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clinical trials in peripheral neuropathies.
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muscular diseases at UVA and peripheral nerve diseases at the Mayo Clinic 
in Rochester, Minnesota. He is board-certified in neurology, clinical neu-
rophysiology, and electromyography. Dr. Burns is Director of the EMG 
laboratory at UVA, Director of the UVA neurology residency program, 
and Director of the UVA clinical neurophysiology fellowship program. 
He is the editor of the weekly podcast for Neurology. He is also the editor 
of the American Association of Neuromuscular and Electrodiagnostic 
Medicine’s (AANEM) Nerve and Muscle Junction Podcast. He is a 
member of the AANEM’s Continuing Medical Education committee 
and also a member of the American Board of Psychiatry and Neurology’s 
(ABPN) Neurology Clinical Neurophysiology committee, and the ABPN 
Neurology Recertification and Maintenance of Certification committee. 

David Lacomis, MD
Professor
Department of Neurology
University of Pittsburgh School of Medicine
Pittsburgh, Pennsylvania
Dr. Lacomis received his medical degree from The Pennsylvania State 
University. He received his neurology residency training in the Harvard-
Longwood Program where he also served as chief resident. He completed a 
2-year fellowship in neuromuscular diseases, electromyography, and neuro-
pathology at the University of Massachusetts Medical Center in Worcester, 
Massachusetts. He joined the faculty at the University of Pittsburgh School 
of Medicine in 1993 where he is currently a professor of neurology and 
pathology, Chief of the Neuromuscular Division and staff neurologist 
and neuromuscular pathologist at the University of Pittsburgh Medical 
Center-Presbyterian Hospital. He directs the clinical neurophysiology fel-
lowship training program and serves as Medical Director of University of 
Pittsburgh Center for Amyotrophic Lateral Sclerosis (ALS) Research. Dr. 
Lacomis specializes in the clinical, electrodiagnostic, and pathologic aspects 
of neuromuscular diseases. His particular clinical and research interests 
include ALS, myasthenia gravis, inflammatory and critical illness myopa-
thies, autoimmune neuropathies, and nerve and muscle pathology. 
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Please be aware that some of the medical devices or pharmaceuticals discussed in this handout may not be cleared by the FDA 
or cleared by the FDA for the specific use described by the authors and are “off-label” (i.e., a use not described on the product’s 
label). “Off-label” devices or pharmaceuticals may be used if, in the judgement of the treating physician, such use is medically indi-
cated to treat a patient’s condition. Information regarding the FDA clearance status of a particular device or pharmaceutical may 
be obtained by reading the product’s package labeling, by contacting a sales representative or legal counsel of the manufacturer 
of the device or pharmaceutical, or by contacting the FDA at 1-800-638-2041.



iv  

Richard A. Lewis, MD
Professor and Associate Chair
Department of Neurology
Wayne State University School of Medicine
Detroit, Michigan
Dr. Lewis is Professor and Associate Chair of Neurology and Co-
Director of the Neuromuscular Program at Wayne State University 
School of Medicine. He is also Director of the Clinical Neurophysiology 
Laboratory. He trained in neurology at the University of Pennsylvania and 
remained on the faculty there before taking positions at the University of 
Connecticut and Eastern Virginia Medical School. Dr. Lewis has been a 
member of the AANEM since 1979 and has been on a number of com-
mittees including the Examination and Education Committees. He has 
been a participant in practice parameter committees on conduction block, 
multifocal motor neuropathy, and peripheral neuropathy. He is Deputy 
Editor of the Journal of the Neurological Society and on multiple other 
editorial boards including Muscle & Nerve. He is on the national and in-
ternational Medical Advisory Boards of the Myasthenia Gravis Association 
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Object ives—This basic review will cover a range of  neuromusculoskeletal disorders from a practical clinical perspective moving 
from patient assessment and differential diagnosis to the electrodiagnostic (EDX) evaluation. After attending this course, the participant 
will gain (1) improved clinical skills and strategies, including the judicious and selective application of  EDX studies, in assessing the patient 
with generalized weakness and/or fatigue; (2) improved understanding of  the clinical assessment and EDX evaluation of  the patient who 
presents with focal sensory and/or motor impairment due to an entrapment mononeuropathy; (3) improved understanding of  the dif-
ferential diagnosis of  patients with generalized sensory disturbance and/or weakness due to peripheral neuropathy including the role of  
EDX studies in the evaluation process; and (4) insight into the process of  clinical examination and EDX consultation for patients with 
neck or low back pain due to spinal pathology, who may or may not have radiculopathy.

Prerequis ite—This course is designed as an educational opportunity for residents, fellows, and practicing clinical EDX physicians 
at an early point in their career, or for more senior EDX practitioners who are seeking a pragmatic review of  basic clinical and EDX 
principles. It is open only to persons with an MD, DO, DVM, DDS, or foreign equivalent degree.

AccreditAt iOn stAtement—The AANEM is accredited by the Accreditation Council for Continuing Medical Education to 
provide continuing medical education (CME) for physicians.

cme credit—The AANEM is accredited by the ACCME to provide continuing medical education (CME) for physicians. 
The AANEM designates this educational activity for a maximum of 2 AMA PRA Category 1 Credit(s) TM. Each physician should 
only claim credit commensurate with the extent of their participation in the activity. This event is an Accredited Group Learning 
Activity as defined by the Maintenance of Certification Program of The Royal College of Physicians and Surgeons of Canada. 
CME for this activity is available 10/07 - 10/10. 
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A.  Extremely      

B.  Somewhat      

C.  Very Little      

D.  Not at all

It is important that the CME activity:

 1. Address my most pressing questions.

 2. Address competencies identified by my specialty.

 3. Provide fair and balanced content.

 4. Provide clear evidence to support content.

 5.  Include opportunities to learn interactively from faculty and par-
ticipants.

 6. Provide me with supporting materials or tools for my office (re-
minders, patient materials, etc.)

 7. Include opportunities to solve patient cases.

 8.  Translate trial data to patients I see in my practice.

 9. Address barriers to my optimal patient management.

Pre-activity Questions 

BEFORE YOU BEGIN THIS ACTIVITY
We need your feedback in order to improve future educational activities. 

On the scantron sheet provided, please rate how important each of the   
following aspects of the CME activity are to you using this scale:

Fi
ll 

in
 an

sw
er

s h
ere

Instructions for 
filling out  

your parSCORE 
sheet

Using a #2 pencil, 
fill in your answers 
beginning with ques-
tion #1.

After completion of 
this activity, go to the 
back of the book and  
fill in your answers 
beginning with ques-
tion #10.

Complete the questions at the back of 
 the book following this activity.
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Case Description

Lawrence H. Phillips, II, MD

History. A 78-year-old man presented with a chief complaint of 
acute onset leg weakness and pain. He awoke with bilateral left leg 
weakness and severe aching in his thigh 1 day after he had spent 
the day building a split-rail fence. After 2 weeks of symptoms, he 
began to use a cane due to falls caused by his leg buckling under 
him. He described the pain as “stabbing, shock-like, burning, 
and aching.” The touch of clothing on his left thigh and shin was 
unpleasant. Two months later, he developed a band of sharp pain 
around his abdomen, and he lost 25 pounds. Over the course of 
the next few months, the pain increased and he developed weak-
ness in the right leg. The pain interfered with sleeping. He became 
wheelchair dependent. His past medical history was noteworthy 
for type II diabetes mellitus for 8 years, but he had no evidence for 
retinopathy or nephropathy.

Examination. On examination, upper extremities were normal. 
There was severe generalized weakness of both legs with atrophy 
of the quadriceps. The response to touch, temperature, pinprick, 
and vibratory stimuli was reduced in the feet bilaterally, but joint 
position sense was intact. The tendon stretch reflexes were absent 
in the legs.

Differential Diagnosis

P. James B. Dyck, MD

The differential diagnosis of patients presenting with lumbosacral 
plexopathy is broad. When approaching a patient with a lum-
bosacral plexopathy (as with most neurological topics) the history is 
most important. The temporal course, the presence of pain, numb-
ness, tingling or weakness, whether the findings are unilateral or 
bilateral, and the presence of associated weight loss all become very 
key clinical features that are helpful in differentiating the varied 
causes of lumbosacral plexopathy. Similarly, the presence of known 
malignancies, recent hip replacement surgery, and the presence of 
bleeding disorders also are fundamentally important in understand-
ing the disease mechanism. 

The most common causes of lumbosacral plexopathy are inflamma-
tory or immune and perhaps the most common of these is diabetic 
lumbosacral radiculoplexus neuropathy. This is a condition affect-
ing patients with mild diabetes mellitus; it is usually associated with 
weight loss; it presents with focal pain in the hip, buttock, thigh 
or leg. The pain often spreads quickly to initially unaffected seg-
ments and then frequently becomes bilateral. Patients often do not 
know they are diabetic and the diabetes may be discovered during 
the evaluation. Typically the pain is followed by weakness, usually 
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starting focally in the hip, buttock, thigh, or leg and then progress-
ing to other previously uninvolved segments. Not infrequently, 
these conditions are associated with thoracic radiculopathy and 
occasionally upper limb involvement as well. Blood sugars are often 
under fairly good control. Not uncommonly (in approximately half 
of the cases) there is autonomic involvement including orthostatic 
hypotension, alteration in sexual function, alteration in gastrointes-
tinal motility, and change in sweating. Electrophysiological studies 
show evidence of a multifocal process involving peripheral nerves, 
lumbosacral plexus, and roots (paraspinal denervation). Axonal 
degeneration is more prominent than segmental demyelination 
(reduction in motor and sensory amplitudes is more common 
than slowing of conduction velocities). The pathophysiology of 
the disease is microvasculitis with ischemic injury. In a prospective 
study of 33 consecutively evaluated patients at the Mayo Clinic,2 
evidence diagnostic of microvasculitis or suggestive of microvas-
culitis (inflammation involving vessel walls) was found in half 
the cases and an abnormal amount of inflammation in all cases. 
There was evidence of ischemic injury with multifocal fiber loss, 
perineurial thickening, perineurial degeneration, injury neuroma, 
neovascularization, and previous bleeding with hemosiderin laden 
macrophages in most cases. 

A similar syndrome of another inflammatory lumbosacral plex-
opathy is nondiabetic lumbosacral radiculoplexus neuropathy.3 
This has essentially the same clinical manifestations as diabetic 
lumbosacral radiculoplexus neuropathy except the patients do not 
have diabetes mellitus. Similar to the diabetic form, most of these 
patients also have weight loss; they begin with focal pain in the hip, 
buttock, leg, or thigh. It is followed by weakness and it frequently 
becomes bilateral. It progresses over weeks to months, stabilizes, 
and then improves. The pathology also shows evidence of ischemic 
injury and microvasculitis. Essentially, there are no distinguishing 
features between diabetic lumbosacral radiculoplexus neuropathy 
and nondiabetic radiculoplexus neuropathy except for the fact that 
elevated blood sugars are found in the diabetic form. Both of these 
illnesses are monophasic illnesses and spontaneous improvement is 
expected. However, both illnesses probably do respond to immune 
modulating therapy, and intravenous methylprednisolone is a rea-
sonable treatment choice.

Another inflammatory cause of lumbosacral plexopathy is systemic 
or nonsystemic necrotizing vasculitis. The nonsystemic necrotiz-
ing vasculitis probably is the same as diabetic or nondiabetic 
lumbosacral radiculoplexus neuropathies. In contrast, systemic 
vasculitis usually involves large epineurial vessels with fibrinoid 
necrosis and presents as multiple mononeuropathies or as a lum-
bosacral plexopathy. Typically patients will have pain and weakness 
in the distribution of the lumbosacral plexus. They may have other 
mononeuropathies of the upper limbs, and they have elevated 
sedimentation rates or other markers of systemic illness such as an 
elevated rheumatoid factor, positive antinuclear antibodies (ANAs), 
positive antineutrophil cytoplasmic autoantibodies (ANCAs), posi-
tive extractable nuclear antigens (ENAs), etc. In systemic vasculitis, 
they may also have other organ system involvement such as pul-
monary, gastrointestinal, kidney, sinus, etc. In general, to make a 
diagnosis of necrotizing vasculitis, a tissue biopsy is needed. 

Peripheral nerve sarcoidosis can also present as a lumbosacral plex-
opathy. Peripheral nerve sarcoidosis is often a sensory predominant 
syndrome.1 Sarcoid lumbosacral plexopathy may be difficult to dis-
tinguish from diabetic or nondiabetic lumbosacral radiculoplexus 
neuropathy since sarcoid neuropathy often also is a monophasic 
illness. Neurosarcoidosis probably will not begin as abruptly and 
usually is predominantly sensory. Cranial nerve involvement is 
common in sarcoidosis (but can also occur in the radiculoplexus 
neuropathies). Clues to the presence of possible sarcoidosis would 
be a history of sarcoid, elevated angiotensin-converting enzyme 
levels, and elevated calcium levels. In general, to make this diagno-
sis, a nerve biopsy or other tissue is needed. 

Focal inflammatory demyelination should also be considered. The 
Lewis-Sumner syndrome, or multifocal chronic inflammatory 
demyelinating polyneuropathy (CIDP), is a long-described entity. 
However, even more focal involvement of only one nerve or plexus, 
such as sciatic mononeuropathy or lumbosacral plexopathy from 
inflammatory demyelination, can occur and is recently being more 
recognized. Through the use of targeted fascicular nerve biopsy 
from magnetic resonance imaged (MRI) lesions, many such cases 
have been diagnosed over the last several years showing focal areas 
of inflammation with demyelination and/or onion-bulbs. Often, 
these cases are predominantly motor and are painless. Nerve con-
duction studies may not show demyelinating changes since the 
lesions are often more proximal than the sites where the nerve is 
studied electrophysiologically (which is usually between the knee 
and the distal leg). Looking for conduction block across the lum-
bosacral plexus by needle stimulation is one way of overcoming this 
problem. Other ways of examining proximal nerves are through the 
use of high resolution imaging of the plexus, elevated cerebrospinal 
fluid (CSF) protein, and targeted fascicular nerve biopsies which 
may show inflammation, segmental demyelination, and onion-
bulb formation. 

Tumors can also cause lumbosacral plexopathies. One of the more 
common groups of tumors that can cause lumbosacral plexopathies 
are metastatic tumors. These include prostate, cervical, colorectal, 
bladder, and other tumors. Two cases of prostate cancer were 
recently reported that caused lumbosacral radiculoplexus neuropa-
thies through perineurial spread and came on very insidiously over 
the course of years.5 These cases clearly were different from typical 
inflammatory lumbosacral plexopathy given the slow insidious, 
progressive nature of them. Only one patient was known to have 
prostate cancer before the development of the plexopathy. 

Another type of tumor that causes focal neuropathy (including 
lumbosacral plexopathy) is perineurioma. Perineurioma is a benign 
tumor of perineurial cells that produce pseudo onion-bulb-like for-
mations. They occur half the time in children and the other half of 
the time in adults. They are slowly progressive neuropathies. They 
tend to be motor predominant but most of them do have mild 
sensory involvement. Pain, especially severe pain, is atypical. MRI 
shows gradual enlargement of nerve fascicles (fusiform) without 
focal intrinsic nerve tumors. There is avid contrast enhancement. 
Perineurioma do not need to be resected but a diagnosis cannot be 
definitively made without a nerve biopsy. They are different from 
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focal hypertrophic neuropathy (such as CIDP) in that they have 
pseudo onion-bulbs instead of true onion-bulbs. These pseudo on-
ion-bulbs are made out of perineurial cells and not out of Schwann 
cells (as in true onion-bulbs). Neurofibromas and Schwannomas 
can also cause lumbosacral plexopathy. In the case of neurofibro-
mas, other cutaneous manifestations and neurofibromatosis are 
expected, such as café au lait spots and axillary freckling, etc. 

Lymphoma is another malignancy/tumor that can cause lum-
bosacral plexopathy. Lymphoma can directly involve peripheral 
nerves and lumbosacral plexopathy, and in fact, approximately 25 
such cases have been seen in the peripheral nerve laboratory at the 
Mayo Clinic. In approximately half of the cases, the lymphoma was 
known about before it was found in the peripheral nerve. Features 
that would increase the likelihood that lymphoma is the cause of 
the lumbosacral plexopathy are severe pain, weight loss, constitu-
tional symptoms (including night sweats and fever), and associated 
cranial neuropathies or other radiculopathies. CSF involvement 
with lymphoma cells is common. 

Paraneoplastic syndromes can present as lumbosacral plexopathies 
in which patients develop pain, weakness, and numbness in associa-
tion with a malignancy but is not due to direct tumor infiltration. 
They probably often are from an immune mechanism. Radiation 
injury causing a lumbosacral plexopathy is also quite common. 
One indication of radiation injury is that myokymia is often seen 
on needle electromyography (EMG). Radiation plexopathy often 
will occur many years after the initial radiation. Another condition 
that can cause a lumbosacral plexopathy is focal amyloid deposi-
tion. This focal amyloid deposition (often called amyloidoma) can 
involve the lumbosacral roots and lumbosacral plexus or peripheral 
nerves–hence it can be a radiculoplexus neuropathy. Again this 
often comes on insidiously over years but produces a focal neuropa-
thy. Two such cases have recently been reported.4 

Vascular causes of lumbosacral plexopathies also occur. Aneurysms 
can occur in the pelvic and lower limb vessels causing lumbosacral 
plexopathies; infarcts and embolic events can cause damage to 
the lumbosacral plexus, as can vascular malformation. One of the 
important causes of lumbosacral plexopathy is retroperitoneal hem-
orrhage. This is more common in patients who have hemophilia, 
are on anticoagulation therapy, have disseminated intravascular 
coagulation or thrombocytopenia, or have an aortic abdominal 
aneurysm. On the physical examination if a pulsatile mass is found, 
this can be very helpful. The examining physician should look for 
an abdominal or femoral bruit.

Another important cause of lumbosacral plexopathy is trauma or 
surgical injury. This occurs especially after total hip arthroplasty. 
It is not uncommon in this procedure for the patient to suffer a  
stretch injury of the nerves, lumbosacral plexus or sciatic nerve. 
Other causes are direct trauma to the lumbosacral plexus through 
a motor vehicle accident or injection into the nerve itself. Women 
may get a lumbosacral plexopathy during pregnancy and at par-
turition. Often during the delivery, the lumbosacral plexus can be 
stretched or compressed causing a lumbosacral plexopathy. These 
are usually short-lived and patients usually recover well. 

An infectious cause of lumbosacral plexopathy is retroperitoneal 
abscesses. This can come in association with vertebral osteomy-
elitis, perinephric infections, gastrointestinal infections, or in the 
setting of human immunodeficiency virus infections. Occasionally, 
leprosy can present as a lumbosacral plexopathy but this is unusual 
as leprosy prefers cooler distal cutaneous nerves. 

Clearly, based on all the possible causes included above, when 
evaluating a patient with lumbosacral plexopathy, a wide variety of 
conditions need to be considered, and many different tests need to 
be performed. In general, tests should include an MRI of the lum-
bosacral spine and an MRI of the lumbosacral plexus (often with 
high resolution on a 3 Tesla magnet, with contrast enhancement). 
Nerve conduction studies and EMG are essential in trying to local-
ize the process. Occasionally these are motor predominant neu-
ropathies and the sensory nerve action potential may be preserved. 
Similarly, autonomic testing is often very helpful in lumbosacral 
plexopathies. A thermoregulatory sweat test often will show patchy 
sweat loss. Quantitative sensory testing can show the different 
classes of fibers involved, such as large myelinated fibers with vi-
bration, small myelinated fibers with cooling, and unmyelinated 
fibers with heat-pain thresholds. A broad range of blood work 
should be considered, such as sedimentation rate, complete blood 
count, rheumatological markers (rheumatoid factor, ANA, ENA, 
ANCA), ACE (looking for sarcoidosis), paraneoplastic antibody 
panel (looking for cancers), fasting blood sugar (looking for diabe-
tes mellitus), Hemoglobin A1C (looking for glucose dysregulation 
over the course of the previous several months), immunofixation 
(looking for monoclonal proteins such as could be seen in focal 
amyloid or monoclonal gammopathy of undetermined significance 
associated neuropathies), and spinal fluid evaluation (looking for 
abnormal protein, cell count, cytology). Occasionally, a bone-mar-
row biopsy (looking for a hematological malignancy or amyloid) is 
helpful, and then more specific evaluations should be performed 
depending on which way the evaluation is leading. Ultimately, to 
conclusively evaluate lumbosacral plexopathies, a nerve biopsy will 
be required in many cases. Physicians need to be systematic and 
thoughtful in the approach to these problems. 

Supported in part by a grant obtained from the National Institute 
of Neurological Disease and Stroke (NINDS 36797).
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Evaluation

Ted M. Burns, MD

The most important diagnostic tool for the evaluation of a pos-
sible lumbosacral plexopathy is a thorough and accurate history. 
The history-taking must be aided by a solid understanding of the 
risk factors for the development of plexopathy. Trauma, surgery, 
diabetes mellitus, autoimmunity (e.g., microvasculitis), radio-
therapy, neoplastic invasion, labor, and hemorrhage are the most 
common etiologies for the development of a lumbosacral plexopa-
thy. Therefore, if a prior or concomitant history of any of these 
risk factors is present, the physician should strongly consider that 
etiology, yet not forget to consider other plausible etiologies. There 
are often other clues in the history about etiology, for example, the 
temporal evolution of the process. The abrupt, spontaneous onset 
of lower extremity and hip girdle symptoms favors an immune-
mediated (e.g., microvasculitic) mechanism, such as is seen with 
diabetic lumbosacral radiculoplexus neuropathy (LSRPN), also 
known as diabetic amyotrophy, and nondiabetic LSRPN, whereas a 
more gradual or insidious onset of symptoms would point towards  
neoplastic invasion or radiotherapy. Concerning radiotherapy 
(e.g., for cervical carcinoma) as an etiology, this plexopathy usually 
presents with much less pain than what is experienced by patients 
with plexopathy due to neoplastic invasion (or due to immune-
mediated mechanisms), and so details about positive neuropathic 
sensory symptoms, particularly pain, can be important clues. 
Radiation-induced plexopathy—much better studied for brachial 
plexopathies—can occur months to decades after radiotherapy. The 
identification of accompanying symptoms is also important. For 
example, weight loss is a common accompaniment of diabetic and 
nondiabetic LSRPN, as well as plexopathies secondary to neoplasm 
or a more systemic process such as vasculitis.

The neurologic examination and electrodiagnostic (EDX) testing 
are very helpful in confirming and localizing a plexopathy, but 
require that the examiner have a reasonably good understanding of 
the neuroanatomy of the plexus. Briefly, the lumbosacral plexus is 
comprised of two separate components: the lumbar plexus and the 
sacral plexus. The lumbar plexus, located within the psoas major 
muscle and fascia, arises from the L1 - L4 roots and becomes the 
obturator, femoral and lateral femoral cutaneous nerves. The sacral 
plexus, located within the bony pelvis anterior to the piriformis 
muscle, is derived from an inferior branch of L4 and from L5, S1, 
S2 and S3 roots and becomes the superior gluteal, inferior gluteal, 
posterior femoral cutaneous and sciatic nerves. The lumbar plexus 
innervates the anterior and medial thigh muscles, iliacus, and psoas. 
The sacral plexus innervates the leg and foot muscles, hamstrings, 
glutei muscles, tensor fascia lata, and some pelvic muscles. The 
sensory innervation of the lumbar plexus is principally of the ante-
rior, medial and lateral thigh, as well as the medial leg, whereas the 

sacral plexus covers most of the leg and foot, posterior thigh, and 
gluteal region. 

The neurologic examination should focus on identifying any 
motor, sensory, and reflex impairment referable to the different 
components of the plexus. A diminished or absent patellar reflex 
would be expected for a lumbar plexopathy (or more widespread 
lumbosacral plexopathy), whereas a diminished or absent Achilles 
reflex would suggest a sacral (or lumbosacral) plexopathy. The 
finding of weakness proximally, for example at the hip, favors a 
plexopathy (or, alternatively, a radiculopathy) over a more distal 
process such as a peroneal neuropathy, which can sometimes mimic 
plexopathy. 

EDX testing helps confirm the diagnosis and localization of a 
suspected plexopathy. Rarely, non-neuropathic processes (e.g., hip 
fracture) can mimic plexopathy, in which case EDX testing and 
the neurologic examination will be normal. More commonly, EDX 
testing serves to confirm localization of a neuropathic process to the 
plexus. Assessment of sensory nerve action potentials (SNAPs) can 
be helpful because the preservation of SNAPs favors a preganglionic 
lesion (e.g., radiculopathy) while the dimunition or loss of SNAPs 
favors a postganglionic lesion (e.g., plexopathy). For a unilateral 
plexopathy, the SNAP abnormality should be on the side of the 
lesion, and for asymmetric plexopathies, the SNAP abnormali-
ties should theoretically be more severe on the more affected side, 
although in many cases the SNAPs will be unelicitable bilaterally. 
Side-to-side differences in SNAP amplitude of greater than 50% 
are typically considered significant, but repeat testing during the 
examination is advisable to confirm the finding is not simply 
technical, particularly given the significance of such a finding for 
localization. 

Differentiating radiculopathy from plexopathy is particularly im-
portant when trying to differentiate a structural (e.g., spinal steno-
sis), infectious (e.g., Lyme) or carcinomatous polyradiculopathy 
from a plexopathy (diabetic LSRPN). Sensory nerve conduction 
studies (NCSs) for sacral plexopathy should include assessment 
of the sural and superficial peroneal sensory nerves, as well as the 
saphenous nerves whenever a lumbar plexopathy is suspected. One 
caveat is that saphenous sensory NCSs are technically challenging 
and often unelicitable in normal patients at any age, so the absence 
of saphenous SNAPs bilaterally should not be interpreted as abnor-
mal; it is when the saphenous SNAP is unelicitable on the symp-
tomatic side and present on the asymptomatic side that it might 
signify a postganglionic lesion (e.g., lumbar plexopathy). Another 
caveat is that a small percentage of normal patients over the age of 
60 will have bilaterally unelicitable sural and superficial peroneal 
sensory SNAPs; so that must be kept in mind. Motor NCSs should 
be performed, particularly to look for low compound muscle action 
potential amplitudes over muscles innervated by affected nerves. 
Peroneal and tibial motor NCSs should always be performed; 
femoral motor NCSs can sometimes be helpful, particularly when 
the results demonstrate asymmetry. Needle EMG examination 
helps localize the lesion, both longitudinally (i.e., where along 
the length of the nerve) and specifically to which components of 
the plexus (e.g., lumbar plexus or sacral plexus or both). Needle 
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examination should ideally be performed at least 2-3 weeks after 
onset in order to maximize what data can be collected from the 
study, but it still can be helpful to perform a study earlier because 
reduced recruitment of motor unit potentials of weak muscles can 
help with localization. For a lumbar plexopathy, abnormalities on 
needle examination will usually extend beyond the femoral nerve-
innervated thigh muscles to include the thigh adductor muscles 
(obturator nerve) and sometimes the iliacus. For sacral plexopathy, 
needle EMG examination abnormalities in glutei muscles or the 
tensor fascia lata would point away from sciatic neuropathy and 
point towards either a sacral plexopathy or radiculopathy. The pres-
ence of fibrillation potentials in lumbar or sacral paraspinal muscles 
would point to radiculopathy rather than plexopathy; however, the 
absence of fibrillation potentials in the paraspinals does not exclude 
radiculopathy because needle examination of paraspinal muscles 
will be normal in about half of patients with radiculopathy. Needle 
examination can also sometimes assist in determining etiology. For 
example, plexopathies secondary to radiotherapy are sometimes 
associated with myokymic discharges on needle study whereas plex-
opathies due to another cause (e.g., neoplasm) are much less likely 
to reveal myokymic discharges. 
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Treatment

David Lacomis, MD

The treatments of diabetic radiculoplexus neuropathy can be 
divided into those that may abate the disease process and those that 
alleviate symptoms without altering the underlying pathology.

