age of onset for PRES
is between 24-44 vyears, with a significant predominance of
women over men. Seizures were present in 85%-95% of PRES
patients (28, 29). Hyponatremia is the most commonly observed
laboratory abnormality during acute seizures of AIP, which may
be associated with the syndrome of inappropriate antidiuretic
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hormone secretion (SIADH) (30). During an acute seizure of AIP,
damage to the hypothalamus resulting from a large accumulation
of porphyrin precursors and abnormal hemoglobin activity leads
to increased vasopressor secretion and substantial fluid retention,
ultimately causing dilutional hyponatremia (31). Frequent and
debilitating chronic symptoms affect over 65% of patients with
AHP, with a substantial proportion of these symptoms being linked
to neurological and psychiatric conditions. Such manifestations
include severe chronic pain (whether abdominal, neuropathic,
or diffuse myalgia), anxiety and mood disorders, fatigue, sleep
disturbances (notably insomnia), and muscle weakness that
impede daily routines. These symptoms, in turn, can serve as
precipitants for acute episodes of AIP, leading to exacerbation
of the condition (32, 33). In addition to affecting the nervous
system, abnormalities in porphyrin metabolism can also cause
disorders of the endocrine and metabolic systems. The prevalence
of insulin resistance and impaired glucose metabolism is higher
among AIP patients compared to the general population (34).
However, there is a scarcity of literature on the impact of porphyrin
metabolism on the endocrine system, and further investigation
is warranted to elucidate its pathogenesis. This case involved
abdominal pain presenting 5 years ago. At that time, due to
atypical clinical symptoms, the clinician treated it as the most
common abdominal disease, intestinal obstruction, which had a
fair effect. However, later on, intermittent mood abnormalities
accompanied by abdominal pain emerged. Upon presentation to
our hospital, the patient exhibited weakness in the extremities,
respiratory failure, reversible posterior leukoencephalopathy
imaging findings, hyponatremia, and seizures. The patient had
a history of acute intermittent seizures for ~5 years, ultimately
leading to quadriplegia and a poor prognosis. This case highlights
that AIP is prone to misdiagnosis and delayed diagnosis, which can
significantly impact the patient’s prognosis.

The exact mechanism behind the pathogenesis of AIP remains
elusive, with studies revealing significant elevations in plasma levels
of cytokines, chemokines, growth factors, and other inflammatory
markers among AIP patients. This suggests a potential association
between AIP and low-grade inflammation. Perforin 3 (PTX3),
an inflammatory mediator produced by immune cells, emerges
as a key player in this low-grade inflammation and serves as a
marker of AIP disease activity (35). The dissemination of ALA
from the liver to other body parts contributes significantly to the
neurological manifestations observed in AIP. High concentrations
of ALA exhibit neurotoxicity and bear structural similarities
to y-aminobutyric acid (GABA). Consequently, ALA acts as
a partial agonist or antagonist of GABA at GABA receptors,
leading to neuronal cell damage and apoptosis. Additionally, high
levels of ALA impair glutamate uptake by augmenting oxidative
stress. The occurrence of confusion, epilepsy, and psychiatric
abnormalities during acute seizures in AIP may be linked to
these underlying mechanisms (36). Another perspective suggests
that prolonged heme deficiency in AIP patients impairs neuronal
axonal transport. During acute seizures of AIP, severe hepatic
heme deficiency disrupts tryptophan metabolism, and excessive
tryptophan hinders neurotransmission, resulting in neurological
dysfunction. To replenish the heme pool, the liver exerts negative
regulation on the first rate-limiting enzyme in the heme synthesis
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pathway, 5-aminolevulinic acid synthetase-1 (ALASI), which
generates substantial amounts of ALA and partially converts it to
PBG. Patients with AIP lack the enzyme PBG deaminase, ultimately
leading to the accumulation of porphyrin precursors, ALA, and
PBG (18).

Cranial MR imaging plays a crucial role in the diagnosis of AIP.
Hematoporphyrinopathies involve lesions located in the cortex
or subcortical white matter of each lobe of the brain, primarily
affecting white matter and often presenting symmetrically. In
MRI, these lesions are characterized by long T1 and long T2
signals, with some lesions fused, exhibiting low signals in DWI,
high signals in ADC, and high signals in FLAIR. Reversibility
was observed in some lesions, resembling the distribution and
characteristics of lesions seen in PRES (37). The pathogenic
basis of AIP-associated PRES remains elusive. Previous studies
have posited that hypertension triggers a loss of control in
autoregulatory mechanisms, leading to secondary hyperperfusion
during an acute episode of AIP. This results in the rupture of the
blood-brain barrier and leakage of fluid from the vascular lumen
into the brain interstitium, ultimately causing vasogenic edema.
Additionally, it has been suggested that the heme deficiency in the
body during an acute attack of AIP decreases nitric oxide (NO)
production, leading to an increase in blood pressure and cerebral
vasoconstriction (38). During an acute attack of AIP, ischemic
changes may occur, which can be reversible or irreversible. In the
former case, reversible vasospasm is present without any organic
lesions visible on cranial MRI. However, in the latter case, foci
of softening can be observed on MRI imaging. Severe stenosis of
cerebral vessels may even manifest as stroke-like symptoms (39).
Moreover, AIP presents with some nonspecific electrophysiologic
manifestations, including increased slow waves or epileptic
discharges on electroencephalogram, and neurogenic damage and
motor neuron axonal injury rather than demyelinating neuropathy
on electromyography (40). Cerebrospinal fluid examination does
not reveal typical protein separation. Biochemical tests, such as the
urine PBG sunlight test, are crucial in diagnosing AIP. In patients
with AIP, the test results are positive, as fresh urine exposed to
sunlight for several hours turns reddish-brown or burgundy due
to the conversion of colorless PGB in urine to colored porphyrin
compounds. Collecting random urine samples during an acute
attack and qualitatively testing for urinary PBG allows for rapid
screening of porphyrias (41). The analysis of urinary PBG, ALA,
and porphyrin levels in fecal and blood samples obtained from
patients experiencing an acute attack of AIP serves as a valuable
diagnostic tool. However, solely relying on this approach may
not be sufficient. Genetic testing can properly identify pathogenic
or suspected variants in PPOX, CPOX, ALAD or HMBS genes
associated with Acute Hepatic Porphyria (42).

AIP is a complex multisystem disease with diverse clinical
manifestations, making prompt diagnosis a challenging task. When
AIP presents as acute abdominal pain, it is crucial to differentiate
it from various acute abdominal conditions to exclude organic
abdominal disease, such as intestinal obstruction and inflammatory
diseases. Testing urine PBG levels can aid in the differential
diagnosis. Guillain-Barré syndrome typically does not manifest
with psychiatric symptoms, and porphyrins and their metabolites
are typically within normal limits. Lead poisoning can result
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in elevated porphyrin or ALA levels, which can mimic the
clinical presentation of AIP. Therefore, clinicians must focus on
differentiating lead poisoning when diagnosing acute porphyrias.
The clinical manifestations of lead poisoning depend on blood lead
levels, with high levels leading to anemia, constipation, abdominal
pain, peripheral neuropathy, and even impaired consciousness.
Patients with lead poisoning typically have a clear history of lead
exposure and significantly elevated blood and urine lead levels
(43). An elderly woman with chronic, long-term gastrointestinal
symptoms including abdominal pain and weight loss, as well as
chronic neurologic symptoms of memory impairment, has recently
been reported. This patient exhibited elevated urinary porphyrins
and was initially diagnosed with acute porphyria; however, given
the patient’s age, it was imperative to consider alternative diagnoses.
Subsequently, the patient was found to have significantly elevated
blood lead levels, ultimately leading to a final diagnosis of lead
poisoning (suspected ayurvedic use) (44). This case underscores
the complexity of diagnosing porphyria and emphasizes the need
for clinicians to enhance their understanding of AIP to prevent
delayed misdiagnosis.

The principles of treatment for AIP encompass the elimination
of the causative agent, management of the acute exacerbation
phase, treatment of recurrent episodes, and prevention and
treatment of complications. AIP is caused by a variant of the
HMBS gene, but the manifestation of the disease phenotype
requires additional genetic or acquired factors. Acute attacks of
ATIP can be precipitated by menstruation, pregnancy, infection,
stress, inadequate caloric intake, and certain medications such
as barbiturates, antiepileptic drugs, sulfonamide antibiotics, and
steroid hormones like progesterone (5). Prevention of acute AIP
attacks involves identifying triggers and avoiding exposure to them,
including reducing or avoiding smoking and alcohol consumption,
maintaining a healthy diet with adequate intake of carbohydrates,
proteins, and fats to minimize porphyrin precursor excretion, and
avoiding dieting in patients with porphyria (45). Additionally,
patients should avoid oral porphyrin-derived medications that
induce cytochrome P450. Those with AIP associated with
epilepsy should exercise caution in selecting antiepileptic drugs;
for instance, phenytoin sodium and carbamazepine induce
CYP450, whereas gabapentin and levetiracetam are more suitable
alternatives (46). Patients with AIP related to the menstrual
cycle may consider taking oral contraceptives to prevent acute
attacks. The preferred treatment for acute-phase episodes of AIP
is intravenous hemin, which effectively inhibits ALAS1, reducing
the accumulation of heme precursors and their byproducts, and
rapidly decreasing plasma and urinary levels of PBG and ALA.
Due to the instability of heme in water, it should be reconstituted
with 25% human albumin. The optimal route of administration
is via a central venous catheter, with a standard dosing regimen
of 3-4 mg/kg/day for 4 days. If complete remission is not
achieved within this period, the duration of treatment may
be extended. Hemin is a safe option to use during pregnancy
and should be administered as soon as possible following an
acute episode of AIP. If hemin is unavailable, carbohydrate-
loading therapy can be administered orally or intravenously
with glucose. Good therapeutic outcomes can also be achieved
effectively with glucose alone in patients with AHP (47). Glucose
stimulates insulin release by reducing peroxisome proliferator
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receptor gamma coactivator 1-a (PGC1-a), which mediates hepatic
ALAS1 downregulation and impairs ALA synthesis. In the early
stages of AIP episodes, when mild pain is present without severe
clinical manifestations, glycogen loading therapy (300 g/day) can
be utilized. It is crucial to note that large amounts of intravenous
glucose may result in hemodilution, potentially exacerbating the
risk of hyponatremia (48). Symptomatic supportive therapy is
provided when other complications are present: opioid analgesics
such as morphine and pethidine are relatively safe in acute
episodes of abdominal pain; gabapentin and levetiracetam are
recommended for patients with epileptic seizures; and for patients
with severe hyponatremia, 3% hypertonic saline is administered
via intravenous infusion (49). Emerging Therapies—Givosiran is
a highly specific, double-stranded small interfering ribonucleic
acid (siRNA) designed to bind and silence ALAS1 mRNA within
hepatocytes. This action inhibits the synthesis of ALASI, leading
to a decrease in circulating 3-ALA and PBG levels among patients
experiencing AHP and severe relapses. In the ENVISION Phase
3 trial, which was conducted in a randomized, double-blind,
and multinational setting, givosiran demonstrated a significant
reduction in the annual incidence of acute attacks, including those
necessitating hospitalization, emergency medical interventions, or
at-home intravenous hemoglobin administrations. Furthermore,
patients with relapsing AIP who received Givosiran showed
decreased reliance on hemoglobin infusions and pain medications
compared to those given a placebo. The available evidence
strongly indicates that Givosiran represents a pivotal new treatment
modality for individuals with AHP and severe relapses (50). Liver
transplantation remains the last effective resort for managing
all symptoms in critically ill patients who have exhausted other
treatment options. However, challenges such as donor shortage and
long-term oral immunosuppression post-transplantation must be
faced by patients (51). AIP is associated with a high incidence of
chronic complications like hypertension, chronic kidney disease,
and hepatocellular carcinoma. Therefore, patients with AIP require
continual monitoring of liver and kidney function, along with
regular screening for hepatocellular carcinoma (9). As hemoglobin
preparations are unavailable in our hospital, we administered
progesterone injections to delay menstruation and prevent acute
attacks, supplemented by glucose-loading therapy. Eventually, the
patient and her family opted for automatic discharge, and the
patient was discharged from the hospital on an intermittent high-
glucose diet, with significant improvement in limb muscle strength
and spontaneous respiration.

Conclusion

Acute intermittent porphyria is a rare and clinically demanding
disease. Only a small fraction of patients manifest the “classic triad,”
and there often exists a considerable lag between the advent of
symptoms and the establishment of a diagnosis. Given its multi-
systemic nature, it is imperative for clinicians across neurology,
psychiatry, gastroenterology, and other fields to recognize this
ailment, thus averting any delays in diagnosis and treatment.
The presence of unexplained abdominal pain, accompanied by
neurologic and psychiatric signs, should serve as a red flag for
porphyria. If the urine darkens to a deep red or wine-colored hue
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upon exposure to sunlight and the urine PBG test returns positive,
further genetic testing can be conducted to affirm the diagnosis and
typing, thereby expediting the confirmation of hematoporphyria
and the prompt initiation of appropriate treatment. We present
a case exhibiting a myriad of typical clinical manifestations of
AIP, in the hope of aiding clinicians in gaining a comprehensive
understanding of the disease and facilitating timely and accurate
diagnosis in patients presenting with analogous symptoms.
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Case report: Significance of the
large rhomboid lip in
microvascular decompression:
insights from two clinical cases
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Yong Xiao!, Dong Wang?, Liangyuan Geng?, Xinhua Hu?,
Kun Yang?, Yong Liu'* and Yuanjie Zou'*

!Department of Neurosurgery, Affiliated Nanjing Brain Hospital, Nanjing Medical University, Nanjing,
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The rhomboid lip (RL) is a layer of neural tissue that extends outside the fourth
ventricle and is connected to the lateral recess of the fourth ventricle. Although
this anatomical structure has been rigorously studied, it is often overlooked
in microvascular decompression (MVD) surgery. In this report, we present two
cases, one of hemifacial spasm (HFS) and one of glossopharyngeal neuralgia
(GPN), in which a large RL was observed during surgery. We found that a large RL
is easily confused with arachnoid cysts, and accurate identification and dissection
are important to protect the lower cranial nerves.

KEYWORDS

rhomboid lip, microvascular decompression, hemifacial spasm, glossopharyngeal
neuralgia, flocculus

Introduction

Microvascular decompression surgery is an effective treatment for hemifacial spasm
(HFS) and glossopharyngeal neuralgia (GPN). Using the lateral suboccipital infrafloccular
approach, the culprit vessels can be identified and isolated, which results in satisfactory
outcomes. In this approach, the choroid plexus protruding from the foramen of Luschka
serves as a significant anatomical landmark to locate the root exit zone (REZ) (1).
The choroid plexus and the lower cranial nerves can be adequately visualized by
gently retracting the flocculus posterosuperiorly. The rhomboid lip (RL) is sometimes
encountered during dissection; however, it is sometimes discovered under normal
circumstances (2-5). In this study, we report two microvascular decompression (MVD)
cases with a large RL.

Case presentation
Case 1l

A 68-year-old female was admitted to the hospital due to involuntary
contraction at the corners of the right eye and mouth for over 3 years. Magnetic
resonance imaging (MRI) revealed that the right anterior inferior cerebellar artery
(AICA) formed a vascular loop and compressed the REZ of the facial nerve
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(Figure 1A). Additionally, a cystic structure was observed adjacent
to the choroid plexus and connected medially to the foramen of
Luschka (Figure 1B).

Once contraindications to surgery were excluded, the patient
underwent MVD surgery under general anesthesia. Intraoperative
electrophysiological monitoring was employed. The patient was
positioned in the lateral park bench position. The dura was incised
in a “C” shape and then suspended. Intraoperatively, a white
translucent membranous cystic RL structure with tight adhesions
to the lower cranial nerves was observed (Figures 1C, D). After
excision and release of the RL, the lateral suboccipital infrafloccular
approach was used to explore the REZ of the facial nerve. It was
observed that the right AICA was ascending and compressing
the REZ of CN VII (Figure 1E). Following the dissection of the
arachnoid, a Teflon felt pledget was inserted (Figures1F, G),
resulting in the immediate disappearance of the LSR waveform
during electrophysiological monitoring.

After the surgery, the patient’s symptoms on the right side of
the face disappeared. There were no observed cases of hearing
impairment, facial paralysis, or recurrence during the 1-year
follow-up period.

Case 2

A 66-year-old female was admitted to the hospital with a history
of episodic right-sided pharyngeal pain lasting for more than 5

10.3389/fneur.2023.1336273

years. The findings from MRI T2WI and 3D-TOLF revealed a
close relationship between the right posterior inferior cerebellar
artery (PICA) and the glossopharyngeal nerve. The preoperative
procaine test yielded positive results. Additionally, the MRI T2WTI
showed the presence of a sac-like structure positioned ventrally to
the choroid and connected medially to the foramen of Luschka
(Figure 2A).

A standard retrosigmoid suboccipital approach was performed
using The
infrafloccular approach was used to release the lower CNs. A

intraoperative  neurophysiological ~monitoring.
milky white translucent membranous cystic RL was observed
wrapping around the jugular foramen area and tightly adhering to
the lower CNs (Figure 2B). After excision and dissection of the RL,
the right PICA was found to be ascending and exerting pressure on
the REZ of CN IX (Figures 2C, D). To alleviate this pressure, the
PICA was liberated and a Teflon spacer was inserted (Figure 2E).
The patient experienced a resolution of symptoms, with no

recurrence during a follow-up period of over 1 year.

Discussion

Since the introduction of MVD by Jannetta for the treatment of
cranial nerve disorders, it has become the mainstay of treatment for
HES and GPN (6-9). Although this technique is well-established,
the literature reports an incidence of 0.5-3% for permanent cranial
nerve dysfunction, such as facial palsy (10), hearing loss (11), and

FIGURE 1
Right hemifacial spasm. (A) The anterior inferior cerebellar artery loop (AICA) compresses the facial nerve REZ (red arrow). (B) A sac-like structure on
the ventral side of the flocculus (yellow arrow) is observed on T2WI. This structure communicates inwardly with the fourth ventricle through the
foramen of Luschka (blue arrow). (C, D) A large rhomboid lip (RL) wraps around the jugular foramen and combines with the choroid to form a large
lacuna. CN IX and X are located ventral to it and stick tightly. (E-G) After the RL is released, the vertebral artery (VA) and AICA are lifted away,
revealing the REZ of the facial nerve (FN). Teflon is then placed between them.
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FIGURE 2

compress the REZ. Teflon is then inserted between them.

Glossopharyngeal neuralgia on the right side. (A) T2WI shows a sac-like structure (yellow arrow) located ventral to the flocculus that connects to the
fourth ventricle through the foramen of Luschka (red arrow). (B) The large RL surrounds the jugular foramen and tightly adheres to the lower cranial
nerves. (C—E) By releasing and resecting most of the RL, CN IX, CN X, and the posterior inferior cerebellar artery (PICA) were effectively exposed to

FIGURE 3
(A) The RL, a thin membranous neural structure, extends laterally from the floor of the fourth ventricle to join with the choroid plexus (Tela), forming
a lacuna (red arrow) outside the lateral recess and the foramen of Luschka. (B) Located posterior to CNs IX, X, and XI, the RL is ventral to the recess
and extends outward with the choroid plexus. (C) A large RL overlays the surface of the lower cranial nerves, obstructing the view of the REZ of CN
VIl and IX from the rear (Note: A, B are reproduced from Cranial anatomy and surgical approaches by Rhoton AL; Lippincott Williams & Wilkins, 2008.
C is reproduced from Matsushima T. (ed): Microsurgical Anatomy and Surgery of the Posterior Fossa; Springer, 2015.).

lower cranial nerve deficits (12, 13). These complications may be
caused by intraoperative malpractice, as well as the complexity and
variability of individual anatomy, which increases the difficulty of
surgery. Furthermore, inadequate knowledge and mishandling of
the RL can contribute to nerve injuries. The RL is occasionally
mistaken for thickened arachnoid membranes, which increases the
risk of cranial nerve injuries during separation. Therefore, it is
vital to clearly understand the anatomical relationship between the
arachnoid membrane, RL, and the lower CNs to ensure the safety
of MVD.

As the fourth ventricle migrates into the lateral recess, the floor
of the fourth ventricle and the RL form the ventral wall of the lateral
recess (14). The RL continues to migrate ventrally. Along with the
choroid plexus, the RL forms the most lateral end of the lateral
recess, creating a trap-like structure (Figure 3A). At the lateral end,

Frontiersin Neurology

the RL forms the ventral margin of the foramen of Luschka, while
the choroid and its accompanying choroid plexus form the dorsal
margin. CN IX and CN X are located ventrally to the RL, with the
CN VII and CN VIII and the choroid located anteriorly above it
(Figures 3B, C). Akiyama et al. (15) classified RL into three types:
non-extension type, lateral extension type, and jugular foramen
type, based on the relationship of the RL to the choroid plexus.
All types of RL surround CN IX and CN X and are in contact
with or locally adherent to them. The jugular foramen type adheres
extremely closely to CN IX.

Although researchers have provided detailed descriptions of the
microanatomy of RL, the clinical significance of RL has not yet
been recognized (16). This lack of recognition may be attributed
to the inadequate understanding of RL anatomy and structure. In a
study conducted by Nakahara et al. (4), only 9 out of 34 patients
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with HFS had visualized RL during surgery (26.5%), and only
3 cases (8.8%) could be demonstrated on preoperative MRI. On
T2WI MR, a larger RL exhibited high signal cystic manifestations
ventral to the flocculus, which connected medially with the fourth
ventricle through the foramen of Luschka. However, visualizing
smaller RLs was challenging. A case study by Cho et al. (3)
reported the misdiagnosis of a large RL as an arachnoid cyst,
which highlights the importance of understanding RL anatomy and
features to avoid such misdiagnoses. RL and arachnoid cysts are
distinct tissue structures. The RL is visually thicker, translucent,
and milky white compared to the arachnoid. Histologically, the RL
has a two-layered structure with ciliated cells in the inner layer,
similar to the ventricular cells at the base of the fourth ventricle,
and an outer layer that consists of glial cells and neurons. In
contrast, the arachnoid membrane lacks nerve cells. Anatomically,
the outer arachnoid membrane accompanies the lower CNs
into the jugular foramen, whereas the RL does not enter the
jugular foramen.

