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Case 1A rare case of hereditary motor neuropathy presenting with
chronic vocal cord paralysis and weakness

Jitesh Kar, MD, MPH & Ikjae Lee, MD
Neuromuscular Division
Dept. of Neurology,
University of Alabama at Birmingham
Birmingham, Alabama
Objective:
To report a rare case of hereditary motor neuropathy 7B with pathogenic variant of
DCTN1 presenting with chronic progressive weakness and vocal cord paralysis initially
diagnosed as spinal muscular atrophy (SMA).
Background:
SMA is a heterogeneous group of disorders historically conceptualized as hereditary
disorders preferentially affecting anterior horn cells and motor cranial nerve nuclei.1 Advances
in molecular genetics further defined SMA into autosomal recessive SMA due to homozygous
pathogenic variants of SMN1, the non-SMN infantile form, spinal bulbar muscular atrophy and
distal hereditary motor neuropathies.2 Distal hereditary motor neuropathies (dHMN),
synonymous to distal SMA, are slowly progressive disorders that produce symmetric
weakness and atrophy of distal muscles. Phenotype varies depending on the underlying
genetic mutation, currently classified from dHMN I to dHMN VIIb. dHMN VIIb is a dominantly
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inherited disease with pathogenic variant of dynactin (DCTN1) gene and associated with vocal
cord paralysis, respiratory insufficiency, limb and facial weakness.3
We report a case of an adult patient with strong family history of progressive muscle
weakness, respiratory symptoms, difficulty with speech and diagnosed for many years as SMA
without genetic confirmation. Detailed history and physical examination has guided us to
targeted genetic testing, leading to the confirmation of dHMN VIIb.
Case Summary:
We present a 62 years old male who started to experience weakness of his hand
muscles in his 20s. His symptoms started gradually and progressively worsened. He started
losing his fine motor movements and later on noticed muscle cramps in his hands. His
symptoms progressed to affect his arms over a year. He noticed his speech was getting soft
and slurred in his 30s. He was evaluated and diagnosed with vocal cord palsy. Gradually he
started losing his swallowing ability and occasionally had choking episodes with certain kinds
of food. He noticed that he gets shortness of breath with exertion. He noticed weakness in
legs and difficulty walking that progressed very gradually as well. Later, he noticed he was
not able to close his eyes completely at night. His family history was significant with his father,
brothers, sisters and his two daughters all have similar progressive weakness and each of
them had been diagnosed with muscle disease or spinal muscular atrophy. His father died in
his 40s with respiratory infection.
His general and systemic examination showed long thin face and slim body. His mental
status and language were intact. His speech was slurred with nasal quality voice and
hypophonia. His cranial nerve examination demonstrated weakness in orbicularis oculi,
orbicularis oris, and genioglossus muscles. His motor examination of extremities showed
normal tone and strength of 5/5 in all muscle groups despite of mild generalized atrophy
except thenar muscle which was 4/4 bilaterally. His sensory examination showed mild
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decrease of vibration sense in the toes with intact light touch and pinprick. His reflexes were
diminished to 1+ on both upper and lower extremities except absent ankle reflexes on both
side. His cerebellar examination and gait examination was normal.
Diagnostic Test Results:
Patient underwent laboratory work up including CBC with differential, renal panel, liver
function profile, arterial blood gas and CK which showed elevated pCO2 (49mmHg, normal
range 35 to 45mmHg) and mild elevation of creatinine kinase (CK) 254 (Normal range 35 to
250). In office pulmonary function test revealed reduced functional vital capacity (FVC) to
58% and forced expiratory volume (FEV1) to 46%. The nerve conduction studies of the right
arm and leg showed low amplitudes in the right fibular motor responses recorded at extensor
digitorum brevis and tibialis anterior muscles with normal distal latencies and conduction
velocities. Sensory responses including sural and superficial fibular were normal. Concentric
needle examination of the right arm, leg, facial and paraspinal muscles showed chronic
neurogenic changes (motor units with increased amplitude, duration, polyphasic and
decreased recruitment) in essentially all muscles examined. Fibrillation and positive sharp
waves were observed in the right gastrocnemius muscle only. Genetic testing for hereditary
motor neuropathy panel showed pathogenic variant of DCTN1 gene, c.175G>A. Analysis of
SMN gene including deletions/duplications analysis yielded negative result.
Discussion:
The term “SMA” has been historically used to include hereditary disorders with lower
motor neuron degeneration and did not have clear boundary. This can be confusing to
physicians and patients who are not familiar with this disease entity and erroneously confuse
the term with autosomal recessive SMA related with SMN1, which is now a treatable condition.
Our case was clearly not SMN1 related SMA as the family history strongly suggested
autosomal dominant inheritance and vocal cord paralysis commonly occurred in the early
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course of the disease. Yet, motor only involvement and diffuse neurogenic changes on the
EMG indicated that indeed this was a form of hereditary lower motor neuron disease that is
very slowly progressive. Combining the inheritance pattern, vocal cord paralysis, respiratory
insufficiency and lower motor neuron disease/motor neuropathy led us to order targeted
genetic panel and eventually to genetic confirmation of dHMN VIIb.
References:
1. Byers RK, Banker BQ. Infantile muscular atrophy. Arch Neurol. 1961;5:140-164
2. Amato A. A. (2016) Spinal muscular atrophies. In Neuromuscular disorders 2nd
Edition (pp 207-223) McGraw-Hill Education.
3. Puls I, Oh SJ, Sumner CJ, Wallace KE, Floeter MK, Mann EA, Kennedy WR,
Wendelschafer-Crabb G, Vortmeyer A, Powers R, Finnegan K, Holzbaur EL, Fischbeck
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Case 2
A56-year-old woman with a long history of severe distal polyneuropathy
Abdullah Alqahtani, MD & Komal Sawlani, M.D
Neurological Institute
University Hospitals Cleveland Medical Center
Case Western Reserve University
Cleveland, Ohio

Case: A 53 year old female presented to our neuromuscular clinic to establish care for a long
history of peripheral polyneuropathy. She recently moved back to the USA from Europe.
She reported that her symptoms began 18 years prior to presentation. She initially had right leg
weakness and numbness with gait difficulties. A couple of weeks later, numbness involved
bilateral hands and arms.
10 years later, her symptoms progressed to involve right hand weakness to the point that she
was unable to use her hand anymore. Her left leg also became very weak leading to falls. 6
months prior to moving to the states she started developing left hand weakness (dependent hand)
that progressed very fast. When we saw her in clinic, her main fear was if the disease would
continue to progress.
On neuromuscular examination, there was severe atrophy throughout. Sensory exam showed
decreased sensation to pinprick, in a stocking and glove distribution up to the mid-forearm in the
upper limbs and above the knee in the lower limbs. Vibration sense was absent in the ankles but
intact at the knees. Gait showed bilateral steppage gait.
Muscle strength (MRC out of 5):
Shoulder abduction
Elbow flexion and extension
Finger flexion
Finger extension
Finger abduction
Hip flexion and extension
Knee flexion/ extension
Ankle dorsiflexion
Ankle plantarflexion
Eversion
Inversion

Workup:
An EMG was done.