Microvasculitis. Microvasculitis with ischemic axonal degeneration 
is thought to be the major cause, and therefore immunosuppressive 
and immunomodulatory therapies have been administered. At this 
point, there are no proven effective therapies. In 1984, Bradley and 
colleagues first reported the successful treatment of three patients 
with diabetic radiculoplexus neuropathy using prednisone or pred-
nisone and cyclophosphamide.1 Subsequently, a number of other 
authors reported successful treatment using prednisone, intrave-

nous immunoglobulin, plasmapheresis, and cyclophosphamide, 
either alone or in combination. The largest series of 15 patients 
was reported by Krendel and colleagues in 1995.2 In many of the 
series, nerve biopsies did show microvasculitis or at least perivas-
cular inflammation. However, none of these studies were blinded 
or placebo-controlled. In addition, it has been observed that many 
patients, including those with histopathologically-proven micro-
vasculitis, have spontaneous improvement. Said and colleagues 
noticed this occurring soon after nerve biopsy.3 

The above observations set the stage for an important prospec-
tive, controlled, double-blind study utilizing intravenous meth-
ylprednisolone, beginning at 1 gram several times per week and 
decreasing in frequency over 12 weeks. This multicenter study, 
led by the Mayo Clinic group, showed improvement in neuropa-
thy impairment scores in both the treated and untreated groups. 
There was no benefit in time to improve with regard to the lower 
extremity impairment score, but there was improvement in pain in 
the methylprednisolone group relative to the placebo group. The 
preliminary results of this study have been presented4 and a larger 
study is planned. A limitation in this study was that patients were 
often not treated until they were symptomatic for 3 months, and 
that delay may have decreased the chance of inducing functional 
improvement.

Pain. Pain is a major symptom early in the course of the disorder. 
Pain does seem to respond to immunomodulatory therapy, includ-
ing corticosteroids, but it remains unclear whether corticosteroids 
should be used for pain treatment alone given the risks including 
worsening hyperglycemia. There is evidence from small, controlled 
trials (Category B evidence) that neuropathic pain from diabetic 
polyneuropathy improves with the serotonin and norepinephrine 
reuptake inhibitor (SSNRI) duloxetine and with the anticonvulsant 
pregabalin. Other antidepressants, including the SSNRI venlafax-
ine and anticonvulsants such as gabapentin have also been used 
successfully as off-label treatment for neuropathic pain. One must 
be aware of the potential for worsening dysautonomia from the an-
ticholinergic effects of SSNRIs, although this is more of a problem 
with the older tricyclic antidepressants.

For focal neuropathic pain, topical lidocaine patches could be 
considered. Some patients may require relatively potent analgesics, 
including narcotics, at least in the acute stage. Tramadol, a weaker 
opioid, has been found useful for treating diabetic neuropathic 
pain.

Weakness. Weakness is a major complaint. There is no proof that 
pharmacologic or immunomodulatory therapy hastens motor re-
covery, but it might and requires further study. Patients should be 
treated supportively with assistive devices such as canes, forearm 
crutches, walkers, and potentially wheelchairs. They may also 
benefit from orthotic devices including knee-ankle-foot or ankle-
foot orthoses, depending on the pattern of weakness. Physical 
therapy is also recommended.

Dysautonomia. It is uncertain as to how frequently patients with 
diabetic radiculoplexus neuropathy have symptoms of dysautono-
mia. In two series from the Mayo Clinic, there was a relatively high 
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incidence of dysautonomia, but these patients may have been more 
severely affected. Of the retrospectively studied patients, 21 of 28 
had a composite autonomic severity score of 7 or higher, consistent 
with severe autonomic failure. The autonomic disturbance affected 
sudomotor, cardiovagal, and adrenergic functions. In a prospective 
study of diabetic radiculoplexus neuropathy, 14 of 14 patients un-
dergoing autonomic testing had evidence of dysautonomia.5 Eight 
were symptomatic and had evidence of severe pandysautonomia. 
When autonomic dysfunction is symptomatic, the symptoms are 
usually related to orthostatic intolerance and sexual or bowel and 
bladder dysfunction.

If patients have evidence of orthostatic intolerance, treatment 
options include physical maneuvers such as crossing the legs when 
standing and elastic supports, increasing fluid and salt intake (> 175 
mEq of sodium daily), elevating the head of the bed, and adding 
medications when necessary. Fludrocortisone is a consideration, 
but it can worsen hyperglycemia. Midodrine or midodrine with 
pyridostigmine may be better options. Midodrine is the only one 
of these drugs that is approved by the United States Food and Drug 
Administration for orthostatic hypotension (Category B). If erectile 
dysfunction is a problem, phosphodiesterase-5 inhibitors could be 
considered. Gastrointestinal symptoms can be treated with the ap-
propriate dietary modifications and laxatives as needed.

Hyperglycemia. It is unclear if more aggressive treatment of hyper-
glycemia is useful in treating diabetic radiculoplexus neuropathy, 
but such treatment should probably be undertaken.
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Case Description

Kerry H. Levin, MD

History. A 9-year-old girl was seen in the emergency room for 
rapidly progressive weakness and respiratory insufficiency. She was 
well until 3 days prior to evaluation. Two weeks earlier, she and her 
parents had spent a summer vacation on a farm where the family 
had taken hikes through prairie and wooded terrain, and she had 
learned to milk cows. The family drank well water but the parents 
denied obvious sources of toxic exposure where they stayed. On 
returning home, she had a bout of diarrhea that resolved spontane-
ously, without fever. The patient’s first neurological symptom was 
a feeling of heaviness in the legs and a tendency to trip. This pro-
gressed over a day to difficulty arising from a chair, climbing stairs, 
and cutting her food at mealtimes. On the day of admission, she 
was irritable, could not hold a fork, and had fallen several times. No 
one else in the family was ill. 

Examination. In the emergency room, she was tachypneic and res-
pirations were shallow. The blood pressure was 95/60 with a pulse 
of 100. On the neurological examination, mental status testing 
showed mild lethargy but full cooperation. The gait could not be 
tested due to weakness. Cranial nerve testing was normal except 
for inability to hold air in her mouth against resistance. The motor 
examination showed Medical Research Council grade 4 power in 
distal arm and hand muscles, grade 3 power in shoulder girdle 
muscles, and grade 3 power in all groups in the legs. The sensory 
examination was not clearly abnormal. Muscle stretch reflexes were 
absent. Coordination testing showed clumsiness, which may have 
been related to the shoulder and hip girdle weakness. 

Differential Diagnosis

Kerry H. Levin, MD

Statistically speaking, acute inflammatory demyelinating polyneu-
ropathy (AIDP), otherwise known as Guillain-Barré syndrome 
(GBS), is the most likely cause of acute progressive weakness in 
North America. Faced with a patient with rapidly progressive 
weakness, the physician must decide quickly whether the diagnosis 
is GBS. Achieving reasonable certainty of the diagnosis as soon as 
possible is important, because treatment with plasmapheresis or 
intravenous immunoglobulin (IVIg) can modify the course of the 
disease, decreasing morbidity and mortality. 

Reasonable diagnostic certainty is sometimes difficult to come by 
early in the course of illness. No reliable serological marker of GBS 
is currently available. Cerebrospinal fluid (CSF) studies may not be 
diagnostic for up to 2 weeks, and the classical features of demyeli-
nation on nerve conduction studies (NCSs) may not be apparent 
for 2-4 weeks. 

The diagnosis is further complicated when the clinical presenta-
tion is not classical. Although the vast majority of patients with 
GBS present typically, the physician must consider the presence of 
a variant form of GBS, which may respond to treatment in spite 
of an atypical presentation. On the other hand, a presentation that 
broadly fits the clinical boundaries of GBS may in fact be another 
disorder masquerading as GBS. The risk posed by the expanded 
definition of GBS is the tendency to overlook other possible di-
agnoses, some of which can result in death if not recognized early 
enough. The differential diagnosis of GBS can be extremely broad.23 
The Table reviews the various variants and mimics of GBS. 

Case II 
Acute Flaccid Weakness: 

Guillain-Barré Syndrome Versus  
Acute Motor Axonal Neuropathy

Kerry H. Levin, MD

James W. Albers, MD, PhD

Vinay Chaudhry, MD
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Table  Mimics of Guillain-Barré Syndrome

 Motor Symptoms Sensory Symptoms NCS Consistent With 
   Myelin Loss
Metabolic derangements 
Hypermagnesemia ++ –  – 
Hypophosphatemia ++ –  – 
Neurotoxins
Tick paralysis ++ ++ CMAP loss
Snake bite ++ –  – 
Marine toxins* + ++ ++
Buckthorn ++ – –
Heavy metals
Arsenic + ++ ++
Gold  + + SNAP/CMAP loss
Thallium ++ ++ SNAP/CMAP loss 
Chemical toxins
Vacor ++ ++ SNAP/CMAP loss
Organophosphates ++ + – 
Infections
Poliomyelitis ++ –  CMAP loss
Human immunodeficiency virus ++ ++ +
Cytomegalovirus polyradiculoneuropathy ++ ++ CMAP loss
Lyme + ++ – 
Diphtheria ++ + ++
Botulism ++ –  CMAP loss
Vasculitis
Churg Strauss ++ ++ +
Hereditary disorders
Hepatic porphyrias ++ + +
Refsum’s disease ++ ++ ++
Critical illness neuropathy ++ + SNAP/CMAP loss
Myopathy 
Critical illness ++ –  CMAP loss
Toxic ++ –  CMAP loss
Myelopathy
Transverse myelitis ++ ++ – 
Compressive ++ ++ – 

*Ciguatoxin, Saxitoxin, Tetrodotoxin  

CMAP=compound muscle action potential, NCS=nerve conduction study, SNAP=sensory nerve action potential. 
Reproduced with permission.



Axonal GBS Variants. The most common axonal GBS variants 
include the Miller-Fisher syndrome, acute motor axonal neu-
ropathy (AMAN), and acute motor and sensory axonal neuropathy 
(AMSAM). Miller Fisher syndrome is classically defined as a triad 
of ophthalmoplegia, areflexia, and ataxia, but overlap patterns with 
typical GBS occur. The antibody to the GQ1b ganglioside can be 
detected in the serum of about 95% of patients.33,34 The electrodi-
agnostic (EDX) picture may show generalized sensory neuropathy, 
patchy cranial neuropathy, or no definite abnormalities.10,27 

AMAN is uncommon in the United States, but relatively common 
in China, Japan, and Mexico. The disorder resembles AIDP, but 
without sensory symptoms or signs.13,14,15 In China the disorder is 
very closely associated with infection with Campylobacter jejuni. 

AMSAM presents in a fashion similar to AIDP, but EDX studies 
show motor and sensory axon loss without demyelinating features.6,7 
Patients with this disorder do not respond to IVIg or plasmaphere-
sis, and have a prolonged and usually incomplete recovery. 

Neurotoxins.  Tick paralysis is a disorder with a predilection for 
children. Within 2-4 days of envenomation, a progressive neu-
rological disorder develops characterized by paresthesias, rapidly 
progressive limb and craniobulbar weakness, and gait disorder.8,12,31 
Disorientation may be related to respiratory failure or primary 
encephalopathy. Recovery can occur within 24 hours of removal 
of the tick, which is often found embedded in the scalp. The EDX 
picture is characterized by very low compound muscle action po-
tential (CMAP) amplitudes, although mild distal latency prolonga-
tion and mild conduction velocity slowing can be seen. Repetitive 
stimulation studies do not support a neuromuscular junction 
disorder. 

Marine toxins, such as ciguatoxin and saxitoxin carried in certain 
salt-water fish and shellfish, produce severe paresthesias with only 
limited motor manifestations.29 Ingestion of the berry from the 
buckthorn shrub that grows in the southwestern United States and 
Mexico can produce a rapidly progressive generalized weakness 
within 1-3 weeks.3,25 The EDX findings show slowed conduction 
velocities, prolonged distal latencies and F-wave latencies, and 
reduced CMAP amplitudes.

Heavy Metals.  Acute, large ingestions of arsenic can produce  
GBS-like symptoms, beginning 7-14 days postingestion. Early 
systemic symptoms include nausea, vomiting, abdominal pain, 
and diarrhea. Autonomic dysfunction occurs with large ingestions 
and CSF protein elevations have been reported.17 Before the EMG 
picture shows the typical axon loss pattern, features of conduction 
block and velocity slowing can be seen.5 

Gold therapy is usually associated with a chronic neuropathy, but 
rapid onset mimicking GBS has been described.32 Acute, large in-
gestion of thallium can produce a rapidly progressive polyneuropa-
thy with autonomic features. Myelopathic features and preserved 

muscle stretch reflexes tend to distinguish this disorder from typical 
GBS.28 

Chemical Toxins. Chemical exposures or ingestions that can 
lead to rapidly progressive polyneuropathy include vacor (N-3-
pyridylmethyl-N´-p-nitrophenylurea [PNU]), organophosphates 
such as malathion, parathion, and n-hexane.18,24 n-Hexane has 
been reported to show conduction blocks on NCSs.4,20

Drugs.  Several drugs have been implicated in the development 
of subacute polyneuropathy resembling GBS, and some have been 
associated with demyelinating features on NCSs. Although usually 
chronically progressive, the neuropathy associated with amiodarone 
may rarely be acute.26 Distal latency prolongation and conduction 
velocity slowing are characteristic. 

Streptokinase, suramin, and cytarabine have been associated with 
a GBS-like symptoms, with conduction velocity slowing and con-
duction blocks.2,21,30 

Hereditary Disorders.  Acute intermittent porphyria is a well-
known masquerader of GBS. Patients can develop ascending 
weakness over days. Sensory symptoms and signs are much less 
prominent. Autonomic and respiratory involvement is common. 
The disorder is typically axon loss in character, but some EDX 
studies have demonstrated demyelinating features.1,9,23 

Refsum disease is an autosomal recessive disorder resulting from de-
ficiency of phytanoyl-CoA hydroxylase, an enzyme required for the 
metabolism of phytanic acid, a fatty acid found in dairy products 
and the meat from ruminants. The cardinal clinical features include 
progressive retinitis pigmentosa, ataxia, and polyneuropathy with 
demyelinating and axon loss features.19 Other features include 
anosmia, deafness, and ichthyosis. Early in the illness the polyneu-
ropathy can have a relapsing remitting course that mimics GBS, 
with demyelinating features on NCSs and CSF protein elevation. 
Exacerbations are linked to rises in phytanic acid levels. 

Infections.  Diphtheria is a well-known mimicker of GBS, but is 
essentially extinct in North America and Europe. The polyneuropa-
thy typically occurs 8-12 weeks after onset of the acute infection. 
Prior to development of generalized neuropathy, localized involve-
ment of cranial nerves occurs, leading to paralysis of the soft palate, 
larynx, and diaphragm. 

Although poliomyelitis due to poliovirus does not develop in 
North America, individuals may contract the disease in develop-
ing countries. However, other viral agents prevalent in the United 
States are associated with the clinical features of poliomyelitis, in-
cluding enteroviruses and echoviruses. Most recently the flavivirus 
known as West Nile virus has created a resurgence of this disorder. 
Although West Nile virus infection is usually associated with en-
cephalopathy, a number of cases associated with the poliomyelitis 
picture have been reported in which central nervous system features 
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are either minimal or absent.11,16,22 Although usually asymmetrical 
or regional, the distribution of weakness may be generalized and 
mimic GBS. The marked CSF pleocytosis seen in most patients 
distinguishes the disorder from typical GBS. 

Botulism can mimic GBS when the cranial-bulbar features are less 
profound, and when cycloplegia is not prominent. The disorder 
could be confused with variants of the Miller-Fisher syndrome in 
which cranial-bulbar dysfunction is associated with generalized 
weakness. 

Cytomegalovirus polyradiculopathy is a devastating subacutely 
progressive disorder of paraparesis and sensory loss associated with 
HIV/AIDS, usually presenting as cauda equina syndrome. A hall-
mark of the disorder is urinary and rectal sphincter dysfunction, 
which is less common in GBS. The CSF demonstrates marked 
pleocytosis, and characteristic viral inclusions may be visible within 
polymorphonuclear leukocytes. 

Other Masqueraders of GBS.  Critical illness myopathy and poly-
neuropathy can be difficult to distinguish clinically from GBS in 
postoperative patients and those who are critically ill. EDX studies 
are often technically artifacted by peripheral edema, access to limbs, 
and positioning obstacles, making a clear diagnosis difficult. 

A primary spinal cord disorder such as transverse myelitis or 
compressive myelopathy must always be considered in a patient 
with rapidly or subacutely progressive weakness, when the neuro-
logical deficits can be potentially localized to a spinal cord level. 
Neuroimaging is usually needed in patients who have no cranial 
nerve deficits, and when firm confirmation of GBS by NCSs is 
lacking. 
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Evaluation

James W. Albers, MD, PhD

The evaluation of patients with suspected GBS involves a combina-
tion of clinical, EDX, and laboratory testing. 

Clinical Testing. The ongoing evaluation includes monitoring of 
vital signs, as patients with acute GBS are at risk from medical com-
plications of respiratory insufficiency and life-threatening cardiac 
dysrhythmias or hypotension. The decision to intubate depends on 
the extent and rate of respiratory deterioration. Intubation is indi-
cated whenever the airway cannot be protected from aspiration or 
if there is pulmonary infection with shunting or signs of respiratory 
fatigue. A forced vital capacity (FVC) of 15 ml/kg is sometimes 
used as an absolute threshold, but a rapidly declining FVC should 
result in elective intubation independent of the absolute measure-
ment. Poor effort or facial weakness influences the FVC results, 
but an ability to produce a forceful cough demonstrates substantial 
airway protection. Arterial blood gases are poor predictors of im-
pending respiratory failure, and signs of restlessness, tachycardia, 
tachypnea, and sleepiness precede blood gas abnormalities. The 
combination of a low oxygen tension and a low carbon dioxide 
tension suggest atelectasis with shunting. Hypercapnea is a late in-
dicator of respiratory failure. Monitoring of the electrocardiogram 
and blood pressure is required to identify catastrophic cardiac dys-
rhythmia, second-or third-degree atrioventricular block, or blood 
pressure lability due to dysautonomia.

Electrodiagnostic Testing. The evaluation of acute onset flaccid 
weakness falls squarely in the domain of EDX medicine. GBS 
consists of several pathophysiolgical conditions, which include 
AIDP, AMAN, and AMSAN. Classification of the predominant 
pathophysiology subtype is based on evaluation of sensory and 
motor nerves (arms and legs), including proximal stimulation of 
motor nerves and F-wave response studies. Testing performed early 
in the disease may show few abnormalities, aside from nonspecific 
findings of absent F-wave responses and H reflexes and decreased 
motor unit recruitment. Among AIDP patients, approximately half 
fulfill criteria for demyelination within 1 or 2 weeks, compared 
with almost 85 percent by the third week. Acquired demyelination 
manifests as motor conduction velocity slowing greater than can be 
explained by axonal loss (e.g., velocities < 80% of the lower limit 
of normal or latencies > 120% of the upper limit of normal) and 
abnormal dispersion of motor responses and/or unequivocal con-
duction block (proximal/distal amplitude ratio < 0.7). The criteria 
should not be viewed as strict thresholds but values used to raise or 
reduce suspicion for findings associated with multifocal demyelina-

tion. The pattern of abnormal median sensory but normal sural 
occurs frequently in patients, and the extreme pattern of an absent 
median sensory but present sural in the appropriate clinical setting 
occurs is suggestive of AIDP. Patients with otherwise typical GBS 
who have a recordable motor response but who never fulfill criteria 
for demyelination likely have AMSAN or AMAN, depending on 
sensory nerve response results. Needle EMG is of little importance 
in the evaluation of suspected GBS, as most patients eventually 
show evidence of axonal loss, regardless of subtype. Myokymic dis-
charges are occasionally observed in AIDP and may help establish 
the diagnosis.

Other Laboratory Testing. CSF cytoalbumin dissociation (< 10 
white blood count/mm3 with elevated protein) is a characteristic 
feature of GBS. CSF protein is usually elevated (e.g., 150 mg/dl to 
300 mg/dl) after the first or second week of onset. CSF pleocytosis 
may occur in GBS but should promote search for an alternative 
diagnosis such as HIV-, cytomegalovirus-, or West Nile virus-
associated neuropathy. Elevated serum white blood count and liver 
function results occur frequently in GBS, as nonspecific findings 
possibly due to an antecedent illness. Other laboratory studies are 
of limited importance, aside from excluding hypophosphatemia 
or hypokalemia. Abnormal liver function studies, pancytopenia, 
and basophilic stippling of red blood counts (a non-specific but 
important indication of a toxic exposure) may suggest arsenic 
intoxication, a suspicion confirmed by measures of 24-hour urine 
arsenic excretion and fingernail or hair arsenic levels. Transient 
elevations of urinary arsenic excretion occur after ingestion of some 
seafood, but the organic form of arsenic contained in seafood is not 
neurotoxic. Patients with recurrent GBS or who present with the 
triad of abdominal pain, psychosis, and polyneuropathy should be 
evaluated for porphyric neuropathy. The quantitative determina-
tion of excreted heme precursors and their metabolites in 24-hour 
collections of urine and feces secures the diagnosis and suggests the 
form of porphyria. Definitive diagnosis requires documentation of 
a disease-specific mutation in the causative gene. 

Elevated antibody titers to viral antigen (e.g., C. jejune, cyto-
megalovirus, Epstein–Barr virus, Lyme, West Nile) may identify a 
specific antecedent event but the results have no therapeutic impli-
cations at present. An IgG antibody to GQ1b ganglioside is found 
in some patients with Fisher syndrome. Other anti-ganglioside 
antibodies such as monosialoganglioside (GM1) and disialogan-
glioside (GD1b) have been linked to GBS (anti-GM1 specifically 
to AMAN), but the specificity is poor and these antibodies have 
limited diagnostic application at present. Evaluation of botulinum 
intoxication requires serology and testing of gastric aspirate, feces, 
or contaminated food; confirmation requires injecting of serum 
or stool into mice. The diagnosis of diphtheria requires microbio-
logical demonstration of the causative organism, C. diphtheriae. 
In the appropriate clinical setting, evaluation for collagen vascular 
disease or vasculitis is indicated, as there is an association of other-
wise typical GBS with systemic lupus erythematosus. Sural nerve 
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biopsy may identify an underlying vasculitis or other abnormality 
(e.g., axonal swellings suggesting n-hexane intoxication), but nerve 
biopsy generally is not indicated. 
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Treatment

Vinay Chaudhry, MD

Admit to Intensive Care Unit. This patient should be admitted to 
the intensive care unit where close monitoring of her respiratory 
and autonomic functions can be performed. Respiratory failure 
and autonomic dysfunction are the common causes of death from 
GBS. 

Provide Ventilatory Support. Approximately 20% of children 
with GBS will need ventilatory assistance. FVC and negative in-
spiratory force (NIF) should be tested at least every 8 hours and 
more frequently if there are more rapid changes in clinical condi-
tion. Intubation and ventilatory assistance should be provided if 
the FVC decreases below 10 cc per kilogram or the NIF falls below 
30 centimeters of water. It is difficult to make these measurements 
in young children and decision to support ventilation is based on 
clinical appearance. Given that this child is tachypneic with shallow 
breaths, intubation should be performed urgently.

Monitor Cardiac Function.  The heart rate and blood pressure 
should be monitored continuously. Hypertension should be treated 
by use of short-acting antihypertensives such as hydralazine or 
intravenous nitroprusside drip. Hypotension should be treated by 
volume boluses rather than pressors. Care should be used while 
suctioning the airway to prevent the occurrence of asystoly or bra-
dycardia induced by vagal stimulation.

Immunotherapy with Plasma Exchange.  The Cochrane Database 
and Therapeutic and Technology Committee of the American 
Academy of Neurology reviewed all randomized trials and showed 
that plasma exchange (PE) within 2-4 weeks of symptoms was supe-
rior to supportive treatment alone. All measures including the time 
to recover to walking, time to improve one or more grades, time on 
ventilatory assistance, and degree of disability were all better in the 
PE group. In most studies, entry was limited to those patients with 
disease severe enough to prevent independent walking. The French 
Cooperative group reported on the role of TPE in 556 GBS pa-
tients randomized according to severity of their disease. In the mild 
group, two sessions were better than none; in the moderate group, 
four sessions were better than two, and in the severe group there 
was no benefit of six sessions over four for any endpoints. 

In general, PE of 200 to 250 cc/kg of plasma divided over 4 to 5 
exchanges (over 8-10 days) is performed. Complications from a 
central line such as sepsis, thrombosis, bleeding, and injury to lung 
or thoracic duct can occur. 

Immunotherapy with Intravenous Immunoglobulin (IVIg).  A 
meta-analysis of IVIg for GBS found three randomized trials that 
compared IVIg to PE found that IVIg is beneficial with no signifi-
cant difference between IVIg and PE in change of disability grade, 
time to walk unaided, mortality, time on ventillatory, and final 
sequelae. Thus, its efficacy, safety, and availability make IVIg the 
treatment of choice in many patients with GBS.

Vascular complications such as ischemic cardiovascular, cerebro-
vascular, or renovascular complications seen in older adults do not 
occur in children. Headache, fever, nausea, and rarely anaphylactic 
reaction and serum sickness can occur. All patients receiving IVIg 
should be screened for isolated immunoglobulin A deficiency as it 
increases the risk for severe anaphylactic reaction. 