In MVD surgery, it is important to release and separate the
RL in a precise manner. Precision separation allows the surgeon
to clearly view the REZ of CN VII, IX, and X while avoiding any
unnecessary retraction of the lower CNs. By gently retracting the
flocculus posterosuperiorly using the infrafloccular approach, the
RL and the REZ of CN VII can be sufficiently visualized. However,
if the RL is large or tightly adherent to CN IX and X, it becomes
difficult to visualize the REZ of CN VIII, IX, and X. Improper
retraction or failure to correctly identify the relationship between
the RL and the lower nerves can also lead to postoperative cranial
nerve injury. In patients with a large RL, considering its anatomical
relationship with CN VII and IX is important. To avoid injury to
the lower CNs, the RL should be patiently and carefully dissected
from these cranial nerves or separated in the direction of the nerve
alignment before retracting the flocculus. This allows for improved
visualization of the periphery of the REZ of CN VI, IX, and X and
the brainstem.

Conclusions

A thorough anatomical knowledge and meticulous dissection
can help surgeons observe the structures of the foramen of
Luschka region more clearly. These practices can ensure the
protection of cranial nerves, thereby reducing the risk of cranial
nerve injuries.
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Combined central and peripheral
demyelination: a case report
resembling encephalomyelo
radiculoneuropathy

Xuan Zhou', Ali Peng®, Chuan Li", Lin Li*, Dan Yao?,
Yunfeng Hao?, Chao Zhao?, Qi Yan?, Ying Lit, Juntong Liu®?,
Shuyu Liu*?, Wenping Zhu'?, Ying Du* and Wei Zhang®*

!Department of Neurology, Tangdu Hospital, Air Force Medical University, Xi'an, Shaanxi Province,
China, ?Xi'an Medical University, Xi'an, Shaanxi Province, China

Combined central and peripheral demyelination (CCPD) is an extremely rare
disease characterized by inflammatory demyelination in both the central and
peripheral nervous systems. Herein, we reported case of a 14-year-old teenager
who initially presented with the symptoms of acute myelitis (AM). Subsequently,
the patient developed symptoms consistent with Guillain-Barré syndrome (GBS),
which was supported by nerve conduction studies (NCV) and cerebrospinal fluid
(CSF) analysis. Throughout the course of the disease, the patient experienced
abdominal pain and abnormal liver function. After a comprehensive evaluation,
we determined that the abnormal liver function was a result of hepatitis E
virus (HEV) infection, which may have acted as a trigger for GBS. The patient
was treated with corticosteroids, intravenous immunoglobulin and Rituximab,
resulting in symptom relief and clinical improvement after therapy and follow-
up. This case highlights the potential responsiveness and reversibility of CCPD.
Given the heterogeneous nature of CCPD, there is currently no standardized
diagnostic criteria or clear consensus onits treatment. Therefore, we recommend
a thorough assessment of all possibilities and the development of consolidated
management guidelines based on available data for this disorder.

KEYWORDS

combined central and peripheral demyelination, acute myelitis, Guillain-Barré
syndrome, HEV infection, treatment

Introduction

Inflammatory demyelination diseases encompass a broad range of disorders characterized
by demyelinating lesions mediated by inflammation. These disorders typically affect either the
central nervous system (CNS) or peripheral nervous system (PNS). Combined central and
peripheral demyelination (CCPD) is a rare condition that manifests as simultaneous or
temporally separated demyelination in both the CNS and PNS. This particular disease is not
commonly encountered in clinical practice (1). Diagnosing CCPD can be challenging due to
the limited knowledge available, which is primarily derived from case reports and small case
series (2-5). Moreover, some cases exhibited both CNS and PNS impairment were named as
Encephalomyeloradiculoneuropathy (EMRN), which is similar with CCPD. Specific
biomarkers were identified in CCPD. In 2013, Kawamura et al. found that anti-neurofascin-155
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FIGURE 1

reduction in the size of the previously observed lesions.

MRI images of the spinal cord both before and after therapy (A,C,D,F). Gadolinium-enhanced axial T1-weighted MRI of the spinal cord (B,E). MRI of the
brain (G-J) revealed the absence of brain lesions. The sagittal T1-weighted image (A) and axial T1-weighted image (D) of the thoracic spinal cord
before therapy revealed an abnormal signal in the thoracic and lumbar spinal cord (T11-L1). We did not observe obvious enhancement of spinal lesion
in enhanced T1-weighted MRI (B,E). After therapy, the sagittal T1-weighted image (C) and axial T1-weighted image (F) demonstrated a significant

antibodies was positive in some CCPD patients (4). Recent studies
reveal some antibodies were also associated with CCPD, such as anti-
neurofascin186 antibody, antigalactocerebroside and
antilactosylceramide (4, 6, 22, 23). While in EMRN, anti-neutral
glycosphingolipid antibodies especially anti-lactosylceramide
(LacCer) antibodies were identified (25). In this case report,
we present a case report of a patient manifested the symptoms of acute
myelitis (AM) and Guillain-Barré syndrome (GBS). Ultimately, she

was diagnosed with CCPD.

Case presentation

A 14-year-old girl with no significant medical or past history
presented with weakness and tingling paresthesia in both lower
extremities for 1 week. Additionally, she experienced stool and urinary
retention. Prior to her presentation, she had transient abdominal pain
but no fever or diarrhea. She had not received any vaccines within the
past month. She was initially diagnosed with acute myelitis at a local
hospital and was subsequently admitted to the neurology department
of our hospital. The patient had no history of other neurological
disorders, fever, weight loss, or night sweats. She also denied any
changes in vision, difficulty swallowing or speaking, shortness of
breath, chest pain, and loss of smell or taste sensation. Upon
admission, the weakness in her lower extremities gradually worsened,
while the stool and urinary retention improved. She required a
wheelchair and was unable to stand up independently. A thorough
examination was conducted. Initial findings and vital signs were
within normal limits, and gastrointestinal, respiratory, and
cardiovascular examinations were unremarkable. Neurological
examination revealed that the patient was conscious, alert, and
oriented. She had normal muscle bulk, but the strength of her bilateral
lower extremities was graded as 2 on the muscle strength grading scale

Frontiers in Neurology

(with a maximum score of 5), with the right side being more affected
than the left. Lower extremity reflexes and plantar reflex were absent,
and there was hyperalgesia up to the bilateral groin.

The hemogram, liver, renal, and thyroid functions (TSH, Free T4),
electrolytes (Na, K, Ca, P, Mg), muscle enzymes, vitamin B12 levels, as
well as glycohemoglobin, were all within normal ranges. Virological
tests (HIV, hepatitis B, hepatitis C, COVID-19) yielded negative
results or fell within normal ranges. Immunological studies were
conducted, and the results showed negative findings for antinuclear
antibody, antiphospholipid IgM and IgG, anti-dsDNA, anticardiolipin
IgM and IgG, anti-Sjogren antibody SSA and SSB, and extractable
nuclear antigen. Visual-evoked potentials (VEPs) demonstrated
normal P100 latencies bilaterally (right: 106 ms, left: 108 ms). SEP also
exhibited normal latencies bilaterally. The CSF examination revealed
normal intracranial pressure, a slightly elevated white blood cell count
(20*1076/L), and an elevated protein level (780 mg/L, normal range:
150-450mg/L). CSF culture yielded negative results, and CSF cytology
showed no malignant cells. Cerebrospinal fluid analysis indicated a
normal albumin level (536 mg/L), normal IgG level (75.2mg/L), and
a normal CSF-to-serum albumin ratio (12.3). Serum albumin and
serum IgG levels were also within normal ranges. Aquaporin-4,
anti-MBP antibodies, and anti-MOG antibodies were not detected.
CSF and blood oligoclonal bands were absent.

In the imaging assessments, Magnetic Resonance Imaging (MRI)
revealed the absence of brain lesions (Figures 1G-]), while spinal cord
resonance imaging and gadolinium-enhanced MRI of the spinal cord
demonstrated mild cord edema, but we did not observe obvious
enhancement of spinal lesion in enhanced TI1-weighted MRI
(Figures 1A,B,D,E). The spinal cord MRI did not indicate any
manifestations of acute disseminated encephalomyelitis (ADEM) or
multiple sclerosis (MS). In the early stages of treatment, the patient
received methylprednisolone therapy (1,000mg once daily) for a
duration of 3 days, followed by a gradual reduction of the
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FIGURE 2

(C) images. Notably, no lesions were observed in the cervical spinal cord.

MRI images of the cervical spinal cord (A-C) were obtained. These included sagittal T1-weighted (A), T2-weighted (B), and axial T1-weighted

methylprednisolone dosage over the course of 1 week. Subsequent to
the treatment, some improvement in muscle strength was observed
(lower limbs: MRC grade: 2).

However, during the course of treatment, the patient experienced
abdominal pain and exhibited abnormal liver function, as indicated
by elevated alanine aminotransferase (ALT) levels of 205U/L and
aspartate aminotransferase (AST) levels of 60 U/L. Notably, muscle
enzyme levels remained within the normal range. Screening for
Epstein-Barr Virus, Cytomegalovirus, Herpes Simplex Virus, and
Herpes Zoster Virus yielded negative results. Even after receiving
hepatoprotective therapy, the patient’s ALT and AST levels did not
return to normal. Additionally, the patient developed acute weakness
in the upper limbs, which rapidly progressed to tetraplegia (bilateral
lower limbs: MRC grade 2, left upper limb: MRC grade 2, and right
upper limb: MRC grade 3). The patients deep tendon reflexes
remained hyporeflexic. MRI of the spinal cord revealed no lesions in
the cervical spinal cord (Figure 2). Subsequently, the patient
underwent a series of electromyograms (EMGs) and nerve conduction
studies (NCVs). NCVs revealed peripheral neuropathy (Table 1). CSF
analysis showed protein cytological dissociation, with an increased
protein level of 1317.5mg/L and a normal cell count of 4 cells/mm®.
The patient was negative for anti-glycolipid (GM1, GM2, GM3, GD1a,
GD1b, GD3, GT1b, GQ1b, galactocerebroside). No oligoclonal bands
were detected. The patient displayed the classic triad of weakness of
extremities, albuminocytologic dissociation was observed in the CSF
sample, which strongly supported the diagnosis of Guillain-Barré
Syndrome (GBS). In light of the abnormal liver function, a
comprehensive examination was conducted, ultimately determining
that the patient’s abnormal liver function was a result of HEV
infection. Intravenous immunoglobulin (IVIg) was administered at a
dose of 0.4g/kg/day and continued for 5days. The patient
demonstrated some improvement after completing the course of IVIg.
She regained full strength (5/5) in all muscle groups in the upper
extremities and had a strength of 3/5 in the lower extremities. As liver
function continued to improve, the patient received Rituximab (RTX)
infusion at a dose of 100 mg, with one-week intervals for two times.
At four-month follow-up, her neurological condition is stable. She
experienced progressive improvement in muscle strength in all limbs
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and was able to briefly stand with assistance. Follow-up MRI of the
spinal cord revealed evidence of lesion improvement (Figures 1C,F).
NCVs indicated improvement in demyelinating polyneuropathy
(Table 2).

Discussion

In this report, we present a case of CCPD in a teenage patient. Our
case is notable both because the presence of central and peripheral
demyelinating processes in one patient is a rare phenomenon. CCPD
is characterized by demyelination affecting both the central and
peripheral nervous systems. It remains unclear whether CCPD
represents a distinct disorder separate from classical demyelinating
diseases (6). Currently, there are no standardized criteria for
diagnosing CCPD. However, a previous nationwide survey conducted
in Japan established criteria for CCPD, which encompassed a diverse
range of clinical manifestations involving both the CNS and PNS, such
as encephalopathy, cranial neuropathy, myeloradiculoneuropathy, or
Guillain-Barré syndrome (6). The synchronous occurrence of GBS
and AM in CCPD appears to be rare and variable. Early-stage
diagnosis of CCPD, particularly when symptoms involving both the
CNS and PNS are present simultaneously, poses challenges. Published
literature on cases reporting such concurrent conditions is limited.
The underlying pathophysiological mechanism of CCPD remains
elusive. It is uncertain whether the same antigenic target exists in both
the PNS and CNS, or if there is a cross-reactive immune response to
insults affecting either system (3). The immune response elicited by
antecedent infections may cross-react with components of the
peripheral nerves due to the sharing of common epitopes (7). Overall,
CCPD encompasses a spectrum of conditions, including acute,
relapsing, and chronic subtypes (4).

Anti-NF155 antibodies is a protein expressed on both central and
peripheral myelin. It was first reported in CCPD cases in 2013 (4).
Previous study has reported the high prevalence of anti-NF155
antibodies in CCPD (45.5-86%) (4). However, the positivity rates for
anti-NF155 antibodies in CCPD differ among studies and ethnicities,
some studies revealed the absent of antibody in this disorder.
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TABLE 1 A summary of nerve conduction studies demonstrating demyelinating polyneuropathy.

Motor NCS

Conduction velocity
Nerve Site Latency (ms) Amplitude (mV)
(m/s)
Ankle 2.9 2.6 -
Right Fibular head 9.2 2.3 48
Popliteal 10.7 23 47
Peroneal
Ankle 3.1 34 -
Left Fibular head 8.9 3.0 53
Popliteal 10.4 2.9 47
Ankle 4.2 13.8 -
Right
Popliteal 10.8 9.8 55
Tibial
Ankle 4.1 15.0 -
Left
Popliteal 11.2 11.8 52
Wrist 2.9 5.9 -
Right
Elbow 6.2 5.8 64
Median
Wrist 2.8 5.8 -
Left
Elbow 6.2 5.6 60
Wrist 2.4 8.2 -
Right Elbow 5.5 8.1 61
Above elbow 7.3 7.6 56
Ulnar
Wrist 24 6.3 -
Left Elbow 5.3 5.9 62
Above elbow 7.0 5.9 59
Extensor indicis proprius 1.7 2.3 -
Right Forearm 33 22 63
Above elbow 4.8 2.2 67
Radial
Extensor indicis proprius 2.0 2.4 -
Left Forearm 35 2.7 67
Above elbow 4.9 2.4 71
Right Vastus medialis 59 0.6 -
Femoral
Left Vastus medialis 6.4 0.7 -
Sensory NCS
Nerve Peak Latency (ms) Amplitude (uV) Conduction velocity (m/s)
Ulnar Right 1.7 61.5 59
Left 1.7 69.4 59
Superficial Right 1.9 16.6 58
Left 2.1 14.4 52
Late responses
Nerve Latency (ms)
R Tibial F-wave 49.9
L Tibial F-wave 47.1
R Median F-wave 23.8
L Median F-wave 23.4
R Ulnar F-wave 29.9
L Ulnar F-wave 29.9
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TABLE 2 A summary of nerve conduction studies at following-up.

10.3389/fneur.2023.1288546

Motor NCS

Nerve Site Latency (ms) Amplitude (mV) Conduction velocity (m/s)
Peroneal Right Ankle 3.2 1.1 -
Fibular head 8.9 1.0 53
Popliteal 10.0 0.9 55
Left Ankle 3.8 0.7 -
Fibular head 9.4 0.5 54
Popliteal 10.6 0.5 50
Tibial Right Ankle 4.2 6.1 -
Popliteal 10.8 4.6 55
Left Ankle 44 9.2 -
Popliteal 113 5.9 53
Median Right Wrist 2.8 8.1 -
Elbow 6.1 8.0 62
Left Wrist 2.7 8.7 -
Elbow 59 8.8 64
Ulnar Right Wrist 22 8.0 -
Elbow 5.1 8.2 64
Above elbow 6.7 8.1 63
Left Wrist 22 7.3 -
Elbow 5.1 7.2 64
Above elbow 6.7 6.9 63
Sensory NCS
Nerve Peak Latency (ms) Amplitude (mV) Conduction velocity (m/s)
Nerve Peak Latency (ms) Amplitude (mV) Conduction velocity (m/s)
Ulnar Right 1.7 80.5 57
Left 1.8 73.8 55
Superficial Right 1.8 17.4 61
Late responses
Nerve Latency (ms)
R Tibial F-wave 42.8
L Tibial F-wave 43.2
R Median F-wave 226
L Median F-wave 23.2

Therefore, we cannot exclude that anti-NF155 antibodies may
be present in particular subgroups of patients with CCPD. So far,
we are unable to demonstrate a pathophysiologic link between this
case of CCPD and anti-NF155 antibody.

The manifestation of CCPD is similar with EMRN, but their
pathogenesis remains to be fully elucidated. Although CCPD and
EMRN both exhibit CNS and PNS impairments, the detailed
pathogenesis of both disorders is still unclear at present. The
clinical features of CCPD include a chronic onset, albumin-
cytologic dissociation of cerebrospinal fluids, and a low frequency
of oligoclonal IgG bands (OCB) positivity. In contrast, EMRN is an
acute or subacute progressive disease that causes motor weakness,
myelopathy, neuropathy, encephalopathy, and dysautonomia and
mild CSF pleocytosis. CCPD is characterized by multifocal
acquired inflammatory demyelinating sensory and motor
neuropathy. While in EMRN, peripheral neuropathy is axonal, with
24). Some
autoantibodies, such as anti-lactosylceramide antibody, which was

or without demyelinating neuropathy (23,
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identified in CCPD was also found in EMRN. However, the specific
biomarkers were identified for both disorders: anti-NF155 for
CCPD and anti-neutral glycolipid (especially anti-lactosylceramide)
for EMRN (6, 24, 27, 28). Our case exhibited some common
features of EMRN such as acute motor weakness and dysautonomia,
which are not common in CCPD. However, the albumin-cytological
dissociation of cerebrospinal fluids and absent of OCB positivity,
which is fulfilling the main features of CCPD. Ultimately,
we diagnosed the case CCPD based on criteria of Ogata et al. (6).
The clinical course of this case highlights the complexity of
CCPD. Accurate diagnosis is crucial to ensure the patient receives
the most appropriate and effective e treatment. Nerve conduction
studies and spinal cord MRI are valuable diagnostic tools.
Compared with previous patients with EMRN, our case had a
progressing clinical course (25).

Furthermore, the patient presented the symptoms of GBS and
we finally revealed HEV infection might be a trigger of GBS. GBS
is a disease acute

heterogeneous characterized by
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immune-mediated polyneuropathies, often associated with
preceding viral or bacterial infections (7, 8). Previous studies
have indicated the most frequently identified infectious triggers
for GBS include Campylobacter jejuni infection, influenza-like
illnesses, cytomegalovirus, Epstein-Barr virus (EBV), and
varicella-zoster virus. Additionally, hepatotropic viruses such as
hepatitis A, hepatitis B, and hepatitis C have been implicated as
triggering agents (9). Recently, several case reports and studies
have reported an association between HEV infection and GBS
(10-13).
be responsible for 5 to 11% of sporadic GBS cases in developed

It has been suggested that HEV infection may

countries (14). A study conducted in Bangladesh further
confirmed the link between HEV and GBS (15). The exact
mechanism underlying GBS associated with HEV infection
remains uncertain. One possibility is that HEV directly infects
the peripheral nerve roots or the central nervous system, causing
neural cell injury, as demonstrated by its ability to replicate in
various human neuronal-derived cell lines (16). Another
potential mechanism involves molecular mimicry, in which the
virus indirectly triggers the disorder by sharing similar antigenic
characteristics with components of the peripheral nerves (7). In
our patient, who presented with symptoms of GBS and abnormal
liver function, we suspected that HEV infection may have
triggered the development of GBS based on previous studies (15).
Notably, elevated liver enzymes, including alanine or aspartate
aminotransferase, are commonly observed in GBS patients with
HEV infection, occurring in approximately 75% of cases
according to combined series data (17, 18). Confirmation of HEV
infection can be established through etiology testing, specifically
when serum anti-HEV IgG is positive. As a result, we recommend
considering HEV testing in GBS patients.

Due to its rarity, the treatment of CCPD has not been thoroughly
investigated. In our case, the patient underwent steroid therapy along
with additional administration of IVIg therapy, resulting in a transient
response (19). Subsequently, the patient received RTX and exhibited a
favorable response. Although similar cases have been reported in
previous literature, the optimal therapy for CCPD remains uncertain.
Steroids, IVIg, and plasmapheresis have shown efficacy in treating
CCPD. Acute or subacute combined CCPD has rarely been observed
in adults, with documented successful treatment using plasmapheresis
and IV IgG or IV corticosteroids. More recently, Rituximab has also
demonstrated positive outcomes in patients with CCPD (1, 20). In
another case, RTX was utilized as a third-line therapy following
treatment with steroids, IVIg, and Natalizumab, resulting in clinical
and radiological improvement without relapses during the 28-month
follow-up period (21). Moreover, in a placebo-controlled randomized
controlled trial of relapsing-remitting MS (RRMS) patients, RTX was
found to drastically decrease the counts of contrast-enhancing lesions
as well as volumes of T2 lesions. Furthermore, it reduced the proportion
of patients with relapse at 48 weeks (RTX:20.3% vs. placebo: 40.0%)
(26). Therefore, aggressive immunomodulation therapy should
be considered to induce remission in patients who do not respond to
these treatments.