Right
4
4
0
3
1
4+
4
0
3
1
1

Left
4
4
0
0
1
4+
4
0
3
3
3
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What is the next step?
Retrieving her old EMGs from Europe.
Nerve biopsy.
Lumbar puncture
Neuromuscular ultrasound

Discussion:

The diagnosis of chronic inflammatory polyradiculopathy (CIDP) is based primarily on
recognition of characteristic history and typical clinical features, electrophysiological studies, CSF
examination and possibly nerve biopsy. What is challenging in this case is the timing- she
presented to us 18 years after her initial presentation and with severe muscle weakness, distal more
than proximal. EMG failed to demonstrate demyelinating features given the severe underlying
axonal loss. Other diagnostic approaches include: MRIs of the brachial plexus, but as reported by
several studies it has low sensitivity1 and MRI of the lumbar spine assessing for nerve root
hypertrophy. However, MRI studies are costly, time consuming, and not practical when several
nerves need to be examined.2 Proximal EMG is technically difficult and some patients cannot
tolerate a full study. An alternative approach is neuromuscular ultrasound (NMU). It is a
noninvasive, painless, inexpensive, and radiation-free approach for evaluating multiple peripheral
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nerves in one study.3 Furthermore, NMU has characteristic findings suggestive of demyelinating
vs axonal neuropathies. A demyelinating neuropathy is suggested on NMU by enlargement of
multiple arm and leg nerves at non-compression sites along with enlargement of the brachial
plexus.1,3, 4, 5 This is different from NMU of an axonal neuropathy, where there is not enlargement
of the nerve along its course and the degree of enlargement is much less. Table 1 shows the upper
limits of nerve size in axonal neuropathies.1 As shown in our case the degree of enlargement was
much higher. (Table 2)
Axonal Neuropathy Nerve Cross Sectional Area Cut off
Nerve Location
10
Median Nerve at the Mid- forearm
13
Median Nerve at the Mid-arm
8
Upper Trunk
8
Middle trunk
8
Lower trunk
Table (1)

Nerve Location
Median Nerve at
the Mid- forearm
Median Nerve at
the Mid-arm
Upper Trunk

RT
38.9 mm2

Nerve Cross Sectional Area
LT
36mm2

83.2 mm2

154.1mm2

<10

↓

↓

32.7mm2

50.5mm2

<8

↓

↓

Middle Trunk

265.4 mm2

302.8mm2

<8

↓

Normal

Lower Trunk

22.4 mm2

22.4mm2

<8

↓

↓

NL
<10

Echogenicity
RT
LT
↓
↓

Table 2
Furthermore, it is suggested that enlargement of the brachial plexus specifically the upper trunk is
highly characteristic of CIDP. A suggested neuromuscular ultrasound protocol for assessing CIDP
is measuring the bilateral median nerves in the forearm and arm along with brachial plexus trunksspecifically the upper trunk. This protocol showed optimal diagnostic values with a sensitivity of
95% and specificity of 98%.1 In addition, studying lower limb nerves by ultrasound did not lead
to added value in diagnosing CIDP.
Follow up:
Based on her history, neurological examination and ultrasound findings, we were able to confirm
her diagnosis of CIDP. Her IVIG dose was increased to 2g/kg every 2 weeks. We also discussed
with her the need to start another immunosuppressant, but she refused.
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Case 3

A woman with leg weakness following
an erythematous rash from North Carolina

Tiffany Pike-Lee, MD and Yuebing Li, MD, PhD
Neuromuscular Center
Cleveland Clinic
Cleveland, Ohio

Case: A 51-year-old year-old right handed Caucasian female presented in late summer 2018
with a several-week history of progressive left leg weakness. Her past medical history included
irritable bowel syndrome, anxiety, and obesity. Around 7 weeks prior to presentation to our
hospital, she developed left hip pain worsened with movement. Two days after the onset of hip
pain, she noted erythema over her left upper thigh superficial to the greater trochanter. Initially it
was a dry red patch, then it spread and became tender to touch. She denied fever or chill. She did
not recall any exposure to toxins or animals. She lives in North Carolina, working as a flight
attendant, but there was no recent travel outside the country. X-rays of the left hip were normal.
Infectious disease specialist noted the rash had an area of minimal central ulceration, and
diagnosed her as having a cellulitis. She was started on a 10-day course of cephalexin (Keflex).
Approximately 4 weeks later, she developed left leg weakness, lower back pain and
reduced sensation of urination and defecation without incontinence. MRI of lumbar spine
showed thickening and enhancement of the cauda equina nerve roots. Cerebrospinal fluid (CSF)
analysis revealed the following: glucose 70 mg/dL, protein 87 mg/dL, WBC 203 u/L
(lymphocytes 92%), normal ACE, negative CMV and cytology. Serum Campylobacter Jejuni
antibody and ANA profile were negative. She was diagnosed with an inflammatory lumbosacral
radiculopathy and treated with a 5-day course of intravenous methylprednisolone (IVMP)
followed by outpatient physical therapy. Symptoms remained relatively stable with minimal
improvement.
She presented to us for a second opinion at 7-weeks after initial symptomatic onset. Skin
examination was normal. Her mental status and cranial nerve examinations were normal. The
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upper extremity muscle strength was normal. She had difficulty with gait. The sensory
examination was normal.
Muscle strength
Hip flexion
Knee flexion
Knee extension
Thigh abduction
Thigh adduction
Ankle dorsiflexion
Ankle plantar flexion

Right
5
5
5
5
5
5
5

Left
4- (limited by pain)
5
45
45
5

Reflexes:
Biceps
Triceps
Knee jerk
Ankle jerk
Babinski

Right
++
++
++
++
Flexor

Left
++
++
0
++
Flexor

MRI of the cervical, thoracic, lumbar spine showed continued thickening and
enhancement of the cauda equine but otherwise unremarkable. Repeat CSF study revealed the
following: WBC 123 mg/dL, glucose 51mg/dL and protein 88 mg/dL. Other labs including CSF
culture and cytology were normal. Serum HIV, West Nile virus, and HTLV 1-2 testing were
unrevealing. Electromyography (EMG) showed normal sensory and motor nerve conduction
studies. On needle exam there was evidence of active denervation in multiple L2-4 nerve root
innervated muscles including paraspinal muscles.