IVIg is administered in a dose of 2000 mg per kilogram body 
weight in 5 divided doses. In a randomized, double-blind, multi-
center phase II trial, a nonsignificant trend toward greater improve-
ment in the 6-day group was seen in the overall population. The 
difference was significant in the subset of patients who required 
mechanical ventilation. 

IVIg Versus Plasma Exchange. A meta-analysis of the three con-
trolled trials comparing IVIg and PE in GBS has shown that there 
were more adverse events in the PE group than in the IVIg group. 
Pneumonia, atelectasis, thrombosis, and hemodynamic difficulties 
occurred more often with PE than with IVIg. 

Role of Steroids.  A randomized, controlled trial including 233 
patients with GBS has evaluated the effect of methylprednisolone 
when added to IVIg. Patients were administered either 500 mg/day 
of intravenous methylprednisolone for 5 days, or placebo within 
48 hours of first IVIg treatment (04 g/kg/day for 5 days). No sig-
nificant difference between treatment with methylprednisolone and 
IVIg and IVIg alone regarding clinical improvement or side effects 
were noted. 
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Subgroups

Pediatric Cases.  Case reports and small series of children with 
GBS treated with PE or IVIg show similar improvement as seen 
in adults. In addition, IVIg is safer in children. In one study, faster 
recovery occurred when IVIg was given over 2 days than over 5 days 
(total dose was the same: 2 g/kg).

GBS Subtypes.  GBS patients that are positive for anti-GBM1  
and/or C. jejuni infection with AMAN phenotype, have more 
severe and rapidly progressive disease. In this subgroup, a small 
study considered IVIg to be superior over PE.

Retreatment.  Although retreatment is often performed in cases of 
relapse (PE or IVIg), there are no studies that support this practice. 
Similarly, if IVIg does not appear to halt or reverse the disease pro-
gression, plasmapheresis or repeat IVIg are often performed, once 
again without much support in the literature about this practice.

Supportive Care.  Careful nursing should be instituted for preven-
tion of pressure sores. Precautions for prevention of deep venous 
thrombosis should be instituted. Use of subcutaneous heparin and/
or leg compressive devices should be started early. Nasogastric feed-
ings should be instituted early and if ileus or gastroparesis is present 
parenteral nutrition instituted. Instituting a means to communicate 
is extremely important to reduce anxiety and should be discussed 
and used way before the patient reaches the peak of disability. 
Urinary retention or incontinence occurs in approximately 10% of 
patients and an indwelling catheter may be needed. Constipation is 
frequent and appropriate laxatives may be needed.

Treatment of Pain.  Pain is common in patients with GBS with 
50%–80% of patients reporting pain. Opioids (oxycodone or 
tramodol) may need to be used especially for patients in intensive 
care on ventilatory support or those in severe pain. Nonsteroidal 

anti-inflammatory drugs or neuropathic pain treatment with anti-
convulsants (carbamazepine, lamotrigine, topirmate, gabapeantin, 
pregagalin) or antidepressants (tricyclic-amitryptaline, nortrypta-
line, imipramine, or desimipramine and serotonin-noradrenaline 
reuptake inhibitors–duloxetine or venlafaxine) may be needed 
during the recovery phase. 

Physical and Occupational Therapy. Physical therapy and oc-
cupational therapy should be started soon after hospitalization to 
prevent contractures and maintain range of motion in joints. 

Prognosis. While most patients improve, recovery may be slow 
and protracted. Residual symptoms are seen in 10%-20% of pa-
tients. The majority (over 80%) regain independent ambulation 
although this may take up to 2 years. Relapses occur in 10% of 
patients, usually within 2 years. Fatigue may persist for years. Since 
the introduction of PE and IVIg, the mortality in hospital and 
population-based studies has not changed, ranging from 5%-15%. 
More research are the identification of patients at greatest risk of a 
poor outcome, the long-term effects of initial immunotherapy and 
clarification of the value of IVIg in adults with mild disease, Fisher 
syndrome, axonal forms, and other conditions related to GBS. 
Information is also lacking regarding how to treat patients who 
worsen or fail to improve after being treated with IVIg or PE.
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Case Description

Gil I. Wolfe, MD

History. A 41-year-old woman presented to the neuromuscular 
clinic with a 3.5-year history of numbness and weakness of the 
legs progressing to the point where she was wheelchair-dependent. 
Other symptoms included hand tingling and weakness, paresthesias 
in her lower torso and legs, urinary urgency and incontinence, and 
bowel urgency for 3 months. Past history was unremarkable except 
for the need for dentures for the past 5 to 6 years.

Examination. Mental status and cranial nerves were normal. 
On motor testing, finger extension and abduction were Medical 
Research Council grade 4+ to 5-, and there was both distal and 
proximal lower extremity weakness. Hip flexion was 3, knee flexion 
4- to 4, knee extension 5 on the right, 3 on the left, ankle dorsiflex-
ion 4+ and plantar flexion 4. Toe flexion and extension were grade 
3 to 4. Motor tone was within normal limits. There were no fas-
ciculations. Deep tendon reflexes were 3 in the upper limbs except 
for 2 at left triceps, and 2 in the lower limbs. She had extensor 
plantar responses bilaterally. Sensation was notable for decreased 
pinprick in the fingers and below the L1 level, absent vibration 
at the toes with reduced timed vibration at the ankles, knees, and 
fingers, and reduced proprioception at the toes and ankles. She was 
unable to ambulate independently. There was no appendicular or 
truncal ataxia, however. 

Prior Studies. Magnetic resonance imaging (MRI) of the neuraxis 
was normal, including the entire spinal column. Nerve conduction 
studies (NCSs) and needle electromyography (EMG) were normal. 
Creatine kinase was 21 U/L. 

Current Studies. NCS and needle EMG were normal except for 
a reduced peroneal motor amplitude and conduction velocity 
and borderline sural sensory amplitude. Complete blood count 
was notable for a mildly reduced white blood count (WBC) of  
3.6 K/μl. Syphilis, human immunodeficiency virus, human T-cell 
lymphotrophic virus I/II, and Lyme serologies were negative. 
Serum angiotensin coverting enzyme (ACE), B12 and metabolites  
(homocysteine 10.8 μmol/L, methylmalonic acid 0.10 μmol/L) 
were normal. Cerebrospinal fluid (CSF) analysis revealed protein 
34 mg/dl, glucose 50 mg/dl, 2 WBC/mm3, normal ACE, 0 oligo-
clonal bands, and normal immunoglobulin G index and synthetic 
rate. 

Differential Diagnosis

Gil I. Wolfe, MD

The presentation of numbness and weakness in both legs could 
certainly be explained by a peripheral nerve disturbance. However, 
there are a number of aspects in the history (urinary urgency and 
incontinence, bowel urgency) and examination (preserved or ac-
centuated reflexes, extensor plantar responses, an upper lumbar 
sensory level) that should raise suspicion for cord involvement. 
Furthermore, the prominence of proximal weakness in her lower 
limbs would be unusual for most peripheral neuropathy states, 
unless a radiculopathy, plexopathy, proximal mononeuropathy as 
seen in diabetics, or demyelinating neuropathy was implicated. 
The NCS and EMG certainly do not support any of these ex-
planations for the proximal weakness. Therefore, the diagnosis of  

Case III 
Toxic Disease: Zinc Neuromyelopathy
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myeloneuropathy should be considered, and the following differ-
ential entertained.

Vitamin B12 Deficiency. Vitamin B12 deficiency is not usually 
caused by reduced vitamin intake, but is usually a result of poor 
gut absorption due to anatomic, autoimmune, or infectious causes. 
Vitamin B12 deficiency produces both central and peripheral 
nervous system derangements, a condition referred to as subacute 
combined degeneration. The peripheral neuropathy is character-
ized by prominent loss of vibration, proprioception, and even 
pinprick usually beginning in the lower limbs, but approximately 
20% of the time showing onset in the hands or simultaneously 
involving all limbs.1 The loss of proprioception may produce 
sensory ataxia. Superimposed myelopathy may mask the expected 
hyporeflexia. Babinski signs may be present. This combination of 
peripheral sensory loss and central pyramidal signs should raise 
suspicion of vitamin B12 deficiency. Complications can occur even 
when B12 levels are in the low-normal range (< 300 or 350 pg/ml). 
Finding elevated serum homocysteine (HC) and methylmalonic 
acid (MMA) levels can help establish a diagnosis of B12 deficiency 
in this setting. Elevated MMA is more specific, but hypovolemia, 
renal insufficiency, or rare genetic disorders can lead to misleading 
results.1 

Treatment is with intramuscular injections of vitamin B12 and is 
usually continued indefinitely. The usual dose is 1000 μg daily for 
1 week followed by a single 1000-μg injection given on a monthly 
basis. Improvement may be seen in only a minority of patients,1 
although supplementation should thwart further progression. 

The normal B12, MMA, and HC levels in the current case would 
exclude this possibility. 

Vitamin E Deficiency. Deficiency states of vitamin E, a fat-soluble 
vitamin occur most commonly in the setting of fat malabsorption. 
Cystic fibrosis, reduced hepatic excretion of bile salt, and extensive 
small bowel resection are potential etiologies. Vitamin E deficiency 
from impaired fat transport occurs in abetalipoproteinemia (Bassen-
Kornzweig syndrome), a rare autosomal recessive disorder in which 
chylomicron and lipoprotein synthesis is reduced. Intestinal fat 
absorption is absent from birth, resulting in progressive deficiency 
of fat-soluble vitamins A, D, E, and K. Clinical features include 
progressive ataxic neuropathy, retinitis pigmentosa, steatorrha, 
hypolipidemia, and acanthocytosis. Vitamin E supplementation is 
recommended. 

Autosomal recessive mutations of the alpha-tocopherol transfer 
protein gene cause vitamin E deficiency without affecting absorp-
tion of other fat-soluble vitamins. Clinical features of vitamin E 
deficiency may not manifest for several decades until reserves stored 
in adipose tissue are depleted. Onset is more abrupt in children. 
Weakness and gait unsteadiness in a spinocerebellar pattern are 
typical features, with varying degrees of peripheral nerve involve-
ment. Limb ataxia, areflexia, loss of large-fiber sensory modalities, 
and Babinski signs may be seen on examination. 

Vitamin E deficiency may be confused as Friedreich ataxia, and 
a serum level should be checked whenever a spinocerebellar syn-
drome is in the differential. NCSs demonstrate a mild axonal 
sensory-predominant polyneuropathy when there is peripheral 
involvement, although a case with marked demyelinating features 
was recently described.2 Treatment is based on oral supplementa-
tion (5-100 IU/kg/day as needed to restore normal serum levels), 
and initiation of treatment in early stages of deficiency may result 
in improvement of neurologic function. 

Structural Lesions. Structural abnormalities in the spinal column 
may produce a combination of myelopathic signs through spinal 
canal stenosis and peripheral nervous system signs via motor and/
or sensory root impingement. At the lumbar level, a high lesion 
at L1 - L2 would generally be required to produce upper motor 
neuron findings. Canal stenosis in the lumbar region is often due to 
a combination of disk bulging, facet hypertrophy, and ligamentous 
thickening. In reality, spinal stenosis is far more common at L3, L4, 
and L5 disk levels, all caudal to the spinal cord in adults. An an-
teroposterior diameter of less than 11.5 mm is usually the threshold 
before symptoms arise. In the cervical spine, stenosis is usually due 
to spondylosis and ligamentous thickening. The anteroposterior 
diameter is usually less than 11 mm in these patients. Excluding 
a structural lesion is typically the first step a neurologist takes in 
evaluating this type of clinical scenario. MRI is widely considered 
as the study of choice for evaluating the spinal canal and roots. 
The unremarkable spine MRI essentially rules out a structural my-
eloneuropathy in this patient, eliminating surgical decompression 
as a treatment approach. 

Leukodystrophies. Leukodystrophies are rare, genetically deter-
mined inborn errors of metabolism that result in dysmyelination 
of both the central and peripheral nervous systems. As a result, 
both central and peripheral signs are manifest, and demyelinating 
features are typical on NCSs. Central nervous system signs usually 
dominate the clinical picture, but some forms, such as metachro-
matic leukodystrophy, may initially present with typical findings of 
peripheral neuropathy.3 Descriptions of the relevant leukodystro-
phies follow. 

Krabbe disease (Globoid cell leukodystrophy): Krabbe disease is a rare 
autosomal recessive disorder (incidence 1 in 200,000) resulting 
from galactocerebroside ß-galactosidase deficiency is frequently 
accompanied by peripheral neuropathy. It usually presents in 
early infancy with failure to thrive, loss of cognitive milestones, 
irritability, blindness, optic atrophy, hypertonicity and spasms 
with clenched fists, and febrile episodes. In 10%-15% of patients, 
onset is in the late infantile or juvenile period. CSF protein is 
elevated, and NCSs show prolonged latencies and slowed conduc-
tion velocities on both sensory and motor responses. Sensory nerve 
action potentials may be absent. Sural nerve biopsy demonstrates 
segmental demyelination and cytoplasmic inclusions in Schwann 
cells. Classic globoid cells seen in cerebral white matter lesions are 
not found in peripheral nerve. Decreased enzyme activity can be 
demonstrated in peripheral leukocytes or cultured skin fibroblasts. 
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Molecular testing is also available. As a result, biopsy material is not 
required for diagnosis. There is no definitive therapy, especially in 
early-onset forms where death usually occurs between the age of 1 
and 2 years. Bone marrow transplantation in later-onset forms may 
stabilize neurologic function. 

Metachromatic leukodystrophy: Metachromatic leukodystrophy is an 
autosomal recessive disease secondary to arylsulfatase-A deficiency. 
It may present as a peripheral neuropathy after the age of 1 year. 
It is rare, with an approximate incidence of 1 in 120,000. The 
late infantile form is most common, accounting for 60%-70% of 
all cases. Unsteady gait, generalized weakness, hypotonia, and hy-
poreflexia with Babinski signs are typical clinical features, usually 
presenting in the first few years of life. Dysarthria, dysphagia, and 
decerebrate or decorticate posturing eventually develop in the early-
onset cases. In juvenile forms, children may appear normal until 
mid-adolescence at which time gait instability, intellectual decline, 
and pseudobulbar dysfunction appear. Adult-onset forms are also 
reported, characterized by behavioral and cognitive changes. On 
laboratory studies, CSF protein is elevated and NCSs show fea-
tures of demyelination. Sural nerve biopsy reveals metachromatic 
(brownish to reddish birefringent) staining of sulfatide deposits 
within the nerve. Assays to investigate for reduced leukocyte or 
fibroblast arylsulfatase-A activity are readily available. Benign 
polymorphisms seen in up to 10% of the population may produce 
an arylsulfatase-A pseudodeficiency, but elevated urine sulfatide 
excretion is only seen in affected individuals with true deficiency. 
Molecular testing can provide definitive confirmation of the diag-
nosis. As with Krabbe disease, bone marrow transplantation offers 
some hope for stabilization and perhaps some improvement, but 
only prior to development of advanced psychologic involvement. 

Adrenoleukodystrophy / adrenomyeloneuropathy: Adreno-
myeloneuropathy is a milder phenotypic variant of this X-linked 
form of leukodystrophy and accounts for approximately 30% of 
all clinical presentations.4 The disorders are characterized by an 
accumulation of cholesterol esters with marked excess of saturated 
unbranched fatty acids of C24-C30 chain length. Peripheral nerve 
involvement is not typical of childhood-onset forms of adrenoleu-
kodystrophy, whereas adrenomyeloneuropathy may present with 
a prominent polyneuropathy. Adrenomyeloneuropathy typically 
manifests in adulthood during the third decade of life, although 
earlier presentations are reported. Affected individuals have an 

insidious onset of spastic paraparesis with slow progression. Large 
fiber sensory loss and bowel and bladder dysfunction accompany 
the motor deficits. Adrenal insufficiency precedes neurologic 
dysfunction in around 40% of patients and eventually develops 
in two-thirds. Cerebral demyelination may occur in 20% of men 
with resulting spasticity, blindness, dementia, and death. Between 
10%-20% of women carriers develop myelopathy akin to adult 
males with adrenomyeloneuropathy. Conduction velocities are 
slowed on NCSs. Sural nerve biopsies demonstrate depopulation 
of large and small myelinated fibers. For diagnosis, plasma or skin 
fibroblasts show a marked excess of very long chain fatty acids in 
nearly 90% of cases. Molecular analysis is available for the remain-
ing cases. The molecular basis for this form of leukodystrophy is 
mutations in the ABCD1 gene which encodes an ATP-binding 
cassette protein. How mutations in this nonenzymatic protein 
interferes with function of ligases that permit ß-oxidation of very 
long chain fatty acids (VLCFAs) remains unclear. Two forms of 
treatment are under investigation. Dietary restriction of very long 
chain fatty acids combined with dietary supplementation of oleic 
and eruric acids (monounsaturated fatty acids that compete with 
VLCFAs for the same synthesizing enzyme system) does reduce 
levels of VLCFAs and improves peripheral nerve function in ad-
renomyeloneuropathy, but has not altered the course of childhood 
forms of adrenoleukodystrophy. Bone marrow transplantation may 
benefit mildly affected patients.

Hereditary Spastic Paraparesis. Hereditary spastic paraparesis is a 
large group of genetically heterogeneous disorders. They are charac-
terized by progressive spasticity, upper motor neuron signs, and no 
or mild sensory deficits. The severity of spasticity helps to distin-
guish hereditary spastic paraparesis (HSP) from other disorders in 
the present differential. HSP loci are designated as spastic paraple-
gia (SPG), and the number of defined loci is increasing at a rapid 
pace. Initial symptoms include stumbling, lower extremity stiffness, 
and weakness.5 HSP symptoms that begin in early childhood may 
not show significant worsening over many years. Those that begin 
later in life typically worsen in insidious fashion. Pathologically 
there is axonal degeneration of the pyramidal tracts and in some 
forms, the dorsal columns and spinocerebellar pathways. Several 
“complicated” forms of HSP boast other neurologic signs includ-
ing optic atrophy, retinopathy, dementia, ataxia, deafness, epilepsy, 
and peripheral neuropathy. Those forms of HSP with evidence of 
peripheral neuropathy on NCSs are summarized in Table 1. 
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Evaluation

Vinay Chaudhry, MD

Clinically, the patient appears to have a predominant central lesion 
rather than a peripheral lesion. This is based on the examination 
showing absent vibration and impaired proprioception at a time 
when the reflexes are preserved and the sensory nerve action po-
tentials (SNAPs) are normal. In addition, presence of significant 
weakness (including proximal) with preserved reflexes, presence 
of a sensory level, bladder and bowel incontinence, and Babinski’s 

response are all confirmatory of central etiology. A superimposed 
mild peripheral component is suggested by the fact that the re-
flexes in the lower limbs are not pathologic (except the Babinski’s 
response). A myelopathy, given that the cranial nerve function 
appears intact, or a myeloneuropathy are most likely (Table 2). 

Treatment

Gil I. Wolfe, MD

Treatment for HSP is limited and is focused on relieving spastic-
ity through exercise, physical therapy programs, and medications 
including lioresal, tizanidine, dantrolene, and botulinum toxin.1 
Oxybutinin may be of benefit for patients who experience urinary 
urgency. 

Human T-cell Lymphotropic Virus 1 Infection (HTLV-1). 
HTLV-1 is a well-known cause of a progressive spastic parapare-
sis, commonly referred to as tropical spastic paraparesis (TSP).2 
The paraparesis appears several decades after initial infection and 
evolves over several years without spontaneous remissions. Bladder 
dysfunction and sensory loss are common. The disorder is wide-
spread in tropical and subtropical regions. It is estimated that 
fewer than 1% of HTLV-1 carriers develop myelopathy. Modes of 
transmission include sexual contact, blood transfusion, and breast 
milk. In addition to TSP, other manifestations of HTLV-1 infec-
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Table 1   Hereditary Spastic Paraparesis with Peripheral Nerve Involvement

Disorder Inheritance Localization/Gene (if known) Landmark Clinical Features
SPG2 XR Xq22/proteolipid protein Allelic with Pelizaeus-Merzbacher disease, onset usually 1-5 years, spastic  
   bladder, cognitive deficits, optic atrophy, nystagmus, cerebellar signs,  
   demyelinating neuropathy with mild clinical involvement
SPG3A AD 14q11/atlastin Common form of SPG, mean onset 1-2nd decade, bladder dysfunction, slow  
   progression
SPG9 AD 10q23 Onset infancy-4th decade, cataracts, gastroesophageal reflux
SPG11 AR 15q13/spatascin Fairly common, onset 1-50 years, mental retardation, optic atrophy, retinitis  
   pigmentosa, cataracts, clinodactyly
SPG14 AR 3q27-28 Mean onset age 30 years, mild mental retardation and memory loss, visual  
   agnosia, motor neuropathy
SPG21 AR 15q22/maspardin Onset 2-3rd decade, dysarthria, severe dysphagia, extrapyramidal signs
SPG23 AR 1q24 Childhood onset, prematurely aged appearance, hypopigmented skin, mild  
   mental retardation
SPG25 AR 6q23 Onset age 30-46 years, disc herniations with spine pain
SPG30 AR 2q37 Onset age 12-21 years, sphincter involvement, saccadic eye movements

AD = autosomal dominant; AR = autosomal recessive; SPG = spastic paraplegia; XR = X-linked recessive
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tion include adult T-cell leukemia/lymphoma, uveitis, arthropathy, 
dermatitis, vasculitis, myopathy, and peripheral neuropathy. An 
amyotrophic lateral sclerosis-like syndrome has also been reported. 
The neuropathy may appear in as many as 1%-6% of HTLV-1 
infected individuals and follows an axonal sensory-predominant 
pattern on NCSs. The neuropathy may be present in isolation 
without accompanying myelopathy.2 CSF demonstrates elevated 
protein and pleocytosis. Sural nerve biopsy shows typical changes 
of axonal degeneration with or without inflammatory infiltration. 
Corticosteroids, immunosuppressive agents, interferon-α, vitamin 
C, pentoxyfylline, and antivirals have been utilized with modest 
to moderate improvement in some cases. Symptomatic treatment 
for spasticity and neurogenic bladder remain the focus of therapy. 
HTLV serologies were negative in this case. 

Toxic Myeloneuropathy. Exposure to organophosphates (insec-
ticides, petroleum additives, flame retardants, nerve gas agents), 
nitrous oxide (inhalational anesthetic), and hexacarbon (n-hexane, 
n-butylketone, used in glues and solvents) can produce the clinical 
syndrome of myeloneuropathy. Treatment involves eliminating ex-
posure to the offending agent, and in the case of organophosphate 
poisoning, administration of atropine, anticholinergic agents, and 
pralidoxime. 

Copper Deficiency. Copper deficiency state is an increasingly 
recognized cause of neurological abnormality. Neurologic mani-
festations have included myelopathy, myeloneuropathy, isolated 
peripheral neuropathy, central nervous system demyelination, 
myopathy, and optic neuritis.3 In one of the largest series, all 13 

Table 2   Evaluation to Confirm the Anatomical Localization and Determine the Etiology

Physiological Studies
Nerve conduction studies: Rule out peripheral nerve  ●
involvement and confirm central nature of the syndrome. Normal 
sensory nerve response in the setting of  significant sensory 
symptoms and signs localizes the lesion proximal to the dorsal 
root ganglia.
Somatosensory evoked potentials: Show there is a delay of  ●
central conduction and localize the lesion to cervical spinal 
cord.

Imaging Studies to Evaluate for Structural or Demyelinating 
Lesions

MRI of cervical spine with contrast to identify: ●
Cervical spondylotic myelopathy• 
Tumor• 
Syrinx• 
Spinal cord or dural fistula• 
Arnold Chiari malformation• 
Demyelinating plaque (acute transverse myelitis)• 

Computerized tomography: myelography ●
Spinal angiography ●

Tests to Evaluate for Infectious/Inflammatory Lesions
Spinal fluid testing ●
Antinuclear antibodies, sedimentation rate, IFE, ACE levels, and  ●
Anti-SSA, anti-SSB
Lyme, rapid plasma reagin, HIV, human T-cell lymphotrophic  ●
virus 1 (HTLV-1), zoster

Tests to Evaluate for Metabolic/Nutritional Causes
B ● 12-deficient combined system disease

B• 12, MMA, homocysteine, antiparietal cell antibodies, 
Schilling test

Non-B ● 12-deficient combined system disease
An acquired copper deficiency: serum copper,  • 
ceruloplasmin level, zinc levels
Vitamin E levels• 
Serum thyroid stimulating hormone• 

Lathyrism ●
No tests but the history is often revealing.• 

Neurodegenerative/Hereditary Conditions
Tests for hereditary spastic paraplegia (HSP) dominant  ●
inheritance 

SPG4 (spastin) gene, SPG3A (atlastin), and SP6 gene tests • 
are available commercially
Tests for spinocerebellar ataxia (SCA) only if there is • 
evidence of associated ataxia (polyglutamine repeats)• 
Test for primary lateral sclerosis (transcranial magnetic  • 
stimulation), routine NCS, and EMG

Neoplastic/Paraneoplastic processes
Lymphoma: IFE, appropriate scanning ●
Postiron emission tomography scan ●
Paraneoplastic processes (anti-Hu antibody) ●

Toxins
History of toxin exposure: N-hexane, hexanedione, nitrous oxide ●

Miscellaneous
Radiation (history) ●
Urodynamic study to assess impaired urinary function ●
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patients with copper deficiency-associated myelopathy had accom-
panying polyneuropathy.4 Clinical features of the myeloneuropathy 
resemble those described earlier for cobalamin deficiency in the 
setting of subacute combined degeneration. Spastic gait, ataxia, 
and dorsal column signs are characteristic. Anemia, leukopenia 
and a history vitamin B12 deficiency (with progression despite 
B12 supplementation) are common laboratory findings.3 Axonal 
peripheral neuropathy patterns are seen on NCSs. Signal change in 
the spinal cord on MRI is present in approximately half of patients, 
most commonly at cervical levels. 

Copper deficiency may arise from several causes including protein-
losing gastroenteropathy, celiac disease, intestinal bypass, partial 
gastrectomy, small bowel resection, total parenteral nutrition with 
inadequate supplementation, copper chelating agents, and heredi-
tary diseases such as Menkes syndrome. Ingestion of excess zinc is 
another cause of copper deficiency. Copper and zinc are absorbed 
in the proximal small bowel and are bound in enterocytes by intra-
cellular ligands including metallothionein. Zinc excess upregulates 
metallothionein which has a higher affinity for copper than for 
zinc, leading to sequestration of copper in the enterocytes and 
blocking copper’s import into other tissues. Enterocyte sloughing 
than results in increased fecal loss of copper and a deficiency state. 
Excess zinc intake may result from over-the-counter supplements 
and heavy use of denture cream. 