In conclusion, the clinical presentation of CCPD exhibits
significant heterogeneity, making the diagnosis challenging in clinical
practice. Therefore, it is imperative to establish definitive international
criteria for CCPD in larger sample sizes and across multiple centers.
We recommend the utilization of MRI and electrophysiological
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examinations for patients suspected of having CCPD. In cases where
both AM and GBS manifestations are observed, we suggest conducting
anti-AQP4, MOG, and NCV assessments to achieve a precise diagnosis.
Furthermore, it is crucial to exclude HEV infection in patients
presenting with GBS symptoms and abnormal liver function. If patients
exhibit a poor response to steroids and intravenous immunoglobulin,
RTX should be considered as a secondary treatment option.
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Amyotrophic lateral sclerosis (ALS) is an incurable neurodegenerative disorder.
The most devastating variant is bulbar-onset ALS, which portends a median
survival of 24 months from the onset of symptoms. Abundant evidence indicates
that neuron metabolism and mitochondrial function are impaired in ALS.
Metabolic strategies, particularly fasting and ketogenic diet protocols, alter
neuron metabolism and mitochondria function in a manner that may mitigate
the symptoms of this disorder. We report the case of a 64-year-old man with
a 21-month history of progressive, deteriorating bulbar-onset ALS, with an
associated pseudobulbar affect, who implemented a time-restricted ketogenic
diet (TRKD) for 18 months. During this time, he improved in ALS-related function
(7% improvement from baseline), forced expiratory volume (17% improvement),
forced vital capacity (13% improvement), depression (normalized), stress levels
(normalized), and quality of life (19% improvement), particularly fatigue (23%
improvement). His swallowing impairment and neurocognitive status remained
stable. Declines were measured in physical function, maximal inspiratory
pressure, and maximal expiratory pressure. Weight loss was attenuated and
no significant adverse effects occurred. This case study represents the first
documented occurrence of a patient with ALS managed with either a fasting or
ketogenic diet protocol, co-administered as a TRKD. We measured improved or
stabilized ALS-related function, forced expiratory volume, forced vital capacity,
swallowing, neurocognitive status, mood, and quality of life. Measurable declines
were restricted to physical function, maximal inspiratory pressure, and maximal
expiratory pressure. Now over 45 months since symptom onset, our patient
remains functionally independent and dedicated to his TRKD.

KEYWORDS

motor neuron disease, amyotrophic lateral sclerosis, neurodegeneration, energy
metabolism, mitochondria dysfunction, metabolic strategy, fasting, ketogenic diet

Introduction

Amyotrophic lateral sclerosis (ALS) is an incurable neurodegenerative disorder that
afflicts 4.1-8.4 out of every 100,000 people in the world (1), with the number of new
cases anticipated to rise over the next 20-25 years (2). Although most patients develop
limb-onset ALS, 25-30% of patients develop the more devastating bulbar-onset variant,
which is associated with a median survival of 24 months from the onset of symptoms
(3). Bulbar-onset ALS typically presents with dysarthria, dysphagia, or dysphonia.
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Many patients also develop changes in behavior, cognition, and
mood. The pathogenesis of ALS involves the degeneration and
death of upper motor neurons in the brain motor cortices, lower
motor neurons in the brainstem and spinal cord, and neurons in
the frontotemporal regions of the brain (4). Approximately 90%
of patients lack a family history and are classified as sporadic
ALS, whereas the remaining 10% show a pattern of inheritance
associated with a gene mutation and are classified as familial.
Treatment for sporadic and familial ALS is limited and new
therapies are needed.

Abundant evidence indicates that neuron metabolism and
mitochondrial function are impaired in ALS (5-10). On a
morphological level, mitochondria are abnormally shaped, swollen,
and vacuolated (6, 11). Metabolically, human-derived motor
neurons in both sporadic and familial ALS exhibit defective
oxidative phosphorylation, ATP loss, and elevated levels of reactive
oxygen species (9, 12). Mitochondria in ALS motor neurons also
display impaired glucose metabolism, tricarboxylic acid (TCA)
cycle activity, calcium buffering, axonal transport, and population
dynamics (5, 10). Moreover, degradations in cell metabolism
and mitochondria function have been documented in astrocytes,
microglia, Schwann cells, hepatocytes, lymphocytes, and skeletal
muscle cells (6). Collectively, these impairments in cell metabolism
and mitochondria function culminate in a chronic bioenergetic
challenge that disproportionately impacts metabolically active cells
such as neurons, glia, and myocytes.

Metabolic strategies, particularly fasting and ketogenic diet
protocols, alter cell metabolism and mitochondria function (13).
Both strategies enhance production of the dominant blood
ketone, beta-hydroxybutyrate (BHB), such that its concentration is
sustained at 0.5-0.6 mmol/L or higher (14). BHB metabolism leads
to an enhanced free energy of ATP hydrolysis and a greater supply
of TCA cycle intermediates (15). Ketone metabolism also produces
fewer reactive oxygen species and increases the production of
oxidative stress resistance factors (16, 17). Importantly, fasting
and ketogenic diet regimens renew the mitochondria pool by
upregulating mitogenesis and mitophagy (18). Despite these
beneficial effects, current clinical evidence for metabolic strategies
in ALS is limited to a handful of studies involving transgenic mouse
models—for example, compared with mice maintained on a normal
diet, mice sustained on a ketogenic diet show preserved motor
performance (19), and mice fed caprylic triglyceride (a medium-
chain fatty acid that is readily metabolized into ketones) show
a delayed progression of weakness, improved performance, and
protection from motor neuron loss (20).

Given the collective evidence, we hypothesized that a metabolic
strategy might lead to clinical benefits and improved quality of life
in a patient with ALS.

Case study

We report the case of a 64-year-old male dairy farm systems
stock controller of European background who presented to his
general practitioner with 9 months of slurring and slowing of
speech, difficulty swallowing solids, coughing when consuming
liquids, intermittent sialorrhea, and constant fatigue. His family
had also noted intermittent episodes of laughing and sobbing.
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He was referred to our motor neuron disease clinic, which
occurred 9 months later due to resource constraints, by which
time his bulbar symptoms had worsened leading to 10 kg of weight
loss since symptom onset. Medical history included colorectal
cancer (TINOMO) 12 years previously, which was treated with
a hemicolectomy, as well as a myocardial infarction 11 years
previously, treated with coronary angioplasty. He had a 2-year
history of chronic musculoskeletal pain afflicting both shoulders,
hips, and ankles. Regular medications included aspirin and
metoprolol. He was a life-long smoker (10 cigarettes a day for
50 years—he had quit 4 years previously, but recently resumed
smoking due to frustration over his symptoms). There was no
family history of neuromuscular disease. Socially, he lived with
his wife, who was also his caregiver, and had recently retired
from work due to his symptoms. On examination, our patient
had a muscular build, with little body fat, and he exhibited
inappropriate laughter and crying throughout the consultation.
He was 160 cm in height and 72.2 kg in weight, with a calculated
body-mass index of 28.2 kg/m?. Neurological examination of the
bulbar region revealed definite tongue wasting and fasciculations,
a brisk jaw jerk, and spastic dysarthria. Examination of the
cervical region revealed mild wasting of the bilateral supraspinatus
and infraspinatus muscles and mild weakness in left shoulder
abduction, elbow flexion and extension, and finger grip and
abduction (all 5-/5). All limb reflexes were normal (24) and
plantar responses were normal. Electromyography of the bulbar,
cervical, thoracic, and lumbosacral regions revealed moderate
to severe chronic denervation (reduced recruitment and large-
amplitude, long-duration motor unit action potentials) in multiple
muscles in all four regions. MRI brain showed mild diffuse
leukoariosis and MRI spine showed multilevel bilateral foraminal
stenoses in the cervical spine, both considered normal for age
by a neuroradiologist. An ALS panel analysis for mutations
in 35 different genes was negative (ALS Panel, Blueprint
Genetics, Espoo, Finland). Blood investigations were normal. At
the 3-month follow-up, 21 months after symptom onset, our
patient was diagnosed with bulbar-onset ALS with an associated
pseudobulbar affect by two independent neurologists (both with
neurophysiology fellowships) based on the 2020 Gold Coast
criteria (21).

Given the deteriorating symptoms, riluzole was offered but our
patient declined, after which an 18-month time-restricted ketogenic
diet (TRKD) was presented as an option (Figure 1). The TRKD
involved reducing feeding times to two meals a day. Our patient
chose the timing of the two meals every day and up to 1h was
permitted per meal, ensuring that food intake was limited to 2 h per
day, with fasting (allowing only water, tea, and coffee) occurring
all other hours. The modified ketogenic diet was roughly 60% fat,
30% protein, 5% fiber, and 5% net carbohydrate by weight and
comprised primarily of whole foods (green vegetables, meats, eggs,
nuts, seeds, creams, and natural oils). Our patient was encouraged
to eat to satiation at every meal and not to restrict his calorie
intake. After obtaining written informed consent, we provided him
with a booklet containing guidelines, recipes, and space to record
daily (bedtime) blood glucose and ketone levels using a blood
glucose and ketone monitor (CareSens Dual, Pharmaco Diabetes,
Auckland, New Zealand). The lead investigator provided support
as needed via email. Aside from the TRKD, there were no other
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FIGURE 1
Patient timeline.

lifestyle changes and our patient continued to smoke 10 cigarettes
a day.

Clinical assessments were conducted during the week
preceding the start of the TRKD, with repeat assessments at 6,
12, and 18 months. Clinical assessments evaluated ALS-related
function, physical function, pulmonary function, swallowing
impairment, neurocognitive status, mood, and quality of life.
Assessors were blinded to the intervention. ALS-related function
was reported by the patient and caregiver using the Revised ALS
Functional Rating Scale (ALSFRS-R) (scores range from 0 to
48, higher numbers indicate improved function) (22). Physical
function was measured by a physiotherapist using the get-up-and-
go, 6-min walk, and stair climb tests, with an average from two
tests calculated for each measure (23-25). Pulmonary function
was measured by a pulmonary clinical nurse specialist using
spirometry, which assessed forced expiratory volume, forced vital
capacity, maximal inspiratory pressure, and maximal expiratory
pressure. Swallowing impairment was assessed by speech and
language therapists with videofluoroscopic swallowing study and
interpreted using the New Zealand Index for Multidisciplinary
Evaluation of Swallowing (NZIMES, available at https://fliphtml5.
com/nfqi/zyar/basic), which delineates the oral phase, oral transit
parameters, pharyngeal phase, crico-esophageal parameters, and
laryngeal parameters. Neurocognitive status was measured by a
neuropsychologist using the Repeatable Battery for the Assessment
of Neuropsychological Status (RBANS, with Form A used at
baseline and Week 12 and Form B used at Weeks 6 and 18)
(26), Processing Speed from the Wechsler Adult Intelligence
Scale—Fourth Edition (27), the Trail Making Test from the
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Delis-Kaplan Executive Function System (28), and the Controlled
Oral Word Association Test (COWAT) from the Multilingual
Aphasia Examination (29) (for all tests, higher numbers indicated
improved neurocognition), as well as mood using the Depression
Anxiety Stress Scale (30). Quality of life was reported by the patient
and caregiver using the Functional Assessment of Chronic Illness
Therapy—Fatigue (FACIT-F) (scores range from 0 to 160, higher
numbers indicate better quality of life) (31). Body weight and
blood markers were measured at each assessment. We conducted
an adverse effects questionnaire with the patient and caregiver at 6,
12, and 18 months.

During the 18-month TRKD, our patients mean blood
glucose and ketone levels were 6.52 +/- 0.91 and 0.77 +/- 0.43
mmol/L, respectively (Figure 2), with improvement or stability
documented in most outcome measures (Tables 1, 2). Regarding
function, the ALSFRS-R improved (42-45, representing a 7%
improvement from baseline). The get-up-and-go, 6-min walk,
and stair climb tests showed decline. Regarding pulmonary
function, the forced expiratory volume improved (2.31-2.70L,
representing a 17% improvement), as did forced vital capacity
(3.83-4.33L, representing a 13% improvement). The maximal
inspiratory and expiratory pressures declined. Baseline swallowing
impairment remained stable aside from the oral phase (none
to mild impairment) and laryngeal parameters (moderate to
mild impairment). Despite his stabilized swallowing function,
our patient opted for a radiologically inserted gastrostomy (RIG)
insertion 9 months into the TRKD to mitigate symptoms of
aspiration, which existed before the TRKD was implemented and
were only triggered by water (to date, the RIG remains solely
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FIGURE 2
Mean monthly blood glucose and ketone (beta-hydroxybutyrate) levels during the time-restricted ketogenic diet (TRKD). Error bars indicate standard
error.

used for water intake). The neurocognitive tests generally remained
stable. Baseline depression and stress levels resolved (moderate
to normal). Regarding quality of life, the FACIT-F improved
(114-136, representing a 19% improvement), particularly fatigue
as measured by the FACIT-F subscale (35-43, representing
a 23% improvement). Our patient’s weight was 72.2kg at
baseline and 69.0kg at month 18. Blood investigations for
hemoglobin, creatinine, liver function tests, and glycosylated
hemoglobin remained normal over 18 months. Blood triglycerides
increased from 1.3 to 1.6 mmol/L, high-density lipoprotein
remained at 1.1 mmol/L, low-density lipoprotein increased
from 3.1 to 5.4 mmol/L, and total cholesterol increased from
4.8 to 7.2 mmol/L. Our patient experienced no significant
adverse effects during the TRKD and consistently mentioned
enhanced energy, improved sleep, and reductions in his chronic
musculoskeletal pain.

Discussion

This case study represents the first documented occurrence of
a patient with ALS managed with either a fasting or ketogenic
diet protocol, co-administered as a TRKD. We measured improved
ALS-related function (7% improvement from baseline), forced
expiratory volume (17% improvement), forced vital capacity (13%
improvement), depression (normalized), stress levels (normalized),
and quality of life (19% improvement), particularly fatigue (23%
improvement). His swallowing impairment and neurocognitive
status remained stable. Measurable declines were restricted to
physical function, maximal inspiratory pressure, and maximal
expiratory pressure. Weight loss was attenuated and no significant
adverse effects occurred.
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Although fasting and ketogenic diet protocols may individually
confer metabolic benefits in ALS, they can be readily combined.
Time-restricted feeding eases the burden of organizing multiple
meals, which compensates for the extra time required to become
familiar with a ketogenic diet, whereas the diet may improve
long-term hunger (32), which increases the tolerability of the
fasts. The modified ketogenic diet used here was simple, flexible,
palatable, and affordable, which alleviated the restrictions that have
been associated with ketogenic diets in the past (33). Regardless
of whether metabolic strategies are isolated or combined, it is
important to monitor blood glucose and BHB levels so that
difficulties can be detected and resolved. Despite good adherence
to the 18-month TRKD, our patient’s mean blood glucose levels
averaged 6.52 mmol/L and his BHB 0.77 mmol/L, which is in the
lower range of physiological ketosis (albeit, still within range). This
may relate to his body composition and the ALS process itself.
Our patient’s lower fat mass probably provided less fuel reserve for
fasting-induced ketogenesis. Moreover, many individuals with ALS
exhibit skeletal muscle hypermetabolism (5), which may constitute
an adaptive response to decreased energy metabolism efficiency
(34). Hypermetabolism could have increased our patient’s ketone
utilization, leading to lower blood levels.

During this case study, our patient improved or stabilized
in most measures of function, which is consistent with TRKD-
induced enhancements in neuron, glial cell, and myocyte
metabolism as well as mitochondria function. The ALS community
relies on the ALSFRS-R to monitor activities of daily living and
disease progression (4, 22), which typically declines by 1 point
per month (35). Given our patient’s baseline score of 42, his score
should have declined to 24 during the TRKD. Instead, it improved
to 45. Although ALSFRS-R score changes do not necessarily
reflect improvement (4), and the specific tests of physical function
declined at the final assessment, the fact that our patient’s score
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TABLE 1 Outcome measures for ALS-related, physical, pulmonary, and swallowing function at baseline, 6 months, 12 months, and 18 months after
commencing the time-restricted ketogenic diet (for all tests except the get-up-and-go and stair climb, higher numbers indicate improved outcomes;
improved or stabilized outcomes are highlighted in blue and declines are highlighted in red).

Outcome Baseline Month 6 Month 12 Mon
ALS-related function

ALSFRS-R

Speech 3 3 3 3
Salivation 2 2 2 3
Swallowing 3 3 3 3
Handwriting 4 4 3 4
Handling utensils 4 4 4 4
Dressing and hygiene 4 4 4 4
Turning in bed 4 4 4 4
Walking 4 4 4 4
Climbing stairs 3 4 4 4
Dyspnea 3 4 4 4
Orthopnea 4 4 4 4
Respiratory insufficiency 4 4 4 4
Total 42 44 43 45
Physical function

Get-up-and-go (s) 6.9 6.6 6.8 7.9
6-min walk (m) 541 568 538 497
Stair climb (s) 8.9 8.3 9.3 10.5
Pulmonary function

FEV1 (L, % predicted) 2.31, 86 2.62,97 237,88 2.70,99
FVC (L, % predicted) 3.83,111 3.87,112 4.14,120 4.33,124
MIP (kPa, % predicted) 5.86, 70 4.10, 50 5.00, 60 4.10, 50
MEP (kPa, % predicted) 11.30, 86 12.20, 93 6.70, 51 4.10, 31
Swallowing impairment

Oral phase None Mild Mild Mild
Oral transit parameters None Mild Mild None
Pharyngeal phase Mild Mild Mild Mild
Crico-esophageal parameters None None None None
Laryngeal parameters Moderate None None Mild

ALSFRS-R, Revised Amyotrophic Lateral Sclerosis Functional Rating Scale; FEV1, Forced Expiratory Volume; FVC, Forced Vital Capacity; MIP, Maximal Inspiratory Pressure; MEP, Maximal

Expiratory Pressure.

did not decline over 18 months is potentially important. With
respect to pulmonary function, forced vital capacity is arguably
the most significant spirometric correlate of disease progression
in ALS (36), which shows an average decline of 2-3% predicted
per month (35). Given our patient’s baseline of 3.83L (111%
predicted), his score should have declined to at least 2.87 L (75%
predicted) during the TRKD. Instead, it improved to 4.33 L (124%
predicted). Importantly, the maximal inspiratory and expiratory
pressures declined during the TRKD, which is discordant with
the improved forced expiratory volume and vital capacity, but
these measurements should be viewed cautiously as both tests are
notoriously difficult to perform and poorly predictive of respiratory
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capacity (37). Lastly, swallowing impairment occurs in 85-92%
of patients diagnosed with bulbar-onset ALS and is associated
with malnutrition, aspiration pneumonia, faster functional decline,
and increased mortality (38). Importantly, our patient’s swallowing
function remained stable during the 18-month TRKD, with only
minor variations noted in the oral phase (slightly declined) and
laryngeal parameters (slightly improved), both of which can be
attributed to typical variations seen from swallow to swallow.

Our patient improved or remained stable in most measures
of neurocognitive status, mood, and quality of life. Although
ALS is often considered a neuromuscular disorder, 50% of
patients exhibit impaired executive function, language fluency,
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TABLE 2 Outcome measures for neurocognitive status, mood, and quality of life at baseline, 6 months, 12 months, and 18 months after commencing
the time-restricted ketogenic diet (for all tests, higher numbers indicate improved outcomes; improved or stabilized outcomes are highlighted in blue

and declines are highlighted in red).

Baseline

Neurocognitive status

Month 6

Month 12

RBANS (scaled score, percentile)

Immediate memory 76,5 76,5 81, 10 85,16
Visuospatial/constructional 100, 50 100, 50 105, 63 131,98
Language 96, 39 96, 39 92,30 92,30
Attention 91,27 82,12 91, 27 85,16
Delayed memory 98, 45 100, 50 102, 55 100, 50
Total 88,21 86, 18 91,27 97,42
Processing Speed (scaled score, percentile) 97, 42 86, 18 100, 50 94, 34
Trail Making Test (scaled score, percentile)

Visual scanning 12,75 7,16 10, 50 10, 50
Number sequencing 14,91 12,75 13,84 11,63
Letter sequencing 12,75 12,75 13, 84 12,75
Number switching 11, 63 11, 63 10, 50 11, 63
Motor speed 11,63 10, 50 11,63 11,63
COWAT (raw score, percentile)

Phonological fluency 18, <10 18, <10 18, <10 17, <10
Semantic fluency 22,90 21,90 18,75 19,75
Mood

Depression Anxiety Stress Scale

Depression Moderate Moderate Normal Normal
Anxiety Normal Moderate Normal Normal
Stress Moderate Moderate Normal Normal
Quality of life

FACIT-F (overall) 114 135 141 136
FACIT-F subscale (fatigue) 35 43 42 43

RBANS, Repeatable Battery for the Assessment of Neuropsychological Status; COWAT, Controlled Oral Word Association Test; FACIT-E Functional Assessment of Chronic Illness Therapy -

Fatigue.

or cognition due to pathology in the frontotemporal region (39,
40). The RBANS measures a variety of cognitive domains related
to memory, visuospatial and constructional ability, expressive
language, and attention (26). Our patients low baseline RBANS
scores (21st percentile) suggested a degree of baseline executive-
type impairment, which remained stable (or improved) after the
18-month TRKD (42nd percentile). The COWAT measures verbal
fluency (29). Our patient’s low baseline phonological fluency scores
(<10th percentile) indicated substantial language impairment at
baseline, which remained stable. The ongoing stability in most of
the neurocognitive tests is encouraging and may reflect TRKD-
associated enhancements in neocortical neuron metabolism and
mitochondria function. From the perspective of our patient and
his wife, the greatest benefits associated with the TRKD related to
his mood and energy levels. His moderate baseline depression and
stress levels resolved. He also improved his quality of life and fatigue
scores, which allowed him to maintain an active outdoors lifestyle
on his farm.
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During the 21 months prior to the TRKD, our patient lost
10kg of body weight, which was concerning given that weight
loss is negatively correlated with survival in ALS (7, 8). By
contrast, he lost only 3.2kg of weight during the 18-month
TRKD. Although the resumption of his smoking habit may have
accounted for a portion of the 10kg of weight loss, the relative
weight preservation during the TRKD hints at a weight-sparing
effect. It might seem paradoxical that a strategy with the potential
to induce a caloric deficit could somehow lead to a weight-
sparing effect in ALS. However, the explanation may lie in a
TRKD-induced increased efficiency of ATP synthesis. ALS involves
the accumulation of damaged, uncoupled mitochondria (41),
followed by a progressive decrease in energy metabolism efficiency,
energy dissipation through thermogenesis, and ATP depletion
despite failing attempts by hypermetabolism to compensate for
the shortfall. Fasting may counter this process by inducing
mitochondria renewal and coupling, which can increase the rate
of ATP synthesis—for example, in a study involving uncoupling
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protein-3 knockout mice, fasted mice showed a four-fold higher
rate of ATP synthesis compared to fed mice despite no measurable
difference in TCA cycle activity or whole-body energy expenditure
(42). The TRKD may have increased ATP synthesis efficiency in
our patient, culminating in less generated energy being “lost” and
a subsequent sparing effect on muscle and fat reserves. Consistent
with this hypothesis, well-designed trials have shown that simply
increasing calorie intake, which would not increase metabolic
efficiency, does not significantly attenuate weight loss in people
with ALS (43, 44).