Muscle name

Fibs/PSWs

Recruitment

Duration

Amplitude

L Abductor Hallucis

0

Normal

normal

normal

L Extn.Digitorum Brevis

0

Normal

enlarged

enlarged

L Tibialis Posterior

0

Normal

normal

normal

L Tibialis Anterior

0

Normal

normal

normal

L Medial Gastrocnemius

0

Normal

normal

normal

L Rectus Femoris

+1

Reduced

enlarged

enlarged

L Iliacus

+0

Reduced

enlarged

normal

L Adductor Longus

+2

Normal

normal

normal

L Gluteus Medius

0

Normal

normal

normal

L. Sacral PSP (High)

+2

NE

L. Lumbar PSP (Mid)

+2

NE

L. Lumbar PSP (High)

+3

NE
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It was felt that the patient may have an inflammatory lumbosacral polyradiculopathies.
Patient was treated with prednisone taper and outpatient physical therapy. At follow-up, patient
recalled taking a hike in upstate New York several days prior to developing the initial rash.
Further testing of Lyme IgG and IgM serum enzyme immunoassay with reflex to western blot
came back positive for Lyme IgM antibodies. Further CSF study was not obtained. Patient was
treated with a 28-day course of doxycycline. At follow up, her leg strength and gait improved.
She also reported improved urinary and bowel sensory dysfunction and pain control.
Diagnosis: Patient’s history of an expanding rash followed by painful leg weakness, EMG
findings of polyradiculopathy, lymphocytic pleocytosis in CSF, MRI spine showing contrast
enhancement of the cauda equina and positive Lyme IgM antibodies are consistent with a
diagnosis of Lyme neuroborreliosis (LNB) manifesting as meningoradiculitis “Bannwarth
syndrome” (BWS).
Discussion: Lyme borreliosis is a multisystem infectious disease caused by the spirochete
Borrelia burgdorferi which is most commonly spread by Ixodes ticks. The most notable early
feature is the characteristic expanding skin rash known as erythema migrans (EM), a well
described “bulls eye” appearance with central clearing. However, such a classical finding is seen
in less than 50% patients.1 Most patients present with an enlarging rash with a central papule,
erythema, hyperpigmentation, or central ulceration. Lyme borreliosis is typically seen in spring
through fall, with most cases occurring in the Northeast and upper Midwest USA.2 LNB can
present with central or peripheral nervous system manifestations including lymphocytic
meningitis, cranial neuropathies, polyradiculoneuropathy, plexopathy, polyneuropathy or
mononeuropathy multiplex.3-4 EMG may show denervation/re-innervation changes, often
prominent in paraspinal muscles.4 Based on the American Academy of Neurology and European
Federation of Neurological Societies, a diagnosis of definite LNB should include the following:
1. Possible exposure to Ixodes ticks in Lyme endemic area; 2. One of the following: erythema
migrans, immunologic evidence of exposure to B. burgdorferi, histopathologic, microbiologic or
PCR proof of B. burgdorferi infection,;3.Clinical disorder within the realm of those associated
with Lyme6,8. Establishing immunologic evidence of exposure to B. burgdorferi requires
positive serology with identification of antibodies by enzyme linked immunoassay (ELISA)
followed by confirmation with Western blot 4,6-8. Serodiagnostic testing may be insensitive in
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the first several weeks of infection as it may take several weeks for antibodies to be detectable, 6,
8

. Detection of antibodies to B. burgdorferi in CSF is highly specific, however specificity is less,

especially in patients with peripheral nervous system involvement only4-5. Further detailed
discussions on the clinical manifestations, ancillary test findings, diagnostic tests and treatment
standards of LNB will be provided.
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Case 4.
Sudden Onset of Extensor Forearm Weakness after Bicep Tendon Repair

Laura Danielson, M.D., M.S. & David C. Preston, M.D.
Neuromuscular Center, Neurological Institute
University Hospitals Cleveland Medical Center
Case Western Reserve University
Cleveland, Ohio

Case Presentation:
A 39 year-old police officer presented to orthopedic surgery clinic 6 days after having injured his
left arm while restraining a prisoner. He reported feeling a “pop” at the time of the incident and
developed swelling and pain as well as a visible deformity in the left biceps muscle. On initial
examination, he had proximal retraction of the left biceps muscle and weakness of left elbow
flexion and supination. He was quickly determined to have a left biceps tendon rupture and
elected to undergo surgical repair. This was done using an Arthrex biceps tenodesis button; the
biceps tendon is connected to the button which is drilled through the bicipital tuberosity on the
radius to achieve secure fixation. Immediately after the surgery, the patient had profound
weakness of his left finger, thumb and wrist extension without any sensory loss.
Differential diagnosis:
1. Direct injury to posterior interosseous nerve or deep radial motor branch
intra/perioperative
2. Compression of posterior interosseous nerve or deep radial motor branch due to
hematoma, abscess, edema etc.
3. Inflammation/amyotrophy of posterior interosseous nerve or deep radial motor branch
Clinical course:
The day after surgery he was sent for neuromuscular ultrasound to evaluate for focal injury to the
posterior interosseous nerve (PIN) or deep radial motor branch. In the left arm, after the radial
nerve bifurcated into its deep and superficial branches, the deep branch made an abrupt turn
toward the radius under a foreign object (identified as the “button” of the biceps tendon repair)
and then returned superficially to enter the supinator muscle under the Arcade of Froshe. Of
note, the deep motor branch could not be visualized directly under the foreign object secondary
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to posterior acoustic shadowing of the foreign object. Later that evening, he returned to the
operating room where the radial deep branch was visualized as entrapped under the button. The
nerve was released and the button was redeployed. Per the operative report, the nerve appeared
in good condition.
Immediately after the surgery, he had regained more movement of finger extension. When seen
in orthopedic surgery clinic one week later, he reported improved left wrist extension though full
strength had not returned. He continued to have limited finger and thumb extension and light
touch sensation was intact throughout his left hand. The plan was for him to continue physical
therapy to improve his strength.
Discussion:
Many surgical procedures wherever they occur in the body carry an inherent potential to damage
nearby nerves. In the case described above, the cortical button fixation method was used for the
biceps tendon repair. This technique was first introduced approximately 8 years ago and has been
reported to be comparable or even superior to previous techniques1-3. Cases have been reported
before of PIN injury after biceps tendon repair with both the cortical button fixation method and
the suture anchor method4. However, in those cases, injury was identified with a combination of
clinical and electrodiagnostic assessment. The etiology of injury in those cases was evaluated
visually intraoperatively with compressive injury identified as due to fibrotic hematomas or
entrapment by the biceps brachii muscle or direct intraoperative damage (e.g., from drilling).
Entrapment of the PIN by the cortical button has been reported previously as well, especially
when a two incision approach (as opposed to one incision) is used5. Additional potential
etiologies of PIN injury could be inflammatory, neuralgic amyotrophy, spontaneous constriction
and infectious6.
Neuromuscular ultrasound in the case reported here was used to identify the likely etiology and
location of the injury in the outpatient and minimally invasive setting allowing actual presurgical planning for correction. It is also easily performed even in the setting of recent surgery
with its accompanying restraints on arm range of motion, freshly closed incisions and swelling.
Also, neuromuscular ultrasound can be performed the first day after surgery and still provides
significant information contrasting to EMG which would not show pertinent changes for days to
weeks. It is important to note that the injury in this case was to the radial deep motor branch
which becomes the PIN after passing through the supinator muscle. While these nerves are often
used interchangeably, it is important for the neuromuscular ultrasonographer to appropriately
distinguish between them thus providing the best localization.
As new surgical techniques are developed and move into widespread use it is important to
identify the specific manner in which nerves can be damaged so that the practicing neurologist
can provide advice and support to our surgical colleagues. The spread of neuromuscular
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ultrasound broadens the ability to identify the location and manner in which a nerve is injured
after a surgical procedure in the arm even in more distal branches7.
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Case 5