Copper supplementation either through oral or parenteral delivery 
restores normal serum levels and almost always prevents further 
deterioration, but improvement in neurologic status has been vari-
able. 

Diagnostic Studies. History revealed the patient was using 2 full 
tubes of denture cream every week. Serum copper, serum cerulo-

plasmin, and serum zinc tests were performed. Serum copper was 
< 0.1 μg/ml (normal 0.75-1.45), serum ceruloplasmin 0.6 mg/
dl (normal 22.9-43.1), and serum zinc 2.00 μg/ml (normal 0.66-
1.10). 

Management. The management of the patient included intrave-
nous copper sulfate 2 mg daily for 5 days, then oral copper sulfate 
2 mg daily. Denture cream use was stopped. At follow-up 5 weeks 
after copper supplementation and the discontinuation of denture 
cream, the patient reported improved sensation and strength pri-
marily in her upper limbs, restored sphincter control with resolu-
tion of bladder and bowel symptoms, and even restored cognition 
so she had resumed handling domestic finances. On examination, 
proximal lower extremity strength had improved to grade 4, ankle 
dorsiflexion to 5-, and plantar flexion to 4+. There was no more 
than trace weakness on finger extension or abduction. Timed vibra-
tion had improved at the knees and fingers. Ambulation remained 
impaired, but she was beginning to use a walker. Laboratory studies 
showed the zinc level had fallen to 1.38 μg/ml and copper risen to 
3.39 μg/ml. Ceruloplasmin had increased to 102.8 mg/dl. 
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Case Description

Kerry H. Levin, MD

A 35-year-old man was referred for evaluation of right hand weak-
ness. He noticed it approximately 1 month before, on arising one 
morning and having difficulty zipping and turning the key in his car 
ignition. There had been some progression of weakness since onset. 
The hand did not feel normal, but he denied specific symptoms of 
numbness and paresthesia. One year previously he had developed 
subacute wrist drop on the left. Because he had been having some 
neck discomfort at the time, his physician ascribed the weakness 
to cervical radiculopathy, although an magnetic resonance imaging 
(MRI) scan of the cervical spine was reported as normal. Weakness 
on the left has persisted, but it has not significantly worsened. 

History. On examination, cranial nerve testing was normal. In the 
right arm, Medical Research Council grade 4 strength was seen 
in thumb abduction and thumb tip flexion. There was grade 4.5 
strength in wrist flexion and forearm pronation. No atrophy was 
seen, and no definite sensory loss was identified. In the left arm, 
there was grade 4.5 strength in finger extension and radial wrist 
extension, the brachioradialis muscle seemed atrophic compared 
to the right. There was grade 4.8 strength in forearm supina-
tion. Fasciculation was noted in the extensor compartment of the 
forearm. Sensation was intact. Direct muscle testing in the legs 
was normal except for grade 4.5 strength in right toe extension 
and equivocal weakness of right foot dorsiflexion. Muscle stretch 
reflexes were 2 to 2+ at all sites, without pathological reflexes except 
for mild Hoffman responses at the fingers. With gait testing, the 
patient could not walk on his right heel, but toe walking was intact 
bilaterally. 

Differential Diagnosis

Richard A. Lewis, MD

This is a relatively young adult man with two discrete episodes of 
weakness: the first was a subacute radial motor neuropathy 1 year 
ago and the second was a left median neuropathy 1 month ago. 
There is also a sub-clinical right peroneal neuropathy. There is no 
pain, sensory symptoms, or upper motor neuron (UMN) signs.
Other information that would be useful in forming a differential 
diagnosis includes: (1) family history of something similar or im-
munologic disorders; (2) history of trauma; (3) other medical con-
ditions; and (4) travel history.

There are two aspects of the history and examination that should 
be considered in developing a differential diagnosis. One is the 
suggestion of discrete nerve lesions and the other is the pure lower 
motor neuron (LMN) aspect of the disorder. By considering each 
separately then a differential diagnosis can be established as shown 
below. Major features to consider are:

1. Asymmetric discrete nerve lesions
 A. Mononeuritis multiplex
  i.  Vasculitis
  ii. Lewis-Sumner syndrome
  iii.Hereditary neuropathy with liability to 
      pressure palsies (HNPP)
  iv. Neurofibromatosis
 B. Multiple radiculopathies
  i.   Carcinomatous
  ii.  Granulomatous
  iii. Degenerative disc disease

Case IV 
Asymmetric Weakness:  

Motor Neuron Disease vs  
Multifocal Motor Neuropathy

Kerry H. Levin, MD 
Richard A. Lewis, MD 
Vinay Chaudhry, MD 
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2. Pure LMN
 A. Amyotrophic lateral sclerosis (ALS)
 B. Multifocal motor neuropathy (MMN)
 C. Monomelic amyotrophy

The lack of sensory changes makes a vasculitic mononeuritis mul-
tiplex unlikely. Similarly compressive neuropathies and radicul-
opathies should have sensory involvement making HNPP unlikely. 
Lewis-Sumner syndrome is differentiated from MMN by having 
significant sensory symptoms and signs. While some authors have 
lumped these two entities together, there is good reason to recog-
nize their differences (Table). Neurofibromatosis could cause an 
intraneural lesion that should also have sensory symptoms. 

Radiculopathies seem unlikely in this patient because the distribu-
tion of weakness best fits the right median, left radial, and right 
peroneal nerves. However, the weakness is only mild and the ex-
amining physician cannot be certain about where the lesions are 
located.

ALS is less likely because of the lack of UMN signs and the re-
stricted distribution of symptoms and signs. Monomelic amyotro-
phy (Hirayama’s disease) is usually less discrete than this. While the 
disorder is usually asymmetric, it is rarely in a single nerve territory. 
The Japanese cases have been primarily male, under the age of 20, 
and they progress for a few years before plateauing. However, there 
are cases from Europe and the United States of older people with 
less male predominance who have an otherwise identical disorder. 
Most of these cases are also benign but on occasion can progress 
to ALS.

MMN is the only disorder that can account for both the mononeu-
ritis multiplex characteristic and the pure LMN aspect. In addition, 
the lack of atrophy of weak muscles points to the possibility of a 
conduction block lesion.

It is expected that the needle electromyography (EMG) examina-
tion will show: (1) the lesions were clearly at a peripheral nerve 
level and not root; (2) the sensory responses are normal despite 
significant motor abnormalities; and (3) there is conduction block 
with or without other signs of segmental demyelination.
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Evaluation

Vinay Chaudhry, MD

The symptoms and signs appear for this patient to localize to three 
named nerves: the right median, the left radial, and the right deep 
peroneal (fibular). Since there are no sensory symptoms or signs, 
the localization can be further narrowed down to the motor parts 
of these three named nerves, hence MMN appears likely. The lack 
of atrophy suggests that localization can be further narrowed down 
to the myelin part of these nerves; therefore clinically this patient 
has mutifocal motor demyelinating motor neuropathy. Anatomical 
localization should also include brachial plexus (patchy), multilevel 
ventral root injury, motor neuron, and distal myopathy. 

Since both median motor and radial motor nerves have contribu-
tions from several roots (C6, C7, C8, T1), and none of the other 
 C6 - C8 muscles outside the median and radial nerves are affected, the 
lesion is unlikely to be at a root or motor neuron level. For example, 
weak abductor pollicis brevis and flexor pollicis longus muscles (both  
C8 - T1) is associated with flexor carpi radialis and pronator teres 
(both C6 - C7). None of the other muscle groups (interosssi, 
biceps, supinatior, extensor of wrist and fingers) with similar myo-

TABLE   Multifocal Motor Neuropathy (MMN) vs. Lewis-Sumner 
Syndrome (LSS)

          MMN       LSS
Gender Male> Female (.2:1) Male = Female
Sensory symptoms No Yes
Pain and Tinel’s  No Yes
Sensory conduction  Normal Abnormal
Anti-GM-1 Abs High titers in 35 –80% Normal in all 
  patients
CSF Protein Minimal increase  Mild to moderate 
  increase
Corticosteroids Poor response Good response

CSF = cerebral spinal fluid
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tomes are affected. A patchy brachial plexus picking up the named 
motor nerves is difficult to exclude. Rarely, patients with distal 
myopathy may present with distal weakness of this nature but once 
again strict localization to named nerves makes it unlikely. 

Other than MMN, the differential diagnosis includes multiple 
mononeuropathies from other etiologies such as HNPP, toxins 
(lead), and tumors (neurofibromatosis). Additionally, differential 
diagnoses include structural localizations at the level of the brachial 
plexus, brachial neuritis, multilevel cervical radiculopathy, motor 
neuron disease, polio, human immunodeficiency virus (HIV), and 
West Nile virus infection. 

Electrophysiological Evaluation. The classical finding in MMN 
is well-localized, persistent, segmental, partial motor conduction 
block detected outside the usual sites of entrapment. Proximal sites 
of stimulation, including Erb’s point should be included in the 
nerve conduction testing. In addition, other electrophysiological 
features of peripheral nerve demyelination may be found: reduced 
conduction velocity, especially segmentally across sites of partial 
motor conduction block; absent or prolonged F-wave responses; 
and prolonged distal motor latencies. Remarkably, sensory nerve 
conductions are normal, even in those mixed nerves where motor 
fibers are affected (Figure). Needle EMG should show reduced 
recruitment but minimal abnormal spontaneous activity in the 
named nerve distribution. Myokymic potentials and/or fascicula-
tion potentials can be seen. More widespread denervation includ-

ing paraspinal denervation if present raises the possibility of motor 
neuron disease or multilevel radiculopathy. 

Other Laboratory Features. High titers of IgM antibody directed 
against GM1 and other gangliosides are reported in 50%-60% of 
MMN patients. An elevated serum creatine kinase level is frequently 
found, probably secondary to the myokymia and cramps in the 
muscles. Cerebrospinal fluid is usually normal or may reveal a slight 
elevation in total protein content. HIV, blood lead levels, serum 
angiotensin converting enzyme, immunofixation electrophoresis,  
PMP 22 deletion (HNPP) may need to be considered. The genetic 
analysis for distal HMN and hereditary recurrent brachial plexopa-
thies are not commercially available. 

Pathology. Frequent, albeit mild, morphological abnormalities are 
seen in sensory fibers in patients with MMN. Increased numbers 
of large-caliber axons with thinly myelinated fibers sometimes 
associated with minor onion bulbs are reported in sural nerve 
biopsies. Perivascular demyelination resembling the findings in 
chronic inflammatory demyelinating polyneuropathy was observed 
in a motor nerve biopsy by Kaji and colleagues. A fascicular nerve 
biopsy (Taylor and colleagues) at the site of conduction block 
showed varying degree of multifocal fiber degeneration and loss, an 
altered fiber size distribution with fewer large fibers, an increased 
frequency of remyelinated fiber and frequent and prominent regen-
erating fiber clusters. Small epineurial perivascular inflammatory 
infiltrates were observed in two nerves. However, neither segmen-
tal demyelination nor onion bulb formation was observed. The 
authors hypothesized that the antibody-mediated attack directed 
against components of axolemma at nodes of Ranvier could cause 
conduction block, transitory paranodaldemyelination and remyeli-
nation, and axonal degeneration and regeneration. 

Imaging Studies. In addition to magnetic resonance imaging 
(MRI) of the cervical spine, imaging studies of the plexus and 
individual nerves at sites of conduction block can be helpful. MR 
neurography (MRN) is a relatively new imaging technique that is 
highly sensitive in detecting lesions in the peripheral nerves. MRN 
has been used to directly image the peripheral nervous system due 
to the improved signal-to-noise ratio from dedicated surface coils 
which allows higher resolution scanning. The peripheral nerves 
are isointense on T1-weighted spin echo and slightly hyerintense 
on fat-saturated T2-weighted fast-spin echo due to the presence 
of endoneurial fluid. Peripheral nerves can be easily distinguished 
from surrounding tissue because muscle is very hypointense on 
T2-weighted scans, the inversion recovery technique suppresses 
the adipose in the neck, and vessels usually contain signal void. 
Peripheral nerve disorders from various etiologies, including 
trauma, compression, and inflammation usually result in T2 hyper-
intensity with increased nerve/muscle signal intensity ratio due to 

Figure   Example of partial motor conduction block localized to a 
50-mm forearm segment of the median nerve. The conduction velocity in 
this segment is reduced to 29 m/sec.  Sensory conduction velocity (right 
panel) in the identical segment is normal.
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increased water content in the nerves. As with conventional MRI, 
the T1-weighted sequence is useful for evaluating anatomy and the 
T2-weighted for demonstrating pathology. 

The role of musculoskeletal ultrasound in evaluation of inflam-
matory nerve lesions especially in proximal lesions is still in an 
investigational phase. 
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Treatment

James W. Albers, MD, PhD

Observations in the late 1980s identified MMN as a variant of 
chronic inflammatory demyelinating polyneuropathy (CIDP). 
However, the lack of response to corticosteroids or therapeutic 
plasma exchange, both established treatments for CIDP, suggested 
that the pathophysiology of MMN differed from CIDP. This 
perception was supported by the abrupt deterioration of strength 
sometimes observed in MMN during corticosteroid treatment. 
MMN nevertheless appears to be an immune-mediated disorder 
with between 30% to 80% of patients having elevated serum 
immunoglobulin M (IgM) GM1 antibody levels.1 Reports of 
improvement in MMN in response to cyclophosphamide or in-
travenous immunoglobulin (IVIg) initially appeared in the form 
of case reports and uncontrolled case series. The improvement was 
described as transient, and prolonged or sustained improvement 
required ongoing interval treatment. MMN treatment protocols 
have undergone a series of structured reviews during the past five 
years, including two Cochrane reviews.1,2

IVIg Efficacy. The initial reports that MMN responded to IVIg 
appeared supported by case series and uncontrolled open trials that 

appeared in the 1990s. Typical IVIg protocols consisted of an initial 
course (0.4 g/kg for 5 days) followed by interval infusion (0.4 g/kg) 
every week for a period of time. The frequency and dosage of in-
terval maintenance therapy was highly variable and based on indi-
vidual patient response (e.g., infusion of less than 0.2-0.4 g/kg once 
per week to every 2 months). When the collective evidence was 
formally examined in the first Cochrane review, however, review-
ers concluded that the evidence was insufficient to draw scientific 
conclusions, as there were no randomized controlled trials (RCTs), 
the gold standard for demonstrating efficacy, to indicate whether 
immunosuppressive agents were efficacious in MMN.2 

A subsequent Cochrane review identified four randomized con-
trolled trials (RCTs) (totaling 34 patients) suitable for systematic 
review. They included all brands of any IVIg dose compared with 
placebo or any other treatment. Outcome measures included the 
proportion of subjects showing significant improvement in disabil-
ity between 2 and 4 weeks after the last treatment and compared 
to baseline, a time thought to reflect these patients’ best treatment 
responses, recognizing that immunomodulating treatments do not 
eradicate MMN, and that periodic infusions are required, often 
indefinitely. Secondary outcome measures included: (1) the pro-
portion of patients showing significant improvement in strength, 
the mean change in muscle strength, (2) the proportion of patients 
with a sustained significant improvement in disability at greater 
than or equal to 12 months, (3) the proportion of patients in 
which at least one conduction block had resolved between 2 and 
4 weeks after the last treatment and compared to baseline, and (4) 
the frequency of adverse effects attributable to treatment. Overall, 
the combined results showed that strength improved in nearly 4 
of 5 patients (78%) treated with IVIg vs 4% of placebo-treated 
patients.1 Although measures of disability improved in 39% of pa-
tients after IVIg treatment versus 11% after placebo, the difference 
was not statistically significant. The reviewers concluded that the 
evidence from RCTs, although limited, showed that treatment of 
MMN with IVIg had a beneficial effect on strength. 

Other reviewers came to conclusions similar to those of the 
Cochrane reviewers. Namely, IVIg represents first-choice therapy 
in MMN, a disorder for which steroids and plasma exchange are 
ineffective or even detrimental. Further, almost 80% of patients 
improve with IVIg, the efficacy of which has been shown in various 
open trials and confirmed by four RCTs.3 The initial improvement 
induced by IVIg is generally rapid, although unsustained and 
usually lasts only a few weeks. Sustained improvement required 
periodic IVIg infusions for long periods, if not indefinitely, and, 
although other immune-modulating medications have been used 
to reduce the frequency or improve the effectiveness of IVIg, their 
efficacy has not been confirmed in randomized trials.3,4

Adverse Effects and Cost. The long duration of IVIg treatment 
that is required by most MMN patients makes it important to con-
sider treatment side-effects and cost. Adverse events are common, 
but the majority are minor and mostly asymptomatic laboratory 
changes.1 Other adverse events include skin rash and infusion- 
rate-related headache, myalgia, or fever, and aseptic meningitis. 
More severe but uncommon complications include deep vein 
thrombosis, thromboembolic events, and renal tubular necrosis. 
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IVIg is an expensive therapy, although less expensive immune-
modulating or immunosuppressant treatments generally cause sub-
stantially more long-term side effects.5

Alternative Treatments. IVIg is ineffective in approximately 20% 
of patients with otherwise typical MMN. There are anecdotal case 
reports of patient responses to other forms of adjunctive immuno-
suppressive therapies, such as cyclophosphamide or methotrexate. 
Despite being considered standard practice by some experienced 
neuromuscular clinicians, none of the adjunctive therapies have 
shown efficacy in RCTs. For example, one of the Cochrane review2 

of MMN included corticosteroids, plasma exchange, azathioprine, 
cyclophosphamide, cyclosporin, ciclosporin, methotrexate, and 
mycophenolate, interferon, total lymphoid irradiation, or bone 
marrow transplantation as search terms. The reviewers found no 
RCTs to indicate whether these immunosuppressive agents are 
beneficial in MMN.
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AFTER COMPLETION OF THIS ACTIVITY
Neuromuscular Update Course I 

ACTIVITY AND FACULTY EVALUATION

On the Scantron Sheet provided rate how well you perceived the activity to have met your expectations using the following scale for 
questions 10-19.  For questions 20 and beyond, use the scale provided under the question.

A. Extremely      

B.   Somewhat      

C.   Very Little      

D.   Not at all

This CME activity:

 10. Addressed my most pressing questions.

 11. Addressed competencies identified by my specialty.

 12. Provided fair and balanced content.

 13. Provided clear evidence to support content.

 14. Included opportunities to learn interactively from faculty and 
participants.

 15. Provided me with supporting materials or tools for my office (re-
minders, patient materials, etc.)

 16. Included opportunities to solve patient cases.

 17. Translated trial data to patients I see in my practice.

 18  Addressed barriers to my optimal patient management.

 19. Improved my knowledge/ability in the objectives outlined?

 20.  Will you incorporate new elements presented in this educational 
session into your practice to improve patient care?
A.  Already do this.
B.  Yes.
C.  No. 
D.  Not applicable to my patients.

 21.  After attending this session, do you expect your management 
strategies in this clinical area to change within the next 6 months?
A. Definitely will change.
B.  Possibly will change. 
C.  Definitely will not change.

   Written comments can be provided on page 31.
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 22. How would you rate the quality of instruction received during  
Dr. Phillips’ presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 24. Did you perceive any commercial bias in Dr. Phillips’ presenta-
tion?
A. Yes.
B. No.

 25. How would you rate the quality of instruction received during  
Dr. Dyck’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 27.  Did you perceive any commercial bias in Dr. Dyck’s presentation?
A. Yes.
B. No.

 28. How would you rate the quality of instruction received during  
Dr. Burns’ presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

30. Did you perceive any commercial bias in Dr. Burns’ presentation?
A. Yes.
B. No.

 31. How would you rate the quality of instruction received during  
Dr. Lacomis’ presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 33. Did you perceive any commercial bias in Dr. Lacomis’ presenta-
tion?
A. Yes.
B. No.

34. How would you rate the quality of instruction received during  
Dr. Levin’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 35. Did you perceive any commercial bias in Dr. Levin’s presentation?
A. Yes.
B. No.

36. How would you rate the quality of instruction received during  
Dr. Albers’ presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 37. Did you perceive any commercial bias in Dr. Albers’ presenta-
tion?
A. Yes.
B. No.

38. How would you rate the quality of instruction received during  
Dr. Chaudhry’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 39. Did you perceive any commercial bias in Dr. Chaudhry’s presenta-
tion?
A. Yes.
B. No.

40. How would you rate the quality of instruction received during  
Dr. Wolfe’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 41. Did you perceive any commercial bias in Dr. Wolfe’s presenta-
tion?
A. Yes.
B. No.

42. How would you rate the quality of instruction received during  
Dr. Lewis’ presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 43. Did you perceive any commercial bias in Dr. Lewis’ presentation?
A. Yes.
B. No.
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CME SELF-ASSESSMENT TEST

Select the ONE best answer for each question.

44. Causes of lumbosacral plexopathy include:
A.  Neurofibromas.
B.  Schwannomas.
C.  Lymphoma.
D.  All of the above.

45. The most important tool for the evaluation of a possible lum-
bosacral plexopathy is a thorough and accurate history.
A.  True.
B.  False.

46.  A 9-year-old girl develops rapidly progressive quadriparesis, bulbar 
weakness, and respiratory insufficiency over a 2-day period of time. 
The EMG findings show only low amplitude compound muscle 
action potential responses and mild prolongation of distal laten-
cies. The appropriate approach would be to:
A.  Begin intravenous immunoglobulin (IVIg) treatment.
B.  Begin plasmapheresis treatment.
C.  Search the scalp for a tick.
D.  Administer parenteral pyridostigmine.

47. Potential risks of IVIg therapy include:
A.  Anaphylaxis in immunoglobulin A deficient patients.
B.  Stroke or heart attack due to increased intravascular viscosity.
C.  Headache or meningismus.
D.  All of the above.

48. Which of the following states is least likely to cause combined 
upper and lower motor neuron involvement?
A. Cobalamin deficiency.
B. Vitamin E deficiency.
C. Galactocerebroside beta-galactosidase deficiency.
D. Zinc deficiency.

49. Which of the following is true regarding hereditary spastic parapa-
reses?
A. Prominent sensory deficits are commonplace.
B. Inheritance patterns are always autosomal recessive or auto-

somal dominant.
C. Symptom onset may range from early childhood to adult-

hood.
D. Peripheral neuropathy is rarely seen in these disorders.

50.  In multifocal motor neuropathy:
A.  Conduction block may not be identified.
B.  Elevated GM1 antibody titers may not be identified.
C.  Sensory responses are normal.
D.  All of the above.

51. Multifocal motor neuropathy with conduction block is mostly 
likely to respond to: 
A.  Corticosteroids.
B.  IVIg.
C.  Plasmapheresis.
D.  Cyclophosphamide.
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COMMENTS

Write out any additional comments about specific courses or the plenary session (please indicate which), and list suggestions for topics 
and speakers for future meetings. Leave at the AANEM Registration and Information Center or mail to the AANEM Executive Office 
at 2621 Superior Drive NW, Rochester, MN 55901.
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from patient assessment and differential diagnosis to the electrodiagnostic (EDX) evaluation. After attending this course, the participant 
will gain (1) improved clinical skills and strategies, including the judicious and selective application of  EDX studies, in assessing the patient 
with generalized weakness and/or fatigue; (2) improved understanding of  the clinical assessment and EDX evaluation of  the patient who 
presents with focal sensory and/or motor impairment due to an entrapment mononeuropathy; (3) improved understanding of  the dif-
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 A. Extremely      

 B.  Somewhat      

 C. Very Little      

 D. Not at all

It is important that the CME activity:

 1. Address my most pressing questions.

 2. Address competencies identified by my specialty.

 3. Provide fair and balanced content.

 4. Provide clear evidence to support content.

 5.  Include opportunities to learn interactively from faculty and par-
ticipants.

 6. Provide me with supporting materials or tools for my office (re-
minders, patient materials, etc.).

 7. Include opportunities to solve patient cases.

 8.  Translate trial data to patients I see in my practice.

 9. Address barriers to my optimal patient management.

Pre-activity Questions 

BEFORE YOU BEGIN THIS ACTIVITY
We need your feedback in order to improve future educational activities. 

On the scantron sheet provided, please rate how important each of the   
following aspects of the CME activity are to you using this scale:

Fi
ll 

in
 an

sw
er

s h
ere

Instructions for 
filling out  

your parSCORE 
sheet
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fill in your answers 
beginning with ques-
tion #1.

After completion of 
this activity, go to the 
back of the book and  
fill in your answers 
beginning with ques-
tion #10.

Complete the questions at the back of 
 the book following this activity.
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Case Description

Gil I. Wolfe, MD 
Anthony A. Amato, MD

A 66-year-old woman presented to the neuromuscular clinic with a 
16-year history of eyelid drooping. Five years earlier, blepharoplasty 
was attempted which was not particularly helpful. For several years 
she noted occasional difficulty swallowing solid food, as if “some-
thing is stuck in my throat.” She denied diplopia, limb weakness, 
or numbness. Three years prior to her clinic visit she was diagnosed 
with myasthenia gravis (MG). She does not recall undergoing an 
edrophonium challenge, but the few times she tried pyridostigmine 
at typical doses of 60 mg three or four times daily there was no 
improvement. She denied an element of fatigue during the course 
of the day or with exertion. Past history was notable for Bell’s palsy 
that completely resolved and hypertension. Social history was unre-
markable without tobacco or ethanol abuse. There were no human 
immunodeficiency virus or toxin exposures.

Family history was notable for the patient’s father, paternal grand-
father, and paternal great-grandfather developing ptosis around 
the age of 50 years. Her father had undergone surgical correction 
for ptosis. Several paternal uncles and great-uncles had similar 
symptoms. Photographs of these relatives showed evidence for 

ptosis. None of these relatives had weakness requiring wheelchair 
support.  

Examination. Mental status was normal. On cranial nerve exami-
nation, severe bilateral ptosis was present (palpebral fissure aperture 
4 mm on the right, 3 mm on the left). There was horizontal gaze 
paresis for both eyes, but no diplopia. Facial strength was normal. 
On motor testing, neck flexion was 4+, and proximal arm and 
leg muscle strength was 4 to 5-. Tendon reflexes were normal in 
the limbs and at the jaw. Sensation to all modalities was intact. 
Coordination and gait testing was normal. 