Given that this is a case study, we cannot draw firm conclusions
regarding the mechanism of the documented improvements or
potential impact of the TRKD on survival. Clinical features
associated with shorter survival times include bulbar-onset ALS,
older age, rapid functional decline (as measured by the ALSFRS-
R), low forced vital capacity, frontotemporal dementia, and
pronounced weight loss (3). Given that most of these negative
prognostic features either improved or stabilized in our patient,
it is reasonable to anticipate an ongoing TRKD-induced survival
benefit. Alternative explanations for some of the improvements
include a practice effect and a placebo effect. Although the former
is possible, this seems unlikely given the lengthy 6-month time
intervals between assessments. Since it is not possible to blind
patients to metabolic strategies, a placebo effect may have partially
contributed to the improvements.

In conclusion, this case study represents the first documented
occurrence of a patient with ALS managed with either a fasting
or ketogenic diet protocol, co-administered as a TRKD. We
measured improved or stabilized ALS-related function, forced
expiratory volume, forced vital capacity, swallowing impairment,
neurocognitive status, depression, stress levels, and quality of life.
Measurable declines were restricted to physical function, maximal
inspiratory pressure, and maximal expiratory pressure. Our patient
remains functionally independent and dedicated to his TRKD.
Despite its limitations, this case study is encouraging and serves as a
proof-of-concept for further studies involving metabolic strategies
in ALS.
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Case report: A novel patient
presenting TRIM32-related
limb-girdle muscular dystrophy

Martina Rimoldi!!, Gloria Romagnoli'!, Francesca Magri?,

Sara Antognozzi?, Claudia Cinnante?, Elena Saccani?,

Patrizia Ciscato?!, Simona Zanotti', Daniele Velardo?,

Stefania Corti'*, Giacomo Pietro Comi?* and Dario Ronchi?**

tNeuromuscular and Rare Disease Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,
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Department of Specialized Medicine, University Hospital of Parma, Parma, Italy, °Dino Ferrari Center,
Department of Pathophysiology and Transplantation, University of Milan, Milan, Italy

Limb-girdle muscular dystrophy autosomal recessive 8 (LGMDRS) is a rare clinical
manifestation caused by the presence of biallelic variants in the TRIM32 gene.
We present the clinical, molecular, histopathological, and muscle magnetic
resonance findings of a novel 63-years-old LGMDRS8 patient of Italian origins,
who went undiagnosed for 24 years. Clinical exome sequencing identified
two TRIM32 missense variants, c.1181G > A p.(Arg394His) and c.1781G > A
p.(Ser594Asp), located in the NHL1 and NHL4 structural domains, respectively,
of the TRIM32 protein. We conducted a literature review of the clinical and
instrumental data associated to the so far known 26 TRIM32 variants, carried
biallelically by 53 LGMDRS patients reported to date in 20 papers. Our proband'’s
variants were previously identified only in three independent LGMDRS8 patients
in homozygosis, therefore our case is the first in literature to be described as
compound heterozygous for such variants. Our report also provides additional
data in support of their pathogenicity, since p.(Arg394His) is currently classified as
avariant of uncertain significance, while p.(Ser594Asp) as likely pathogenic. Taken
together, these findings might be useful to improve both the genetic counseling
and the diagnostic accuracy of this rare neuromuscular condition.

KEYWORDS

LGMDRS, TRIM32, limb-girdle muscular dystrophy, clinical exome sequencing, tripartite
motif-containing proteins

1 Introduction

The term limb-girdle muscular dystrophy (LGMD) refers to typically non-syndromic
childhood- and adult-onset group of muscular dystrophies, affecting primarily skeletal
muscles, and usually associated with elevated serum creatine kinase (CK) concentration
(1, 2). Patients with LGMD suffer from progressive muscle weakness and wasting, involving
proximal more than distal districts, in particular muscles of the shoulder and pelvic
girdles (1, 2). However, other muscle groups, such as facial, distal upper and lower limbs,
may also be affected (3). In the pre-molecular era, LGMD diagnosis used to be purely
clinical, and it could only be confirmed differentially once specific protein testing became
available (4, 5) to exclude X-linked recessive neuromuscular disorders, such as Duchenne
muscular dystrophy and Becker muscular dystrophy (1). Since the advent of molecular
myology, pathogenic variants in 29 genes have been reported in distinct LGMD clinical
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presentations, classified into dominant (LGMDD) or recessive
(LGMDR) forms according to the pattern of inheritance, with some
genes presenting both kinds of transmission (1, 2).

LGMDR8 (MIM #254110) represents the subtype 8 of the
autosomal recessive type of LGMD, previously known as LGMD2H
(1, 2), and initially referred to as Sarcotubular Myopathy when
first described in the Hutterite population of Manitoba, in North
America (6-9). This subtype of LGMDR can display clinical
heterogeneity, with symptom onset ranging between the first and
the fourth decade of life (10). The clinical course is progressive, and
severity goes from absence of symptoms to muscular weakness with
atrophy (11, 12), possibly requiring the use of a wheelchair.

Biallelic variants in the TRIM32 gene, on chromosome 9933,
have been associated with LGMDRS, which is caused by the
homonymous protein deficiency (2). TRIM32 encodes the member
32 of the TRIpartite Motif-containing (TRIM) ubiquitin E3 ligase
family, which ubiquitinates several muscle substrates, including
sarcomeric proteins (13). However, the specific effect on the muscle
of the so far identified TRIM32 variants has not been fully clarified
yet. Bioinformatic modeling suggests these variants may cause a
potential misfolding of the TRIM32 protein, especially at the level
of the C-terminal domain, leading to pathogenic consequences on
the muscle physiology (14). Beside the first variant — ¢.1459G > A,
p-(Asp487Asn) - identified in the Hutterite population with a
founder effect (6, 7, 9), additional 25 variants of TRIM32 have been
described to date in other 41 non-Hutterite LGMDRS patients,
worldwide (11, 13, 15-28).

Here, we present the novel case of an Italian 63-years-old
man, who experienced progressive muscle weakness since the age
of 39, and only received a molecular diagnosis 24 years later.
He is the first LGMDRS case in literature to be identified as
compound heterozygous for two TRIM32 missense variants, whose
pathogenicity has not been clarified yet. We describe his clinical,
histopathological, muscle magnetic resonance imaging (MMRI)
and molecular findings, against the backdrop of other 52 LGMDR8
patients harboring biallelic TRIM32 variants (Table 1; Figure 1A),
reported across 19 published studies (7, 11, 13, 15-30).

2 Methods

The study was approved by the institutional review board of
the Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,
Milan (Italy). The patient provided written informed consent for
all aspects of the study. All the details related to data collection
and analysis are available in Supplementary material. Clinical,
histological, immunohistochemical, MMRI, and molecular data
from the proband were integrated within our literature review of
additional 52 LGMDRS patients, carrying biallelic TRIM32 variants
(Table 1; Figure 1A).

As far as the literature review is concerned, the following
terms were searched through PubMed in May 2023, filtering
for human studies, abstract and full-text availability in English:
“((trim32) AND (Igmdr8)) OR (limb-girdle muscular dystrophy
recessive 8).” We included publications reporting patients of
any age, and providing clinical, instrumental, and molecular
characterization, with the latter clearly specifying the presence
of TRIM32 biallelic variants, either carried in homozygosis or
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compound heterozygosis. We applied exclusion criteria at both
molecular and clinical levels: (1) the identification of monoallelic
TRIM32 variants led to the exclusion of the heterozygous patients;
(2) among the patients carrying TRIM32 variants biallelically, we
excluded those cases clearly showing a non-LGMDRS phenotype,
such as the Bardet-Biedl syndrome type 11 (BBS11).

3 Results
3.1 Case report

A 63-year-old man came to our attention presenting with
progressive muscle weakness and difficulty in climbing the stairs,
since the age of 39. The patient was born to non-consanguineous
parents, had a typical psychomotor development, and a negative
family history of neuromuscular disorders. He stopped running
in 12-month time from symptom onset, developing a waddling
gait and inability to walk long distances by the age of 53. Serum
CK levels were persistently increased over the years, ranging
between 600 and 3,000 U/L (with 350 U/L representing the upper
normal limit in men); his cardiopulmonary examination was
always unremarkable.

A muscle biopsy of the vastus lateralis, collected at the age
of 40, revealed dystrophic changes, such as severe fibroadipose
replacement, predominance of type 2 fibers, increased fiber size
variability, and presence of necrotic fibers with macrophagic
invasion. Furthermore, there was evidence of numerous splitting
fibers, subsarcolemmal and intracytoplasmic vacuoles containing
finely granular material, without the presence of sarcotubular
(Figures 2A-D).
desmin and myotilin accumulations within muscle fibers, as well as

aggregates Immunohistochemistry — showed
increased p62 detection compared to control muscles (Figures 2E—
G). Electromyography (EMG) and electroneurography (ENG),
performed at the early stage of the disease, showed a myopathic
pattern of the quadriceps femoris, supporting the diagnosis of a
pelvic girdle myopathy (clinical timeline is displayed in Figure 1B).
The primary hypothesis of a putative involvement of the DMD
gene, possibly responsible for Becker muscular dystrophy, was
ruled out by Sanger sequencing and MLPA analysis, at the time of
symptom onset.

His last physical examination revealed bilateral hypotrophy of
the anterior compartment of the thigh and of the gastrocnemius,
winged scapula, and selective weakness of pectoral, upper and lower
limb muscles, causing waddling gait and bilateral foot drop. He was
able to climb the stairs and stand up from a seated position only
with the use of external aids. The patient reported to have recently
experienced mild weakness of the upper limbs, and right thigh
myalgias, with no cramps nor myoglobinuria. He did not complain
of dysphagia or dysphonia. The most recent CK dosage was 2,400
U/L, in line with his previous values.

Following the neuromuscular visit, a muscle MRI scan was
performed for the first time in 24 years of disease duration.
This revealed diffuse morphological changes in several muscles
of the upper and lower limbs (Supplementary Figure 1), with a
severe fibroadipose degeneration involving the shoulder and pelvic
girdles. In particular, the fatty infiltration pattern of the pelvic
girdle and of the thigh muscles showed relative sparing of rectus
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TABLE 1 Summary of the 26 TRIM32 variants carried biallelically by the 53 LGMDRS patients (including our case) reported in the literature.

Variant ACMG Protein N Age Age CPK Neuromuscular MMRI Cardio- Notes on Reference
Class domain at atlast  (U/L) semiology pulmonary  ethnicity/family
onset  visit involvement
(years) (years)

c.35dupA n/a pre- 1 25 49 1,684 LL > UL and P FR M and M Normal Indian; with BR Chandrasekharan
p-(Asp12Glufs*44) RING weakness; NG parents etal. (19)

progressive; cleft lip

and palate; bilateral

pes cavus; lumbar

lordosis
c59G>T 3 RING 1 25 30 1,708 LL > ULand G n/p n/p n/p n/a n/a Chakravorty et
p-(Cys20Phe) weakness; C al. (17)

pseudohypertrophy
c.115_116insT n/a RING 3 30-40 30-40 n/a dLL and P weakness FR n/p D (1);n/p | Normal Spanish/Australian Servidn-
p-(Cys39Leufs*17) (3); BBs signs (2) ) family; with BR Morilla et al.

parents (26)

c.459_462dup 5 CcC 1 10 40 1,450 LL, pUL, Fand G n/a n/p M Normal Turkish Johnson et al.
p-(Argl155Asnfs*29) weakness; 21)

progressive; WB since

30
c.467T > C 3 CC 2 27; 36 43; 54 926; 1,500 LL, pULand G n/p n/p M n/a Brothers Mair et al. (22)
p-(Leul56Pro) weakness (2);

progressive (2);

muscle atrophy and

WBat 53 (1);

pseudohypertrophy

1
c.488T > C 3 CcC 2 3;32 21; 40 6,500; 398 L and G weakness (2); atrophy and n/p M; D Normal (1); n/a Pakistani (1); Persian Johnson et al.
p.(Leul63Pro) progressive (2); WA FR (1) (1) 1)

at 20 (1)
c.574dup 5 CcC 2 30; 30 56; 48 802; 443 L, G, A and PS atrophy and n/p D Mild aberrant Belgian Johnson et al.
p.(Glul92Glyfs*7) weakness; WB since FR contraction (1) (21)

late 40s
c.650A > G 3 inter CC- 4 20-67 57-67 n/a L and G weakness (3); focal FR n/p D (2); n/p Normal Spanish/Australian Servidn-
p-(Asn217Ser) NHL1 asymptomatic (1); FD ) family Morilla et al.

(1); progressive (4); (26)

WA at 58 (1)
c.691del 5 inter CC- 1 early 30s = 42 1,844 P and LL weakness; atrophy and n/p D Normal British Johnson et al.
p.(Ala231GInfs*21) NHLI1 progressive FR 1)
c872T > G 3 inter CC- 1 19 48 120 L and G weakness; atrophy and n/p M Normal Persian Johnson et al.
p-(Ile291Ser) NHL1 progressive; WA at 42 FR (1)
c.1108del 4 NHL1 1 early 30s | 42 1,844 P and LL weakness; atrophy and n/p D Normal British Johnson et al.
p.(Met370Cysfs*10) progressive FR (21)

(Continued)
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TABLE 1 (Continued)

Variant Protein N Age Neuromuscular Cardio- Notes on Reference
domain at last semiology pulmonary  ethnicity/family
visit involvement
(years) (years)
cl1163C > T NHL1 2 30; 30 56; 48 802; 443 L,G, A and PS atrophy and n/p D Mild aberrant Belgian Johnson et al.
p-(Ala388Val) weakness; WB since FR contraction (1) 1)
late 40s
c1181G > A NHL1 3 45; 30s; 53; 64; 500; n/a; pL (3), G (3), and NF n/a (1); n/p n/p (2); D(1;M RBBB (1); LV British (1); Italian (2) Johnson et al.
p-(Arg394His) 39 63 600; 2,400 (1) weakness; pL (2) (1); atrophy M(1) 2) hypertrophy (1); 1) (1);
and LL (1) atrophy; and FR (1) FVC 41% (1) Saccone et al.
retractions (1); (11) (1); our
myalgia (2); case
paresthesia (1); WS
(2); ED (1);
progressive (3); WB
since 60s (1); WA at
50 (1) and 63 (1)
c.1184T > C NHL1 1 14 65 125 pL and G weakness; n/p n/p n/p Aortic valve with BR parents Ten Dam et al.
p.(Ile395Thr) progressive stenosis; RI and (27)
NIV
c.1459G > A NHL3 14 0-8 (5); 7-15 (7); 117-276 L (10), G (8), NF (4), n/p (12); n/p (13); M (7); D n/a (9); normal German brothers (2); Schoser et al.
p-(Asp487Asn) 20-31 23; (5); F(2)and A (2) atrophy and M (1) (1);n/p (5) Hutterite brothers (2); (29) (4); Frosk
(5);n/a 33-40 1,055- weakness; FR (2) (6) Hutterite family (7); etal. (7) (7);
(4) (5); 54 2,030 (5); asymptomatic (4); pL Bosnian Serbian (1); Johnson et al.
5-20x (3); atrophy (4); C Serbian (1); Hutterite (21) (2);
n/a (1) pseudohypertrophy (1) Liewluck et al.
(2); C atrophy (1); (30) (1)
+Gower’s sign (2);
myalgia and fatigue
(3 WS (1);
progressive (4); WB at
53 (1)
¢.1560delC inter 3 <10 (2); 40; 36; 860; 460; myalgia and n/p (3) M and M (2); Respiratory Sweden (2); Croatian Borg et al. (15)
p.(Cys521Valfs*13) NHL3- 37 44 1-2.5x paresthesia (2); L, G NG n/p (1) involvement (1) (1) (2); Saccone et
NHL4 and F weakness (3); al. (11) (1)
‘WB at 40 (2); F and
pL atrophy (3); C
pseudohypertrophy
(2
c.1603delC inter 1 30 40 400 LL > UL and P n/p M M n/a non-Hutterite Nectoux et al.
p.(Leu535Serfs*21) NHL3- weakness; WS; WA at (23)
NHL4 40
c.1700A > G NHL4 2 24;27 30 610; 427 L, G and NF atrophy and M M n/a Chinese sisters Guan et al.
p.(His567Arg) weakness; FR (20)
progressive; fatigue;
LL hypotrophy;
+Gowers’ sign
(Continued)
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TABLE 1 (Continued)

Variant Protein N Age CPK Neuromuscular Muscle Cardio- Notes on Reference
domain atlast (U/L) semiology biopsy pulmonary  ethnicity/family
visit involvement
(years)

¢.1701_1703del 3 NHL4 4 20-67 57-67 n/a L and G weakness (3); focal FR n/p D (2); n/p Normal Spanish/Australian Servidn-
p.(Phe568del) asymptomatic (1); FD () family Morilla et al.

(1); progressive (4); (26)

WA at 58 (1)
c.1753_1766dup 5 NHL4 1 25 52 744 L and G weakness; n/p M M Normal Turkish; with BR Cossée et al.
p.(Ile590Leufs*38) myalgia; progressive parents (16)
c1771G > A 2 NHL4 3 teens n/a n/a FD first sign (3); L diffuse FR n/p D (2); n/p Normal Spanish/Australian Servian-
p-(Val591Met) and G weakness (3); (1) family (3); with BR Morilla et al.

ankle contractions parents (1) (26)

(3); progressive (3);

WA at 30 (1)
c.1781G > A 3 NHL4 2 46; 39 66; 63 4x; 2,400 L and G weakness (2); diffuse atrophy n/p (1); M Normal Italian Panicucci et al.
p-(Ser594Asn) scapular G (1), pLand | and FR M (1) (25); our case

LL (1) atrophy; C

pseudohypertrophy

(1); rigid spine (1);

WS (1); FD (1);

myalgia (1);

progressive (2); WA

at 63 (1)
c.1786C > G 3 NHL4 1 14 42 <2,000 L, PS and P weakness; n/a n/p M Atrial septal Italian Johnson et al.
p-(Arg596Gly) progressive; scoliosis; aneurysm 21)

joint laxity; WA since

mid-30s
c1837C>T 4 NHL5 2 34;25 45; 35 317; 2x pL,Gand A n/a (1); n/p (1); M (2) Mitral and Polish (1); n/a (1) Johnson et al.
p-(Arg613*) weakness; progressive | atrophy and M (1) tricuspid valve (21) (1); Neri

FR (1) regurgitation (1) etal. (24) (1)

c.1855C > T 3 NHL5 1 school 28 746.81 pL,Gand T atrophy and M n/p LV contraction Azerbaijani Marchuk et al.
p-(Pro619Ser) age weakness; pL atrophy; FR alteration (13)

progressive;

+Hoover’s sign

ACMG class, TRIM32 structural domain, clinical phenotypes, and instrumental findings, are provided for each listed variant. Please note that compound heterozygous patients appear twice (hence N > 53). The color coding refers to the TRIM32 structural domains
and intermediate regions displayed in Figure 3B. A, abdominal; ACMG, American College of Medical Genetics and Genomics; BBs, Bardet-Biedl syndrome; BR, blood-related; C, calve; CC, coiled-coil; CPK, creatine phosphokinase; d, distal; D, dystrophic; EF, ejection
fraction; EMG/ENG, electromyography/electroneurography; F, facial; FD, foot drop; FR, fatty replacement; FVC, Forced Vital Capacity; G, girdle; L, limb; LV, left ventricle; M, myopathic; MMRI, muscle magnetic resonance imaging; N, number of patients; NF, neck
flexor; NG, neurogenic; NIV, non-invasive ventilation; n/a, not available; n/p, not performed; p, proximal; P, pelvic; PS, paraspinal; RBBB, right bundle branch block; RI, respiratory insufficiency; T, tongue; UL/LL, upper/lower limb; WA, walking aids; WB, wheelchair
bound; WS, winged scapula.
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FIGURE 1
(A) Graphic of the typical LGMDR8 phenotype. The five sections summarize the most frequent clinical and instrumental features, drawn from the
analysis of the 53 LGMDR8 TRIM32-mutated patients (including our case) reported in the literature; (B) timeline highlighting our patient’s clinical
history and diagnostic work-up. Figures (A, B) were created with BioRender.com.
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FIGURE 2

Histological and immunohistochemical findings in muscle biopsy. (A, B) Hematoxylin and eosin (A) and modified Gomori trichrome (B) stains
showing markedly increased fiber size variability, central nuclei, severe fibro-adipose replacement (asterisks), splitting fibers (arrowheads), internal
vacuoles (arrow). (C) ATPase pH 9.4 stain showing predominant type 2 (darker) fibers atrophy. (D) NADH-TR stain showing preserved oxidative
enzymes activity in most of the observed fibers, with darker stain of the atrophic fibers. (E, F) Immunofluorescence assay showing increased
intracellular accumulation of myotilin (E) and desmin (F) proteins compared to control muscles (small frames). (G) Immmunofluorescence assay
showing increased cytoplasmic p62 signal compared to control muscle (small frame). Scale bars: 100 um (A-D) 25 um (E-G).
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FIGURE 3
Schematic representation of the TRIM32 gene (A) and TRIM32 protein (B), displaying the structural domains and intermediate regions with the
LGMDR8-associated biallelic variants (that are listed with the same color coding in Table 1). The two variants (c.1181G > A, p.Arg394His; c.1781G > A,
p.Ser594Asn) carried by our patient are outlined in red (B) and also shown in the chromatograms (C). Figures (A, B) were created with BioRender.com.
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femoris, gracilis, sartorius, and the short head of biceps femoris.
The most affected compartments of the thigh were the medial and
the posterior ones, with a diffuse bilateral hypotrophy, which was
mostly symmetric. Dystrophic changes were also present at the level
of the leg muscles, with relative sparing of the flexor hallucis longus,
flexor digitorum longus and tibialis posterior muscles. As for the
shoulder girdle, there was diffuse fatty degeneration, with relative
sparing of the right supraspinatus, as well as of the trapezius,
infraspinatus and pectoralis muscles, bilaterally. At the upper arm
level, the most affected muscle was the triceps brachii, followed by
the deltoid muscle. In contrast to what shown by the MMRI, clinical
examination of the upper limbs was normal, with MRC score being
5 in all districts, except for pectoral muscles, where MRC score was
4 bilaterally.