Left leg weakness for at least eight years

Perry K. Richardson, MD
Aashrai Gudlavaletti, MD
Mohammad AbuRub, MD
The George Washington University
Washington, DC
Case description:
44 yo woman who about 8 years ago noted that she was unable to lift the left foot, without leg or
back pain, numbness or leg injury. As a teenager she used to twist her left ankle frequently, but
was able to perform physically on par with her peers. The weakness has worsened over the years
and she can no longer stand on the left heel or on the toes of the left foot.
She initially denied any other neuromuscular complaints. She has hypothyroidism and insomnia.
She takes Synthroid 25mcg qd. She grew up in Brazil where her maternal uncle and his daughter
have been evaluated for unclear neuromuscular dysfunction.
On examination, motor strength in the arms and proximal legs was 5/5. The left tibialis anterior
(marked) and calf (moderate) were wasted. The EDB looked normal. Distal motor strength using
the MRC scale:
Muscle
Tibialis Anterior
Extensor Hallucis Longus
Extensor Digitorum Brevis
Peroneus Longus
Tibialis Posterior
Gastrocnemius
Flexor Hallucis Longus

Left
1
4
4
45
4+
4

Right
4
4
4
5
5
5
4

Sensation normal, DTRs 2+, gait steppage and she could not walk on her heels and only with
difficulty on her toes on the left.
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Her smile was symmetric, though she could not whistle of fill her left cheek with air, with
weakness of mouth closure on the left.
Tests:
A comprehensive CMT panel ordered by the referring neurologist was negative. Nerve
conduction studies of bilateral legs were normal. EMG showed myopathic MUPs in bilateral
EHL and right TA. The left TA had decreased insertion activity and no voluntary MUPs. Needle
EMG of orbicularis oris muscles showed small amplitude, brief duration MUPs with early
recruitment on the left. The right side of orbicularis oris was normal.
Discussion:
The constellation of findings suggested an atypical presentation of facioscapulohumeral
dystrophy (FSHD). A major clinical clue was the dissociation between the wasted tibialis
anterior muscle and the preserved or hypertrophied EDB muscle, inconsistent with a neuropathic
disorder. The facial weakness was not evident but brought out by testing various facial functions.
Marked variability in severity, phenotype and age of onset of FSHD has been publicized1-5, aided
by available testing for the 4q35 deletion (currently Southern blot, with optional 4qA/4qB
haplotyping). Data from the largest case series reporting onset in 122 patients is shown in Table
1 below from Pastorello, et.al.5.
Although in our patient hereditary neuropathy was initially suspected, myopathic presentation
with calf involvement raises suspicion of distal myopathies such as Miyoshi myopathy, limb
girdle dystrophy (LGMD 2B) or myofibrillar myopathy6.
Facial weakness may be overlooked or occasionally absent, raising consideration of a
scapuloperoneal syndrome. These include scapuloperoneal dystrophy, acid maltase deficiency
and Emery-Dreifuss humeroperoneal dystrophy.
Evidence-based guidelines on FSHD evaluation and management were published in 20157.
Genetic testing, cardinal features and additional systemic manifestations are addressed. Gene
testing for the 4q35 deletion with assessment of the number of D4Z4 repeats and the DNA
fragment size of the deleted 4q35 EcoRI should be done. Normals have >10 repeats and DNA
fragment size >38 kb. Smaller repeat numbers and larger fragment sizes are associated with less
severe symptoms and less extramuscular features8. Additional genetic testing with a methylation
assay and SMCHD1 sequencing can assess for the FSHD2 variant (5% of cases). Detailed studies
have uncovered masked D4Z4 contractions, mosaicism or other FSHD1 mimics (e.g. CAPN3 or
VCP mutations)9.
In our patient we confirmed the myopathic nature of the facial weakness by needle EMG, and
compared the clinically unaffected side of the mouth, aiming for orbicularis oris. The unilateral
findings give support to the contention that the orbicularis oris muscle is not a single sphincter
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muscle but a constellation of different contributing muscle portions, as evidenced by
ultrasound10, and sometimes referred to as the pars labialis and pars marginalis11.
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facioscapulohumeral dystrophy: report of six cases. J Neurol Neurosurg Psychiatry
2000;69:114-116.
2. Felice KJ, Moore SA. Unusual clinical presentations in patients harboring the
facioscapulohumeral muscular dystrophy 4q35 deletion. Muscle Nerve 2001;24:352-356.
3. Uncini A, Galluzzi G, Di Muzio A, et.al. Facioscapulohumeral muscular dystrophy
presenting isolated monomelic lower limb atrophy. Report of two patients with and
without 4q35 rearrangement. Neuromuscul Disord 2002;12(9):874-877.
4. Hassan A, Jones LK, Milone M, et.al. Focal and other unusual presentations of
facioscapulohumeral muscular dystrophy. Muscle Nerve 2012;46:421-425.
5. Pastorello E, Cao M, Trevisa CP. Atypical onset in a series of 122 cases with
FacioScapuloHumeral muscular dystrophy. Clin Neurol Neurosurg 2012;114:230-234.
6. Dimachkie MM, Barohn RJ. Distal myopathies. Neurol Clin 2014 Aug;32(3):817-842.
7. Tawil, R, Kissel JT, Heatwole C, et.al. Evidence-based guideline summary: Evaluation,
diagnosis and management of facioscapulohumeral muscular dystrophy. Neurology
2015;85:357-364.
8. Felice KJ, Whitaker CH. The clinic features of facioscapulohumeral muscular dystrophy
associated with borderline (>=35 kb) 4q35 EcoRI fragments. J Clin Neuromusc Dis
2005;6:119-126.
9. Sacconi S, Camano P, de Greef JC, et.al. Patients with a phenotype consistent with
facioscapulohumeral muscular dystrophy display genetic and epigenetic heterogeneity. J
Med Genet 2012;49(1):41-46.
10. Vinkka-Puhakka H, Kean MR, Heap SW. Ultrasonic investigations of the circumoral
musculature. J Anat 1989;166:121-133.
11. Van Alfen N, Gilhuis HJ, Keijzers JP, et.al. Quantitative facial muscle ultrasound:
feasibility and reproducibility. Muscle Nerve 2013;48:375-380.

Challenging EDX & NM cases

Page 20

Challenging EDX & NM cases

Page 21

Case 5.
A treatable cause of foot drop
Michael Hansen MD & Christopher Geiger DO
Neuromuscular Center
University Hospitals Cleveland Medical Center
Case Western Reserve University
Cleveland, Ohio
Case: A 57 year old woman with a history of hypertension, type II diabetes mellitus,
osteoarthritis and morbid obesity presents with a two week history of right foot weakness. The
symptom onset was described as abrupt and painful. Her foot became “floppy” and she
developed numbness and tingling in her first two toes. Additionally, following the abrupt onset
she could feel a “bump on the outside of her knee.” On her neurological exam, strength was
noted to be 0/5 on dorsiflexion, 5/5 on plantar flexion, 5/5 on ankle inversion, 4-/5 on ankle
eversion, 5/5 on toe flexion, and 0/5 on toe extension.