Prior Studies. Prior testing showed the following negative antibody 
serologies: Acetylcholine receptor (AchR) binding, SSA, SSB, pa-
rietal cell, ribosomal, mitochondrial, myocardial, smooth muscle, 
striated muscle. Antinuclear antibodies (ANAs) were 1:640. 

Current Studies. Erythrocyte sedimentation rate (ESR), creatine 
kinase (CK), lactate, full AchR antibody profile, free T4, thyroid 
stimulating hormone, and B12 tests were performed. All were nega-
tive/normal. CK was 95 U/L, serum lactate 0.7 mmol/L, and the 
blocking and modulating acetylcholine receptor antibodies were 
0%. Three hertz repetitive stimulation studies recording from both 
nasalis muscles and the right trapezius showed no significant dec-
rement. Needle electromyography (EMG) of the right biceps and 
iliopsoas showed showed small amplitude motor unit potentials 
with short duration in the biceps. Recruitment patterns were in-
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creased in these two muscles. Other proximal muscles were graded 
as normal. 

Differential Diagnosis and 
Management

Gil I. Wolfe, MD 
Anthony A. Amato, MD

Myasthenia Gravis. MG is not uncommon with a prevalence as 
high as 2 to 7 per 10,000 population.1 There is a slight female 
predominance of 3:2, although males predominate in older age 
groups. The disease can arise at any age, but peaks are observed 
in the 3rd and 6th decade. MG is characterized by weakness and 
fatigability of ocular, bulbar, and extremity skeletal muscle. The 
ocular manifestations are ptosis and diplopia, whereas the bulbar 
manifestations are dysarthria, dysphagia, and dyspnea. Proximal 
limb muscles tend to be weaker than distal ones. While classically 
there is worsening with fatigue, stress, or during the later hours of 
the day, temporal symptoms are not always elicited. 

Although the patient had been previously diagnosed with MG, 
several aspects of her history and examination are not supportive. 
There is no element of fatigue, AchR antibodies were negative (she 
has dysphagia so she is not purely ocular), there was no response 
to pyridostigmine, and repetitive stimulation studies were negative. 
Myopathic motor unit potentials can be seen in MG, but in most 
cases should raise the possibility of another explanation. Another 
test to consider is checking anti-muscle specific receptor tyrosine 
kinase (MuSK) antibodies. One form of MuSK MG has prominent 
oculobulbar involvement.2 This assay was not done, however, given 
the lower suspicion for MG based on the other studies. Table 1 
summarizes immunomodulatory therapies for MG. 

Lambert-Eaton Myasthenic Syndrome. Lambert-Eaton myas-
thenic syndrome (LEMS) begins gradually and is characterized by 
fatigability and weakness in a limb-girdle distribution. Unlike MG, 
patients may note that the weakness is worse soon after awakening, 
and better later in the day. While exercise can transiently improve 
strength, persistent exertion causes fatigue. Cranial nerve and re-
spiratory involvement is less common than in MG. Up to 50% of 
patients can have mild degrees of ptosis, diplopia, dysphagia, and 
dysarthria. Patients also have autonomic involvement including 
dry mouth and eyes, impotence, blurred vision, and orthostasis.3 
On examination, there is a limb-girdle pattern of weakness and 
reduced or absent deep tendon reflexes. A malignancy is present in 
approximately 50% of adult LEMS patients. The tumor is usually 
a small-cell carcinoma of the lung, but other malignancies such as 
renal cell carcinoma and hematologic tumors occur. Malignancy is 
more common in men than in women, and is more likely in the 
setting of chronic smoking or after age 50 years. 

LEMS would seem unlikely in this case. The history reveals no 
autonomic involvement and reflexes were normal on examination. 

With low-rate repetitive stimulation, LEMS patients typically show 
a decremental response (Figure 1), a finding absent in this patient. 
Neither high-rate repetitive stimulation or voltage-gated calcium 
channel (VGCC) antibodies were assessed in this case, as LEMS 
did not seem likely. 

Upon confirmation of a diagnosis of LEMS, an extensive search for 
an underlying malignancy is imperative. This should begin with 
radiologic studies and may require bronchoscopy. Initial treatment 
should be directed against the malignancy, as this may improve 
neurologic manifestations. Clinical experience suggests that im-
munotherapy without directed treatment of the underlying cancer 
produces little clinical benefit. When no malignancy is found, 
repeat screening every 6 to 12 months is advised. In general, a trial 
of pyridostigmine is the first pharmacologic intervention, although 
it is often of limited benefit. Ideally, drugs that enhance the pre-
synaptic release of ACh vesicles should be used. Guanidine hydro-
chloride is the oldest drug in this group and has been beneficial in 
some LEMS patients, but sides effects including bone marrow de-
pression, renal failure, gastrointestinal distress, ataxia, hypotension, 
paresthesias, confusion, dry skin, and atrial fibrillation are prohibi-
tive. 3,4-diaminopyridine (3,4-DAP) increases the duration of the 
presynaptic action potential by blocking outward potassium efflux. 
This indirectly prolongs the activation of VGCC and increases 
calcium entry in nerve terminals. More than 85% of patients expe-
rience significant clinical improvement with 3,4-DAP.3 Most toler-
ate the drug well, and side effects such as paresthesias tend to be 
minor. There is a risk of seizures when daily doses exceed 100 mg. 
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Figure 1 Repetitive stimulation of the ulnar nerve in LEMS. At 3 Hz, a 
32% decrement is recorded (A). After brief exercise, the motor amplitude 
demonstrates a 220% increment over baseline (B). High-rate repetitive 
stimulation at 50Hz demonstrates an increment of 195% (C).



Usually doses up to 20 mg three times per day are used. There are 
only a few clinical studies of immunosuppressive therapy in LEMS. 
Aggressive immunotherapy is easier to justify in LEMS patients 
without cancer, as there is concern that such agents may adversely 
impact immunosurveillance for malignant cells. Plasmapheresis, 
intravenous immunoglobulin (IVIg), corticosteroids, and azathio-
prine can be effective in both neoplastic and non-neoplastic LEMS. 
In general, the regimens and doses outlined for MG (Table 1) can 
be applied to LEMS. 

Mitochondrial Myopathy. Mitochondrial myopathies are a 
complex group of disorders resulting from mitochondrial dys-
function. Mitochondrial disorders include defects proximal or 
within the respiratory chain. Molecular defects can either involve 

mitochondrial (mtDNA) or nuclear (nDNA) DNA. Of note, most 
components of the electron transport chain are encoded by nDNA. 
It is also becoming clear that some nDNA mutations impair the 
replication and expression of mitochondrial genes; that is, they 
produce disease through disruptive intergenomic communication. 
The peculiar properties of mitochondrial genetics augment the 
complexity of phenotypic expression, as the degree of heteroplasmy 
of mtDNA mutations can differ between tissues. Furthermore, 
some tissues are more susceptible to mitochondrial dysfunction 
than others. Major mitochondrial syndromes are summarized in 
Table 2. In general, mitochondrial myopathies are slowly progres-
sive with limb-girdle weakness and exercise intolerance. Short 
stature, ocular involvement and hearing loss are common features. 
Serum or cerebrospinal fluid lactate levels may be elevated at rest 
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Table 1.  Immunomodulatory Therapies for MG   
Agent 
(Trade names) 

Initial dose Maintenance 
dose 

Onset of 
Action 

Major Adverse 
Events 

Lab 
Monitoring 

Comments

Prednisone 15-20 mg qd, 
increasing by 
5 to 10 mg 
q2-3 days  

1.5 mg/kg a 
day, followed 
by slow 
alternate day 
taper (taper by 
5-10 mg a 
month)

2-4 weeks HTN, diabetes, 
weight gain, 
bone loss, 
cataracts, GI 
ulcers,
psychologic 
disorders 

K+, glucose 
every few 
months;
bone density 
monitoring  

Administer in 
single am dose; if 
starting with high 
doses (1.5 
mg/kg) watch for 
early worsening 
seen in up to 1/2 
of pts 

Azathioprine  
(Imuran)

50 mg qd Increase by 50 
mg increments 
q 2-4 weeks to 
target of 2-3 
mg/kg

2-10
months for 
initial 
response.
Up to 24 
months for 
peak

Fever,
abdominal pain, 
n/v, anorexia, 
leukopenia, 
hepatotoxic, 
skin rash 

CBC, LFTs 
2-4 times in 
first month, 
then monthly 

10% of patients 
cannot tolerate 
because of flu-
like reaction; 
major drug 
interaction with 
allopurinol 

Cyclosporine 
(Sandimmune,
Neoral, Gengraf) 

100 mg bid Increase 
slowly as 
needed to 3-6 
mg/kg on bid 
schedule 

1-3
months

Hirsuitism,
tremor, gum 
hyperplasia,  
HTN, 
hepatotoxic, 
nephrotoxic 

CBC, LFTs, 
BUN/Cr
monthly. 
Follow 
trough drug 
levels

Bioequivalence 
differs between 
preparations; 
avoid brand 
switching when 
possible 

Mycophenolate 
(CellCept) 

250 to 500 
mg bid 

1000 to 1500 
mg po bid 

2-12
months

Diarrhea, 
vomiting,
leukopenia 

CBC weekly 
for 4 weeks, 
q2 weeks for 
4 weeks, 
then monthly 

Diarrhea may 
resolve by switch 
to tid dosing 

Cyclophos-
phamide 
(Cytoxan) 

3-5 mg/kg a 
day.  Can be 
preceded by 
intravenous 
pulse 

2-3 mg/kg a 
day 

2-6
months

Alopecia, 
leukopenia, 
nausea and 
vomiting, skin 
discoloration, 
anorexia 
hemmorh- 
agic cystitis,  
malignancy 

CBC,
chemistry 
panel, 
urinalysis 
every 2-4 
weeks  

Intravenous 
pulse therapy 
may be less toxic 

Tacrolimus/FK-
506
(Prograf)

3 mg a day Increase up to 
5 mg a day 

1-3
months

Hypergly-cemia, 
hypertension, 
headache, 
hyperkalemia, 
nephrotoxicity, 
diarrhea, 
nausea and 
vomiting

BUN/Cr,
glucose, 
potassium, 
trough levels  
every few 
weeks 
initially, then 
less
regularly 

Insulin-
dependent 
diabetes mellitus 
developed in 
20% of post-
renal transplant 
patients. 
Trough levels<10 
ng/ml have been 
effective in MG 

IVIG
(Gamimune N, 
Gammagard, 
Gammar-P,
Venoglobulin-S, 
Carimune,
Polygam) 

2 gm/kg over 
2-5 days 

0.4-1 gm/kg 
every 4 weeks; 
can attempt to 
decrease 
frequency over 
time

1-2 weeks Headache,  
aseptic
meningitis, 
nephrotoxic, 
ischemic
events, fluid 
overload 

BUN/Cr Avoid in patients 
with recent 
ischemia 

Lambert-Eaton Myasthenic Syndrome (LEMS):  LEMS begins gradually and is 
characterized by fatigability and weakness in a limb-girdle distribution.  Unlike 
MG, patients may note that the weakness is worse soon after awakening, and 
better later in the day.  While exercise can transiently improve strength, 
persistent exertion causes fatigue.  Cranial nerve and respiratory involvement is 
less common than in MG.  Up to 50% of patients can have mild degrees of 
ptosis, diplopia, dysphagia and dysarthria.  Patients also have autonomic 
involvement including dry mouth and eyes, impotence, blurred vision, and 



or after exertion. In many mitochondrial myopathies, muscle fibers 
contain increased numbers of structurally and functionally abnor-
mal mitochondria. These accumulations produce the "ragged-red" 
appearance on trichrome-stained sections. Other morphologic 
abnormalities include reduced staining on cytochrome-c oxidase 
and succinate dehydrogenase preparations. For definitive diagnosis, 
genetic analysis is available commercially for some of the mtDNA 
disorders, including Kearns-Sayre syndrome, progressive external 
ophthalmoplegia, myoclonic epilepsy with ragged red fiber, and 

mitochondrial encephalomyopathy, lactic acidosis, and stroke-like 
episodes.

Although the patient’s oculobulbar presentation is not atypical for a 
mitochondrial disorder, serum lactate was not elevated, and family 
history negated a maternal inheritance pattern one would suspect 
in a mtDNA disorder. The absence of limb-girdle weakness and 
system features also argue against a mitochondrial myopathy. 

4 Weakness with Ocular and Bulbar Distribution AANEM Course

Syndrome DNA mutation Age of onset/ 
inheritance 

Distinctive clinical features Laboratory features 

PEO mtDNA 
Single or multiple 
deletions. 
Point mutations in 
tRNA

Childhood/ 
Maternal in tRNA 
point mutations,  
AD pattern if 
multiple deletions 

Ptosis, external ophthalmoplegia, 
variable limb-girdle weakness 

Ragged red fibers 

KSS mtDNA Deletions, 
duplications 

< 20 years/ 
Sporadic 

Triad of ophthalmoplegia, 
pigmentary retinopathy and early 
onset. 
Others: cardiac conduction 
defects, ataxia 

Elevated CSF protein 

MERRF mtDNA  
tRNA Lys

Childhood to early 
adulthood/ 
Maternal 

Seizures, myoclonus, ataxia, 
hearing loss, optic atrophy, 
dementia, neuropathy, lipomas 

Lactic acidosis, ragged 
red fibers 

MELAS mtDNA  
tRNA Leu

Usually < 40 years/ 
Maternal 

Normal early development, 
migraine-like headaches, vomiting 
episodes (2 of 3 should be present 
for diagnosis). 
Others: stroke, dementia, hearing 
loss 

Lactic acidosis, ragged 
red fibers 

mtDNA point mutations mtDNA 
Various point 
mutations 

Childhood to young 
adulthood/ 
Maternal  

Variable multisystemic and CNS 
involvement 

Variable features on 
muscle biopsy, some 
with classic 
mitochondrial pattern 

mtDNA depletion 
syndromes 

nDNA Infancy/ 
Autosomal
recessive 

Generalized hypotonia, 
cardiomyopathy, renal tubular 
defects, seizures, hepatic 
dysfunction 

Ragged red fibers, 
cytochome-c oxidase-
deficient fibers 

Leigh syndrome nDNA 
Complex I and II 
gene mutations 

Infancy to early 
childhood/ 
Various inheritance 
patterns 

Altered mental status, generalized 
hypotonia, vomiting, ataxia, ptosis, 
ophthalmoplegia, seizures, 
cardiomyopathy 

Lactic acidosis, 
cytochome-c oxidase-
deficient fibers 

MNGIE nDNA defect 
(thymidine 
phosphorylase 
gene) resulting in 
multiple mtDNA 
deletions or mtDNA 
depletion 

Infancy to 
adulthood/ 
Autosomal
recessive 

Neuropathy, leukoencephalopathy, 
intestinal pseudo-obstruction, 
ptosis, ophthalmoplegia, distal and 
proximal weakness 

Lactic acidosis, 
elevated CSF protein, 
white matter changes 
on head MRI, 
cytochome-c oxidase-
deficient fibers 

Table 2. Major Mitochondrial Syndromes

Key: PEO, progressive external ophthalmoplegia; KSS, Kearns-Sayre syndrome; MERRF, myocolonic epilepsy and ragged red fibers; MELAS, mitochon-
drial encephalomyopathy with lactic acidosis and strokelike episodes; MNGIE, mitochondrial neurogastrointestinal encephalomyopathy



Treatment of mitochondrial disorders includes management of 
cardiac complications and anticonvulsant therapy for patients with 
seizures.4 Many clinicians recommend a battery of supplements 
and anti-oxidants including vitamins A, C, and E, coenzyme Q10, 
L-carnitine, and creatine. Exercise training may also play a role in 
management as it increases peak work, oxidative capacities, and 
functional performance.5 

Hereditary Inclusion Body Myositis. Hereditary inclusion body 
myositis (h-IBM) is an autosomal dominant form of h-IBM 
(h-IBM type 3; OMIM 605637) associated with myosin heavy 
chain IIa gene mutations and is characterized clinically by mild to 
severe proximal weakness and external opthalmoplegia.6 Extraocular 
weakness typically begins with an upgaze paresis and progresses to 
involve other eye movements. Quadriceps may be severely af-
fected with atrophy and weakness. Congenital joint contractures 
are present but tend to improve over time. Serum CK levels may 
be normal in children, and are mildly to moderately elevated (up 
to 10 times normal) in adults. Myopathic features are present on 
electromyography. Histopathologic findings on muscle biopsy 
demonstrate hypotrophic or absent type 2A fibers, nonspecific 
myopathic features including marked variability of fiber size and 
central nuclei, and disorganization of the intermyofibrillar network 
in type 2A fibers. Rimmed vacuoles are present in more severely 
affected biopsies with neighboring tubulofilamentous inclusions 
of 15-20 nm diameter. As with other forms of h-IBM, there is no 
definitive therapy for h-IBM type 3. 

Oculopharyngeal Muscular Dystrophy. Oculopharyngeal mus-
cular dystrophy (OPMD) is a late (usually after the 5th decade) 
adult-onset disease characterized by ptosis, dysphagia, external 
ophthalmoplegia, and mild proximal limb weakness. In North 
America, French Canadians in Quebec, and Spanish-American 
families in New Mexico, Colorado, and Arizona are commonly af-
fected ethnic groups. On muscle biopsy, rimmed vacuoles are seen 
on light microscopy and unique nuclear filament inclusions of 8.5 
nm diameter on electron microscopy. Autosomal dominant and re-
cessive forms are recognized, with both inheritance patterns related 
to polyadenylate-binding protein nuclear 1 (PABPN1) gene defects 

on 14q11. GCG trinucleotide repeat lengths greater than 6 are 
abnormal. Molecular testing is commercially available. Polyalanine 
tract expansions produced by the gene mutation accumulate into 
undegradable intranuclear inclusions that are believed to sequester 
other nuclear proteins and interfere with cellular processes.7 

Diagnostic Study.  A GCG9 repeat expansion of the PABPN1 
gene was found. The other allele was normal, confirming the clini-
cal suspicion of autosomal dominant OPMD. 

Management. Bilateral ptosis repair through the ophthalmology 
department improved the patient’s appearance and function sig-
nificantly. Dysphagia has remained fairly mild and the patient has 
received speech therapy guidance on swallowing techniques, and 
feeding tube placement has not been required to this point. 
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Case Description

Yadollah Harati, MD

The patient is a 32-year-old woman who was seen for progressive 
muscle weakness since the age of 27. Prior to that age she was active 
in sports and had no medical illnesses.

Three months after her 27th birthday she noted progressive dif-
ficulty in climbing stairs, and approximately 9 months later she 
developed difficulty reaching up to shelves, and carrying heavy 
objects. She was told by family members that her calves “appeared 
bigger than before.” At age 28 she began to experience pain in the 
calf muscles following 10 to 15 minutes of fast walking. At age 29, 
because of an elevated serum creatine kinase (CK) (6000 U/L) and 
polyphasic small motor action unit potentials on electromyography 
(EMG), she had a muscle biopsy of the vastus lateralis muscle in 
another institution which showed myopathic changes and focal 
areas of inflammation consisting of T-cells. A diagnosis of polymyo-
sitis was made and she was treated with high-dose corticosteroids 
(prednisone, 80 mg per day) for 3 weeks and a subsequent slow 
taper to every other day treatment. This resulted in a reduction 
of serum CK to 4000 U/L levels in 3 months, but no appreciable 
improvement in strength. Trials with intravenous immunoglobulin 
(IVIg), azathioprine, and three courses of cyclophosmamide were 
of no benefit. She was then referred for further management of 
“refractory polymyositis.”

History and Examination. The patient was the only child of ap-
parently healthy parents. Her mother, 57 years old, was told 10 

years earlier that her serum CK was “high.” This was attributed to 
rigorous exercise.

Examination of the patient revealed proximal more than distal 
weakness (3+/5 versus 4/5), preserved but depressed reflexes, mild 
atrophy of quadriceps muscles, but no calf muscle enlargement, 
winging of the scapula, contractures, and neck flexor weakness. The 
muscle biopsy slides were obtained from another institution and 
reviewed. Further testing was performed.

Differential Diagnosis

Anthony A. Amato, MD

This patient developed an insidious onset of progressive, proximal 
greater than distal muscle weakness over a 5-year period. The dif-
ferential diagnosis of chronic progressive “limb-girdle” weakness is 
quite large (Table 1) and includes disorders of the motor neurons, 
peripheral nerves, neuromuscular junction, and the muscle. In 
general, when such patients are seen in the clinic, the first step is 
to localize the site of the lesion. Sometimes it is clinically obvious 
(e.g., a patient with fatiguable ptosis and extraocular weakness is 
almost always going to be a neuromuscular junction disorder with 
mitochondrial myopathies being exception). Marked atrophy with 
fasciculations would point to a form of motor neuron disease, while 
sensory and autonomic involvement would point to a peripheral 
neuropathy. Laboratory tests that are useful are the serum CK level 
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and of course electrodiagnostic testing. A mildly elevated serum CK 
can be seen in motor neuron disease and severe acute neuropathies 
but a very high CK suggests a myopathy. 

It is fortunate that the results from the patient’s workup are already 
known. The myopathic changes on EMG but more notably the 
markedly elevated serum CK in this patient (i.e., 6000 U/L) assures 
the physician that it is a myopathy. These tests do not reveal the 
exact type of myopathy the patient has, but they do exclude a 

number of myopathies that have normal or mild CK elevations 
(e.g., endocrine myopathies, congenital myopathies, channelopa-
thies). The most common myopathies occurring in young adults 
with a limb-girdle pattern of weakness and markedly elevated 
serum CKs would be a primary inflammatory myopathy (e.g., der-
matomyositis or polymyositis) or a limb-girdle muscular dystrophy 
(LGMD). A toxic myopathy also needs to be considered (the most 
common being due to statin agents), but the patient apparently 
has not been taking any potentially myotoxic medications. Also, 
adult-onset Pompe disease should be considered in the differential 
diagnosis of a patient with a limb-girdle pattern of weakness as 
enzyme replacement therapy is now available (the physician should 
not miss a potentially treatable disease). However, the patient’s CK 
is too high for most adult-onset Pompe disease.

Could the patient have a primary inflammatory myopathy? The 
lack of a rash after 5 years, the nonspecific myopathic features, and 
poor response to immunotherapies would make dermatomyositis 
very unlikely. Polymyositis does occur, but it is over-diagnosed. 
Many patients with polymyositis have other systemic features (e.g., 
arthrititis, skin changes) or laboratory features (e.g., antinuclear 
antibody) of other connective tissue diseases. None of these fea-
tures exist in this patient. Importantly, the lack of any objective 
clinical response to various forms of immunotherapy makes poly-
myositis much less likely. Most patients seen in clinic who have 
been given a diagnosis of polymyositis have some other myopathy, 
the most common being inclusion body myositis (IBM), LGMD 
with inflammation, or proximal myotonic myopathy (PROMM)  
(Table 2). This patient is too young and the CK is too high for IBM 
or for PROMM. 

This leaves a form of LGMD. It is not uncommon for inflamma-
tory cell infiltrates to be present on muscle biopsies in patients with 
various forms of dystrophy. The most prominent infiltrates are seen 
in patients with dysferlinopathy and facioscapulohumeral muscular 
dystrophy (FSHD). This patient does not have the typical pattern 
of weakness for FSHD, but sometimes this disorder can present 
with a limb-girdle pattern. However, her CK is too high. Other 
more common causes of LGMD are discussed below.

Calpainopathies (LGMD2A) can be associated with inflamma-
tory cell infiltrate. In particular, there have been several reports of 
patients misdiagnosed with eosinophilic polymyositis who instead 
had LGMD2A. This patient does not have scapular winging that is 
typically associated with LGMD2A, but this would not exclude the 
diagnosis. Patients with LGMD2A do not usually have calf hyper-
trophy which helps distinguish this dystrophy from many, but not 
all, of the other types of LGMD. LGMD2A is the most common 
form of LGMD in patients from Italy, Spain, and Brazil. 

The most common form of LGMD in patients from a northern 
European background is LGMD2I, caused by mutations in the 
gene that encodes for fukutin-related protein (FKRP). These pa-
tients often have pseudohypertrophy of the calves and scapular 
winging, which the patient does not have. This does not exclude 
the diagnosis, but it is less likely. Patients also often have early 
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Table 1   Differential Diagnosis of Chronic Progressive Proximal 
Weakness

Anterior Horn Cell
 Amyotrophic lateral sclerosis (usually more distal and asymmetric)
 Spinal muscular atrophy type 3
 Kennedy’s disease
Peripheral Neuropathy (most of these are usually have distal more than 
proximal weakness)
 Chronic inflammatory demyelinating polyneuropathy
 Multifocal motor neuropathy (usually asymmetric)
 Toxic neuropathies
 Neuropathy associated with systemic disorders
  Connective tissue disease (e.g., vasculitis)
  Diabetes mellitus
  Amyloidosis
 Paraneoplastic
 Carcinomatous infiltration (e.g., leukemia, lymphoma)
Neuromuscular Junction
 Lambert Eaton syndrome
 Myasthenia gravis
 Congenital myasthenia
Myopathy
 Limb girdle muscular dystrophy
 Periodic paralysis
 Electrolyte imbalance 
 Endocrinopathies
 Inflammatory myopathies
  Dermatomyositis
  Polymyositis
  Infectious myositis
  Inclusion body myositis 
 Toxic myopathies
 Metabolic myopathies
  Glycogen and lipid disorders in association with 
  myoglobinuria



involvement of respiratory and cardiac muscles. It is not known if 
the patient has had pulmonary function tests or electrocardiogram/
echocardiogram but these tests should be performed.

Dysferlinopathies are not uncommonly misdiagnosed as polymyo-
sitis because of the prominent inflammatory infiltrate that can be 
seen on the biopsy. Dyspherlinopathies can manifest as a limb-girdle 
dystrophy or a distal myopathy. The most common pattern is that 
of Miyoshi myopathy in which there is early atrophy and weakness 
of the calf muscles. This contrasts with most LGMDs that have 
calf pseudohypertrophy. Rare patients with dysferlinopathy present 
primarily with anterior tibial weakness. Of the LGMDs, approxi-
mately 7% are dysferlinopathies (LGMD2B). There is typically no 
scapular winging. Even if the patients are not weak, one still often 

finds atrophy of the gastrocnemius, particular the medial aspect, in 
patients with LGMD2B. However, there are reports that early in 
the course of the disorder the calves can sometimes appear enlarged. 
The family apparently felt at one time the calves may have been 
large but this was not appreciated.