To make the definitive diagnosis of LGMDRS, a Clinical Exome
Sequencing was performed at our center, revealing the presence
of two heterozygous TRIM32 variants (Figures 3B, C): ¢.1181G
> A/p.(Arg394His), and ¢.1781G > A/p.(Ser594Asp). These were
already described by Saccone et al. (11) and Panicucci et al.
(25), and classified as class 4 (likely pathogenic) and class 3
(of uncertain significance) variants, respectively, according to the
ACMG (American College of Medical Genetics and Genomics)
criteria (Figure 3). Proband’s parents or relatives were not available
for segregation testing.

3.2 Literature review

We conducted a literature review of the clinical data related
to 26 TRIM32 variants, carried biallelically (in either compound
heterozygosis or homozygosis) by 53 LGMDRS patients (included
our proband). Clinical and instrumental findings extracted from
the 20 extant studies are reported in Table 1, and a visual summary
of the LGMDRS typical phenotype, based on the literature, is
displayed in Figure 1A (7, 11, 13, 15-30).

The 91% (48/53) of the LGMDRS8 patients described in the
literature suffered from muscle weakness, usually self-reported as
difficulty in walking/running and climbing the stairs. The upper
limbs were involved in 71% of the patients (34/48), whereas
proximal muscles (including those of the scapular girdle) were
affected in 60% (29/48) of the cases. Other reported muscular
symptoms were myalgias (11/53), exercise-intolerance (7/53),
fatigue/fatigability (5/53), paresthesia (3/53), ankle contraction
(3/53), muscle stiffness (1/53) and cramps (1/53). Physical
examination also revealed lower limb (calves or quadriceps)
hypertrophy in 13% (7/53) of the patients, and atrophy/hypotrophy
(mainly affecting the lower limbs) in 32% (17/53) of them. Scapular
winging was also reported in 13% (7/53) of the cases, and one
patient presented with a scapuloperoneal phenotype (30). Finally,
a small group of patients (5 out of 53), aged 4-33 years, did
not complain of any muscle symptoms, and their neurological
evaluation showed no signs of muscular impairment (7, 26). The
clinical course showed progressiveness in 74% (39/53) of the cases.
In this sub-group of progressive LGMDRS, 21% (8/39) of the
patients needed unilateral (3/39) or bilateral (5/39) aids for walking,
after 5-24 years of disease duration; while 23% (9/39) of them were
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wheelchair-bound at an age ranging from 30 to 70 years, after 8-
40 years of disease progression. An EMG study was performed
in 26% (14/53) of the LGMDRS patients, who typically showed
a myopathic pattern; neurogenic electromyographic changes were
also reported in one-third of these cases.

Cardiac and respiratory involvement is not a frequent
presentation in LGMDRS, but there might be cardiorespiratory
alterations in  some cases. Cardiological examination
(electrocardiography and/or echocardiography) and spirometry
testing were reported normal in 77% (30/39) of the patients with
available cardiorespiratory data. The remaining 23% (9/39) showed
some respiratory (10%, 4/39) and/or cardiac abnormalities (21%,
8/39), such as respiratory insufficiency and violations of myocardial
conduction (Table 1).

MMRI studies of the lower limbs were described in 49%
(26/53) of the cases [our patient; (13, 19, 21, 24-28)]. Their images
showed fibroadipose degeneration, with preferential affection of
the posterior thigh compartment and selective sparing of specific
muscles. Upper limb MMRI findings have been rarely reported in
the LGMDRS literature [our case; (28)]. Wei at al. (28) described a
minimal fatty infiltration without a distinct involvement pattern;
conversely, our patients MMRI showed diffuse fibroadipose
replacement of the shoulder girdle, and involvement of the high
arm, with selective sparing of specific muscles.

Histological findings were reported in 39 patients: 69% (27/39)
of the biopsies showed nonspecific myopathic changes, whereas
the remaining 31% (12/39) displayed a clearly dystrophic pattern,
with two cases presenting both myopathic and neurogenic features.
Immunohistochemical analysis of our patient’s biopsy showed
accumulations of desmin and myotilin, that are muscle-relevant
targets of the TRIM32 ubiquitin ligase activity, alongside dysbindin,
actin, a-actinin and tropomyosin (14). Similar findings were also
observed in another LGMDRS patient (25), who was homozygous
for the c.1781G > A, p.(Ser594Asn) TRIM32 variant, also carried by
our proband. Furthermore, a certain degree of autophagy alteration
has been observed in muscle samples from LGMDRS patients:
reduced levels of p62 and LC3II were described by Servian-Morilla
et al. (26), whereas an increased p62 signal was detected in the
muscle biopsy of our patient. Further investigations are therefore
needed to elucidate TRIM32 pathways in autophagy regulation, and
whether autophagy is up- or down-regulated in LGMDRS (14).

4 Discussion

The TRIM family includes RING E3 ubiquitin ligases sharing
a common evolutionary origin and a similar structure of the N-
terminal RING domain as well as of the NHL repeats at the C-
terminus.

In the TRIM32 653-amino-acid-long protein (Figure 3B), the
N-terminal conserved tripartite motif consists of: (1) a RING
structural domain (20-65 amino acids), which confers catalytic
activity by interacting with the E2, and by promoting ubiquitin
transfer; (2) a single type 2 B-box structural domain (103-133
amino acids), which possibly enhances the E3 RING domain
activity (31) and modulates the rate of poly-ubiquitin chain
synthesis (32); and (3) the Coiled-Coil structural domain (138-197
amino acids), which mediates dimerization and oligomerization
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(14). The C-terminus consists of five (or six) NHL repeats of about
forty residues each (358-401, 415-458, 459-499, 562-605, 606
646), that are involved in protein binding and in mediating higher
order self-association and homomultimerization (14).

Looking at the clinical features and genotypes of the 53
patients from our literature review, a clear genotype-phenotype
correlation did not emerge. Interestingly, Guan and coauthors (20)
recently analyzed 86 TRIM32-mutated patients from the literature,
highlighting a correlation of the TRIM32 variants exclusively
impacting on the NHL domains, with a lower age at onset and
higher CK levels, compared to subjects carrying variants outside
the NHL regions. A gender effect was also observed, with a lower
age of symptom onset, and higher CK levels, in males than in
females (20). However, their analysis included both LGMDRS8
and BBS11 patients, carrying bi- or monoallelic TRIM32 variants
(20), and this may explain the different results from our review,
which instead specifically focused on LGMDR8-associated TRIM32
biallelic variants.

To date, 50% (13/26) of the TRIM32 variants (Table 1)
considered to be causative for LGMDRS (when present biallelically,
either in homozygosis or in compound heterozygosis) are located
in one of the five NHL repeats, like in the case of our patient.
However, LGMDR8-causing TRIM32 variants have been recently
identified also in non-NHL domains (RING and Coiled-Coil), as
well as in the intermediate regions outside the structural domains,
like the pre-RING region (19), inter-CoiledCoil-NHL1 (26), and
inter-NHL3-NHL4 (21). These findings dismantled the initial
hypothesis of a selective involvement of the NHL domains in
the LGMDRS pathogenesis (14). In particular, the RING domain
was found to be mutated (p.Cys20Phe, p.Cys39Leufs*17) in 4
LGMDRS patients reported independently by Chakravorty et al.
(17) and Servian-Morilla et al. (26). Additional 4 variants have
been identified also in the Coiled-Coil domain (p.Argl55Asnfs*29;
p-Leul56Pro; p.Leul63Pro; p.Glul92Glyfs*7) of other 7 LGMDRS8
patients, described by Johnson et al. (21) and Mair et al.
(22). The only TRIM32 structural domain which seems not to
be involved in the LGMDRS pathogenesis is the B-box-2. To
date, the only noted B-box-2 variant is p.(Pro130Ser), which is,
in fact, associated with BBS11 (33). BBS11 is a multisystemic
disorder with no skeletal muscle involvement, characterized by
obesity, polydactyly, retinal dystrophy and kidney abnormalities.
Interestingly, despite LGMDRS8 and BBS11 being two distinct
disorders, some of the LGMDR8 patients (26) carrying the
truncating variant, p.Cys39Leufs*17, in the RING domain, showed
typical BBS11 systemic symptoms in addition to the LGMDRS8
muscular presentation. A putative explanation for the presence
of such different TRIM32-related phenotypes might be that
RING and B-Box-2 domains have less muscular specificity and
a more pleiotropic activity than the Coiled-Coil domain and
the NHL repeats, that instead seem to mediate more muscle-
specific functions.

Our patient carried a likely pathogenic variant in the
NHLI domain, and a variant of uncertain significance in the
NHL5 domain. The NHLI variant, p.(Arg394His), was previously
reported in homozygosis in two LGMDRS8 patients by Saccone
et al. (11) and Johnson et al. (21); whereas the NHL5 variant,
p-(Ser594Asp), was described in homozygosis in one patient by
Panicucci et al. (25). Clinical, histological, and imaging features
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of our proband were very similar to the ones described in the
patient carrying the NHL5 variant (25). As for the other two cases
carrying the same NHLI variant harbored by our patient, one had
analogous muscular presentation and progressiveness of the disease
(21), whereas the second patient, unlike our proband, presented
with additional cardiorespiratory symptoms (11). Interestingly,
two of these three cases were of Italian origins (11, 25), like
our patient.

5 Conclusions

We presented a novel LGMDRS patient of Italian origins,
caused by two TRIM32 missense variants for the first time
described in compound heterozygosis, and previously reported in
homozygosis in three independent patients (11, 21, 25). This case
report provided new evidence in support of the pathogenicity of
both p.(Arg394His) and p.(Ser594Asp) variants, that are not yet
classified as pathogenic. We also defined the typical LGMDR8
phenotype associated with the so far identified 26 TRIM32 variants,
by performing a literature review of clinical and instrumental
data related to 53 LGMDRS patients. All these findings, taken
together, might potentially be of help in improving both the
diagnostic accuracy and the genetic counseling of this rare
neuromuscular disease.
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Neuralgic amyotrophy with
multiple hourglass-like
constrictions of anterior
interosseous nerve: a case report

Fangling Shi, Xiaoling Zhou and Xueyuan Li*

Department of Hand Surgery, Ningbo No.6 Hospital, Ningbo, China

Hourglass-like constrictions (HLCs) of peripheral nerves in the upper extremity
were a rare form of neuralgic amyotrophy, often characterized by the sudden
onset of pain in the shoulder or arm, followed by muscle weakness and
amyotrophy, with limited sensory involvement. We present a case of multiple
HLCs of the anterior interosseous nerve (AIN) in a 22-year-old female with left
upper arm pain, finger numbness, and limited activity for 1month. Physical
examination showed weakness of the left index flexor digitorum profundus
and flexor pollicis longus, with mild hypoesthesia in the first three fingers and
the radial half of the ring finger. Electromyography suggested a median nerve
(mainly AIN) lesion. Ultrasonographic imaging of the median nerve shows AIN
bundle swelling and multiple HLCs at left upper arm. Despite conservative
treatment, which included 15 days of steroid pulse therapy, Etoricoxib, and oral
mecobalamin, the patient still complained of extreme pain at night without relief
of any symptoms. Operation was recommended for this patient with thorough
concerns of surgical advantages and disadvantages. During surgery, a total of 7
HLCs were found in her median nerve along and above the elbow joint. Only
Interfascicular neurolysis was performed because the nerve constrictions were
still in the early stage. The pain was almost relieved the next day. One month
after surgery, she could bend her thumb and index fingers, although they were
still weak. 4 months after the surgery, she was able to bend affected fingers, with
muscle strength M3 level. At the same time, her fingers had fewer numbness
symptoms. There was still controversy regarding treatment strategy; however,
early diagnosis and surgical treatment for nerve HLCs might be a better choice
to promote nerve recovery.

KEYWORDS

neuralgic amyotrophy, Parsonage-Turner syndrome, brachial neuritis, surgery,
neurolysis

Introduction

Neuralgic amyotrophy, also known as brachial neuritis or Parsonage-Turner syndrome, is
characterized by the sudden onset of pain in the shoulder or arm, followed by muscle weakness
and amyotrophy, with limited sensory involvement (1-3). The etiology of neuralgic
amyotrophy is still unclear. The pathology points toward certain autoimmune processes,
induced by a viral infection or activated in an immunosuppressed state, or an allergic
mechanism, leading to inflammation of selected peripheral nerves (4, 5).
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With the application of high-resolution peripheral nerve imaging
including, ultrasound and MRI, the presence of HLCs of involved
nerves or nerve fascicles is increasingly recognized in patients with
neuralgic amyotrophy (6), and patients with HLCs usually have poor
recovery with residual symptoms or paresis (7). Ultrasound has the
advantage of being noninvasive and cost-effective, providing
important value in monitoring the progress of affected nerves (6, 8).

We achieved good clinical recovery in a neuralgic amyotrophy
patient with multiple HLCs in the AIN by early surgical intervention.

FIGURE 1

Preoperative physical examination showed the strength of the left
flexor pollicis longus and index flexor digitorum profundus was MRC
2, with mild hyperesthesia in 1-4 digits.

TABLE 1 Patient's electromyography results.

10.3389/fneur.2024.1306264

We discussed the early diagnosis and treatment strategy based on this
special case. Written consent for publication of this case report was
obtained from the patient herself.

Case report
History and examination

A 22-year-old woman complained of extreme pain in her left
upper arm and numbness in her fingers after carrying heavy acrylic
plates. There was no family history of nervous system or
musculoskeletal disease. Initially, she was unaware of the severity of
the condition. She chose to stay at home and take a rest. However, her
pain and weakness showed no signs of recovery, with obvious flexion
weakness of her thumb and index finger within 2 weeks. Half a month
after the onset of the disease, ultrasound examination at a local
hospital revealed edema of the median nerve accompanied by
constrictions. One month following the onset, she came to our
outpatient clinic. The patient presented with a forced left elbow flexion
position due to severe pain. Physical examination showed a severe
paresis of the left flexor pollicis longus and index flexor digitorum
profundus muscles (strength 2 on the Medical Research Council
(MRC) scale), a moderate paresis for the middle flexor digitorum
profundus (MRC 3), biceps brachii, flexor carpi radialis, and abductor
pollicis brevis muscles (MRC 3-4), with mild hypesthesia first three
fingers and the radial half of the ring finger (Figure 1). The rest of
muscle strength, tendon reflexes, Tinel’s sign and neck examination
were unremarkable.

At first, we adopted conservative treatment for the patient
including 2 weeks of steroid pulse therapy (1 mg/kg), etoricoxib and
oral mecobalamin. However, the patient still complained of extreme
pain described as shooting and drilling at night. Therefore,
electromyography (EMG) and ultrasound examination were
performed when she came to the clinic again.

The EMG results showed that the abductor pollicis brevis, flexor
pollicis longus, flexor carpi radialis, and biceps brachii exhibited
fibrillation potentials and positive sharp waves, indicating AIN and
musculocutaneous nerve both involvement. The conduction velocity
of Median nerve was 53m/s and the compound muscle action
potential (cMAP) of the biceps muscle, as shown in EMG, was
10.5mV (Table 1).

Muscle Fibrillation potentials Positive sharp waves cMAP Lat
Abductor pollicis brevis + + 1.3 43
Flexor pollicis longus + + — —
Flexor carpi radialis + +

Biceps brachii + + 10.5 10.8
Detected nerves cMAP(Left) Lat(Left) cMAP(Right) Lat(Right)
Lateral antebrachial cutaneous

nerve 42.3 1.4 40.1 1.3
Superficial radial nerve 58.7 1.7 — —
Median nerve 18.4 3.1 43.1 3.1
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Ultrasound examination of the median nerve showed nerve
bundle swelling and multiple HLCs of left upper arm (Figure 2).
Magnetic resonance imaging was not performed.

Surgery

The Median nerve was exposed through 2 incisions in front of the
elbow joint. Inspection of the median nerve revealed that nerve
fascicles (mainly AIN) were partially swollen and hardened due to
inflammatory thickening of the epineurium proximal to the
medial epicondyle.

After the thickened epineurium had been opened, multiple HLCs
lesions along with AIN bundle were exposed. One of the fascicles
showed 4 HLCs and other fascicles showed 3 HLCs (Figure 3).

During surgery, a total of 7 HLCs were found at 10.5, 9.5, 9.0,
6.0, 2.0, 1.5 and 0 cm proximal to the medial epicondyle (Figure 3)

10.3389/fneur.2024.1306264

in her AIN bundle and without any visible source of external
compression. During surgical intervention, nerve epineurium and
part of the interfascicular nerve were released and electrical
stimulation was performed on the median nerve. A total of I mL
Compound Betamethasone was injected underneath the affected
AIN epineurium.

Postoperative course

After surgery, the left elbow was immobilized at 135° position
with splint for 2 weeks. The next day, the patient’s pain was
almost relieved. One month after surgery, she was able to bend
her thumb and index fingers actively, although still weak (MRC
2). 4months after the surgery, she was able to bend her thumb
and index finger (MRC 3). At the same time, her fingers were
less numbed.

FIGURE 2
The longitudinal ultrasound image shows multiple HLCs of AIN (arrow).

FIGURE 3

Multiple HLCs had been observed in the affected AIN during the operation (arrow).
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Discussion

The structural pathology of HLCs has been described in numerous
cases of neuralgic amyotrophy, affecting various nerves including
AIN, PIN, musculocutaneous nerve, suprascapular nerve and
posterior cord (9). Recent progress in research on high-resolution
imaging has effectively improved the understanding and early
diagnosis of neuralgic amyotrophy (4, 6, 8). Moreover, Peripheral
nerve surgery is gradually recognized as a routine treatment for
neuralgic amyotrophy with HLCs (4, 5, 7, 10). In this case,
we diagnosed AIN nerve constrictions early using ultrasound and
performed surgical procedures after 2 weeks of conservative treatment,
avoiding further progression of nerve constriction.

For decades, the diagnosis of neuralgic amyotrophy has been
mainly based on specific symptoms, such as acute intense pain around
the shoulder girdle followed by muscle weakness and amyotrophy (3,
4, 11). In the early stage of neuralgic amyotrophy, EMG may indicate
that 2 or more nerves are involved. The EMG characteristics in this
case indicated nerve axonal injury and compared with sensory nerves,
mainly the axons of the motor nerves were damaged. The clinical
features of this case include severe pain and acute muscle weakness,
which are consistent with the clinical diagnosis of neuralgic
after the onset of the
electromyography showed that AIN was severely damaged, with

amyotrophy. One month disease,
partial axonal damage of the musculocutaneous nerve.

High-resolution peripheral nerve imaging such as MRI and
ultrasound technology are considered valuable tools for the diagnosis
of neuralgic amyotrophy based on the pathologic basis of HLC (2, 12,
13). Aranyi et al. reported abnormal ultrasound findings in 74% of
neuralgic amyotrophy patients and classified abnormalities as swelling
without constriction, swelling with incomplete constriction, swelling
with complete constriction, and fascicular entwinement (14, 15).
However, there are few reports of HLC in patients with early-stage
neuralgic amyotrophy. Paolo et al. described 39 patients with neuralgic
amyotrophy, of which 29 had the presence of HLCs detected by
ultrasound within 1 month of onset and recommended using
ultrasound as the first-line complementary tool within the first
2weeks after symptom onset (6). In this case, at 2weeks of onset,
ultrasound examination revealed edema and HLCs in the patient’s
AIN, and at 4 weeks of onset, there were no signs of improvement in
the AIN. Ultrasonography showed that the AIN above the elbow joint
had obvious swelling with multiple HLCs.

Neuralgic amyotrophy was previously considered a rare self-
limited disease with good prognosis (16). Recent publications
suggested that the incidence of neuralgic amyotrophy was severely
underestimated, and its actual incidence rate is 1/1000 per year (17).
Treatment includes early administration of corticosteroids,
appropriate pain management, and physiotherapy. Pan et al. explored
the nerves of patients with persistent palsy and no signs of clinical
recovery and found that HLC lesion in the nerve is the pathological
basis of brachial neuritis (7). On the basis of poor clinical recovery and
HLCs, Pan et al. consider surgical intervention as a treatment option
to deal with those patients who do not respond to conservative
treatment after several months (7).