Differential diagnosis:
Foot drop:
-Peroneal neuropathy
-Sciatic neuropathy
-L5 radiculopathy
-Peripheral neuropathy
-Cauda equina lesions
-Cortical motor strip lesions
-Motor neuron disease
-Spinal cord lesions

Nerve Conduction Studies and Needle EMG:

Peroneal neuropathy:
Extrinsic
-Masses
-Ganglion cyst
-Callus
-Osteomas
-Hemangiomas
Intrinsic
-Nerve sheath tumors
-Infarct
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Neuromuscular Ultrasound:
Peroneal nerve (popliteal fossa): 26mm²
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Peroneal nerve (fibular head): 13mm²

Peroneus longus muscle
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Diagnosis: Intraneural ganglia
Discussion:
Intraneural ganglia is a benign mucinous cyst within the epineurium and the most
common location is the peroneal nerve1. Rarely, other sites have been reported2. This condition
is thought to arise from a dissection of joint fluid through a capsular tear into an articular branch
of a nerve3,4. In a study of 41 consecutive patients with foot drop, 28 had an isolated peroneal
mononeuropathy, and 5 (18%) had findings consistent with an intraneural ganglion of the
peroneal nerve which was subsequently confirmed by pathology5. Another study examined 10
consecutive patients with foot drop with no obvious cause and found 5 patients with intraneural
ganglia at the tibiofibular joint6. All 5 of these patients improved with surgery.
So who should be imaged? Ultrasound is inexpensive, noninvasive, and easily
performed. In our case, it allowed prompt diagnosis of a treatable condition. It can also be used
to screen for those who require MRI to better delineate anatomic boundaries of the lesions. MRI
can demonstrate multi-loculated cysts within the muscle or subcutaneous tissue, and the capsule
may enhance with gadolinium. T2-weighted images reveal increased signal along fascial planes.
A 10 year retrospective review of medical records from 1998-2007 with a clinical history and
exam consistent with peroneal neuropathy, EMG consistent with the diagnosis, and no history of
trauma or other inciting event revealed 30 cases of intraneural ganglia demonstrated by MRI7.
50 control cases were also identified; 11 patients had a MRI that was negative for a cyst while 39
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did not undergo MRI and had documented improvement at follow-up. Positive predictive factors
for intraneural ganglia as the etiology were identified which included elevated BMI, knee pain,
palpable mass, and an increased mean month from onset to EMG (average of 4.9 months).
Negative predictive factors included weight loss, leg crossing, and immobility.
Our case had a high pre-test probability given her high BMI (45.7), exquisite pain at
onset, and a “bump” in appropriate area. Her EMG was consistent with a common peroneal
neuropathy on uncertain etiology9. She lacked common risk factors for external compression.
One atypical feature was the acuity of onset, as most are insidious in onset and develop gradually
over weeks to months. We hypothesize that the sudden onset may be related to a rupture of an
existing cyst.
Treatment of the condition consists of marginal excision with removal of the pedicle
(nerve to joint)3. Rate of recurrence is ~13% with the initial surgery, however is 100% following
a second surgery thus a second excision is not advised. Refractory cases require tibiofibular joint
fusion. Needle aspiration and corticosteroids have been found to be ineffective.
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Case 7.
19 year old man with acute onset of left upper limb weakness after motor vehicle accident

Saurabh Shukla, MD
University of Mississippi Medical Center,
Jackson, MS

Case Summary
A 19-year-old man presents with acute onset of left upper limb weakness and sensory loss after
a motor vehicle accident. He was found to have an open distal radius fracture needing surgical
fixation, a left subclavian artery transection injury as well as left lung upper lobe contusions. He
was seen in neurosurgery clinic approximately 2 months after the injury. Neurology
examination showed mild-moderate atrophy of the left periscapular, shoulder, arm and forearm
muscles. No strength in proximal or distal muscles of the left upper limb. He had lot of pain on
testing for rhomboids but the strength seemed to be much better than the left upper limb
muscles. Unable to test serratus anterior due to pain. No sensation to pin prick at the left
shoulder and arm but he was able to appreciate some below the elbow. Absent biceps, triceps
and brachioradialis reflexes on left side.

A Nerve Conduction Study and Electromyography of both upper limbs was pursued 2 months
after the accident. He had no improvement in his symptoms in the interim. Table 1 illustrates the
findings.

Table 1: Nerve Conduction Study and Electromyography 2 months after
MVC
MOTOR NERVE CONDUCTION STUDIES
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NERVE AND
RECORDING SITE

STIMULATION
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SEGMENT AND
DISTANCE

AMPLITUDE (mv)

DISTAL LATENCY
(msec)

CONDUCTION
VELOCITY (m/s)

F-WAVE
LATENCY

SITE
(ms)
RT

LT

NL
RT

LT

NL

RT

LT

NL

RT

LT

Median Nerve

Abductor Pollicis Brevis
(APB)

Wrist

APB-Wrist 7cm

12.9

Abductor Pollicis Brevis
(APB)

Elbow

Wrist-Elbow 22cm

12.8

Adductor Digiti Minimi
(ADM)

Wrist

ADM-Wrist 7cm

11.4

Adductor Digiti Minimi
(ADM)

Below Elbow

Wrist-Below Elbow

11.1

NR

>8.7

3.4

NR

< 4.6

7.4

55

NR

ND

ND

ND

ND

>50

Ulnar Nerve

NR

>8.7

3.2

NR

<3.5

6.5

58

19 cm

First Dorsal Interosseous(
FDI)

Wrist

FDI-Wrist

ND

NR

-

ND

NR

5.3

NR

>2

2.3

NR

12 cm

Radial Nerve

Extensor Indices Proprius
(EIP)

Forearm

EIP-Forearm
4 cm

<2.9

NR

>51
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SENSORY NERVE CONDUCTION STUDIES

NERVE AND
RECORDING SITE

STIMULATION

SEGMENT AND
DISTANCE

DISTAL LATENCY
(msec)

AMPLITUDE (uv)

CONDUCTION
VELOCITY (m/s)

SITE

RT

LT

NL
RT

Median Nerve

Wrist

Wrist-Digit II

Digit II

59

11

>33

2.5

LT

RT

NL

2.5

LT

NL

<3.5

52

52

>43

<3.1

55

55

>45

13 cm

Ulnar Nerve

Wrist

Wrist-Digit IV
11cm

51

48

>24

2.2

2.0

Forearm

Anatomic Snuff
Box-Forearm
10cm

65

NR

>25

1.8

NR

<2.9

56

NR

>50

Elbow

Elbow-Forearm
13cm

30

NR

>6.8

2

NR

<3

65

NR

>52

Elbow

Elbow Forearm

12

5

>6.2

2.2

2.1

<3.2

59

61

>51

Digit IV

Radial Nerve
Anatomic Snuff Box

Lateral antebrachial
cutaneous Nerve
Forearm

Medial antebrachial
cutaneous Nerve

13cm
Forearm

RT: Right LT: Left NL: Normal value ND: Not Done

Concentric Needle EMG Examination:

Muscle Left
Side

Insertiona
l Activity

Spontaneous Activity

Fibrillation
s

Positive
Sharp
Waves

Fasciculations

Volitional Motor Unit Action Potentials

Amplitud
e

Duration

Polyphasi
a

Recruitm
ent

Effort
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First Dorsal
Interosseous
Abductor
Pollicis Brevis
Extensor Indices
Proprius

Increased

3+

3+

None

None

Increased

3+

3+

None

None

Increased

4+

4+

None

None

Extensor
Digitorum
Communis
Flexor Carpi
Radialis
Triceps
Biceps
Deltoid
Infraspinatus
Rhomboids