After examining all of the factors it is suspected the patient has 
a form of LGMD. The most likely cause is a dysferlinopathy 
(LGMD2B), but the possibility of another form such as LGMD2A 
(calpainopathy) or LGMD2I (FKRP-opathy) would not be en-
tirely excluded. As a next step, if there is muscle tissue available, 
immunostaining for membrane attack complex (MAC) and dys-
ferlin could be performed. MAC staining of the sarcolemma of 
non-necrotic muscle fibers is a feature of inflammatory dystrophies 
(not seen in polymyositis) and in particular with dysferlinopa-
thies. Reduced sarcolemmal immunostaining for dysferlin would 
be expected with LGMD2B. Further Western blot of the muscle 
tissue for dysferlin and calpain can be performed. Of note, reduced 
calpain on Western blot can be secondary to primary dysferlinopa-
thy. If there is no muscle tissue available, a Western blot can be 
performed on peripheral monocytes for dysferlin. Finally, genetic 
testing can be performed to check for mutations in the dysferlin, 
calpain, and FKRP genes.

Evaluation

Yadollah Harati, MD

To date, 17 genetically LGMDs are recognized. Seven have an 
autosomal dominant inheritance (LGMD type 1, A to G), and 
10 are autosomal recessive (LGMD type 2, A to M). There is a 
wide heterogeneity among LGMDs and the only common clinical 
feature to all is a relatively slow progressive weakness and wasting 
of muscles of the pelvic and shoulder girdle. The profound hetero-
geneity of these disorders is attributed to the many diverse genes 
involved (at least 19) including those of muscle nuclear envelope, 
sarcomere, sarcoplasm, and sarcolemma. Of the 7 known LGMD1 
types, the gene for 3 is established while all but 1 of the causative 
genes have been identified for the 13 types of LGMD2.

The genes for the three LGMD 1 types involve myotilin (LGMD1A), 
lamin A/C (LGMD1B), and caveolin 3 (LGMD1C). Myotilin is 
a protein of the Z-band, lamin A/C of the nuclear lamina, and 
caveolin 3 of sarcolemma. Different mutations in any one of these 
proteins may also cause differing and distinct clinical presentations 
and muscle involvement contributing to the complexity, heteroge-
neity, and diagnostic difficulties of these disorders.

The recessive forms of LGMD are more common than the domi-
nant forms (more than 95%). Mutations in a variety of genes in-
volving enzymes and structural proteins of dystrophin-associated 
glycoprotein complex are responsible for their varied clinical 
presentations. A defect in the calpain-3 gene is responsible for 
LGMD2A, for a defect of dysferlin for LGMD2B, and for differ-
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Table 2   Disorders That Can Resemble But Exclude A Diagnosis 
of Polymyositis

Inclusion body myositis
Dermatomyositis sine dermatitis
Overlap syndrome (myositis with underlying connective tissue disease)*
Necrotizing myopathy associated with cancer or an underlying 
connective tissue disease*
Myositis associated with anti-Jo-1 or anti-signal recognition particle 
(SRP) antibodies**
Inflammatory myopathy associated with infections (e.g., human 
immunodeficiency virus, human T-cell lymphotropic virus type 1, 
hepatitis B/C)
Muscular dystrophies (e.g., facioscapulohumeral, congenital, 
dysferlinopathies, and other limb-girdle dystrophies)
Proximal myotonic myopathy (myotonic dystrophy type 2)
Amyloid myopathy (light chain or familial)
Metabolic myopathy with rhadomyolysis
Endocrine myopathies (e.g., hypothyroidism, hyperparathyroidism, 
diabetic muscle infarction)
Drug-induced myopathies (e.g., cholesterol lowering agents, 
cyclosporine, chloroquine, amiodarone, colchicine, D-penicillamine)
Juvenile or adult-onset spinal muscular atrophy (including Kennedy’s 
disease)
Polymyalgia rheumatica

* Many of these cases have histopathological features suggesting microangiopa-
thy with so-called pipestem capillaries or dermatomyositis (e.g., deposition of 
membrane attack complex, immunoglobulins, or complement on small blood 
vessels, or tubuloreticular inclusions in endothelial cells on electron microscopy 
with or without perivascular, perimysial inflammation). Patients with connective 
tissue disease often are weak secondary to type 2 muscle fiber atrophy second-
ary to disuse or chronic steroids

** The histopathological in muscle biopsies of patients with Jo-1 or SRP antibod-
ies is more typical of dermatomyositis rather than polymyositis

With Permission From: Amato, A. A. and R. C. Griggs (2003). "Unicorns, dragons, 
polymyositis, and other mythological beasts." Neurology 61(3):288-9.



ent members of the sarcoglycan complex (alpha, beta, gamma, and 
delta) for types LGMD2C-LGMD2F. LGMD2G and H are rare 
and caused by a defect in telethonin and TRIM32 proteins respec-
tively. LGMD2I has a highly variable age of onset, clinical presen-
tation and severity, and is caused by mutations in fukutin-related 
protein gene. A mutation in gene-encoding titin, a component of 
sarcomere, causes LGMD2J. In the rare variant, LGMD2K, the 
defective gene is POMT1 (glycosyl tranferase).

Since “limb-girdle” weakness is not unique to LGMDs, and 
LGMDs are relatively rare, other disorders such as myotonic dys-
trophy type 2, acid maltase deficiency, Becker’s muscular dystrophy, 
late onset spinal muscular atrophy, and limb-girdle myasthenic 
syndrome—all of which have similar clinical features—must be 
investigated and ruled out. The question that must always be asked 
before contemplating the diagnosis of LGMD is: “could it be some-
thing else?” The presence of contractures or spinal rigidity should 
guide the diagnosis towards other diseases such as Emery-Dreifuss 
muscular dystrophy (EDMD), especially the autosomal dominant 
form, or Bethlem myopathy. Cardiac involvement in this setting 
suggests EDMD or lamin A/C mutation (LGMD1B).

Making an exact diagnosis of specific forms of LGMD is often a 
daunting task, but there are certain clinical clues that should aid 
in a targeted diagnosis. A detailed clinical history, family history 
and examination of family members, determination of age of onset 
and mode of progression, and presence of additional features often 
helps in narrowing the differential diagnoses to a few possibilities. 
The elevation and degree of elevation of CK both help to better 
categorize the condition. Needle EMG, although always abnormal, 
rarely results in arriving at a specific diagnosis, but is essential 
to exclude other conditions like those mentioned above. Muscle 
biopsy, with the goal of performing immunostaining and immuno-
blots, is invaluable for targeting a specific diagnosis. Differing re-
gional distribution of LGMDs may assist in determining the most 
probable type of LGMD in a given population. For example, in 
some regions of northern Europe LGMD2I (fukutin-related) is the 
most common form (21%), while LGMD2B constitutes less than 
2% of patients. However, in southern Europe, LGMD2A (calpain-
opathy) and LGMD2B (dysferlinopathy) have a higher frequency 
than other forms. This epidemiological variability must be taken 
into account when evaluating patients from these populations.

In the United States, 18% of known LGMD patients have 
dysferlinopathy (LGMD2B), 15% have sarcoglycanopathies 
(LGMD2C-2F), 12% have calpainopathy (LGMD2A), and 4%  
have lamin A/C mutation (LGMD1B).

As several LGMDs have an associated cardiac involvement 
(LGMD1A, LGMD1B, LGMD2C-F and LGMD2I) a search for 
cardiac abnormalities with echocardiogram and electrocardiogram 
is essential in all patients with LGMD and can prove invaluable 
in applying appropriate therapeutic interventions. Respiratory 
involvement may be a feature of LGMD1A, LGMD1B, late 
LGMD2C-F, LGMD2I, and late LGMD2J). In the setting of 
respiratory involvement, nondystrophic conditions such as acid 

maltase deficiency needs to be excluded. If there is also muscle 
hypertrophy, LGMD2I is highly likely but dystrophinopathies 
(Duchenne muscular dystrophy and Becker’s muscular dystrophy) 
must be excluded. Limb-girdle weakness with muscle hypertro-
phy, winging of scapula, cardiomyopathy, and late-onset respira-
tory failure suggest a dystro-sarcoglycanopathy (LGMD2C-F). 
Muscle biopsy with immunostaining with a panel of antibodies for 
dystrosarcoglycans and specific Deoxyribonucleic acid mutation 
analysis will usually confirm the diagnosis. Many of the previously 
undiagnosed LGMD1A patients are now recognized to be due to 
mutations in myotilin and/or other myofibrillar proteins (desmin, 
alpha-B-crystallin and ZASP). Muscle biopsy may reveal desmin 
and/or myotilin accumulation. Some LGMD1A patients with 
desmin mutation may have dysarthria of nasal quality. Patients with 
a caveolin-3 mutation (LGMD1C), or members of their family, 
may also have “rippling muscle disease” and a variable degree of 
distal muscle involvement, muscle hypertrophy, myalgia and an 
elevated CK level.

In LGMD2A (calpainopathy), the most common form of LGMD 
in some populations, immunostaining of the muscle biopsy is not 
possible and careful immunoblotting must be performed. The 
presence, or absence, of calpain-3 immunoblot, however, does 
not consistently correlate with the proven mutations. Scapular 
winging, subtle contractures, and hyperlordosis may be prevalent 
in this form of LGMD but respiratory and cardiac involvement 
does not occur. LGMD2B, dysferlinopathy, occurs in younger 
adults who may have calf pain and hypertrophy and may also have 
distal muscle weakness (distal limb-girdle syndrome). Their CK 
level is generally very high. The course is usually slow but may be 
subacute. This, along with a massively increased CK level and in-
flammation on muscle biopsy often lead to the erroneous diagnosis 
of polymyositis. Rarely, MHC-1 expression at the sarcolemma is 
increased, further confounding the diagnostic difficulties. Dysferlin 
immunostaining is often difficult to interpret. As dysferlin interacts 
with calpain-3 and caveolin-3, the caveolin-3 immunostaining may 
be secondarily reduced. Within the same family of dysferlinopathy 
of LGMD2B, even with the same mutation, a co-occurrence of the 
distal myopathy of Myoshi may be observed. Although dysferlin is 
abundantly expressed in both skeletal and cardiac muscles there is 
no evidence for cardiac muscle dysfunction in dysferlinopathy. The 
exact function of dysferlin has not been elucidated but its role in 
membrane repair, transduction pathways, and stability of muscle 
membrane is strongly suggested. 

To appropriately navigate through the many facets of LGMD, it is 
prudent that a “shotgun” approach to expensive testing is avoided. A 
careful history and examination must be performed in every patient 
as well as their immediate family members if possible. Associated 
findings should be identified and detailed EMG (to exclude other 
conditions) be obtained. In all patients with LGMD a search for 
underlying cardiac involvement remains essential. After narrowing 
the diagnostic possibilities to a few most likely conditions a muscle 
biopsy (preferably a large sample) should be obtained, and depend-
ing on the highest probabilities, immunostaining, and in particular, 
immunoblotting should be performed. Combining clinical and 
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biopsy information should allow for a targeted diagnosis. The 
muscle pathology laboratory in which the specimens are processed 
must be able to properly store the remaining tissue and blocks for 
future use as newer genetic tests are becoming available.

Genetic testing and protein analysis for LGMD are in constant flux 
and development, and commercially available tests are few. The 
website www.genetests.org contains information regarding the tests 
and resource availability.

Despite the extensive effort to arrive at a specific diagnosis, in ap-
proximately 40%-50% of patients the type of the LGMD remains 
obscure. For those who have a specific diagnosis, genetic counseling 
is essential but this may also prove difficult as an autosomal domi-
nant disease can never be excluded with certainty as new mutations 
are not uncommon in these disorders. 
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Case Description

Justin Y. Kwan, MD

A 39-year-old woman presented for evaluation of “muscular dys-
trophy.” She was in her usual state of health until 5 to 6 years ago, 
when she noticed leg weakness that caused her to have trouble 
climbing the stairs. Her leg weakness was gradually progressive and 
she has had to use her hands to stand up from sitting in a chair 
and she has to pull herself up when she kneels. More recently, 
she noticed that she would stumble when she walked because she 
tripped over her toes. She does not have weakness in her arms. She 
does not have sensory loss, tingling, pain, dysphagia, dysarthria, or 
fluctuation in her muscle weakness. She is unable to whistle but 
is able to drink through a straw. Her physical activity is limited 
by her muscle weakness and she has exertion related dyspnea. She 
does not have chest pain but rarely experiences a “skipped heart 
beat.” She does not have other active medical problems. She has 
had carpal tunnel release surgeries and a cesarean section. She takes 
aspirin daily but no other medications or supplements. She does 
not smoke, drink alcohol, or partake in recreational drug use.

History and Examination. Her family history is significant for 
several other members who have muscle weakness. She has three 
siblings, aged 46, 45, and 35. Her 45-year-old sister has had 
similar symptoms for 6 to 7 years and has been told that she has 
a muscular dystrophy. Her other siblings are healthy. She has two 
children who are healthy. The sister who has muscle weakness has 
four children who are also healthy. Her mother is deceased, but was 
wheelchair dependent due to “circulation problems.” Her mother 
had dysphagia and respiratory problems that required mechani-
cal ventilation after a surgery later in life. The autopsy reportedly 

showed findings that suggested a “muscle problem.” Her mother 
had six siblings. One of the patient’s maternal uncles had progres-
sive muscle weakness that began in his 30s, which caused him 
to become severely disabled and unable to ambulate. One of his 
children walks with a cane, but the reason is unknown. Another 
maternal aunt also had progressive muscle weakness that reportedly 
began in her 50s and she had to walk with a walker. Her maternal 
grandmother may have muscle weakness as well.

Her physical examination reveals an essentially normal general 
examination. Her mental status is normal and her speech is fluent 
and is without dysarthria. Her cranial nerves are normal. She has 
atrophy of the leg muscles, proximal more prominent than distal. 
The neck flexors are 4/5. Her strength is 5/5 in the arms except for 
the shoulder abduction which is 5-/5. Her hip flexors are 4-/5. Her 
knee extension and knee flexion are 5-/5. Ankle dorsiflexion is 4/5. 
Toe extension is 4/5. Ankle plantarflexion is 4+/5. Deep tendon 
reflexes are present and symmetric. Sensory examination is normal. 
She does not have dysmetria. She uses her arms to push her up to 
a stand and has a waddling component to her gait.

The laboratory studies showed an elevated creatine kinase (CK) 
of 577 U/L, normal sedimentation rate, anti-nuclear antibody 
titer, and thyroid function studies. She did not have an elevated 
actylcholine receptor antibody titer. Nerve conduction studies were 
normal. Electromyography showed fibrillation potentials in proxi-
mal arm and proximal and distal leg muscles, and small amplitude, 
short duration polyphasic units in the proximal arm, proximal 
and distal leg, and thoracic paraspinous muscles. Rare complex re-
petitive discharges were present. Her left quadriceps muscle biopsy 
showed increase internal nuclei, variation in fiber size and shape, 
and ringed fibers and moth-eaten fibers on oxidative sections. 
Several fibers have “rubbed out” areas of decreased enzymatic activi-
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ties. There were several fibers that contained amorphous dense areas 
and eosinophilic inclusions, some of which were congophilic when 
examined under fluorescence. A single small area of perivascular 
inflammation is present. 

Differential Diagnosis and Evaluation

Justin Y. Kwan, MD

Myofibrillar myopathy is a group of clinically and genetically 
diverse inherited or sporadic chronic muscular condition that has 
similar pathological features on the muscle biopsy. Several different 
descriptions have been used to describe this entity based on the 
histopathological findings, including “myopathy with inclusion 
bodies,” “autosomal myopathy with myofibrillar aggregates,” “cyto-
plasmic body myopathy,” and “desmin-related myopathy.”

Although myofibrillar myopathies have variable phenotypes and 
genetic causes, they share several morphologic features. The 
muscle biopsies from patients are characterized by accumulation 
of blue-red amorphous material, blue or blue-red granules, or blue 
to purple spherical, lobulated, or serpentine hyaline structures in 
the muscle fibers on trichrome stained section. Few cytoplasmic 
bodies, nemaline rods, or rimmed vacuoles may also be present. 
The hyaline structures may be congophilic when viewed under 
fluorescence. Oxidative enzymes are absent in the areas of the fibers 
occupied by the inclusions. Other nonspecific features that can be 
observed include variation in fiber size, increased internal nuclei, 
and rare atrophic fibers. Immunohistochemistry demonstrates the 
presence of many proteins in the inclusions including desmin, 
lamin-B, αB-crystallin, syncoilin, myotilin, γ-filamin, gelsolin, 
ubiquitin, α1-antichymotrypsin, neural cell adhesion molecule, 
ectopically expressed dystrophin and γ-sarcoglycan, the N-terminal 
epitopes of ß-amyloid precursor protein, residue 8-17 of ß-amyloid 
protein, and prion protein. Electron microscopy shows myofibril-
lar disruption with Z-line streaming and accumulation of dappled 
dense bodies and myeloid structures between myofibrils. Various 
inclusions and cytoplasmic bodies surrounding a halo of filaments 
can be seen.

As a genetically heterogeneous group of disorders, it is not unex-
pected that myofibrillar myopathies encompass a broad phenotypic 
spectrum. Onset during infancy, childhood, and adult life has 
been described. Varying degrees of proximal and distal limb weak-
ness can be present. In addition, there can be involvement of the 
bulbar, facial, respiratory, and truncal musculature. More recently, 
a scapuloperoneal distribution of weakness has been described 
in German kindred. There is phenotypic variability even among 
members within the same family. Cardiac involvement such as 
conduction disturbances (conduction blocks, supraventricular 

or ventricular tachycardia, or extra-systole) and cardiomyopathy 
(restrictive, dilated, hypertrophic) can precede, coincide, or follow 
the onset of skeletal muscle weakness. Respiratory insufficiency 
and recurrent pulmonary infections may be a source of significant 
morbidity and mortality. Cataracts may be seen in patients with 
αB-crystallinopathy. Hearing loss has been reported in a family 
with dominantly inherited myofibrillar myopathy. There is no cor-
relation between the pathological findings on the muscle biopsy 
and the severity of the disease.

Diagnostic studies in patients with myofibrillar myopathy reveal 
several nonspecific myopathic findings. Needle electromyography 
shows myopathic and sometimes mixed neurogenic and myopathic 
changes, and electrical irritability consisting of fibrillation poten-
tials, positive waves, and complex repetitive discharges. Serum 
CK may be normal or elevated up to 10 times the upper limit of 
normal.

The genetics of myofibrillar myopathy is complex. The pattern 
of inheritance can be autosomal dominant in up to one-third 
of reported cases of myofibrillar myopathy, while the rest are 
autosomal recessive, X-linked, or sporadic. Mutations in genes 
encoding several different proteins have been shown to cause 
myofibrillar myopathy and include the following: desmin, a type 
III intermediate filament protein in skeletal, cardiac, and smooth 
muscles; αB-crystallin, a heat-shock protein that binds to unfolded 
and denature proteins to prevent aggregation; myotilin, a Z-disk 
associated protein with important structural roles; selenoprotein; 
myosin; and Z line alternatively sliced PDZ protein (ZASP). In the 
vast majority of patients, the genetic mutation responsible for the 
myopathy remains unknown. There are only minor differences in 
the muscle biopsies from patients who have an identified mutation 
when compared to those without an identified mutation. There 
are as yet no reliable clinical or pathological features to predict the 
underlying genetic defect.

The events that lead to muscle dysfunction are unknown; however, 
identification of the specific gene defects and proteins accumulated 
in muscle fibers has provided further insight into potential patho-
genic mechanisms. The Z disk has important structural roles in the 
muscle fibers, such as sarcomere organization and tension transmis-
sion. Disruption of the Z disk due to loss of proteins associated 
with it may be central in explaining the vulnerability of skeletal 
muscles and pathological changes on the muscle biopsy. Loss of 
structural integrity may be due to impaired protective mechanisms 
against the normal mechanical and biochemical stresses which are 
experienced in muscle fibers. 

There is currently no effective therapy for myofibrillar myopathy. 
Accurate diagnosis and identification of the gene mutation is im-
portant in order to exclude other causes of hereditary and acquired 
myopathic disorders. Patients affected by myofibrillar myopathy are 
at risk for cardiac abnormalities. Continuous surveillance of cardiac 
dysfunction is warranted if myofibrillar myopathy is diagnosed, as 
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cardiac involvement may be delayed up to two decades after the 
onset of skeletal myopathy. Pulmonary evaluation is indicated in 
patients with evidence of respiratory insufficiency. 
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Management

Gregory T. Carter, MD, MS

Most of the literature regarding exercise in neuromuscular disease 
(NMD) unfortunately mixes myopathic and neuropathic subjects 
together. In slowly progressive NMDs, a 12-week moderate resis-
tance (30% of maximum isometric force) exercise program resulted 
in strength gains ranging from 4% to 20% without any notable 
deleterious effects. 

A 12-week home aerobic program also improved endurance. 
However, in the same population, a 12-week high-resistance exer-
cise program (training at the maximum weight a subject could lift 
12 times) showed no further added beneficial effect compared to 
the moderate resistance program and there was evidence of over-
work weakness in some of the subjects. 

In a comparative study, patients having Charcot-Marie-Tooth 
(CMT) disease appeared to benefit significantly from a strength-
ening program; whereas myotonic muscular dystrophy (MMD) 
patients showed neither beneficial or detrimental effects. Due to 
the active muscle degeneration in the rapidly progressive NMDs 
like Duchenne muscular dystrophy (DMD) or amyotrophic lateral 
sclerosis (ALS), the risk for overwork weakness is great and exercise 
should be prescribed cautiously using a common sense approach. 

All patients with NMD should be advised not to exercise to exhaus-
tion due to the risk of muscle damage and dysfunction. Patients 
participating in an exercise program should be cautioned of the 

warning signs of overwork weakness, which include feeling weaker 
rather than stronger within 30 minutes postexercise or excessive 
muscle soreness 24-48 hours following exercise. Other warning 
signs include severe muscle cramping, heaviness in the extremities, 
and prolonged shortness of breath.

Early intervention with gentle, low-impact aerobic exercise such 
as walking, swimming, and stationary bicycling improves cardio-
vascular performance and increases muscle efficiency, and lessens 
fatigue. Based on the available investigations, it is believed that 
there is adequate evidence to generally advocate a submaximal 
strengthening program for persons with slowly progressive neu-
romuscular disorders. There seems to be no additional benefit to 
high-resistance, low-repetition training sets, and the risk of actually 
increasing weakness becomes greater. Improvement in strength 
hopefully translates to more functional issues such as improved 
endurance and mobility.

Management of Limb Contractures and Scoliosis. Significant 
joint contractures and scoliosis develop in a large percentage of 
DMD patients. Joint contracture and scoliosis can occur, but 
are not usually major clinical problems in the slowly progressive 
NMDs. All patients with muscle disease should have an examina-
tion of their spine and major joints at each clinic visit. 

The occurrence of contractures appears to be directly related to 
prolonged static positioning of the limb, and these contractures 
often develop soon after wheelchair reliance. Gentle static stretch-
ing and splinting might slow the progression of contractures, but 
this has not been well-studied. 

Although orthopedic contracture release allows a patient to be 
braced and might prolong ambulation, it appears that weakness is 
the major factor that limits ambulation and not joint contracture, 
per se. Studies have not shown any benefit to early surgical treat-
ment of contractures in DMD. 

Wheelchair reliance and scoliosis were both found to be age-related 
phenomena but not necessarily causally linked. Several investiga-
tors note no relationship between the age of wheelchair reliance and 
subsequent progression of scoliosis.

Passive stretching of the elbow flexors can be combined with passive 
stretching toward forearm supination to help prevent contractures. 
Prophylactic occupational therapy management of the wrist and 
hand is recommended to slow the development of contractures and 
to maintain fine motor skills. Daily passive stretching of the wrist 
flexors and intrinsic and extrinsic muscles of the hand and wrist are 
recommended, as are active range of motion exercises for the wrist 
and long finger flexors. 

DMD patients develop scoliosis most commonly between the 
ages of 13 and 15 years, corresponding closely with the adolescent 
growth spurt. Spinal bracing has not been shown to be effective in 
preventing progression of scoliosis in this population. Any NMD 
patient with scoliosis should be followed closely with serial radio-
graphs. Appropriate and timely spinal instrumentation and fusion, 
which should be performed before the primary curve becomes 
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greater than 25 degrees. It is also critical that the vital capacity has 
not gone below 40% of predicted value as that can lead to increased 
surgical complications. Although progressive neuromuscular scolio-
sis creates significant positioning and musculoskeletal problems, it 
has not been shown to directly affect pulmonary function. 

Bracing to Improve or Prolong Ambulation. The purpose of 
bracing at any level is to improve function and stability. Due to 
the predominance of distal weakness, most CMT and some myo-
tonic muscular dystrophy patients with dorsiflexion weakness may 
benefit from short leg braces or ankle-foot-orthoses (AFOs). These 
should be custom made of a lightweight polymer such as polypro-
pylene or carbon fiber resin. They should fit intimately to provide 
good stability and prevent pressure ulcers. The older, traditional, 
double-metal upright AFOs built in to the shoe can be too heavy 
and actually hinder ambulation. If there is severe distal muscle 
weakness and ankle instability the braces should be high profile, 
coming around the ankle in front of the malleoli. 

The use of long-leg bracing prolongs ambulation time and has 
been advocated in DMD partly on the presumption that this will 
delay scoliosis. This is debated and there is no consensus of expert 
opinion. Any perceived association between prolonged ambulation 
with long-leg bracing and delayed or decreased scoliosis in DMD 
might not be directly causal. Due to weakness in both proximal 
(hip and knee extension) and distal (ankle plantar and dorsiflexion) 
muscle groups in DMD, a long-leg brace or knee-ankle-foot ortho-
sis is generally needed if bracing is used. 

Patients with other NMDs may also benefit from bracing, de-
pending on the distribution of weakness, gait problems, and joint 
instability created by the weakness. The clinician should consider 
the weight of the brace and whether or not the patient is actually 
willing to use a brace. 

Chronic Pain, Psychosocial, and Vocational Considerations. 
Chronic pain appears to substantially impair function in the 
NMD population. A large percentage of NMD patients exhibit 
elevated scores for bodily pain and depression on standardized 
testing, including the SF-36, Brief Pain Inventory, and Minnesota 
Multiphasic Personality Inventory test. Thus these factors should 
be assessed and treated. 

Except for DMD, MMD, and some of the congenital and mi-
tochondrial myopathies, the majority of people with NMD have 
intellectual levels within the normal range. However, employment 
rates for this population is substantially lower than for the able-
bodied. Indicators of emotional pathology appeared to be associ-
ated with unemployment, whereas loss of ambulation and arm 
function was not. Higher levels of education correlated with higher 
employment rates and improved self-esteem in this group. Level 
of education appears to be very important with respect to employ-
ability and self-esteem, and should be emphasized. 