However, there was still controversy regarding treatment strategy
and timing of surgical intervention. In this particular case, operation
was recommended with thorough concerns about surgical advantages
and disadvantages as there is no significant improvement after
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conservative treatment, and more importantly, the ultrasound
confirmed the presence of constriction in the nerve bundles which
usually predicts poor recovery. The intraoperative findings highly
coincided with the results of preoperative ultrasound. Interfascicular
neurolysis and fascicle stimulation were performed because the nerve
constrictions were still in the early stage and the nerve constrictions
were incomplete, except the 6th and 7th constrictions were 80%
constriction. After interfascicular neurolysis, the nerve structure was
still continuous and acceptable.

In this case, even though we discovered HLCs in AIN early on, the
patient still recovered poorly after conservative treatment. However,
we believed that early diagnosis is important to allow prompt
neurolysis surgery that was beneficial for the patients functional
recovery. During neurolysis, the pressure inside the perineurium and
between the interfascicular nerve bundles was released. Local
Betamethasone was injected beneath the perineurium to prevent
further edema. Fortunately, the patient’s symptoms were relieved in a
short period.

Kim et al. (18) speculated that delay of the surgery, age of the
patient, and method of surgical treatment indicated poor prognosis.
Therefore, if there is a clear diagnosis indicating the presence of HLCs
and poor recovery after conservative treatment, surgical treatment is
the best choice to avoid further narrowing of the affected nerves and
promote functional recovery.

The selection of surgical methods is based on the results of
intraoperative nerve stimulation, personal experience of the surgeon,
and the basis of the degrees of constriction found at surgical
exploration (7). Severity of constriction was also defined by Gstoettner
according to the percentage of nerve/fascicle thinning: <25% thinning
was classified as mild, 25-75% as moderate and>75% as severe
constriction (4). In complete constriction cases, interfascicular
neurolysis only was not recommended, and patients should undergo
neurorrhaphy. In this case, the 6th and 7th contractions in Figure 3
are severe, but we believe that functional recovery was still possible by
neurolysis since the constriction was not complete and this case was
still in its early stages. The prognosis of this patient confirmed
our hypothesis.

For neuralgic amyotrophy, early diagnosis and surgical treatment
for nerve hourglass-like constrictions might be a better choice to
promote nerve recovery speed. Neurolysis helps reduce pressure in the
nerves, restore muscle function, and shorten the course of the disease
in the early stages.
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Case report: Klinefelter syndrome
may protect against the
development of spinal and bulbar
muscular atrophy

Haruna Akanuma®, Suguru Kadowaki? and Kazuaki Kanai

!Department of Neurology, Fukushima Medical University School of Medicine, Fukushima, Japan,
2Department of Neurology, Ohta General Hospital Foundation, Ohta Nishinouchi Hospital,
Koriyama, Japan

Spinaland bulbar muscular atrophy (SBMA) is an X-linked recessive motor neuron
disease caused by the expansion of cytosine-adenine-guanine (CAG) repeats in
the androgen receptor (AR) gene. It is thought that the nuclear translocation
of abnormal AR proteins following binding to testosterone triggers the onset
of the disease. We report the case of a patient who had SBMA coincident with
Klinefelter syndrome. He developed SBMA symptoms rapidly after receiving
androgen replacement therapy for Klinefelter syndrome. No cases of coincident
SBMA and Klinefelter syndrome have been reported, and if confirmed by further
patients in future, that androgen hormones are strongly associated with the
development and progression of SBMA in fact in humans.

KEYWORDS

testosterone, spinal and bulbar muscular atrophy, Klinefelter syndrome, androgen
replacement therapy, leuprorelin

Introduction

Spinal and bulbar muscular atrophy (SBMA) is an X-linked recessive motor neuron
disease caused by the expansion of CAG repeats in the androgen receptor (AR) gene (1). It is
thought that the nuclear translocation of abnormal AR proteins following binding to
testosterone triggers the onset of the disease (2). Suppression of testosterone by luteinizing
hormone-releasing hormone (LHRH) analogs can disrupt the pathomechanisms of the disease
(3), and it has been used clinically as a treatment for SBMA (4). Klinefelter syndrome is caused
by a supernumerary X chromosome in an XY male as a result of the meiotic nondisjunction
of the X chromosome (5). Males with Klinefelter syndrome often have decreased serum
testosterone concentrations and elevated luteinizing hormone and follicle-stimulating
hormone levels. Testosterone supplementation is used to treat some symptoms of Klinefelter
syndrome that result from abnormal hormone levels (6). Here, we present a patient who had
Klinefelter syndrome who developed SBMA symptoms rapidly after receiving androgen
replacement therapy.

Case presentation

The patient was a 49-year-old man. At the age of 38, he developed muscle spasms and
muscle twitching in the extremities and abdomen. He visited a neurology clinic at the age of 40,
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Chromosome analysis reveals an abnormal karyotype 47, XXY.
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FIGURE 2
Family tree. The patient’'s maternal uncle was diagnosed with SBMA.

at which time stiff-person syndrome was initially suspected. Although
a thorough examination was performed, the cause was undetermined.
At that visit, his serum creatine kinase (CK) levels were within normal
limits (2211U/L, reference value: 62-287IU/L). At the age of 46,
he complained of infertility and was examined by a urologist. He was
found to have severe atrophy of the testes as well as azoospermia.
Chromosome analysis revealed an abnormal karyotype 47, XXY and
he was diagnosed with Klinefelter syndrome (Figure 1). His serum total

Abbreviations: SBMA, Spinal and bulbar muscular atrophy; AR, Androgen receptor;

LHRH, Luteinizing hormone-releasing hormone; CK, Creatine kinase.
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testosterone level at this time was 295.3ng/mL (reference value:
142.4-923.1 ng/mL), which was at the lower limit of normal. However,
his luteinizing hormone level was 21.89 mIU/mL (reference value:
0.1-8.7 mIU/mL) and follicle-stimulating hormone level was 23.95
mIU/mL (reference value: <0.3-13.8 mIU/mL), which were both above
the upper limit of normal. Thus, androgen replacement therapy was
initiated to treat Klinefelter syndrome. At the age of 48, he developed
postural instability and tremors in the upper limbs. He visited the
neurology clinic again, at which time Parkinson’s disease was suspected
and a thorough examination was performed; however, there were no
notable abnormalities other than an elevated serum CK level of
487 U/L. Shortly thereafter, his knees began to buckle more frequently,
and he could no longer climb stairs without a handrail. The frequency
of muscle spasms also increased and occurred daily. He visited our
department for a detailed examination at age 48.

At the time of his visit to our department, physical and
neurological examinations indicated gynecomastia, tongue atrophy,
postural tremors in both upper extremities, proximal muscle
weakness, and loss of tendon reflexes in the extremities.
He complained of subjective muscle twitching, but no fasciculation
was visible. During this initial visit, we noticed that he had a family
history of SBMA: his maternal uncle was diagnosed with SBMA at age
47 and was treated with LHRH analogs (Figure 2).

Blood tests revealed an elevated serum CK level of 610IU/L
(reference value: 59-2481U/L), and total testosterone level of 6.45 ng/
mL (reference value: 1.71-8.71 ng/mL). Nerve conduction studies
showed a decreased amplitude of sensory nerve action potentials and
needle electromyography showed a markedly increased amplitude of
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motor unit potentials. Electrocardiography showed Brugada-type
ST-segment elevation. Genetic testing revealed expanded CAG repeats
(n=46) in the AR gene, and he was diagnosed as a coincidental case
of SBMA and Klinefelter syndrome. Only one peak was detected in
the polymerase chain reaction test using capillary electrophoresis,
indicating that both alleles of the AR gene had the same expanded
CAG repeats (Figure 3).

Shortly androgen replacement therapy was
discontinued and the LHRH agonist leuprorelin was started for the

thereafter,

treatment of SBMA. Since that time, his symptoms have remained
stable, his CK levels have trended downward, and his testosterone is
now at a castrate level (Figure 4).

Discussion

SBMA (1) is thought to be caused by a gain-of-function mutation
in the AR gene, which results in mutant AR proteins binding to
testosterone and translocating from the cytoplasm to the nucleus,
where these mutant proteins accumulate and induce cytotoxicity in
motor neurons and skeletal muscle (2, 7). It is thought that the binding
of testosterone to the AR protein is necessary for the onset of SBMA
(2). Thus, women with an AR gene with expanded CAG repeats do not
develop the disease and are asymptomatic because their testosterone
levels are much lower than those of men. It was reported that even
women who are homozygous for an AR gene with expanded CAG
repeats have only minor symptoms and do not develop SBMA (8). The
administration of testosterone in a transgenic mouse model was
shown to trigger the development of SBMA (2). To the best of our

10.3389/fneur.2024.1340694

knowledge, no direct evidence of this mechanism of action has been
shown in male patients with SBMA or carrier women with an AR gene
with expanded CAG repeats.

As far as we are aware, no cases of coincident SBMA and
Klinefelter syndrome have been reported (9). We hypothesize that
the androgen replacement therapy for Klinefelter syndrome may
have triggered the development of SBMA. The patient had
relatively low serum androgenic hormone levels before starting
androgen replacement treatment, probably as a result of Klinefelter
syndrome. In addition, tremor is the first and most frequent
symptom in male patients with SBMA, but less frequent in female
patients (10). In the current patient, only mild muscle spasms and
muscle twitching were observed before the initiation of androgen
replacement therapy, which is similar to the symptoms observed
in female carriers (8, 11). Furthermore, although it was reported
that a decrease in serum creatinine levels precedes the onset of
motor symptoms by approximately 15 years in male patients with
SBMA, no decrease in serum creatinine levels was observed in this
patient. After administrating testosterone, this patient developed
tremors and weakness, which resembled the results shown in a
transgenic mouse model (2). This suggests that testosterone
induces the development of subclinical SBMA in patients with
Klinefelter syndrome.

In this case, the protective effect of Klinefelter syndrome against
the development of SBMA may be explained by low testosterone
levels suppressing the translocation of AR to the nucleus, rather than
owing to the low testosterone levels per se. This is because a previous
case report showed that a transgender patient with SBMA who had
been using spironolactone for a long time to achieve gender
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FIGURE 3

Polymerase chain reaction test using capillary electrophoresis (A) shows the expansion of 46 CAG repeats. Only one peak was detected, indicating that
both alleles of the AR gene had the same expanded CAG repeats. Normal control is shown in the lower panel (B).
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reassignment developed SBMA despite having low levels of serum
testosterone (12). In that report, it was discussed that the action of
spironolactone as a partial agonist or selective AR modulator led to
the development of SBMA. The results of these two case reports are
consistent with those of a study that showed the efficacy of LHRH
analogs and the ineffectiveness of androgen antagonists in an SBMA
mouse model (13). This is interesting because it demonstrates that the
pathology of the human disease and that of the mouse model
are consistent.

The karyotype of this patient was 47, XXY and the AR gene was
located on the X chromosome indicating this patient had two alleles
of the AR gene with abnormally expanded CAG repeats; thus, the
expression level of the abnormal AR protein may also be high.
Therefore, the initiation of testosterone replacement therapy in this
patient may have caused an earlier and more severe onset of
symptoms by promoting a higher degree of nuclear translocation of
the abnormal AR protein bound to testosterone. Although it was
reported that excess X chromosome inactivation occurs in the
majority of cells in Klinefelter syndrome (11, 12), 15%-30% of the
genes on the inactivated X chromosome escape inactivation (13). At
this time, the extent to which the AR gene is expressed or inactivated
in patients with Klinefelter syndrome is unknown. Further cell
biological studies will be necessary to examine this problem.

To the best of our knowledge, this is the first report of a
patient who had coincident SBMA and Klinefelter syndrome and
provides the first direct evidence that testosterone triggers
SBMA in patients. This case provides new and interesting
insights into the role of testosterone in the pathomechanism of
SBMA development.
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Case report: A novel ACTAIL
variant in a patient with nemaline
rods and increased glycogen
deposition

Daniela Piga'!, Martina Rimoldi*>*', Francesca Magri?,
Simona Zanotti?, Laura Napoli?, Michela Ripolone?,
Serena Pagliarani?, Patrizia Ciscato? Daniele Velardo?,
Adele D'Amico?, Enrico Bertini*, Giacomo Pietro Comi®>®,
Dario Ronchi®**' and Stefania Cortiz>*
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Italy, *Unit of Neuromuscular and Neurodegenerative Disorders, Bambino Gesu’ Children’s Research
Hospital, IRCCS, Rome, ltaly, *Department of Pathophysiology and Transplantation, Dino Ferrari
Center, University of Milan, Milan, Italy

Background: Congenital myopathies are a group of heterogeneous inherited
disorders, mainly characterized by early-onset hypotonia and muscle weakness.
The spectrum of clinical phenotype can be highly variable, going from very
mild to severe presentations. The course also varies broadly resulting in a
fatal outcome in the most severe cases but can either be benign or lead to
an amelioration even in severe presentations. Muscle biopsy analysis is crucial
for the identification of pathognomonic morphological features, such as core
areas, nemaline bodies or rods, nuclear centralizations and congenital type 1
fibers disproportion. However, multiple abnormalities in the same muscle can
be observed, making more complex the myopathological scenario.

Case presentation: Here, we describe an Italian newborn presenting with severe
hypotonia, respiratory insufficiency, inability to suck and swallow, requiring
mechanical ventilation and gastrostomy feeding. Muscle biopsy analyzed by light
microscopy showed the presence of vacuoles filled with glycogen, suggesting
a metabolic myopathy, but also fuchsinophilic inclusions. Ultrastructural studies
confirmed the presence of normally structured glycogen, and the presence of
minirods, directing the diagnostic hypothesis toward a nemaline myopathy. An
expanded Next Generation Sequencing analysis targeting congenital myopathies
genes revealed the presence of a novel heterozygous c.965T >A p. (Leu322Gln)
variant in the ACTA1 gene, which encodes the skeletal muscle alpha-actin.
Conclusion: Our case expands the repertoire of molecular and pathological
features observed in actinopathies. We highlight the value of ultrastructural
examination to investigate the abnormalities detected at the histological level.
We also emphasized the use of expanded gene panels in the molecular analysis
of heuromuscular patients, especially for those ones presenting multiple bioptic
alterations.
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1 Introduction

Congenital myopathies are a group of rare congenital genetic
muscle disorders, that primarily affect the structure and the function
of skeletal muscles, leading to hypotonia and muscle weakness (1-3).
Mutations in various genes with a crucial role in muscle development,
maintenance, and contraction, have been associated with different
phenotypic and histological expressions of these disorders. Because of
their wide genetic and clinical heterogeneity, next-generation
sequencing (NGS) has been increasingly used for their diagnosis in
recent years (3-6).

While the current classification of congenital myopathies remains
subject to an ongoing evaluation, because of the constant discovery of
additional genes, the diagnostic algorithm still relies on muscle biopsy
findings (3, 7, 8). In fact, in reference Centers for neuromuscular
disorders, despite the growing tendency toward a gene-first approach
in the diagnostic assessment of such complex clinical scenarios,
muscle biopsy data remain crucial in orienting and/or confirming the
definitive diagnoses. Among congenital myopathies, Nemaline
Myopathy (NM) features the presence of nemaline bodies (NBs), that
are rod-shaped structures within muscle fibers (9-11). These rods
consist in protein inclusions containing Z-line proteins, and they are
likely to contribute to disrupt muscle function, leading to sarcomeric
dysfunction and muscle weakness (1, 12-15).

Although nemaline bodies can be considered pathognomonic
features of NMs (8, 12, 16, 17), their presence does not rule out the
possibility of alternative diagnoses, including acquired conditions
(18). Therefore, the identification of rod-shaped structures should
prompt the molecular analysis of genes associated with NM, together
with those underlying other genetic forms (18).

Congenital NM has been associated with causative variants in 14
genes encoding for sarcomeric components, and for auxiliary proteins
involved in the regulation of sarcomeric functions, stability, or
turnover (3, 19). Deleterious variants in ADSSL1, CFL2, KLHL40,
KLHL41, LMOD3, MYO18B, MYPN, NEB and TNNT3 are recessively
inherited, while molecular defects in KBTBDI3 display a dominant
inheritance. Finally, ACTA1, TPM2, TPM3 and TNNTI genes are
associated with recessive or dominant NM forms. Most of NM
patients present mutations in NEB (50% of cases) or ACTAI (20-30%
of patients), with ACTAI variants representing the most common
defect in patients with congenital onset or severe presentations
(20-22).

ACTAI gene encodes for the skeletal muscle 42 kDa alpha-actin
protein, whose main function is to interact with myosin during muscle
contraction. Mutations in the ACTAI gene can disrupt the normal
structure and function of the alpha-actin-1 protein, resulting in
muscle weakness, hypotonia (low muscle tone), and various muscular
conditions collectively referred to as “actinopathies” (23-25). Muscle
biopsies of NM patients might display a rich repertoire of pathological
alterations, including cores, nemaline and intranuclear bodies, actin
accumulations, fiber-type disproportion, dystrophic features, and
zebra bodies.

Here, we report the case of a neonatal patient, who presented
clinical features of congenital myopathy and glycogen accumulations
on histological and ultrastructural analyses of the muscle. The
identification of nemaline bodies at electron microscopy oriented the
investigation toward the discovery of a de novo, novel heterozygous
variant in the ACTAI gene.

Frontiers in Neurology

10.3389/fneur.2024.1340693

2 Case presentation

The patient is the second-born child to non-consanguineous
healthy parents of Italian origins (Supplementary Figure 1). He was
born at full term through a vaginal delivery, following a pregnancy
characterized by reduced fetal movements. At birth, the baby
displayed significant hypotonia and lacked spontaneous movements
and breathing activity. APGAR score was 4, 6 and 8 at Ist, 5th, and
10th minute, respectively. The newborn was immediately intubated
and provided with invasive mechanical ventilation. Due to his severe
general conditions, the patient was promptly transferred to the
Neonatal Intensive Care Unit of our hospital for further
examinations and treatments. During his hospital stay, the baby
required continuous mechanical ventilation. He also showed
difficulties in facial expressions, sucking, swallowing, and general
voluntary movements. Furthermore, a bilateral cryptorchidism was
observed. When he was 54days old, a tracheostomy and
percutaneous gastrostomy were performed, following which the
baby displayed a steady growth curve, with an appropriate
weight gain.

Routine  biochemical profiles on multiple occasions,
comprehensive of Creatine phosphokinase (CPK) dosage, returned
physiological results. Ophthalmological and cardiological evaluation,
with the latter (ECG) and

echocardiography, revealed no abnormalities. Auditory brainstem

including electrocardiography

response (ABR) testing showed bilateral high auditory thresholds,
higher on the right side, without brainstem dysfunction; a follow-up
Brainstem Auditory Evoked Response (BAER) testing was therefore
recommended at 3 months of life, and this turned out to be normal.

Electromyography (EMG) showed a widespread muscle damage,
suggesting a myogenic suffering, mainly involving the proximal
regions of both upper al lowerlimbs.

Electroencephalogram (EEG) displayed a global alteration of the
cerebral organization, with slow wave abnormalities, and absence of
sleep phase transition.

Muscle biopsy was performed on right quadriceps, at 9 days of
age. Histological analyses showed a great variability in fiber size,
with a slight prevalence of type 1 fibers, and a 15% of hypotrophic
fibers estimated to belong to both types of fibers. Several fibers
showed the presence of cytoplasmic and subsarcolemmal optically
empty vacuoles, sometimes of conspicuous size, and
intracytoplasmic fuchsinophilic granulations (Figure 1). In
particular, by analyzing semithin sections, we estimated the
presence of rods in 14.6% of the fibers. Nuclear centralization,
degenerative fibers with augmented connective tissue, fiber
splittings and increased acid phosphatase staining were not
observed. Analysis on semithin sections showed that the vacuoles
were PAS positive, indicating an increased glycogen content
(Figure 2), and suggesting a glycogen storage disease; in fact, the
histopathological features resembled branching or debranching
enzyme deficiency (Autosomal Recessive Glycogen Storage Disease
type 4 or 3, respectively). These findings prompted the molecular
analysis of the genes implied in muscle glycogen storage disorders,
such as GBEI and AGL, without conclusive results. The subsequent
ultrastructural analyses by electron microscopy confirmed the
presence of extensive glycogen collections, leading to significant
alterations in muscle architecture (Figure 3A). In addition, several
cytoplasmic rods of variable size were found in some muscle fibers
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FIGURE 1

Histological findings in muscle biopsy. H&E stain in our patient (A) showed a great variability in fiber size. Several fibers showed the presence of
cytoplasmic and subsarcolemmal optically empty vacuoles, sometimes of conspicuous size (arrows). (B) H&E stain in age-matched healthy control.
(C) MGT stain in our patient showed the presence of intracytoplasmic fuchsinophilic granulations (asterisks). (D) MGT stain in age-matched healthy
control. (E) ATPase pH 9.4 in our patient and (F) in age-matched control. Scale bar 10 pm.

(Figures 3B-D). Fibers with area of compartmentalization for
nemaline rods (Figure 3E) and glycogen granules (Figure 3F) were
also observed.

To better understand such complex histological findings,
additional genetic investigations were conducted. NGS sequencing
analysis of a panel of genes involved in congenital myopathies
revealed the presence of a novel heterozygous c.965T>A p.
(Leu322Gln) variant in the ACTAI gene (NM_001100.3) (Figure 4A).
The absence of the variant in Patient’s parents supported the
hypothesis of its
de novo origin (Figure 4B). The variant was not found in available
population databases (GnomAD MAF:0), and it is currently classified
as likely pathogenic, according to the ACMG guidelines (criteria
PP3-strong, PM1 and PM2). All the interrogated in silico prediction
tools unanimously assigned a pathogenic behavior to this novel

Frontiers in Neurology

variant, which would affect an evolutionary conserved residue
(Figure 4C) located in the large domain of actin, subdomain 3 (amino
acids 270-337) (Figure 4D).