Increased

3+

3+

None

None

Increased

4+

4+

None

None

Increased
Increased
Increased
Increased
Normal

3+
3+
4+
2+
None

3+
3+
4+
2+
None

None
None
None
None
None

Lower Cervical
Paraspinals
Level 1
Lower Cervical
Paraspinals
Level 2

Increased

3+

2+

None

Normal

None

None

None

Normal

Normal

Few

Normal

Slightly
Increase
d
Greatly
Increase
d

Normal

Few

Reduced

None
None
None
None
Subma
x
Max

Greatly
Increase
d

Moderat
e

Reduced

Max

Max: Maximum
Submax: Submaximal

Conclusion
Technically difficult, complex, somewhat limited (unable to test left serratus anterior on left
side) and abnormal study.
1. Motor NCS of left median, ulnar (FDI and ADM) and radial nerves show no response.
Motor NCS of right median, ulnar and distal radial CMAP response is normal.
2. Sensory NCS of left median nerve shows severely reduced amplitude response with a
normal conduction velocity.
Sensory NCS of left radial nerve and left lateral antebrachial cutaneous sensory nerves
show no response
Sensory NCS of the left medial antebrachial cutaneous sensory nerves shows severely
reduced amplitude response.
Sensory NCS of bilateral ulnar nerves, right median nerve and right sided medial and
lateral antebrachial cutaneous nerves is normal.
3. Concentric needle EMG of selected muscles of the left upper limb shows presence of
severe ongoing denervation changes in all muscles examined with no effort in the
muscles to comment on any reinnervation changes.
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4. Within limits of testing (pain leading to submaximal effort by the patient) Needle EMG
of left sided rhomboids does not show any ongoing denervation changes.
5. However, needle EMG of lower cervical paraspinals does show presence of ongoing
denervation changes with mild-moderate chronic reinnervation changes.
6. Needle EMG of left serratus anterior was deferred given patient felt pain while
positioning to test this muscle and declined further testing.
Impression:
Findings suggest presence of a severe left sided ongoing brachial plexopathy with ongoing
denervation changes noted in all studies muscles of left upper limb (distal and proximal).The
upper and middle trunks seem to be most affected with some involvement of the lower trunk as
well.
At 2 months from time of injury, he had profound weakness and hence no voluntary effort.
Therefore, no chronic reinnervation changes seen in left upper limb muscles. Absence of
reinnervation changes point towards no axonal continuity of nerves at time of study.
No ongoing denervation changes in left sided rhomboid major (mainly C5 and some C4 root
direct innervations proximal to brachial plexus) suggested that C5 root injury was unlikely.
However, the ongoing denervation and chronic reinnervation changes seen in lower cervical
paraspinals on the left side suggested a lower cervical root level injury. Sparing of ulnar sensory
response on left side with absent ulnar motor response also suggests a lower cervical root level
injury than just a lower trunk or medial cord plexopathy.
An additional mild lesion in lower trunk or medial cord brachial plexus on left side was
suspected given reduced amplitude of medial antebrachial cutaneous sensory nerve.
Thus, within limits of testing, findings were suggestive of left sided severe upper and middle
trunk brachial plexopathy with mild lower trunk involvement. Additionally, findings were
suggestive of a lower cervical root level injury on left side.
Repeat EMG after 3 &1/2 months of accident reported similar findings with still no chronic
reinnervation changes in distal or proximal upper limb muscles. Table 2 illustrates the findings.
Neurology examination remains unchanged 4 and half months after the motor vehicle accident.
He had a short segment injury to the left subclavian vessel but vascular clinic follow-up
suggested a normal wrist brachial index and thus was managed conservatively.

Table 2: Left sided NCS and EMG 3 and half months after the accident
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Motor Nerve Conduction Studies

NERVE AND
RECORDING
SITE

STIMULATIO
N

SEGMENT
AND
DISTANCE

AMPLITUDE
(mv)

DISTAL
LATENCY (msec)

CONDUCTION
VELOCITY (m/s)

F-WAVE
LATENCY
(ms)

SITE

RT

LT

NL

RT

LT

NL

RT

LT

RT

NL

LT

Median Nerve

Abductor Pollicis
Brevis (APB)

Wrist

APB-Wrist
7cm

ND

N
R

>8.7

ND

NR

<
4.6

-

-

-

ND

ND

Wrist

ADM-Wrist
7cm

ND

N
R

>8.7

ND

NR

<3.5

-

-

-

ND

ND

Ulnar Nerve

Adductor Digiti
Minimi (ADM)

Sensory Nerve Conduction Studies

NERVE AND
RECORDING
SITE

STIMULA
TION

SEGMENT AND
DISTANCE

AMPLITUDE (uv)

DISTAL LATENCY
(msec)

CONDUCTION
VELOCITY (m/s)

RT

RT

SITE

RT

LT

NL
LT

NL

LT

NL
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Median Nerve

Wrist
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Wrist-Digit II

Digit II

ND

7

>33

ND

2.3

<3.5

ND

57

>43

13 cm

Ulnar Nerve

Wrist

Wrist-Digit IV
11cm

ND

46

>24

ND

1.9

<3.1

ND

58

>45

Forearm

Anatomic Snuff
Box-Forearm 10cm

ND

NR

>25

ND

NR

<2.9

ND

NR

>50

Elbow

Elbow-Forearm
13cm

ND

NR

>6.8

ND

NR

<3

ND

NR

>52

Elbow

Elbow Forearm

ND

6

>6.2

1.4

<3.2

ND

60

>51

Digit IV

Radial Nerve
Anatomic Snuff Box

Lateral antebrachial
cutaneous Nerve
Forearm

Medial antebrachial
cutaneous Nerve

ND

13cm
Forearm

RT: Right LT: Left NL: Normal value ND: Not Done

Concentric Needle EMG examination
Muscle Left
Side

First Dorsal
Interosseous
Abductor
Pollicis Brevis
Extensor Indices
Proprius

Insertiona
l Activity

Spontaneous Activity

Increased

Fibrillation
s
3+

Increased

3+

Increased

2+

Positive
Sharp
Waves
3+

Fasciculation
s

Volitional Motor Unit Action Potentials

Amplitud
e

Duration

Polyphas
ia

Recruitm
ent

Effort

None

None

3+

None

None

2+

None

None
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Extensor
Digitorum
Communis
Flexor Carpi
Radialis
Triceps
Biceps
Deltoid
Infraspinatus
Rhomboids

Increased

2+

2+

None

None

Increased

3+

3+

None

None

Increased
Increased
Increased
Increased
Normal

3+
2+
2+
None
None

3+
2+
2+
2+
None

None
None
None
None
None

Lower Cervical
Paraspinals
Level 1
Lower Cervical
Paraspinals
Level 2

Increased

1+

1+

None

Normal

None

None

None

Normal

Normal

Few

Normal

Slightly
Increase
d
Greatly
Increase
d

Slightly
Increase
d
Slightly
Increase
d

Few

Reduced

None
None
None
None
Subma
x
Max

Moderat
e

Reduced

Max

Radiology correlation to our clinical and electrophysiology findings

An MRI of C spine and brachial plexus was pursued 2 days after the accident.
There was no definite spinal cord abnormality. It showed extensive soft tissue injuries consistent with
trauma left lung apex, thoracic inlet, base of neck, lateral neck into the left shoulder.
There were likely nerve root injuries or avulsions at C8, T1 and possibly lesser injuries at C7 and T2
nerve roots. There was an associated pseudomeningocele, largest at T1-2.