Reactive clinical depression can occur in advanced disease. Family, 
social, and religious support systems are helpful in the prevention 
and treatment of depression. Anti-depressant medicine can provide 
assistance with mood-elevation, appetite stimulation and sleep. 
Referral to a psychiatrist or clinical psychologist is required in some 
cases. 

Support groups are often a great resource, not only for psychologi-
cal support but also for problem solving and recycling of durable 
medical equipment. 

Equipment. There are a number of additional useful equipment 
items that can substantially improve quality of life, including 
hand-held showers, bath tub benches, grab bars, raised toilet seat, 
hospital beds, commode chairs, activities of daily living aids (sock 
aid, grabbers, etc.), and wheelchair ramps. 

In ALS and other advanced NMDs, severe weakness in the neck 
flexors and extensors results in a "floppy head" associated with 
severe neck pain and tightness. This may be helped by a hard cervi-
cal collar.

A manual wheelchair, preferably lightweight or ultra-lightweight, 
may be used for traveling long distances to conserve energy. If 
the patient has too much upper extremity weakness to propel a 
manual wheelchair, a power wheelchair system tailored to the 
patient’s current and potential future needs should be prescribed. 
Power wheelchairs are much less portable, having large powered 
rear wheels and front casters. In a power wheelchair, the motor or 
drive train section is independent of the seating system and its at-
tendant components. A power wheelchair may be rear-wheel drive, 
mid-wheel drive, and even four-wheel drive in some of the newer 
models. Power scooters are an alternative to a power wheelchair 
and may be suitable for an NMD patient who has adequate upper 
extremity and trunk strength. However, scooters can not be fitted 
with more extensive and supportive seating systems. The Muscular 
Dystrophy Association does cover part of the cost of any wheelchair 
and that can be a good financial resource for the myopathy patient. 
Wheeled walkers, quad (four point) canes, and lofstrand crutches 
can also help by providing a broader base of support. However, 
patients must have the upper extremity strength to appropriately 
use a cane or walker.

BIBLIOGRAPHY

1. Abresch RT, Carter GT, Jensen MP, Kilmer DD. Assessment of  pain 
and health-related quality of  life in slowly progressive neuromuscular 
disease. Am J Hosp Palliat Care 2002;19:39-48.

2. Carter GT. Rehabilitation management of  peripheral neuropathy. 
Semin Neurol 2005;25:229-237. 

3. Carter GT. e-Medicine: rehabilitation management of  neuromuscular 
diseases. Physical medicine and rehabilitation: http://www.emedi-
cine.com/pmr/topic233.htm 

16 Proximal and Distal Weakness AANEM Course



AANEM Course Neuromuscular Update Course II 17

4. Carter GT, Abresch RT, Fowler WM. Adaptations to exercise train-
ing and contraction-induced muscle injury in animal models of  
neuromuscular disease. Am J Phys Med Rehabil 2002;S:151-161. 

5. Carter GT, Jensen MP, Galer BS, Kraft GH, Crabtree LD, Beardsley 
RM, Abresch RT, Bird TD. Neuropathic pain in Charcot-Marie-
Tooth disease. Arch Phys Med Rehabil 1998;79:1560-1564. 

6. Jensen MP, Abresch RT, Carter GT, McDonald CM. Chronic pain in 
persons with neuromuscular disorders. Arch Phys Med Rehabil 2005; 
86:1155-1163. 

7. Krivickas LS, Bello-Haas VD, Danforth SE, Carter GT. Rehabilitation. 
In: Mitsumoto H, Przedborski S, Gordon P, editors. Amyotrophic 
lateral sclerosis. New York: Taylor and Francis Publishing Co; 2006. 
p 691-720.



18  AANEM Course



AANEM Course  19

AFTER COMPLETION OF THIS ACTIVITY
Neuromuscular Update Course II 

ACTIVITY AND FACULTY EVALUATION

On the Scantron Sheet provided rate how well you perceived the activity to have met your expectations using the following scale for 
questions 10-19.  For questions 20 and beyond, use the scale provided under the question.

A.  Extremely      

B.   Somewhat      

C.   Very Little      

D.    Not at all

This CME activity:

 10. Addressed my most pressing questions.

 11. Addressed competencies identified by my specialty.

 12. Provided fair and balanced content.

 13. Provided clear evidence to support content.

 14. Included opportunities to learn interactively from faculty and 
participants.

 15. Provided me with supporting materials or tools for my office (re-
minders, patient materials, etc.).

 16. Included opportunities to solve patient cases.

 17. Translated trial data to patients I see in my practice.

 18  Addressed barriers to my optimal patient management.

 19. Improved my knowledge/ability in the objectives outlined?

 20.  Will you incorporate new elements presented in this educational 
session into your practice to improve patient care?
A.  Already do this.
B.  Yes.
C.  No.
D.  Not applicable to my patients.

 21.  After attending this session, do you expect your management 
strategies in this clinical area to change within the next 6 months?
A. Definitely will change.
B.  Possibly will change.
C.  Definitely will not change.

   Written comments can be provided on page 23.
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 22. How would you rate the quality of instruction received during  
Dr. Wolfe’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 23.  Did you perceive any commercial bias in Dr. Wolfe’s presenta-
tion?
A. Yes.
B. No.

 24. How would you rate the quality of instruction received during  
Dr. Amato’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 25. Did you perceive any commercial bias in Dr. Amato’s presenta-
tion?
A. Yes.
B. No.

 26. How would you rate the quality of instruction received during  
Dr. Harati’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 27. Did you perceive any commercial bias in Dr. Harati’s presenta-
tion?
A. Yes.
B. No.

 28. How would you rate the quality of instruction received during  
Dr. Kwan’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 29. Did you perceive any commercial bias in Dr. Kwan’s presenta-
tion?
A. Yes.
B. No.

30. How would you rate the quality of instruction received during  
Dr. Carter’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 31. Did you perceive any commercial bias in Dr. Carter’s presenta-
tion?
A. Yes.
B. No.
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32. Which of the following would best distinguish Lambert Eaton 
myasthenic syndrome from myasthenia gravis?
A. Autonomic dysfunction.
B. Decrement on 3-Hz repetitive stimulation.
C. Neoplasm found on chest imaging.
D. Ptosis.

33. Which of the following is a characteristic feature of oculopharyn-
geal muscular dystrophy?
A. Onset before the fourth decade of life.
B. 8.5 nm tubulofilamentous inclusions on muscle biopsy.
C. CTG trinucleotide repeat on chromosome 14.
D. Absence of limb involvement.

34.  Calpainopathies can be associated with inflammatory cell  
infiltrate.
A. True.
B. False.

35.  Marked atrophy with fasciculations points to a form of motor 
neuron disease.
A. True.
B. False.

37.  Diagnostic studies of patients with myofibrillar myopathy can 
show normal creatine kinase levels or up to 10 times the upper 
limit of normal.
A. True.
B. False.

38.  There is currently an effective therapy for myofibrillar myopathy.
A. True.
B. False.
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Write out any additional comments about specific courses or the plenary session (please indicate which), and list suggestions for topics 
and speakers for future meetings. Leave at the AANEM Registration and Information Center or mail to the AANEM Executive Office 
at 2621 Superior Drive NW, Rochester, MN 55901.





2007 Neuromuscular Update Course III 
AANEM 54th Annual Meeting 

Phoenix, Arizona

Copyright © October 2007 
American Association of Neuromuscular & Electrodiagnostic Medicine 

2621 Superior Drive NW 
Rochester, MN  55901 

Printed by Johnson Printing Company, Inc.

Robert T. Leshner, MD  
Margaret A. Turk, MD
Yadollah Harati, MD
Justin Y. Kwan, MD

Emma Ciafaloni, MD
Lawrence H. Phillips II, MD
Marinos C. Dalakas, MD

Neuromuscular Update Course III



Neuromuscular Update Course III 
 

Faculty

ii

Robert T. Leshner, MD
Professor
Department of Neurology
George  University
Syracuse, New York
Dr. Leshner attended Cornell University for his undergraduate and 
medical studies. Postgraduate work in internal medicine and pediatrics 
were performed at the University of Vermont. A fellowship in adult and 
child neurology was completed at the University of Colorado. Following 
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Swift. For over 30 years, his main clinical interest has been the diagnosis 
and treatment of neuromuscular disorders. Dr. Leshner is currently a staff 
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George Washington University School of Medicine and Health Sciences. 
His research interests involve translational research in genetic pediatric 
neuromuscular diseases. He is the proud father of five children and spends 
most of his free time spoiling his five (and counting) grandchildren.

Margaret A. Turk, MD
Professor
Department of Physical Medicine and Rehabilitation
SUNY Upstate Medical University
Syracuse, New York
Dr. Turk is Professor of Physical Medicine and Rehabilitation and 
Pediatrics at the State University of New York Upstate Medical University  
(SUNY UMU) at Syracuse. She is also a professor at Fudan University, 
Shanghai, China. She serves as Medical Director of Rehabilitation Services 
at St. Camillus Health and Rehabilitation Center and Program Director 
for the Pediatric Rehabilitation Medicine fellowship at SUNY UMU. 
Dr. Turk is a director of the American Board of Physical Medicine and 
Rehabilitation and was the Chairman of the Board from 2005-2007. 
She also serves on the American Board of Medical Specialties Board of 
Directors and the Maintenance of Certification Task Force. She is the 
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and Neuromuscular Medicine Fellowship Program there. She graduated 
from Medical School at the Universita’ Statale di Milano, in Milano, 
Italy. She trained at Columbia University in mitochondrial diseases with  
Dr. Salvatore Di Mauro, then at Duke University where she completed 
her neurology residency and EMG fellowships with Drs. Janice Massey 
and Donald Sanders.  She remained on the faculty there until 2002 when 
she accepted a position at the University of Rochester. Her current com-
mitments include: clinical trials in periodic paralyses, myasthenia gravis, 
dermatomyositis, facioscapulohumeral muscular dystrophy, Duchenne 
and myotonic dystrophy; teaching neuromuscular and EMG fellows; at-
tending in the EMG laboratory; and diagnosis and care of patients with 
neuromuscular diseases, especially with amyotrophic lateral sclerosis, my-
asthenia gravis, Duchenne, and spinal muscular atrophy. She has a clinical 
research interest in the course and outcome of pregnancy in women with 
muscular dystrophy and sleep disorders in neuromuscular diseases.

Yadollah Harati, MD
Professor
Department of Neurology and Neuromuscular Diseases
Baylor College of Medicine
Houston, Texas
Dr. Harati is Professor of Neurology and Neuromuscular Diseases 
at Baylor College of Medicine, and Director of the Muscle & Nerve 
Pathology Laboratory, Neuropathy, and ALS Clinic. He is the Chair-elect 
of the Neuromuscular Section of the American Academy of Neurology 
(AAN) and past-chair of AAN’s Committee on Neuromuscular Pathology. 
He is a member of several Editorial Boards, including Journal of Clinical 
Neuromuscular Disorders and Journal of ALS and Other Motor Neuron 
Diseases. Dr. Harati has published over 100 articles and book chapters. He 
is the co-editor of two books: Neuroimmunology for Clinicians (1998) and 
Advances in Neuromuscular Diseases (2002). Dr. Harati is active in teaching 
and research in the affiliated hospitals of Baylor College of Medicine.  
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Dr. Kwan received his medical degree from the State University of New 
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Please be aware that some of the medical devices or pharmaceuticals discussed in this handout may not be cleared by the FDA 
or cleared by the FDA for the specific use described by the authors and are “off-label” (i.e., a use not described on the product’s 
label). “Off-label” devices or pharmaceuticals may be used if, in the judgement of the treating physician, such use is medically indi-
cated to treat a patient’s condition. Information regarding the FDA clearance status of a particular device or pharmaceutical may 
be obtained by reading the product’s package labeling, by contacting a sales representative or legal counsel of the manufacturer 
of the device or pharmaceutical, or by contacting the FDA at 1-800-638-2041.

Dr. Leshner receives Speakers Bureau and Scientific Advisory Board 
honoraria from Genzyme. He has also received research support for 
the treatment of late onset Pompe disease. Any conflict of interest has 
been resolved as required by ACCME guidelines. At the time of publica-
tion, other faculty had nothing to disclose.
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will gain (1) improved clinical skills and strategies, including the judicious and selective application of  EDX studies, in assessing the patient 
with generalized weakness and/or fatigue; (2) improved understanding of  the clinical assessment and EDX evaluation of  the patient who 
presents with focal sensory and/or motor impairment due to an entrapment mononeuropathy; (3) improved understanding of  the dif-
ferential diagnosis of  patients with generalized sensory disturbance and/or weakness due to peripheral neuropathy including the role of  
EDX studies in the evaluation process; and (4) insight into the process of  clinical examination and EDX consultation for patients with 
neck or low back pain due to spinal pathology, who may or may not have radiculopathy.
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A.  Extremely      

B.  Somewhat      

C.  Very Little      

D.  Not at all

It is important that the CME activity:

 1. Address my most pressing questions.

 2. Address competencies identified by my specialty.

 3. Provide fair and balanced content.

 4.  Provide clear evidence to support content.

 5.  Include opportunities to learn interactively from faculty and par-
ticipants.

 6. Provide me with supporting materials or tools for my office (re-
minders, patient materials, etc.)

 7. Include opportunities to solve patient cases.

 8.  Translate trial data to patients I see in my practice.

 9. Address barriers to my optimal patient management.

Pre-activity Questions 

BEFORE YOU BEGIN THIS ACTIVITY
We need your feedback in order to improve future educational activities. 

On the scantron sheet provided, please rate how important each of the  following aspects of the CME activity are to you using this scale:

Fi
ll 

in
 an

sw
er

s h
ere

Instructions for 
filling out  

your parSCORE 
sheet

Using a #2 pencil, 
fill in your answers 
beginning with ques-
tion #1.

After completion of 
this activity, go to the 
back of the book and  
fill in your answers 
beginning with ques-
tion #10.

Complete the questions at the back of 
 the book following this activity.
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Case Description

Robert T. Leshner, MD

A 5-year-old girl is referred for evaluation of weakness. She was the 
product of a term pregnancy born to a gravida 1 para 1, 25-year-
old mother. Fetal movements were “probably normal.” The infant 
presented vertex and was delivered vaginally with vacuum assist. 
Birth weight was 6 lbs (average for gestational age). She had a poor 
suck and attempts at breast feeding were abandoned in favor of 
bottle feeds with a large bore preemie nipple. Motor development 
was slow. She sat at 10 months, stood at 14 months and took 
independent steps at 20 months. She is the clumsiest child in her 
kindergarten class and tires more rapidly than her peers. There has 
been no loss of motor skills, but she appears to be lagging further 
and further behind her classmates. Language and social-adaptive 
milestones were passed on time. The mother is concerned about 
her “noisy breathing” during sleep.

History and Examination. Family history is negative for neuro-
muscular and neurological diseases. Parents are nonconsanguine-
ous. Examination reveals a very slender little girl whose behavior is 
age appropriate. There are no dermatologic findings. Her general 
examination shows a narrow face. Her palate is high arched. There 
are no quivering tongue movements. Her chest shows mild pectus 
excavatum. She walks with a waddling gait. She has difficulty with 
toe walking and cannot heel walk. She utilizes a Gowers maneuver 
to rise from the floor. She has mild facial weakness and moder-
ate nasal dysarthria. Neck flexor and extensor power is Medical 
Research Council grade 4. There is no eyelid ptosis. Limb muscle 
examination shows generalized weakness, proximal greater than 
distal in the upper limbs. Proximal weakness is present in her lower 

limbs as well as prominent weakness of ankle dorsiflexion. There is 
no tremulousness of the outstretched fingers. Coordination func-
tion is normal. Sensory examination is grossly intact to pin and 
tickle; more detailed sensory testing is deemed unreliable. Deep 
tendon reflexes are diffusely hypoactive but elicitable. 

Screening laboratory studies include a normal complete blood 
count and basic metabolic panel. Her creatine kinase (CK) is el-
evated at 300 IU (normal < 170 IU).

Differential Diagnosis

Robert T. Leshner, MD

Weakness associated with either failure to achieve motor milestones 
or loss of previously acquired motor function is the symptom most 
likely to result in urgent neuromuscular referral. The clinician’s 
first task is localization of the problem to the central or peripheral 
nervous system; syndromes mimicking neuromuscular diseases 
must be excluded.

Weakness due to central nervous system (CNS) disorders is usually 
characterized by an “elective” distribution with maximal deficits in 
antigravity muscles, and preservation or exaggeration of deep tendon 
reflexes. Infants and toddlers often demonstrate hypotonia which 
is disproportionate to the degree of weakness. Asymmetric motor 
deficits and concurrent difficulties with cognitive dysfunction, 
seizures, and other “hard” symptoms of CNS dysfunction point to 
a central disorder. Lower motor unit disorders usually manifest a 

Case VIII 
Child With Proximal Weakness: 

Nemaline Myopathy

Robert T. Leshner, MD 
Margaret A. Turk, MD



symmetric proximal or distal gradient. (Facioscapulohumeral mus-
cular dystrophy [FSHD] is a notable exception with frequent and 
sometimes striking asymmetric motor deficits). Low tone is propor-
tional to weakness. Deep tendon reflexes are usually depressed or 
unobtainable (an important exception being postsynaptic disorders 
of the neuromuscular junction). Several disorders traditionally clas-
sified as neuromuscular diseases may present with or be dominated 
by CNS symptoms.7 The cognitive impairment seen in children 
with the infantile form of myotonic dystrophy, Duchenne muscu-
lar dystrophy and mitochondrial encephalomyopathies is but one 
example.

Several pediatric neuromuscular diseases manifest clinical pheno-
types so distinct and stereotyped that a diagnosis can be established 
on the basis of the history and physical examination. Most of these 
“spot diagnoses” are genetic disorders and several may be confirmed 
by deoxyribonucleic acid testing as the sole investigation (Table 
1).

When confronted with a simplex proband with a less specific 
clinical phenotype, as illustrated by our clinical vignette, a broader 
diagnostic evaluation is needed. The clinician should entertain 
diagnoses pertinent to each compartment of the lower motor unit: 
motor neuron, peripheral nerve, neuromuscular junction, and 
muscle (Table 2). 

Analyzing the components of the clinical vignette allows the phy-
sician to narrow the differential diagnosis.1 The initial symptom 
of feeding problems in the neonatal period is common in many 
early onset neuromuscular diseases. This is especially prominent in 
congenital myopathies,6 myasthenia neonatorum and congenital/ 
genetic myasthenic syndromes, and the infantile myotonic dys-
trophy syndrome. Along with diffuse hypotonia, feeding difficulty 
is the flagship symptom in Prader Willi syndrome: a “pseudoneu-
romuscular” disorder. A weak suck and difficulty handling oral 
secretions is usually noted in infants with type I spinal muscular 
atrophy. However, the patient’s subsequent motor development 
would be incompatible with a severe infantile motor neuronopa-
thy.5 A genetic or inflammatory neuropathy would not present with 

isolated feeding difficulties. This patient was not believed to be a 
hypotonic “floppy baby.” The caveat must be raised, however, that 
many new parents (and many primary care physicians) fail to ap-
preciate moderate hypotonia and axial weakness causing poor head 
control and delayed rolling. Failure to achieve independent sitting 
is more likely to capture the attention of parents and physicians.

The patient’s motor development was delayed, but new milestones 
were slowly acquired. This argues against diagnoses of several of the 
congenital muscular dystrophy syndromes, but does not exclude 
disorders of neuromuscular transmission or the majority of infan-
tile onset structural and metabolic myopathies.6 The observation 
that she “tires more rapidly than her peers” needs to be clarified. 
Are there symptoms of single muscle fatigue suggesting defective 
neuromuscular transmission? Her normal cognitive development 
makes the diagnosis of congenital myotonic dystrophy unlikely. 
The mother’s observation of “noisy breathing in sleep” raises 
the question of partial airway obstruction. This sign is far more 
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Table 1 Deoxyribonucleic Acid Testing as Initial Diagnostic 
Investigation

Duchenne/Becker muscular dystrophy

Emery-Dreifuss muscular dystrophy

Facioscapulohumeral muscular dystrophy

Myotonic dystrophy (Type I and II)

Spinal Muscular Atrophy (SMA) Type I and II5 
 
(SMA III: less distinct phenotype, easily confused with myopathy)

Table 2   Neuromuscular Diseases of the Toddler and Young Child 
(the More Common of Rare Diseases)

Motor Neuron
Spinal muscular atrophy (SMA) Type II and III
Distal SMA
Exclude SMA I and SMA with respiratory distress (SMARD) 
due to “benign” phenotype 

Peripheral Nerve
Genetic neuropathies (Charcot-Marie-Tooth spectrum)
Inflammatory neuropathies   

Neuromuscular Junction
Autoimmune myasthenia gravis
Congenital-genetic myasthenic syndromes

Myopathies
Congenital myotonic dystrophy
Congenital muscular dystrophy
(Merosin negative and merosin positive)
Early onset facioscapulohumeral muscular dystrophy
Central core disease
Multicore/Minicore disease
Nemaline myopathy
Congenital fiber-type disproportion
Desmin storage myopathy
Metabolic muscle disorders:

Pompe disease
Lipid storage myopathy
Mitochondrial myopathies



common in children with obstructive sleep apnea than snoring. 
Many children with neuromuscular disorders fail to maintain full 
airway patency in sleep. The possibility of poor gas exchange with 
resultant hypercarbia and hypoxemia must be evaluated.

The patient’s parents offered no family history of neuromuscular 
diseases. However, a focused neuromuscular examination of both 
parents and patient siblings is always warranted when dealing 
with a “simplex” patient and may reveal critical information. The 
oft-repeated warning to shake hands of the father and (especially) 
the mother of a child with neuromuscular symptoms is ignored 
at the peril of the clinician who may miss a diagnosis of maternal 
myotonic dystrophy.

This patient’s physical findings include narrow faces, a high-arched 
palate and pectus excavatum. These dysmorphic features are 
present in several congenital neuromuscular disorders and result 
from dysfunctional striated muscle interactions with developing 
skeletal structures.6 Her negative dermatologic examination does 
not support a diagnosis of inflammatory myopathy; dermatomyo-
sitis is far more common in children than polymyositis.

Her station and gait confirm both proximal and distal muscle 
weakness. Bulbar examination shows weakness of facial, palatal, 
and cervical musculature. The pattern of weakness conforms to a 
“facio-scapulo-peroneal” distribution. This may be seen in infan-
tile FSHD, but the patient lacks the typical hyperlordosis which 
accompanies the infantile FSHD picture. Careful and playful 
interaction with children is needed to test for fatigable weakness. 
Prolonged up gaze at a favorite toy may unmask fatigable ptosis. 
Prolonged positioning on the parent’s or examiner’s lap in a prone 
and supine position will facilitate testing for neck extensor and 
flexor muscle fatigue respectively. The patient showed no obvious 
fatigue reducing the likelihood of defective neuromuscular trans-
mission. Sensory examinations in young children are notoriously 
difficult to interpret and only severe abnormalities are detected 
clinically. The presence of elicitable albeit depressed deep tendon 
reflexes should be viewed as evidence against most childhood poly-
neuropathies. 

The trivial elevation of CK argues against some of the congenital 
muscular dystrophies,7,9 but does little more to narrow the differ-
ential diagnosis. None of the above findings excludes the diagnosis 
of metabolic myopathy; the fact that Pompe disease (acid alpha 
glucosidase deficiency) is the only medically treatable genetic 
myopathy should keep the possibility of this disease on the clinical 
radar in any undefined “limb girdle myopathy.”4 Unlike the classic 
infantile presentation of Pompe disease, more mildly affected chil-
dren do not exhibit cardiomegaly or hepatomegally. Given the large 
number of diagnostic possibilities, electrodiagnostic (EDX) testing 
is the next logical step in this child’s evaluation.3,8

Concentric needle electromyography of the first dorsal interosseous, 
biceps brachii, vastus lateralis, and tibialis anterior revealed early re-
cruitment per force of contraction of low amplitude, brief, complex 
motor units. No motor unit instability was appreciated viewing 
captured units with a delay line utilizing a high-pass filter of 500 

Hz. Sparse low amplitude fibrillations were seen in the biceps and 
tibialis anterior. There were no myotonic discharges. 

The EDX findings are most consistent with a myopathy. The 
absence of overt myotonia does not totally exclude the diagnosis of 
myotonic dystrophy, but argues against Pompe disease. Fibrillations 
may be seen in a wide spectrum of childhood myonecrotic myopa-
thies including childhood muscular dystrophies,8,9 and inflamma-
tory myopathies. Fibrillations may also be seen in several congenital 
myopathies including nemaline, centronuclear, and desmin storage 
myopathy and congenital fiber type disproportion. 

Motor unit stability makes the possibility of defective neuromus-
cular transmission remote. The recruitment pattern effectively 
excludes the possibility of spinal muscular atrophy.

Muscle Biopsy. Biopsy of the left vastus lateralis shows reddish rod 
bodies on the gomori trichrome stain. The rods cluster under the 
sarcolemma and near cell nuclei. Adenosine triphosphase staining 
shows muscle fiber type I preponderance. Electron microscopy 
demonstrated electro dense 2-7 µm oval bodies in structural conti-
nuity with the Z disks. The findings are consistent with nemaline 
myopathy (NM). 

Discussion with the patient’s parents raises the issues of this girl’s 
long-term prognosis and genetic risks in subsequent pregnancies. 
NM may be inherited in an autosomal dominant or autosomal re-
cessive manner. Over 50% represent simplex cases making genetic 
counseling difficult for these families. Genotype–phenotype cor-
relation in NM is imprecise.2 The clinical course of patients with 
NM also correlates poorly with muscle pathology.10 NM results 
from multiple genotypes with mutations identified in five genes 
encoding components of the sarcomeric thin filaments (Table 
3). Only a minority of patients can be genetically profiled using 
current technology. Availability of molecular genetic testing on a 
clinical and research basis is updated on the genetests.org website.
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Evaluation

Margaret A. Turk, MD

NM is an uncommon neuromuscular disorder, and is character-
ized by muscle weakness, usually most severe in the face, neck, and 
proximal limb muscles. NM is defined by nemaline bodies or rods 
in muscle fibers noted on biopsy. There are six forms as defined by 
the European Neuromuscular Center criteria.8 Typical onset is in 
infancy (congenital forms), but childhood-onset and adult-onset 
forms are also recognized. The congenital forms are more common, 
and within this general category the typical congenital form is the 
most common. There are some similarities among the forms. There 
are no definitive pathologic markers for the various genetic forms, 
and correlation between genotype and phenotype is unclear. Long 
term outcomes vary. Presently there is no known cure, or successful 
drug or gene therapy. 