Eventually, the baby was discharged at 3 months and 6 days of age,
with home mechanical ventilation and enteral nutrition through a
gastrostomy pump. The patient is nowadays 6years old, and he is
currently nourished through a PEG tube, and yet presenting an
important drooling, for which he is treated with anticholinergic drugs.
He still requires continuous assisted ventilation, and his cardiological
follow-up continues to show no abnormalities. He utilizes a tilting
postural system for sitting, with anti-gravity support for the upper
limbs. He also uses positioning braces for the lower limbs and a
half-day corset, especially for seated activities. On the cognitive side,
he demonstrates good abilities in attention and sensory orientation,
and adequate interactive and communicative skills.
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FIGURE 2
Histological findings in muscle biopsy. Toluidine blue stained semithin section in our patient (A) showed cytoplasmic and subsarcolemmal pale staining

storage material (arrows). (B) Toluidine blue stained semithin section in age-matched healthy control. (C) PAS stain in our patient showed increased
subsarcolemmal glycogen content (asterisks). (D) PAS stain in age-matched healthy control. Scale bar 10 pm.

FIGURE 3
Ultrastructural analyses of the muscle sample by electron microscopy. (A) Glycogen granules accumulated among the myofibrils and initial thickening

of Z line (arrows). (B,C) Large glycogen collections localized at the subsarcolemmal level and at intracytoplasmic sites, several nemaline rods of variable
size and shape (arrows), myofibrillar disorganization. (D) High magnification of a nemaline rod and glycogen granules. (E,F) Fibers with areas of
compartmentalization. (E) In the left area the muscle fiber contains several nemaline rods. (F) In the upper area the muscle fiber is completely replaced
by glycogen. Scale bars (A—C): 0.8 um, (D): 0.5 pm. (E,F): 3.3 um. (A,B,F) Asterisks indicate large glycogen collections.
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FIGURE 4

Genetic studies in our patient. (A) Pedigree of the family. Black symbol indicates the affected patient. (B) Sequence electropherograms showing the
presence of the heterozygous c.965T > A ACTA1 variant in the patient but not in his parents suggesting de novo occurrence of the variant.

(Continued)

Frontiers in Neurology

150

frontiersin.org



https://doi.org/10.3389/fneur.2024.1340693
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Piga et al.

10.3389/fneur.2024.1340693

FIGURE 4 (Continued)

pattern (F) and mutational types (G).

(C) Evolutionary conservation of the affected residue across species. (D) Diagram showing the structure of ACTA1 gene and protein. Dominant and
recessive variants are indicated above and under the diagram, respectively. “!" symbol indicates a variant in which de novo occurrence was suspected
or demonstrated; red color indicates variant associated with intranuclear rod myopathy (IRM); italic style is used for variant associated with fiber type
disproportion, the underlined style is used for variants associated with muscle description of homogeneous filamentous inclusions containing actin;
the "A" symbol was used to indicate variants found in patients with muscle fibers presenting core regions with no contractile material or mitochondria.
Dashed lines indicate the presence of a large genomic deletion. (E-G) Distribution of ACTA1 variants based on their exonic location (E), inheritance

3 Discussion and conclusion

We describe a novel proband presenting with a severe congenital
myopathy, due to a novel ACTAI molecular defect.

Pathogenic variants in ACTAI are most commonly de novo
dominant missense mutations (90% of defects), and lead to severe NM
pathology by dominant-negative effect (26) (Figures 4E-G). Rarely,
ACTA1 variants can be recessively inherited in NM patients with
intrauterine onset. These variants belong to a heterogenous type of
mutations that include missense substitutions, and variants predicted
to alter the reading frame, or to result in truncated forms of the
protein. Biallelic ACTAI variants might allow (24) or not (27) the
expression of skeletal muscle actin, whereas the expression of the
homologous cardiac actin (encoded by ACTCI) is generally preserved.
Even if cardiac involvement is not typical of NM, dilated or
hypertrophic cardiomyopathy may also be present, particularly in
association with specific mutations of ACTAI (3, 28, 29).

Additional clinical presentations may be associated with ACTA1I
variants, and these are usually reflected by specific alterations observed
at the muscle biopsy, such as: core-like areas, fiber-type disproportion,
intranuclear rods, actin-containing filamentous inclusions, and zebra
bodies. Some of these abnormalities are suspected to be mutation-
specific, supporting the definition of a spectrum of congenital
myopathies related to actin dysfunction (23).

To date, more than 250 ACTAI pathogenic variants have been
reported as pathogenic, spanning all the coding exons of the gene,
hence affecting the entire 3D structure of the encoded actin protein
(20, 24, 30). Several variants associated with congenital myopathy are
known to be located in close proximity to the proposed actin-
tropomyosin contact sites (31). The novel amino acid change
described in this report would also impinge in the same region.
Amino-acidic changes have been demonstrated to increase the
aggregation of actin, potentially leading to nemaline rods (26).
Nevertheless, a prediction of the pathogenic effect for ACTAI variants
is complicated by the dynamic nature of the protein (limiting the
efficacy of structural modeling), and by the presence of several actin
binding proteins, that can influence several aspects of actin’s function
and turnover, through allosteric interactions. The partial knowledge
of these aspects hampers genotype-phenotype correlations and the
design of innovative therapies.

Clinically, the ACTA I-related NM often exhibits severe congenital
forms leading to respiratory failure with death within the first year of
life, though mild or childhood onset forms have also been reported
(20, 32).

In early-onset NM linked to ACTAI variants, affected newborns
present with floppy appearance due to neonatal hypotonia and severe
congenital muscle weakness impairing the achievement of
developmental milestones (2, 20). The weakness also affects the
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respiratory muscles, leading to breathing difficulties within the first
hours of life. In many cases, patients require tracheostomy for
mechanical ventilation. In addition to this, weakness can impair
swallowing and feeding, contributing to poor weight gain.
Consequently, some affected patients necessitate tube feeding
and gastrostomy.

Joint contractures, facial weakness with high-arched palate, fine
and gross motor delays, skeletal deformities, such as clubfeet, pectus
excavatum or scoliosis, and muscle atrophy are not so uncommon (3,
18, 20, 32). Antenatal presentation, with reduced fetal movements and
quantitative alteration of the amniotic fluid, have also been
reported (20).

Inter- and intrafamilial clinical variability has been described in
individuals with NM due to ACTA I pathogenic variants (30). Despite
the abovementioned phenotypic variability, a correlation seems to
emerge between the position of the mutation and its clinical and
histological presentations (31-33). Interestingly, in a recent cohort
study (20), patients harboring biallelic null ACTA1 variants showed
an increased life expectancy; this outcome was explained by the higher
expression levels of cardiac alpha-actin in muscle samples. Cardiac
alpha-actin is the main alpha-actin form in skeletal muscle during
embryonic development, and it is then replaced by skeletal muscle
alpha-actin around birth (20). The total absence of skeletal muscle
alpha-actin in the skeletal muscles of these NM patients (due to the
presence of biallelic null ACTA1 variants), probably led to an increased
expression of cardiac alpha-actin after birth, which might have
contributed to a less severe disease course.

Our patient presented a typical congenital form of NM due to
ACTAI mutations, with severe and generalized skeletal muscle
weakness, hypotonia and lack of spontaneous movements. Disease
onset was antenatal, since reduced fetal movements were reported
during pregnancy. At birth, the patient immediately required assisted
ventilation and nutrition. He also presented bilateral cryptorchidism,
which is often reported in other forms of congenital myopathies (3).
Repeated cardiological assessments excluded structural and functional
anomalies. Nowadays our patient, who is 6-year-old, is still ventilated
and fed with gastrostomy but no cardiological impairment has been
so far observed. He displays adequate interactive and
communicative skills.

A preliminary histological assessment disclosed a significant
accumulation of PAS-positive material, while intracytoplasmic
fuchsinophilic granulations were observed only in less than 10% of the
fibers. This observation initially led to the suspicion of a glycogen
storage disorder (GSD) and, consequently, to perform specific analyses
on GBEI and AGL, ruling out the presence of pathogenic variants in
both genes. These negative results prompted us to focus more
accurately on the fuchsinophilic granulations, that were therefore
studied also at the ultrastructural level. This further analysis confirmed
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increased glycogen content, but also revealed the presence of nemaline
rods within fibers, often scattered in the glycogen. In addition,
we observed a disorganized sarcomeric architecture with myofibrillar
disarray, a finding which is more frequently seen in patients with more
severe clinical presentations. Indeed, the degree of severity of
sarcomeric disorganization is acknowledged as a more reliable
prognostic marker compared to the percentage of positive fibers for
nemaline bodies (34). In fact, the complete or partial absence of the
typical nemaline rods is not uncommon, especially in newborns, since
the detection of these rod-shaped structures depends on the time of
sampling as well as on the muscle analyzed. Moreover, in neonatal
cases, the physiological small dimension of muscle fibers, further
reduced by atrophy or hypotrophy, can complicate the observation
(20, 35).

Therefore, the employment of ultrastructural analyses is a helpful
approach for the detection of these pathological structures.

Interestingly, accumulations of glycogen were also observed in the
muscle biopsies from other patients carrying ACTAI mutations (10,
36, 37). However, there are conflicting opinions on whether glycogen
storage might be a consistent feature of the ACTAI-related
NM. Notably, glycogen accumulation was observed in the muscles of
11 NM patients with pathogenic variants in ACTA, but ultrastructural
confirmation was obtained in only three of them (35). In contrast, a
recent in-depth examination of muscle biopsies from other 10 subjects
with congenital or pediatric clinical onset did not disclose this finding
(20). Moreover, a correlation between glycogen accumulation and the
site or type of molecular defects is also missing. Glycogen
accumulation is not typically observed in other forms of congenital
myopathy, including those linked to the most frequent NEB mutations
(34). Furthermore, ACTAI mouse models, that nicely recapitulate
several aspects of human myopathology, also fail to show increased
glycogen content (38, 39).

A defect in energy utilization has been hypothesized as possible
mechanism underlying such glycogen accumulations in ACTAI-
mutated muscles (40). In support of this hypothesis, a downregulation
of the genes involved in glucose and glycogen metabolism was
observed in muscle biopsies collected from 12 NM patients, and,
interestingly, one of them was ACTAI mutated (40).

The impaired breakdown of glycogen could be the consequence
of altered activity of glycogen phosphorylase, the main contributor of
cytosolic glycogen lysis. This enzyme was found to interact with
structural muscle proteins, including alpha actinin and F-actin (41).
Alpha-actinin deficiency has been associated with increased glycogen
content in a mouse model (42). Finally, we cannot exclude that
pathological changes acting in the muscle of patients harboring
ACTAI pathogenic variants could influence phosphorylase regulation
by post-translational or epigenetic mechanisms (43).

To date, there is no availability of any specific pharmacological
treatments for NM, and this is mainly due to the complexity of the
clinical and histological presentations of the disease, which makes the
definition of a phenotype-genotype correlation and the development
of targeted therapies utterly challenging.

The possibility to predict the clinical course of NM based on
genotype could enhance the clinical management and thereby the
outcomes of the affected patients. Appropriate medical management,
including physical respiratory and nutritional support, where needed,
can play a pivotal role in improving the quality of life for individuals
with this condition (33, 44, 45). Muscle mass augmenting exercise

Frontiers in Neurology

10.3389/fneur.2024.1340693

seem to be beneficial for patients with certain ACTAI mutations (10,
46). Several studies of ACTAI-NM mouse models demonstrated the
ameliorating effects on the clinical course of specific factors inducing
fiber hypertrophy (i.e., myostatin inhibitors), as well as of dietary
tyrosine supplementation, hence suggesting potential targets for
ACTA1 disease therapies (47, 48). In a ACTAI-NM mouse model
harboring the His40Tyr variant, Lindqvist and colleagues (49)
performed intramuscular injections of recombinant adeno-associated
viral vectors with a myosin transgene able to facilitate muscle
contraction. When present, the transgene leads to restoration of the
intrinsic force-generating capacity and avoids fiber atrophy.

In addition, other studies evaluated the therapeutic effects of the
use of small molecules modulating calcium release from troponin
C. These substrates are able to sensitize the contractile apparatus to
Ca2+, subsequently activating troponin, with the result of improving
muscle contraction in neuromuscular disorders, including ACTAI-
related disease (23, 46, 50). Finally, Sztal and colleagues revealed a less
severe manifestation of the ACTAI-NM due to an increase in
transcriptional activity of an actin paralogue in a zebrafish disease
model (51).

Our report highlights the clinical utility of electron microscopy to
drive and support molecular testing. Nowadays, the diagnosis of
inherited neuromuscular disorders usually relies on NGS protocols
that are performed soon after clinical and instrumental examinations,
bypassing the need for invasive muscle biopsy procedures. However,
molecular testing and muscle biopsy are not mutually exclusive. For
example, in neonatal and infantile-onset congenital hypotonia, muscle
biopsy can often lead to a precise diagnosis alone or facilitate the
orientation of the genetic testing. In the pediatric population of
neuromuscular patients, the diagnostic yield was higher when genetic
testing was matched with muscle biopsy findings (52). Congenital
myopathies in particular show the highest degree of agreement
between muscle biopsies findings and genetic results (53).
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The efficacy of
electroacupuncture for cervical
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disorder caused by the brachial
plexus injury: a case report
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University of Chinese Medicine, Guangzhou, China

The brachial plexus injury (BPI) is one of the most severe types of peripheral
nerve injuries, often caused by upper limb traction injury. In clinic, the surgery
is widely used to treat the BPI. However, surgery may need to be performed
multiple times at different stages, which carries risks and brings heavy economic
burden. In non-surgical treatment, splinting, local injection of corticosteroids,
and oral corticosteroids can achieve significant short-term benefits, but they are
prone to recurrence and may cause complications of mechanical or chemical
nerve damage. In this report, we present a case of a 46-year-old female patient
with BPI. The patient had difficulty in raising, flexing and extending of the left
upper limb, and accompanied with the soreness and pain of neck and shoulder.
After 3 months of EA treatment, a significant reduction in the inner diameter
of the left C5 to C7 root at the outlet of brachial plexus nerve was detected
by musculoskeletal ultrasound, and the soreness and pain in the left neck and
shoulder were significantly reduced. The soreness and pain in the left neck and
shoulder did not recur for 2 years.

Case summary: The patient is a 46-year-old female with BPI. She experienced
difficult in lifting, flexing and extending of the left upper limb, which
accompanied by soreness and pain in the left neck and shoulder. After 3 months
of EA treatment, the patient’s pain and limb’s movement disorder was improved.
After 2 years of follow-up, the patient’s left neck and shoulder showed no
further pain.

Conclusion: EA has shown satisfied efficacy in BPI, improving limb restrictions
and relieving pain in patients for at least 2 years.

KEYWORDS

brachial plexus injury, electroacupuncture, cervical nerve edema, movement disorder,
case report

Introduction

Brachial plexus injury (BPI) is one of the most common peripheral nerve
injuries and is a disabling condition closely associated with trauma, fractures,
and cervical spondylosis (1). The impairment of limb function significantly
affects the patients work and daily life (2). The brachial plexus is composed
of the C5 to C8 cervical nerves and the anterior branch of the T1 thoracic
nerve (3). Any nerve injury involving the brachial plexus is referred to be BPI.
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Excessive traction is one of the major mechanisms leading to
BPI, which happened on 95% of BPI patients and even more
(4). Previous studies have shown that surgical intervention is
considered to be the final solution for clinical management of BPI,
but it carries high risks and costs (5). In non-surgical treatments,
local corticosteroid injections, splinting, and oral corticosteroids
have shown significant short-term benefits but are prone to
recurrence and may lead to complications such as mechanical
or chemical nerve damage (6). Therefore, selecting the optimal
treatment approach for BPI is crucial. Electroacupuncture (EA)
for BPI has been proven to be clinically effective with less adverse
reactions, low long-term recurrence rates, and is considered as the
best conservative treatment option for patients who unwilling to
undergo surgery (4, 7). Current cases mostly use electromyography,
computed tomography (CT), and other examinations to
evaluate BPI, but the full data of brachial plexus edema,
pain, limb motor, and mood throughout the treatment is not
reported yet.

Currently, CT myelography is the gold standard for diagnosing
BPI. However, some patients are afraid of the side effects of CT
myelography (such as radiation, bleeding, infection, low-pressure
headaches, allergies, etc.), and therefore refuse this examination (8).
Magnetic resonance imaging (MRI) is more expensive and takes a
longer time to perform the examination, and the patient is needed
to keep calm in order to obtain clear imaging. Similarly, ultrasound
can be used to evaluate almost all peripheral neuropathies
without any radiation damage. But it is of high quality, low
price, timely, and effective. It can clearly observe the shape and
movement of the brachial plexus nerves, and can locate nerve
entrapment (9).

Although early diagnosis and treatment of BPI play a very
important role in effectively improving the prognosis, unexpected
situations often occur, such as delays and unexpected situations
happening in treatment and aggravation of symptoms after some
treatments (10). This article will present a case of BPI, in which
the patient was injured twice after brachial plexus injury, and her
symptoms worsened after undergoing rehabilitation and massage.
The patient was assessed by the musculoskeletal ultrasound
examination in different time points. Finally, she received EA to
relieve his symptoms, and no recurrence happened after two years
of follow-up.

10.3389/fneur.2024.1342844

Case presentation

The patient was a 46-year-old female who experienced a strain
in the left shoulder, resulting in difficulty in raising, flexing and
extending of the left upper limb for 2 weeks. Subsequently, the
patient’s left shoulder pain worsened during dancing, and then
she was diagnosed as BPI at the local hospital. Cervical spine X-
ray in the lateral view revealed osteophyte formation at the C4-
C6 vertebra and stenosis of the C4/5 intervertebral space. The
patient received the rehabilitation and massage, but the symptoms
worsened, and spontaneous twitching (Supplementary Video 1)
in the left shoulder appeared. Further test revealed subacromial
bursitis and a small cystic lesion in the proximal humerus of the left
shoulder, as well as supraspinatus tendonitis on the ipsilateral side.
As the condition gradually worsened, the patient was diagnosed
with depression and anxiety symptoms, and accompanied by
insomnia. As medications such as escitalopram, ibuprofen, and
clonazepam were prescribed, the emotional disorder and insomnia
of the patient were improved, while which didn’t have significant
effect on the pain and movement disorder (Table 2). In June 2020,
the patient was admitted and the multi-disciplinary treatment was
arranged for her.

After the physical examination, we found that the bilateral neck
muscles were tense, which were accompanied with pain (Table 2)
and restricted neck movement. Besides, the patient also appeared
positive for paravertebral tenderness in the cervical 3-7 spinous
process, positive for tenderness in the upper corner of the left
scapula, and positive for left brachial plexus traction test. However,
the results of both intervertebral foraminal compression test and
neck rotation test are negative. The muscle tension of the limbs,
muscle strength of the right upper limb, and tendon reflexes in
both upper limbs are normal. The examination on muscle strength
test of the left upper limb is uncooperative. Besides, the bilateral
Hoffmann sign are negative.

Musculoskeletal ultrasound of the brachial plexus showed an
increased inner diameter at the left C5 to C7 nerve root outlet
compared to the right side, with uneven internal echoes and
enhanced nerve sheath echoes. The inner diameter at the C5 nerve
root outlet was approximately 0.44 cm, at the C6 nerve root exit was
approximately 0.46 cm, and at the C7 nerve root exit was ~0.43 cm
(Figure 1).

FIGURE 1
The inner diameter of cervical nerve root at C5, C6 C7 before treatment
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In order to further confirm the diagnosis, the patient underwent
other tests. All blood tests, including the routine blood test, blood
biochemical, electrolyte and metabolic profiles, were normal. The
result of CT on the brain suggested no evidence of intracranial
hemorrhage or territory infarction. The MRI of left shoulder
revealed that left-sided cystic degeneration of the upper end
of the humerus and left supraspinatus tendon disease. The
electromyography of left upper limb shows no abnormalities. Thus,
the patient was clearly diagnosed with BPL

This patient was treated with stainless steel acupuncture needles
(size: 0.25 mm x 40 mm) inserted into a depth of approximately 1.5
cun. Acupuncture was performed at acupoints, namely Jiaji (EX-
B2), Jianyu (LI15), Jianliao (SJ14), Binao (LI14), Hegu (LI4) and
Waiguan (S]5) (Table 1). Connect one pair of positive and negative
electrodes of the electrical stimulation device to Jianyu (LI15) and
Jianliao (SJ14), and connect the other pair of positive and negative
electrodes to Jiaji (EX-B2) upper and lower points bilaterally
(Supplementary Figure 1). Set the knob of the electrical stimulation
device (HANS-200A) to zero, select mode of continuous wave with
a frequency of 2Hz (11). Then, turn on the power, adjust the
intensity gradually until the patient can tolerate it, based on the
occurrence of rhythmic muscle contractions locally. Each session
lasts for 30 min. After treatment, turn off the power, remove the

TABLE 1 The framework of the acupuncture point prescription.

Acupoints Locations

Jiaji (EX-B2) Bilateral side to the posterior midline of the
cervical spine, 0.5 cun apart from the 1st to 7th

cervical spinous process

Jianyu (LI15) Anterior and inferior to the acromion, in the
depression between the acromion and the greater

tuberosity of the humerus

Jianliao (SJ14) In a depression appears posterior and inferior to

the acromion when the arm is abducted.

Binao (LI14) On the outside of the arm, at the insertion point of

the deltoid muscle, 7 cun above Quchi point

Hegu (LI4) Between the first and second metacarpals, and at
the midpoint of the radial side of the second

metacarpal

10.3389/fneur.2024.1342844

electrodes, and withdraw the needle. Treat once every 2 days,
continuously for 3 months.