There was large fluid collection extending between the anterior and middle scalene muscles with a
likely hematoma laterally, which was thought to be compressing the brachial plexus. Brachial plexus
injuries to roots, trunks and divisions and possibly more laterally were suspected which could include
compression, tears and/or contusions of the nerves.

A follow up MRI brachial plexus was done approximately 2 months after the accident around the time
of the 1st NCS/EMG. The acute posttraumatic swelling and edema seen previously had resolved. On
the low resolution images there was no definite abnormality present at C1-2.There was no large areas
of abnormal spinal cord signal.
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Findings were consistent with Left C8 and T1 nerve root avulsion with pseudomeningocele
involving the left C7-T1 and T1-T2 neural foramina. No definite nerve root avulsion or
pseudomeningocele at other cervical levels. There was enlargement of the soft tissues in the
course of the left brachial plexus at the level of the divisions and cords. It was felt this may
represent posttraumatic neuromas. Separating the actual nerve roots from adjacent soft tissue,
scar and vessels was limited. There was denervation type edema of the supraspinatus,
infraspinatus, and subscapularis muscles.
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C8 Root Avulsion (white arrows)
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T1 Root Avulsion (White Arrows)
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Pseudomeningocele (white arrow)
C7 T1

d T1 T2

lf

i
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Pseudomeningocele (white arrow) and muscle edema (black arrow)
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Discussion

Ours is a case of a severe brachial plexus injury with cervical root avulsion. In adults and
children, traumatic injuries are the most common cause of brachial plexopathy1. It could be
closed or open brachial plexus trauma. Open traumatic brachial plexus injuries can be seen in
gunshot wounds or due to lacerations1. These may be associated with trauma to nearby blood
vessels, sometimes causing additional injury to the plexus from expanding hematomas. Our
patient had left subclavian artery injury and initial MRI suggested possibility of a hematoma
compressing the left brachial plexus. This resolved on repeat MRI after 2 months. Among causes
of closed brachial plexus injuries, motor vehicle accidents, sports injuries, falls, objects falling
on shoulder and prolonged pressure on the plexus during deep sleep or anesthesia are some of the
common causes2, 3.

High energy traction leads to root avulsions4. C8 and T1 are most susceptible to root avulsion
while extraforaminal rupture is more common with C5 and C6 nerve roots4. Root avulsion leads
to permanent motor and sensory deficits as the torn nerve roots are neither capable of
regeneration nor amenable to surgical repair. Extraforaminal nerve ruptures may be accessible to
surgical repair. Our patient suffered a C8 and T1 root avulsion with no recovery of function even
after 4 months of the motor vehicle accident.
Most natural improvements after traumatic brachial plexopathy occur within 6 months5. Surgical
interventions include nerve decompression, intra and extra plexus nerve transfers, nerve grafts
and muscle and tendon transfers6, 7. Contralateral C7 root transfers have also shown satisfactory
results in some studies8. Most surgical interventions are planned after documenting no
improvement over 3-4 months, although with complete nerve lacerations emergent intervention
is appropriate6. Delaying surgical treatment for longer than 2-6 months decreases the likelihood
for an improved level of function9, 10.
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Case 8.
A case of refractory CIDP
Bayan Almarwani, MD & Bashar Katirji, MD, FACP
Neuromuscular Center
University Hospitals Cleveland Medical Center
Case Western Reserve University
Cleveland, Ohio
Case
64-year-old woman presented to our neuromuscular clinic for a second opinion on the diagnosis
of CIDP.
Her history goes back 7 months prior when she started to have ascending numbness and
weakness. She had cold like symptoms following a flu shot few weeks before the symptoms onset. The
patient symptoms continued to worsen and was admitted to the hospital. Subsequently, she was
diagnosed with Guillain-Barre syndrome and underwent 5 sessions of IVIG.
CSF showed (protein of 99, cell count of 1 and glucose of 67).
EMG of left extremities as below showed segmental demyelination with multifocal conduction block
(tibial, distal peroneal and proximal ulnar motor responses) and segmental conduction velocity slowing,
more evident in the lower extremity motor responses (tibial and peroneal/EDB).

Challenging EDX & NM cases

NERVE
STIMULATED

Page 43

Amplitude
µV

Distal/Peak
Latency (msec)

Conduction
Velocity (M/s)

Sural

5.34

4.4

32

Sup Peroneal

9.96

2.70

37

Median

15.7

4.2

31

Ulnar

26.5

3.04

36

Radial

32.1

2.6

38

NERVE
STIMULATED

Amplitude
µV

Distal/Peak
Latency
(msec)

Conduction
Velocity
(M/s)

F-wave
Latency

Peroneal/EDB
Ankle

1.3

3.9

Below fibular head

0.7

29.5

Pop fossa

0.6

29.4

Peroneal/TA
Below fibular head

3.1

Pop fossa

2.9

4.0
71.4

Tibial/AH

♦ Needle EMG showed reduced recruitment in distal
muscles of lower extremity as well as first dorsal
interosseous muscles and otherwise normal motor units.

Ankle

5.9

Pop fossa

2.1

4.4

55.6
28.7

Median/APB
Wrist

9.99

Elbow

9.2

4.5

29.7
47.11

Ulnar/ADM
Wrist

9.7

2.6

38.7

Below elbow

8.4

36.5

Above elbow

7.9

37.5

Axilla

7.2

38.3

Erb

3.9

33.0

The patient was re-hospitalized a month later for worsening upper extremities weakness.
She was given another 5 sessions of IVIG and discharged to rehab. Her weakness continued to
worsen and became wheelchair bound. She was then diagnosed with CIDP, received 5 doses of
IV Methylprednisone and was started on daily prednisone 60mg and monthly IVIG.
Several weeks later, she started developing shortness of breath, particularly on exertion.
CT chest to evaluate for PE and cardiac work up was negative. She continued to get worse
despite being on prednisone 60mg daily, and IVIG once a month.
When seen in our neuromuscular clinic, she was fully wheelchair dependent. She had
severe weakness of the lower extremities with minimal function at the hip flexors and extensors
as well as increasing weakness in the hands and distal forearms with inability to assist with
transfers and difficulty feeding herself. Also, she had shortness of breath particularly when she
talks or exerts herself.
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She was admitted to our hospital and started plasma exchange (PLEX) during her
hospitalization, she continued to worsen despite PLEX (total of 7 sessions).
Work up revealed the following:




NERVE
STIMULATED

EMG of left extremities consistent with acquired demyelinating peripheral polyneuropathy
with absent motor and sensory responses except for; ulnar sensory that showed significant
slowing, ulnar motor that showed distal conduction blocks and significant slowing and
median motor which showed significant slowing as well.
Needle EMG showed active denervation and reinnervation changes/ no activation of
muscles in distal to proximal gradient with lower extremity more affected than the upper
extremity.