Management remains symptomatic and supportive, and clinical 
features and anticipated outcomes direct care. Table 4 identifies the 
clinical categories, clinical features, and prognosis.

There is considerable overlap among the congenital types of NM, 
and classification is often retrospective based on survival or attain-
ment of motor skills. The distinction between intermediate and 
typical forms may not be obvious in infancy, although survival is 

better in the typical form. Infants with more mild hypotonia and 
weakness presentations may have a delayed diagnosis into early 
childhood. However, there are similarities in the courses of typical 
and childhood-onset NM that may make this distinction moot. 
Those children presenting later may manifest gait abnormalities, 
poor exercise tolerance, hypernasal voice or dysarthria, scoliosis, 
frequent lower respiratory infections, or sleep problems.

Outcomes and Prognosis. Anticipated outcomes and conditions 
can help the clinician recommend interventions. Ryan and col-
leagues4 have published the most extensive cross-sectional review 
of subjects with NM. This review, periodic updates through the 
European Neuromuscular Center international meetings and 
workshops, and websites by Washington University (www.neuro.
wustl.edu/neuromuscular), the University of Washington (www.
genetest.org), and University of California Department of Physical 
Medicine and Rehabilitation (www.nmdinfo.net) provide needed 
background to determine outcomes and prognosis, and to maintain 
currency in management strategies.

Particularly in the congenital forms, respiratory function and 
possible pulmonary complications can be difficult to manage. 
Mortality is typically due to respiratory insufficiency. Respiratory 
failure at delivery is associated with early mortality, and the addi-
tion of arthrogryposis congenita multiplex has an association with 
death within the first year of life.4 However, respiratory failure after 
the neonatal period that may require ventilatory support does not 
predict mortality.4 

For most children who survive the neonatal period, muscle and 
respiratory functions stabilize and improve. Walking is rarely 
achieved by children with the severe congenital form of NM, and 
for children with the intermediate form, motor skills improve in-
cluding the ability to walk with stabilization of health, respiratory, 
and motor function.4 

Although cognition is commonly normal in children and adults 
with NM, there are some reported cases of seizures, brain malfor-
mations, and cognitive impairments in the severe forms. There are 
no known associations. Likewise, there are developmental anoma-
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Table 3   Electrodiagnostic Testing 

Sensory nerve studies
Nerve  Distance (mm) Latency (ms) Amplitude (uV)
  Onset Peak 
Median 10 2.0 2.7 40
Sural 10  2.2 3.1 20

Motor nerve studies
Nerve Distance (mm) CMAP (mV) Dist Latency (ms) NCV (m/s) F latency
Median 60 3.1  3.4 56 20.2
Peroneal 60 4.0 1.2 48 31.0
CMAP = compound motor action potential; NCV = nerve conduction velocity
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CLINICAL CATEGORY INCLUSION CRITERIA CLINICAL FEATURES PROGNOSIS 

Severe Congenital NM At birth: No spontaneous movements, 
respirations  
Contractures  
Fractures (rare) 

Exclusion:  
Cardiomyopathy 
Ophthalmoplegia 

Pregnancy: Decreased fetal 
movements, polyhydramnios 
common 
Common: 
Neonatal hypotonia - severe 
Arthrogryposis ± 
Long thin face, high-arched palate, 
pectus excavatum 
GERD
Poor suck/swallow 
Respiratory symptoms 

Ventilatory failure at delivery and 
arthrogryposis associated with 
mortality within 1st year 
Early respiratory distress (O2 
supplement, tachypnea, recurrent 
apnea 1st 4wks) associated with 
early mortality 

Intermediate Congenital NM Infantile onset 
At birth: some movement and 
respirations  
Later: not independent for breathing, 
unable to sit/walk 

Exclusion: 
Cardiomyopathy 
Ophthalmoplegia 

Common: 
Neonatal hypotonia 
May have poor suck/swallow 
Long thin face, high-arched palate, 
pectus excavatum 
Early development joint contractures 
Poor motor development: use of WC 
and/or vent support by age 11years 

Independent walking before 
18months associated with survival 

Typical Congenital NM Onset neonatal or first year of life, 
less likely after age 1 year 
Weakness noted facial, bulbar, 
respiratory, neck flexors 
Proximal>distal weakness 
Delayed but attained milestones 
Course slow or no progression 

Exclusion: 
At birth: No movements or 
respirations 
Contractures 
Fractures
No independent breathing achieved 
No independent sitting/walking 
Use of WC< 11years old 
Adult/late childhood onset 

Less severe hypotonia/weakness 
Respiratory weakness may be 
subclinical – frequent LRI, nocturnal 
hypoventilation 
Possible long thin face, high-arched 
palate, pectus excavatum 
Minipolymyoclonus 
Crawl <12mos, walk <18mos 
Weakness notable proximal, 
sometimes with later onset distal 
weakness 
Weakness static or very slowly 
progressive 
Rare cardiac involvement 

Requirement for ventilatory support 
not associated with early mortality 
Usually attain motor skills, and 
maintain walking and 
independence 

Childhood Onset NM Childhood/juvenile onset 
No facial weakness at onset  

Exclusion: 
Cardiomyopathy 
Ophthalmoplegia 

Early development normal (or 
unrecognized mild motor delay) 
Onset late 1st or early 2nd decade – 
usually weakness DF with slow 
progression to all limbs; facial 
weakness may evolve 
Muscle “slowness” 

Maintain walking and 
independence 

Adult Onset NM Onset generalized weakness in 
adulthood 

Variations in presentation and 
progression 
Usually generalized weakness noted 
ages 20-50years  
No earlier symptoms or FHx 

Respiratory or cardiac involvement 
uncommon, associated with 
increasing weakness and disability 

Other or Secondary NM Monoclonal gammopathy 
HIV myopathy 
Hodgkin’s disease 
Nemaline bodies on muscle biopsy 
for:
Mitochondrial 
Dermatomyositis 
Myotonic dystrophy type 1 

 Comorbid monoclonal 
gammopathy - possible poor 
prognosis 

Table 4



lies (i.e., microsomia, cleft palate, bifid tongue) also reported, but 
these are believed to be isolated cases.4 There have been no reported 
cases of malignant hyperthermia with use of anesthesia,2,4 however 
caution is recommended.  

Evaluation

Margaret A. Turk, MD

General Management. Treatment for NM includes identification 
of risks for morbidities, such as monitoring nutritional status, 
monitoring for aspiration and reflux, assessing feeding techniques, 
consideration of gastrostomy tubes, aggressive pulmonary toilet, 
early identification and aggressive treatment of lower respiratory 
tract infections, and use of ventilation support as needed.5 This is 
particularly important in early life, and when progression of the 
disease is noted. For those infants and children with the severe 
congenital form of NM, cardiology evaluation, craniofacial evalua-
tion, and endocrine evaluation should be considered. Sleep studies 
may be indicated in all forms of NM, and some advocate for 
annual assessments. Children are at risk for development of con-
tractures, scoliosis, and kyphosis especially during times of growth. 
Positioning and use of equipment or orthotics may facilitate func-
tion; evaluation and prescription by those knowledgeable in the 
disease process and biomechanics is required.

Physical, occupational, and speech and language therapy may be 
helpful. Therapists can help monitor both improvements in and 
loss of skills and strength. Equipment and assistive devices can be 
recommended. Feeding/swallowing techniques and positioning 
to enhance oral feeding can be developed. Strengthening in NM 
is noted in the congenital forms with growth and development, 
although there is not necessarily a focused strengthening program. 
There is no human data regarding exercise, however, a mouse model 
report noted endurance exercise programs increased muscle weak-
ness after periods of immobilization.1,6 There is anecdotal evidence 

of “clinical improvement” with regular low-impact exercise.2 Also 
of note is the documentation of “muscle slowness” (e.g., slow or no 
responses to unexpected events) in NM as identified by lower rates 
of relaxation and slower torque generation on electrically evoked 
contractions of quadriceps muscles.3

L-tyrosine has been studied as a potential therapy. A clinical trial 
was not completed, but there are reported subjective benefits of 
improved strength and ability to manage secretions.6,7 Genetic 
counseling is recommended.
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Case Description

Yadollah Harati, MD

A 37-year-old white male presented with a 2-year history of epi-
sodic weakness of the limbs, each episode lasting approximately 1 
week. The first episode occurred upon awakening in the morning 
and manifested as an inability to get out of the bed without assis-
tance, followed by weakness of the hands in the subsequent hours. 
He improved spontaneously within 1 week. The second episode, 
which also lasted 1 week, occurred 6 months later, but to a milder 
degree and with a lesser involvement of the upper limbs. The third 
episode occurred 5 months later, 1 day after receiving local cor-
ticosteroid injection to the right knee for a traumatic injury, and 
was associated with significant difficulty in extending the fingers 
and hand as well as impaired walking. None of these episodes were 
accompanied by any systemic, cognitive, or sensory symptoms. He 
was hospitalized by his family physician during the third episode. 
Tests performed during this hospitalization included serum electro-
lytes, thyroid function, electrocardiogram, and needle electromyo-
graphy (EMG) and nerve conduction studies (NCSs) which were 
reported as normal. His creatine kinase (CK) level was 231 U/L 
(normal: 200) and he had degenerative lumbar spine disease identi-
fied by magnetic resonance imaging studies. His weakness resolved 
spontaneously within 10 days.

History and Examination. The patient was subsequently seen at 
the neuromuscular clinic 2 months after the last episode. He had a 
short stature (5’3”), small mandible, a somewhat broad forehead, 
and mild scoliosis. His voice had a nasal quality. A slight weakness 
(5-/5) of proximal lower limbs muscle was detected. Cranial nerves 
and sensation were normal but reflexes of the arms were depressed. 
There was no muscle atrophy, hypertrophy, fasiculations, myo-
kymia, grasp or percussion myotonia. Auscultation of the heart 
revealed no abnormalities.

On obtaining the family history, it became evident that an older 
brother had identical episodic weakness beginning at age 13, with 
each episode lasting 1 to 2 weeks. The episodes have become less 
frequent since the age of 30 (one episode per year versus three or 
four). No other immediate members of the family have had similar 
episodes, but his three sisters (including two stepsisters from the 
mother’s first marriage) and a niece have irregular heart beats. A 
maternal uncle had episodic weakness and died at age 55 of an 
unknown cause. The patient has no children. His mother has coro-
nary artery disease and father died at age 55 of lung cancer.

An electrocardiogram and echocardiogram were normal. Needle 
EMG revealed a left C5 radiculopathy. Serum electrolytes, CK, 
sedimentation rate, and tests for connective tissue disorders were 
all normal. The patient had a muscle biopsy. Further studies were 
performed.

Differential Diagnosis

Justin Y. Kwan, MD

In a review of the history and examination, a differential diagno-
sis could be potentially any in the list of neuromuscular diseases. 
Clinical and genetic testing is imperative for a proper diagnosis.

Evaluation

Emma Ciafaloni, MD

Clinical Features. Andersen-Tawil syndrome is a clinically and 
genetically distinct form of periodic paralysis with cardiac ar-

Case IX 
Episodic Weakness: Andersen-Tawil 
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rhythmia. It is also known as Long QT syndrome 7 (LQT7) in 
the cardiac literature. The syndrome is characterized by the triad 
of episodic muscle weakness (64%), Long QT syndrome with 
potentially fatal dysrhythmias (71%), and craniofacial and skeletal 
developmental anomalies (78%). Approximately 60% of patients 
manifest the complete triad, while the rest express two of the three 
cardinal features. 

Attacks of weakness develop typically before age 10 or in adoles-
cence. The attacks of limb weakness last from hours to days and can 
be spontaneous or triggered by rest following exercise or prolonged 
rest. Serum potassium levels during attacks are most commonly 
low but can be normal or elevated. Fixed interictal weakness is 
common.

The cardiac manifestations range from asymptomatic ventricular 
extrasystoles to ventricular tachyarrhythmias resulting in syncope 
and, rarely sudden death. Long QT and prominent U waves are 
seen on electrocardiogram. Patients with this type of weakness have 
dysmorphic features, such as clinodactyly, syndactyly, hypertelor-
ism, low set ears, mandibular hypoplasia, broad nose, short digits, 
short stature, and high-arched palate.

Genetics. Autosomal-dominant inheritance occurs with variable 
intrafamiliar phenotypic variation and incomplete penetrance. The 
disease is genetically heterogeneous with approximately 70% of 
affected individuals carrying mutations in the KCNJ2 gene encod-
ing the inwardly rectifying potassium channel Kir2.1. To date, 18 
missense mutations and 2 small deletions have been identified. No 
other loci have been identified to account for the remaining 30% 
of affected individuals.

Clinical Laboratory Tests. The diagnosis of Andersen-Tawil 
syndrome is made in the presence of the clinical triad of periodic 
paralysis, characteristic dysmorphic features, and ventricular ar-
rhythmias. However, clinical manifestations are extremely vari-
able with affected individuals manifesting only fragments of the 
triad. Consequently, Andersen-Tawil syndrome should be in the 
differential diagnosis of all patients being worked up for periodic 
paralysis. A 12-lead electrocardiogram is crucial in determining the 
presence of a prolonged QT interval with or without ventricular 
ectopy followed by a 24-hour Holter monitor. In patients in whom 
the history of muscle weakness is vague, the long exercise EMG 
protocol can be useful in demonstrating the presence of transient 
inexcitability of the muscle membrane.5 Determination of serum 
potassium levels during attacks is an important guide to therapeutic 
management of the patient. Periodic paralysis provocative testing, 

especially hypokalemic challenges, should be avoided in patients 
suspected of having Andersen-Tawil syndrome as hypokalemia can 
further prolong the QT interval and result in dangerous ventricu-
lar arrhythmias. Molecular diagnostic testing, where available, can 
provide ultimate confirmation of the diagnosis. 

Treatment

Emma Ciafaloni, MD

Acetazolamide in doses used to treat sodium channel forms of 
hyperkalemic periodic paralysis is sometimes effective in prevent-
ing attacks of weakness. Dichlorphenamide may provide an effec-
tive alternative if acetazolamide fails. Cardiac arrhythmias are less 
frequent if serum potassium is permitted to range from 4 to 4.4 
mEq/L. However, this elevation in potassium may be difficult to 
obtain because it often provokes generalized weakness and because 
it is typically not feasible with the use of carbonic anhydrase in-
hibitors. Occasionally, patients require the use of a spironolactone 
diuretic in combination with a carbonic anhydrase inhibitor to 
achieve slightly higher serum potassium. Management of the ven-
tricular arrhythmia is best handled by a cardiologist experienced in 
the treatment of prolonged QT syndromes. Avoidance of medica-
tions that aggravate Long QT is important.
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Case Description

Lawrence H. Phillips, II, MD

A 45-year-old woman presented with a chief complaint of muscle 
spasms, pain, and falls. She had an onset of tightness and pain 
in her right calf approximately 18 months prior to evaluation. 
She found that the tightness and pain were intermittent initially, 
but became more intense and more frequent as time went on. 
Eventually, she noted spasms in the calf and toe flexors that would 
increase when she became upset or anxious. The spasms eventually 
spread to involve the entire leg, and muscles in both legs and lower 
truncal muscles became involved. The spasms were very painful, 
and she fell forcefully to the floor several times. The spasms were 
often triggered by startle or other sudden emotion. On occasion, 
she noticed spasms in the upper half of the body.

History and Examination. On examination, the patient was a 
middle-aged female with anxiety. When she was seated or in the 
supine position, muscle tone was mildly to moderately increased in 
truncal and leg muscles. The toes on the right foot were contracted 
in the flexed position. Muscle strength was normal throughout, 
and no abnormalities of sensation could be found. Tendon stretch-
ing produced prounounced full-body muscle spasms, as did light 
tapping of the skin in several locations in the lower half of the body, 
particularly the right leg. When she would stand, waves of muscle 
spasm were induced by subtle posture changes.

Differential Diagnosis

Marinos C. Dalakas, MD

Manuscript not submitted.

Evaluation

Lawrence H. Phillips, II, MD

The diagnosis of stiff-person syndrome (SPS) is often made in 
error. The rather colorful name of the syndrome is seductive for 
clinicians who may make the diagnosis in any patient who com-
plains of stiffness. In fact, the clinical presentation of SPS is very 
distinctive, and it can be distinguished from other disorders such as 
dystonia, spasticity, or myoclonus. Muscle stiffness or rigidity alone 
is not a sufficient criterion for the diagnosis of SPS.

The clinical criteria for the diagnosis of SPS most commonly 
include muscle stiffness that begins in axial muscles, particularly in 
the lower thoracic and lumbar regions. This can produce a variety 
of abnormal postures and prominent restriction of forward flexion 
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at the waist. As the disease progresses, the stiffness spreads to involve 
proximal leg muscles. The signs and symptoms are most commonly 
symmetrical, but occasional patients will present with unilateral 
limb involvement or more severe involvement of one side.

An essential component of the syndrome is superimposed muscle 
spasms. The spasms typically occur in response to sudden, un-
expected stimuli, such as loud noises or an unanticipated touch. 
Patients almost uniformly note that this exaggerated startle re-
sponse is more pronounced if they are anxious or at a heightened 
stress level. Since truncal and leg muscles are most frequently 
involved, one consequence of the startle reaction is frequent falls. 
Patients can sustain injuries, as they tend to “fall like a tree trunk” 
when they are startled.

SPS can persist for many years prior to being diagnosed, and pa-
tients can be mistaken for having a functional disorder or anxiety 
syndrome, particularly when they have a favorable response to 
benzodiazepenes. In fact, clinical improvement in response to 
benzodiazepene therapy is considered to be a diagnostic criterion 
by many clinicians.

Clinical evaluation of a patient with suspected SPS should include 
careful examination of truncal muscles. The paraspinal muscles are 
described as being rock hard, and patients can exhibit either an 
exaggerated lordosis or a “poker-like” lumbar spine. Elicitation of 
spasms by stimuli such as a sudden noise will help to confirm the 
clinical diagnosis. An absence of signs of limb spasticity or dystonic 
postures is helpful.

Electrodiagnostic Evaluation. Electrodiagnostic (EDX) testing 
can be used to support a diagnosis of SPS, but no electrophysi-
ological test is specific for the disease. One can, however make some 
EDX observations that will provide strong evidence in support of 
the diagnosis.

The EDX finding described most commonly in patients with SPS 
is continuous firing of motor unit action potentials (MUAPs) in 
clinically affected muscles.8 There is nothing distinctive about the 
appearance of the MUAPs, and their firing pattern is that of a full 
or near-full interference pattern. Patients are unable to turn off the 
MUAPs volitionally. The continuous MUAP firing is particularly 
prominent in paraspinal muscles in the lumbar region.

The pathophysiology of the disease is underactivity or supression of 
inhibitory motor neurons at the spinal level.2 One consequence is 
that reciprocal inhibition between agonist and antagonist muscles 
does not occur. This can be observed by performing dual-channel 
electromyography recordings from affected muscles. For example, 
one can make simultaneous recordings from the tibialis anterior 
and medial gastrocnemius muscles. Normally, if the gastrocnemius 
muscle is activated by forcible plantar flexion of the foot, MUAP 
discharges in the antagonist tibialis anterior muscle will be silenced 
as a result of spinal-level reciprocal inhibition. In patients with SPS, 
however, this inhibition does not take place. A similar pattern of 

discharge can occur in other muscle hyperactivity syndromes, such 
as dystonia, so this finding is not specific for SPS.

As noted above, startle-induced muscle spasms are superimposed 
on tonic muscle contraction in SPS. The exaggerated startle re-
sponse can be assessed by EDX testing. One method is to record 
an electromyogram by surface electrodes from multiple sites while 
providing a random and unexpected sound stimulus. When indi-
viduals are startled by the loud noise, time-locked bursts of MUAPs 
can be recorded in multiple muscle by surface electrodes. This 
technique is known as the acoustic startle reflex.4 In normal indi-
viduals, repetition of the stimulus evokes a much smaller response, 
and multiple repetitions result in no response. This phenomenon 
of accomodation to the stimulus is not observed in SPS patients. 
Repeated stimuli will continue to evoke a large, wide-distribution 
response. A similar response can be seen when the stimulus is an 
attention-compelling electrical shock applied to the median nerve 
at the wrist.1,5 When peripheral nerve stimulation is performed, the 
reflex response is described as an exteroceptive reflex. With treat-
ment, accomodation will return, and the size and persistence of 
the exteroceptive reflexes will decline progressively in parallel with 
clinical improvement.

Antibody Assay. The understanding of SPS as an autoimmune 
disorder was enhanced dramatically when the presence of antibod-
ies to glutamic acid decarboxylase (GAD) in the sera of patients 
was demonstrated.6,7 Although an antibody-mediated attack on 
gamma-aminobutyric acid (GABA)-ergic neurons makes intui-
tive sense, there is concern that anti-GAD antibodies may not be 
a full explanation for the pathophysiology of the disease. GAD is 
an intracellular protein, thus some feel that the presence of serum 
anti-GAD antibodies serves only as a marker for the disease. 
Nevertheless, more than 60% of patients with SPS will have serum 
anti-GAD antibodies, and their presence helps make the diagnosis 
more certain.

A second antibody has also been associated with SPS. Antibodies 
directed against amphiphysin, a 128-kd protein found in the brain 
and spinal cord have been demonstrated in patients with SPS and 
systemic malignancy, particularly breast cancer.3 Neither anti-GAD 
nor anti-amphiphysin antibodies are specific for the diagnosis of 
SPS, since they can be demonstrated in patients with other diseases. 
Anti-GAD antibodies, particularly directed against the 65-kd GAD 
protein are more commonly found in association with diabetes 
mellitus. Anti-GAD antibodies are also found in other neuro-
logical diseases, including a form of cerebellar ataxia. Neurologic 
diseases associated with anti-amphiphysin antibodies are typically 
paraneoplastic, and the presence of the antibodies is a marker for 
malignancy. The earliest reports were of an association with breast 
cancer, but patients with small-cell lung cancer and other primary 
malignancies have been reported to have the antibody.

Other Diagnostic Tests. Since GABA-ergic neurons are widely dis-
tributed in the central nervous system, other neurologic syndromes 
can occur in association with anti-GAD antibodies and SPS. 
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Epilepsy occurs in 10%-15% of patients with SPS, and subacute 
cerbellar degeneration has been reported. The physician should 
have a high index of suspicion for these disorders in a patient in 
whom a diagnosis of SPS is made. In addition, monitoring the 
patient for diabetes mellitus is warranted, particularly if treatment 
with corticosteroids is part of the patient’s regimen.
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AFTER COMPLETION OF THIS ACTIVITY
Neuromuscular Update Course III 

ACTIVITY AND FACULTY EVALUATION
On the Scantron Sheet provided rate how well you perceived the activity to have met your expectations using the following scale for 
questions 10-19.  For questions 20 and beyond, use the scale provided under the question.

A.  Extremely      

B.  Somewhat      

C.  Very Little      

D.  Not at all

This CME activity:

 10. Addressed my most pressing questions.

 11. Addressed competencies identified by my specialty.

 12. Provided fair and balanced content.

 13. Provided clear evidence to support content.

 14. Included opportunities to learn interactively from faculty and 
participants.

 15. Provided me with supporting materials or tools for my office (re-
minders, patient materials, etc.)

 16. Included opportunities to solve patient cases.

 17. Translated trial data to patients I see in my practice.

 18  Addressed barriers to my optimal patient management.

 19. Improved my knowledge/ability in the objectives outlined?

 20.  Will you incorporate new elements presented in this educational 
session into your practice to improve patient care?
A.  Already do this.
B.  Yes.
C.  No. 
D.  Not applicable to my patients.

 21.  After attending this session, do you expect your management 
strategies in this clinical area to change within the next 6 months?
A. Definitely will change.  
B.  Possibly will change.  
C.  Definitely will not change.

   Written comments can be provided on page 17.
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22. How would you rate the quality of instruction received during  
Dr. Leshner’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 23. Did you perceive any commercial bias in Dr. Leshner’s presenta-
tion?
A. Yes.
B. No.

 24. How would you rate the quality of instruction received during  
Dr. Turk’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 25.  Did you perceive any commercial bias in Dr. Turk’s presentation?
A. Yes.
B. No.

 26. How would you rate the quality of instruction received during  
Dr. Harati’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 27. Did you perceive any commercial bias in Dr. Harati’s presenta-
tion?
A. Yes.
B. No.

 28. How would you rate the quality of instruction received during  
Dr. Kwan’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

29. Did you perceive any commercial bias in Dr. Kwan’s presenta-
tion?
A. Yes.
B. No.

30. How would you rate the quality of instruction received during  
Dr. Ciafaloni’s presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 31. Did you perceive any commercial bias in Dr. Ciafaloni’s presenta-
tion?
A. Yes.
B. No.

32. How would you rate the quality of instruction received during  
Dr. Phillips’ presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 33. Did you perceive any commercial bias in Dr. Phillips’ presenta-
tion?
A. Yes.
B. No.

34. How would you rate the quality of instruction received during  
Dr. Dalakas’ presentation?
A. Best possible.
B. Good.
C. Average.
D. Poor.
E. Worst possible.

 35. Did you perceive any commercial bias in Dr. Dalakas’ presenta-
tion?
A. Yes.
B. No.
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36. Which of the statements about nemaline myopathy is FALSE?
A. May be inherited as an autosomal or autosomal recessive 

trait.
B. Symptoms and signs differ in severity and among family 

members.
C. Genotype-phenotype correlations are precise.
D. Most cases can not be confirmed by DNA testing.

37. The clinical presentation of children with congenital myopathies 
my include:
A. Feeding difficulties and hypotonia.
B. Proximal and/or distal weakness.
C. Facial and skeletal dysmorphism.
D.  All of the above.

38.  Andersen-Tawil syndrome is a clinically and genetically distinct 
form of periodic paralysis with cardiac arrhythmia.
A.  True.
B.  False.

39.  Patients with Andersen-Tawil syndrome can have:
A.  Syndactyly.
B.  Mandibular hypoplasia.
C.  A high-arched palate.
D.  All of the above.

40. There is no specific electrophysiological test to diagnose stiff-
person syndrome.
A.  True.
B.  False.

41. An essential component of stiff-person syndrome is superimposed 
muscle spasms.
A.  True.
B.  False.
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COMMENTS

Write out any additional comments about specific courses or the plenary session (please indicate which), and list suggestions for topics 
and speakers for future meetings. Leave at the AANEM Registration and Information Center or mail to the AANEM Executive Office 
at 2621 Superior Drive NW, Rochester, MN 55901.