After 3 months of EA treatment, the ultrasound of brachial
plexus showed that the inner diameter of the left C5 to C7 nerve
root exits was relatively wider than the right side, with uneven
internal echoes and enhanced nerve sheath echoes. The inner
diameter at the C5 nerve root exit on the left side was approximately
0.38 cm, at the C6 nerve root outlet was approximately 0.39 cm, and
at the C7 nerve root outlet was approximately 0.36 cm (Figure 2).
Compared with pre-treatment, the inner diameter of the left C5 to
C7 brachial plexus nerve root outlet was significantly reduced, the
pain of the patient’s left neck and shoulder was significantly relieved
(Table 2), and the movement disorder of limbs was improved
(Table 2, Supplementary Video 2).

After 2 years of follow-up, it was found that the inner
diameter of the left C5 to C7 nerve root outlet was relatively
wider than the right side, with even internal echoes and normal
nerve sheath echoes. The inner diameter at the C5 nerve root
outlet on the left side was approximately 0.30 cm, at the C6 nerve
root outlet was approximately 0.38 cm, and at the C7 nerve root
outlet was approximately 0.33 cm (Figure 3). Compared with the
musculoskeletal ultrasound on BPI patient 2 years ago, the inner
diameter of the left C5 to C7 brachial plexus nerve root outlet
narrowed, and the patient did not experience a recurrence of
soreness and pain (Table 2) in the left neck and shoulder, and
the movement of limbs and emotion disorder restored to normal
(Tables 2, 3). The timeline of this case report is shown in Figure 4.

Discussion

EA is a treatment in Traditional Chinese Medicine (TCM)
that combines acupuncture to electrotherapy (12, 13). It regulates
the physiological functions and disease state of the body by
applying electrical stimulation at specific acupuncture points.
EA analgesia mainly involves in inhibiting afferent spinal cord
signals, mediating the release of substances (such as TNF-a),
participating in axonal reflexes and nerve impulse regulation,
thereby reducing pain sensation (14). Furthermore, EA has been
shown to improve the microenvironment of the injured nervous
system by increasing levels of endogenous neurotrophic factors
and reducing inflammation, thereby rebuilding neuronal circuits,

FIGURE 2
The inner diameter of cervical nerve root at C5, C6, C7 after 3 months' treatment.
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restoring motor and sensory functions (15, 16). In addition, EA can
reduce stroke-related nerve damage by promoting angiogenesis,
alleviating inflammatory response, and regulating the blood-brain
barrier (BBB) (17, 18). Some studies have proposed different
mechanism of EA such as a decrease of C nerve fibers response
in the spinal cord after repeated PNM in the sciatic or tibial nerve
division in induced neuropathic nerves in cats (19). Although there
is currently controversy over the mechanism of EA, the different
EA parameters can produce a marked effect in specific situation.
Clinical trials have shown improvements in strength, pain, and
range of motion after the shoulder treated by EA (20, 21). The
application of EA on neurogenic pain has shown that the ectopic
emission signal of the damaged nerve is reduced, which translates
into a reduction in pain perception (22), but evidence on this
mechanism remains insufficient and further research is needed.
The BPI is one of the more serious peripheral nerve injury
diseases, with partial or even complete loss sensorimotor function
of the upper limbs as the main manifestation (23). The prevalence
of the disease is increasing year by year, mainly caused by motor
vehicle accidents, especially motorcycle traffic accidents (24) and
traction injuries during neonatal delivery (25), which is seriously
affecting people’s daily life. There are a few case reports about
BPI treated by acupuncture, but few papers are related to EA. In
this case report, we observed the morphology of brachial plexus
in different time points through musculoskeletal ultrasound which
can directly reflect the damage and recovery of nerves. Meanwhile,
we also estimated the pain and emotion of patient with BPI
due the closed relationship between them. Different to previous
reports, we have selected a middle-aged female patient who have
experienced two traumatic injuries on brachial plexus, and their
symptoms have worsened after other treatments. Thus, the process
of their illness and changes are relatively complex. This case is
about a 46-year-old female patient with brachial plexus damage

TABLE 2 The assessment of pain and mood.

Time points VAS HAMA  HAMD
Before admission 6 10 12
3 months after admission 2 8 9
2 years after treatment 0 7 6

10.3389/fneur.2024.1342844

and mixed cervical spondylosis, accompanied with poor lift, limited
flexion and extension, spontaneous twitching of her left upper
extremity, and pain in the left neck and shoulder treated with
the EA. Musculoskeletal ultrasound in this case report revealed a
significant reduction in the edema of brachial plexus nerve root.
And the soreness, pain, and movement disorder in the left neck
and shoulder were significantly reduced by the EA. During a two-
year follow-up, the symptoms of BPI did not recur, and emotion
disorder returned to normal. Based on the meridian theory and
clinical practice experience of TCM, the acupuncture points such
as Jiaji (EX-B2), Jianyu (LI15), Jianliao (SJ14), Binao (LI14), Hegu
(LI4) and Waiguan (S]5) were selected according to the local and
remote therapeutic effect in the therapy of acupuncture. These
acupuncture points are located in the distribution area of brachial
plexus, blood vessels and tissues. The electrostimulation on these
points can increase local blood circulation, repair nerve conduction
(26, 27), and promote tissue repair. Meanwhile, EA is proved to
decrease the edema of nerve (28) that is as same as what reported
in this case report. The strength of the EA is the satisfactory effect
on pain and motion which can last for 2 years without recurrence.
Moreover, it is worth noting that the patient experienced local
subcutaneous bleeding during the treatment, but the patient agreed
to continue treatment only after communicating with the patient.
However, there were some limitations in this case report.
Firstly, due to the number of cases involved in this case report
is merely one, the evidence of the EA effectiveness is one-sided.
Secondly, this case is under a specific situation, and no general
conclusions can be drawn. Besides, the ultrasonic system and
ultrasound technician in this report was changed within 2 years,
which may lead to some biased results. In addition, since the patient
had been taking analgesics and mood drugs, the impact of the
medication on BPI patients could not be thoroughly excluded.

TABLE 3 The assessment on the range of shoulder motion.

Time points Forward Active Active
flexion abduction external
rotation
Before admission 60 90 23
3 months after 125 130 75
admission
2 years after treatment 145 143 83

FIGURE 3
The inner diameter of cervical nerve root at C5, C6 C7 after 2 years of follow-up.
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FIGURE 4
The timeline of disease course.
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The musculoskeletal ultrasound, as one of the assessment
methods, can provide more objective clinical evidence for the
promotion of EA in future research. However, musculoskeletal
ultrasound is still a maneuver-dependent tool, repeated
measurement must be conducted to avoid bias. The current
treatment duration and optimal parameters for EA treatment of

BPT still require more in-depth studies to elucidate.

Conclusions

After 3 months of EA treatment, pain and joint function are
improved for patients with BPI. And after 2 years, the patient did
not experience a recurrence of soreness and pain in the left neck
and shoulder. We understand that this study focuses only on the
changes in the clinical symptom and musculoskeletal ultrasound,
the bias of the results still can’t be avoided. We hope that this case
report can provide some theoretical bases for further exploring the
clinical evidence of EA for BPI in the future.
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Carbon monoxide (CO) is a gas that has no odor or color, making it difficult to
detect until exposure leads to coma or death. CO poisoning is one of the most
common and deadly poisonings around the world. CO poisoning is a common
and often fatal form of poisoning worldwide. A toxic effect of CO is tissue hypoxia,
which leads to systemic complications. Additionally, there may be severe
neurological symptoms and delayed complications following CO poisoning.
However, peripheral neuropathy is relatively rare after CO poisoning. Previously,
only one case of unilateral plexopathy after CO poisoning, accompanied by
rhabdomyolysis and cognitive dysfunction, has been reported. In this report, an
isolated unilateral brachial plexopathy following CO intoxication is described.
A key mechanism in this case may be CO-induced spinal cord ischemia.
Immediate administration of hyperbaric oxygen therapy (HBOT) is crucial to
prevent peripheral neuropathy after acute CO intoxication. Hyperbaric oxygen
therapy (HBOT) should be administered immediately after acute CO intoxication
to prevent peripheral neuropathy. Additionally, peripheral neuropathy following
acute CO intoxication may benefit from consistent rehabilitation training.

KEYWORDS

carbon monoxide intoxication, peripheral neuropathy, hyperbaric oxygen therapy,
spinal cord ischemia, rehabilitation training

Introduction

Carbon monoxide (CO) is a gas that is both colorless and odorless, making it difficult to
detect. Its potential danger lies in its ability to cause coma or even death without being noticed.
CO poisoning is a common and fatal type of poisoning that is widespread across the globe.
The toxicity of CO leads to tissue hypoxia, resulting in a range of systemic and neurological
complications. However, the occurrence of peripheral neuropathy following CO poisoning is
relatively uncommon and typically affects younger individuals.
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TABLE 1 Motor nerve conduction study and sensory nerve conduction
study in the patient after carbon monoxide intoxication.

MNCS

Axillaris left

Erb-Del. ‘ 8.85 ‘ 1.19 ‘ ‘
Medianus left

Erb-Del. ‘ 3.67 ‘ 12.5 ‘ ‘
Medianus left

Wrist-APB 3.27 20.1

Elb-APB 6.72 18.1 195 56.5
Elb-F 25.8 0.55

Musculocutaneous left

Erb-Biceps ‘ 8.41 ‘ 0.29 ‘ ‘

Musculocutaneous right

Erb-Tricep ‘ 4.67 ‘ 24.8 ‘ ‘

Radialis left

Erb-Tricep ‘ 4.45 ‘ 19.7 ‘ ‘

Ulnaris left

Wrist-ADM 2.42 13.1

Elbow-ADM 533 12.9 195 67

Stim 1-F 21.1 2.3

Stim 2-F 20.3 2.7

SNCS

Medianus left

Wrist-Digll ‘ 2.6 ‘ 17.6 ‘ 170 ‘ 65.4
Ulnaris left

Wrist-DigV 1.96 ‘ 46.9 ‘ 120 ‘ 61.2

MNCS, motor nerve conduction study; DI, distal latency; Amp, amplitude; Dis, distance; Vel,
velocity; Erb, elbow; Del, deltoid; APB, abductor pollicis brevis; ADM, abductor digiti
minimi; Sti, stimulation; SNCS, sensory nerve conduction study.

FIGURE 1
The muscle profile of the patient.
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Case report

On 11 February 2022, a 31-year-old man was found unconscious by
his wife after sleeping in a closed car for approximately 7h. He was
admitted to the hospital and diagnosed with acute CO poisoning. Blood
tests showed an elevated level of carbon monoxide hemoglobin (13.8%).
Brain magnetic resonance imaging (MRI) revealed small, slightly
brighter signals in the bilateral basal ganglia. After being in a coma for
about 12h, he regained consciousness without any cognitive deficits.
However, he woke up with weakness in his left upper arm and limited
movement of the limb.

The patient’s left arm was paralyzed, as indicated by a grade 1
muscle test on the medical research council (MRC) scale during
neurological examination. There was also reduced sensation to
temperature, pain, and vibration in the distal region of the left arm, and
absent deep tendon reflexes in the left upper arm. Ultrasonic
examination showed swelling of the left median and radial nerves in the
forearm and upper arm. A motor nerve conduction study indicated
normal motor conduction velocity (MCV) for the left ulnar, median,
and radial nerves, but a decreased compound muscle action potentials
(CMAP) amplitude for the left axillary and musculocutaneous nerves.
Sensory conduction velocity (SCV) for the left median and ulnar nerves
fell within the normal range (Table 1). Needle electromyography
revealed abnormal spontaneous activities, including positive sharp
waves and fibrillation potentials, in the left deltoid, biceps brachii, and
triceps brachii (Table 2). Electrophysiological interpretation suggested
severe abnormalities in the upper branches and moderate abnormalities
in the middle branches, indicating the presence of left brachial
plexopathy involving the upper and middle branches. After receiving
around 80 sessions of hyperbaric oxygen therapy (HBOT) once daily for
90min each session, and undergoing rehabilitation training including
exercise training, low-frequency pulsed electrical therapy, ultrasound
therapy, as well as acupuncture, massage, electroacupuncture, and
acupoint injection, the patient returned to the hospital for a follow-up
examination 70 days after the CO poisoning incident. There was a slight
improvement in the restricted movement of his left upper limb. Manual
muscle tests revealed an MRC grade of 3 in the muscle groups of the left
upper arm, including the left biceps brachii, triceps brachii, brachialis,
brachioradialis, and deltoid. Sensation to pinprick and light touch in the
left upper limb was present. Additionally, the patient did not show any
other long-term effects. However, significant atrophy of the left deltoid
and biceps muscles was noted (Figure 1). Compared to the initial
admission, the re-examination of the cerebral MRI showed no
significant changes. The sensory nerve conduction study revealed
decreased nerve conduction velocity and amplitude in the left radial
nerves (Table 3). Motor nerve conduction was normal, except for highly
decreased motor amplitude in the left axillary and musculocutaneous
nerves (Table 4). Besides, the N20 latency of the left median nerve is
normal, but the amplitude is relatively lower compared to the right side,
suggesting abnormal left upper limb somatosensory evoked potentials
(SEP). The electrophysiological conclusion for this readmission
indicated left incomplete brachial plexopathy.

The patient’s subsequent examination findings remained largely
unchanged from the initial assessment. However, we conducted a
comprehensive magnetic resonance imaging (MRI) of the entire
spine for the patient. The results revealed a long strip of high signal
intensity in the left region of the cervical medulla at the 4/5
intervertebral space level (Figure 2). Throughout his current
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hospital stay, the patient has been receiving ongoing rehabilitation  peripheral neuropathy following CO poisoning primarily affected young
training and HBOT. individuals, and all patients recovered within a period of 3 to 6 months
(1). Furthermore, Rahmani et al. (2) reported a case of a 42-year-old man
) ) who experienced reversible bilateral brachial plexus injury following
Discussion acute CO poisoning. The patient showed a favorable prognosis after
receiving HBOT. Gi-Young Park et al. (3) reported a case of unilateral
Carbon monoxide (CO) is known to have toxic effects on various  brachial plexopathy accompanied by impaired cognitive function after
systems in the body, including the central nervous system, cardiovascular ~ CO intoxication. Electrophysiological interpretation indicated an
system, respiratory system, hematological system, metabolic and  incomplete brachial plexopathy with axonal involvement. The 45-year-
endocrinological system, musculoskeletal system, and sensory systems  old patient exhibited a poor prognosis, with no significant improvement
such as vision and hearing. While there have been numerous reportson  in left upper extremity weakness and cognitive function even after
the effects of CO poisoning on the cardiovascular system and central 11 months of CO intoxication. Other articles have also documented cases
nervous system, such as memory loss, encephalopathy, speech difficulties  of peripheral neuropathy following CO intoxication, including sciatic
and Parkinson’s-like symptoms, however, there is a limited amount of =~ neuropathy and rhabdomyolysis, motor and sensory peripheral
research available specifically focusing on the development of peripheral ~ neuropathy, and unilateral diaphragmatic paralysis.
neuropathies in CO poisoning cases. The exact underlying mechanisms of peripheral neuropathy
To the best of our knowledge, a comprehensive clinical study on  following CO poisoning are still uncertain. However, there are four
peripheral neuropathy following CO poisoning has been conducted. The ~ potential mechanisms that could contribute to this condition: hypoxia
study examined 2,759 patients with acute CO poisoning between 1976 ~ and subsequent ischemia caused by CO, nerve compression, the
and 1982, and 23 individuals (11 men and 12 women, with a mean age  cytotoxic effects of CO, and petechial hemorrhages. CO induces hypoxia
of 29.3) were diagnosed with peripheral neuropathy through by forming carboxyhemoglobin (COHb) and binding to heme-
electrophysiological detection. Among these patients, 14 had sensory ~ containing proteins, particularly cytochrome c oxidase and myoglobin.
symptoms, 8 had mixed symptoms, and only one had isolated motor ~ Additionally, CO binds to heme proteins in platelets, leading to the
symptoms. The majority of cases involved the lower extremities, with  release of nitric oxide (NO). Increased levels of NO result in the
only two cases affecting other areas. The study also revealed that  production of peroxynitrite (ONOO), which impairs mitochondrial
function and exacerbates tissue hypoxia (Figure 3) (4). The central
TABLE 2 Electromyographic findings in the patient after carbon nervous system is particularly susceptible to the effects of ischemia and
monoxide intoxication. hypoxia. The thoracic spinal cord receives blood supply from the
radiculomedullary arteries, which originate from a few intercostal

Spontaneous activities

arteries branching from the subclavian artery and aorta. Impairment of
Explanation Fib blood flow through these arteries can pose a significant risk of ischemia

due to limited collateralization in the thoracic vascular region.

Right Biceps Normal 0/10 0/10

Additionally, the watershed effect, which occurs when two streams of
Right Deltoid Normal 0/10 0/10 . . . . . . . N

blood flowing in opposite directions meet, is common in the spinal cord’s
Right Vastus Normal 0710 0710 vascular system. The midthoracic area exhibits the maximum watershed
Left Vastus Normal 0/10 0/10 effect due to the greatest distance between radicular arteries (5). In this
Left ADM Normal 0/10 0/10 case, a long strip of high T2 signal was observed in the left part of the
Left Abd pollicis cervical medulla at the level of the 4/5 intervertebral space. An abnormal
brevis Normal 0/10 0/10 signal intensity was also present in the left cervical spinal cord, correlating

%

with the clinical symptoms and signs. A disk protrusion was noted at that
Left Triceps 2/10 0/10 o . .

level, although it did not compress the spinal cord sufficiently to cause
Left Biceps Loss of MU 6/10 6/10 brachial plexus injury. The patient was found lying in the driver’s seat
Left Deltoid Loss of MU 6/10 6/10 with his head tilted to the left by his wife. It is possible that spondylogenic

Fib, fibrillation potential; PSW, positive sharp wave; ADM, abductor digiti minimi; Abd, compression myelopathy (pOSSlbly due to 1SChemla) may have been

abductor. related to the unconscious patients position in the car. Therefore,

TABLE 3 Sensory nerve conduction study in the patient when readmission.

Nerve/Part Site Onset Lat Peak Lat Distance Velocity

ms mm m/s

Left median nerve—middle finger

Wrist

DigllI ‘ 2.4 ‘ 3.18 ‘ 56.4 ‘ 125 ‘ 52

Left ulnar nerve—Little finger

Wrist ‘ DigV ‘ 2.08 ‘ 2.81 ‘ 315 ‘ 100 ‘ 48

Left radial nerve—anatomical snuff box (Forearm)

Forearm ‘ Wrist ‘ 2.19 ‘ 2.92 ‘ 14.0 ‘ 95 ‘ 43

Lat, latency; Dig, digiti; Amp, amplitude.
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TABLE 4 Motor nerve conduction study in the patient when readmission.

10.3389/fneur.2024.1346353

Latency Amplitude Distance Velocity

Nerve/Part
ms mV mm m/s

Left radial nerve—EIP
Forearm EIP 2.34 3.3
Spiral Gr EIP 3.7 3.6 80 59
Left median nerve— Abductor pollicis brevis
Wrist Abductor pollicis brevis 3.23 9.4
Elbow Abductor pollicis brevis 6.25 10.9 160 53
Left ulnar nerve—ADM
Wrist Abductor digiti minimi 2.66 10.9
Elbow Abductor digiti minimi 5.1 9.0 160 65
Left axillary nerve—Deltoid
Erb's ‘ Deltoid ‘ 2.92 ‘ 8.9 ‘ 190 ‘
Left musculocutaneous nerve—Biceps
Erb's ‘ Biceps ‘ 4.79 ‘ 1.6 ‘ 302 ‘
Right axillary nerve—Deltoid
Erb's ‘ Deltoid ‘ 3.44 ‘ 28 ‘ ‘
Right musculocutaneous nerve—Biceps
Erb's Biceps ‘ 3.96 ‘ 9.1 ‘ ‘
Right radial nerve—EIP
Forearm EIP 2.60 8.9
Spiral Gr EIP 4.01 9.2 95 68

EIP, extensor indicis proprius; Erb, elbow; ADM, abductor digiti minimi.

FIGURE 2

space on sagittal position (A) and cross section (B).

Total spine magnetic resonance image(MRI) revealed long strip T2 high signal in the left part of the cervical medulla at the level of the 4/5 intervertebral

we suspect that spinal cord ischemia caused by CO intoxication may be a
key mechanism in the development of left brachial plexopathy.
Additionally, nerve compression and the cytotoxic effects of CO should
also be taken into consideration.

In our case, a young man experienced isolated unilateral brachial
plexus injury following acute CO poisoning, with incomplete
improvement after nearly 3months. This represents the second
reported case of unilateral brachial plexopathy following CO
intoxication in the literature thus far.

Frontiers in Neurology

Conclusion

The main mechanism behind unilateral brachial plexopathy following
CO poisoning may be the ischemia of the spinal cord. Therefore, it is
crucial to promptly address the hypoxia caused by CO through treatments
like HBOT and normobaric 100% oxygen therapy to prevent peripheral
neuropathy after acute CO intoxication. Additionally, consistent
participation in rehabilitation training may play a significant role in the
treatment of peripheral neuropathy following acute CO poisoning.
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FIGURE 3

CO leads to neurologic injury. CO activates platelets by displacing platelet nitric oxide (NO) from surface hemoproteins. NO reacts with oxygen free
radicals (O27) to produce peroxynitrite (ONOO2), which inhibits mitochondrial function and produces reactive oxygen species(ROS). Besides, activated
neutrophils by NO will degranulate and release myeloperoxidase (MPO), which causes more neutrophil activation and adhesion, thereby causing
cellular damage as well as lipid peroxidation, specifically on myelin basic protein (MBP). When peroxidated, MBP forms adducts that cause lymphocyte
proliferation, microglia activation, and, finally, neurologic injury. Moreover, the general effects of hypoxia and the effect of CO toxicity directly on
mitochondria cause glutamate release, which activates N-methyl-D-aspartate (NMDA) receptors, further leading to neurologic injury.
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