Ampl
itude
µV

Distal/Pea
k Latency
(msec)

Conduction
Velocity
(M/s)

Sural

NR

NR

NR

Sup Peroneal

NR

NR

NR

Median

NR

NR

NR

Pop fossa

Ulnar

6.3

4.4

34.4

Tibial/AH

Radial

NR

NR

NR

NERVE
STIMULATED
Peroneal/EDB

Amplitude µV

Distal/Peak
Latency (msec)

Conduction
Velocity
(M/s)

F-wave
Latency

NR

Peroneal/TA
Below fibular head

Ankle

NR

NR

Pop fossa
Median/APB
Wrist

1.0

Elbow

0.8

6.3

NR
23.7

Ulnar/ADM
Wrist

1.0

5.2

NR

Below elbow

0.3

20.7

Above elbow

0.3

47.5

Axilla

0.2

25.5

Erb








Neuromuscular ultrasound showed enlargement of nerve at non-entrapment sites.
CBC with low RBCs (3.25-3.75k) and normal platelets (200s)
RFP normal GFR >60
Troponin 0.6 and 0.12
HIV antibody screen was negative.
SPEP with IF showed paraproteinemia with monoclonal IgA lambda at 0.2 g/dl. Free
kappa 2.46 (high) free lambda 18.5 (high) kappa/lambda ratio 0.13 (low) (a ratio of kappa
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to lambda light chains <0.26 or >1.65 are abnormal). The IgA paraprotein was noted, in
retrospect, at the initial presentation.
UPEP: Monoclonal free lambda light chain detected at 8.6% of total urine protein.
B2 microglobulin of 3.7 (high).
Negative PET scan.
Abdominal fat biopsy showed amyloid deposit.
VEGF came back extremely elevated at 768 (Normal <86).
Bone marrow biopsy ~30% plasma cell population consistent with plasma cell dyscrasia.
Echocardiogram: left ventricular systolic function is hyperdynamic with EF of 65-70%.
Spectral Doppler shows an impaired relaxation pattern of left ventricular diastolic filling.
Cardiac MRI attempted but was limited by motion artifacts and lack of venous access.

Diagnosis of a plasma cell dyscrasia with IgA lambda light chains, possibly POEMS, and
secondary AL amyloidosis was made. Hematology team plan was to type the amyloidosis protein
in a tissue before designing anti-plasma cell therapy. A send-out for mass spectrometry was
arranged but unfortunately the sample was not sufficient.
Clinically, the patient continued to deteriorate. She required BIPAP to assist her breathing
and developed gastroparesis (was confirmed by gastric emptying studies), anasarca with low
albumin, +1 proteinuria and hypotension required vasopressors. Oncology team felt that she is
too morbid for any potential chemotherapeutic interventions. She passed away shortly after.
Discussion
Paraproteinemic neuropathy (PPN) is simply peripheral neuropathy associated with
paraproteinemia. Paraproteins are monoclonal protein (M-proteins), immunoglobulins or their
light-chains that are produced in excess by an abnormal clonal proliferation of B-lymphocytes or
plasma cells. PPN is thought to be caused by interaction of these antibodies with specific
antigenic targets on peripheral nerves or by deposition of immunoglobulins or amyloid.
Paraproteins (IgG (69%), IgM (17%), IgA (11%), biclonal gammopathy (3%), IgD
(<1%), Kappa (62%) and lambda (38%)) are detected in the serum of approximately 1 % of the
general population. Its prevalence rises with age, up to 5.3 % among individuals over 70 years
and up to 10 % in people older than 80 years. PPN is most commonly observed with IgM
gammopathy (48 %), followed by IgG (37 %), and IgA (15 %).
PPN most commonly occurs in association of monoclonal gammopathy of undetermined
significance (MGUS) and require no specific treatment. However, it may occur in association
with hematologic malignancy or a pre-malignancy which include multiple myeloma, lymphoma,
Waldenstrom macroglobulinemia, light chain amyloidosis (AL), cryoglobulinemia, and POEMS
(polyneuropathy, organomegaly, endocrinopathy, M-protein spike, and skin manifestations)
syndrome. In addition, IgM-MGUS with distal acquired demyelinating symmetric neuropathy
(DADS) and positive anti-MAG antibodies may be disabling and requires specific treatment.
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Different types of the M-protein and neuropathy phenotypes found to be more associated
with certain conditions than others as shown in the table below.
Hematologic
disorder

Most common Mprotein type

Peripheral neuropathy phenotype Electrodiagnostic
phenotype

IgM-MGUS

IgM kappa

Distal Acquired Demyelinating
Symmetric Neuropathy (DADS),
distal large fiber sensory
predominant with sensory ataxia

Demyelinating with
prolonged distal
latencies

Waldenstrom
macroglobulinemia

IgM kappa

Distal large fiber sensory
predominant with sensory ataxia

Axonal
>demyelinating

Multiple Myeloma

IgG>IgA

Length dependent, sensory,
sensorimotor or motor
polyneuropathy

Axonal

POEMS syndrome

IgG or IgA, Lambda

Sensorimotor or motor
polyneuropathy

Demyelinating

Lambda

Sensorimotor peripheral
polyneuropathy with prominent
autonomic neuropathy

Axonal

AL amyloidosis

PPN could be the presenting symptom for more severe premalignant or malignant
condition. The management as well as the prognosis of these conditions are variable. Therefore,
it is important when evaluating the patients with paraproteinemic neuropathy to identify the type
of (M-protein), the type of neuropathy (axonal versus demyelinating), the presence of Anti-MAG
antibodies and evaluate for possible underlying premalignant of malignant condition especially
in those with rapidly progressive peripheral neuropathy, demyelinating peripheral neuropathy not
responding to the treatment, with other systemic manifestation or autonomic neuropathy.
There is also cumulative risk of transformation of MGUS to a malignant disorder of
(12% at 10 years, 25% at 20 years and 30% at 25 years). Therefore, a lifelong monitoring of
paraprotein levels yearly is recommended.
AL amyloidosis (“A” for amyloid and “L” for light chain), previously known as primary
amyloidosis, a rare, serious and life threatening disease. It is characterized by the presence of
amyloid fibrils that are deposited in many organs, including heart, kidneys, gastrointestinal tract,
peripheral nerves, and blood vessels. The incidence rate of AL is of 1.2 per 100,000 person-years
in Olmsted County from 1990 through 2015; this is likely underestimated due to lower

Challenging EDX & NM cases

Page 47

recognition and greater difficulty in diagnosing AL amyloidosis. It usually affects people from
ages 50-80 years.
In AL amyloidosis, light chains become misfolded, ultimately forming amyloid. These
misfolded amyloid proteins are deposited in and around tissues. At least ¼ of patients have 2
organ involvements while 1/3 of patients have a single organ involvement. Serum and urine
immunofixation showed a paraprotein in 80% and 88% of patients, respectively, with 94% of
patients having at least serum or urine positive immunofixation electrophoresis result. Early
diagnosis and treatment with autologous stem cell transplant or chemotherapy is essential. The
1- and 5-year survival rates were 65% and 46%, respectively.
A few patients with AL amyloidosis have demyelinating neuropathy, although far more
have axonal neuropathy. AL-amyloidosis should be suspected in the presence of prominent
neuropathic pain or dysautonomia, Lambda associated polyneuropathy and poorly responsive
CIDP or “immune-mediated” polyneuropathies. Amyloidosis may be demonstrated by biopsy of
nerve, fat, bone marrow or other tissues.
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