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Section 1
A 59-year-old woman with a history of stage 3 immunoglobulin G (IgG) lambda multiple
myeloma (MM) on treatment with bortezomib and dexamethasone, chronic lower back pain, and
chronic but improving bilateral lower extremity weakness and numbness presented with 2 to 3
weeks of worsening lower extremity weakness and numbness. Prior to presentation, the patient
had been hospitalized for sepsis and cardiac arrest. Weakness affected the left lower extremity
before progressing to the right lower extremity, whereas numbness was present in both feet.
There was no bowel or bladder incontinence, saddle anesthesia, preceding trauma, or history of
radiation therapy. The bilateral lower extremity weakness and numbness resulted in gait im-
pairment and falls, which prompted admission for further investigation. Notably, bortezomib had
been started 4 months prior to presentation.

Initial examination revealed cachexia, bilateral thigh atrophy, and bilateral lower extremity flaccid
weakness, along with areflexia. The weakness was symmetric proximally (Medical Research
Council 1/5 in bilateral hip flexion and knee flexion and extension) but asymmetric distally (0/5
in right dorsiflexion; 2/5 in right plantarflexion, left dorsiflexion, and plantarflexion). In addition
to the weakness, the patient exhibited symmetric sensory loss in the distal lower extremities.
There was no sensory level. Examination of the upper extremities was normal, including motor,
sensory, and reflexes.

Question for consideration:
1. How can one localize the lesions?
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Section 2
The first step in localizing the lesion is to discern between
upper and lower motor neuron involvement (table e-1, doi.
org/10.5061/dryad.d2547d7zd). Based on the pattern of
weakness, atrophy, and decreased reflexes and tone, one can
localize the lesion to the lower motor neuron. The brain and
spinal cord are therefore improbable locations. In addition,
spine pathology is unlikely due to absent bowel and bladder
incontinence and lack of a sensory level on examination. This
diagnostic approach leaves the following possible topographies:
anterior horn cell, nerve root, plexus, peripheral nerve, neuro-
muscular junction, and muscle.

Lesion at the level of the anterior horn cell
and muscle
These topographies are unlikely to be the location of the
lesion given the associated sensory changes accompanying the
weakness.

Lesion at the level of the lumbosacral plexus
Dysfunction at the level of the lumbosacral plexus is a possi-
bility, especially in the context of a known underlying malig-
nancy. However, malignant lumbosacral plexopathy is typically
unilateral, and these patients generally experience pain (more
pronounced at night) before developing weakness, numbness,
and diminished/absent reflexes.1 Also, if the patient had injury
to the lumbosacral plexi, irrespective of the etiology, one would
expect a more pronounced and asymmetric sensory pattern
instead of solely distal lower extremity numbness.

Lesion at the level of the peripheral nerve
A peripheral nerve lesion is also a possibility. Within the realm of
peripheral neuropathy, if only the distal sensory changes are
taken into account, the patient presentation would fit a poly-
neuropathy pattern. If the patient had presented with

asymmetric sensory symptoms along with asymmetric weakness,
it would have suggested a mononeuropathy multiplex pattern.

Mononeuropathy multiplex, which describes the involvement
of multiple noncontiguous peripheral nerves either simulta-
neously or serially,2 could explain the patient’s asymmetric
weakness if injury involved multiple peripheral nerves, such as
femoral, peroneal, tibial, or sciatic. However, sensory changes
would have involved the femoral distribution (anterior thighs
and medial legs) and the distal lower extremity numbness
would have been asymmetric. In this patient, the right peroneal
nerve was more involved, as was evidenced by a weaker right
foot, hence one would have expected corresponding asym-
metric distal lower extremity numbness featuring exaggerated
sensory changes on the right, which was not found. Moreover,
mononeuropathy multiplex would likely have involved pe-
ripheral nerves in the upper extremities, which were normal in
this patient.

Lesion at the level of the nerve root
Dysfunction at the level of the nerve root, if affecting multiple
levels at the lumbosacral region, would explain the asym-
metric lower extremity weakness but not the symmetric distal
lower extremity numbness.

The combination of distal lower extremity sensory loss and
asymmetric weakness involving different myotome levels
(L2/L3/L4 for the proximal lower extremity muscles and L5/
S1 for the distal lower extremity muscles) is suggestive of
involvement of both lower extremity peripheral nerves and
lumbosacral nerve roots, respectively.

Question for consideration
1. What investigations may help establish a topographic

diagnosis?
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Section 3
We pursued a workup that would evaluate both the nerve
roots and peripheral nerves: a lower thoracic/lumbar spine
MRI with contrast and EMG and nerve conduction stud-
ies (NCS).

Routine sensory (right median digit II nerve, right ulnar digit
V nerve, and sural nerves) and motor studies (right median
nerve, right ulnar nerve, peroneal nerves, and right tibial
nerve) were performed. Sensory studies were normal except
for absent responses in both sural nerves. Motor studies
showed no responses in the right peroneal (recording at
extensor digitorum brevis) and tibial nerves. The peroneal
nerves recording at the tibialis anterior showed low ampli-
tudes with normal latencies and velocities. The median and
ulnar responses were normal except for slightly low median
nerve amplitude.

EMG was performed recording in distal and proximal lower
limb muscles (L3–S1), right lumbar paraspinals, and distal
right upper limb (C8/T1). The right lower limb and lumbar
paraspinals showed active denervation (fibrillations and
positive sharp waves) in the anterior tibialis, gastrocne-
mius, vastus medialis, iliopsoas, and semitendinosus with

corresponding chronic neurogenic units and moderately
reduced recruitment to absent voluntary activity. The vastus
medialis and gluteus medius showed too low a rate of ac-
tivation to determine pattern. The left anterior tibialis and
gastrocnemius showed similar findings of active denervation
and chronic neurogenic units with markedly reduced re-
cruitment. The patient was not able to tolerate EMG of the
left vastus medialis. The right first dorsal interosseus muscle
showed normal findings.

These findings suggested an axonal sensorimotor peripheral
polyneuropathy and asymmetric bilateral denervation of
lumbosacral roots (L2–S1 on the right, L5–S1 on the left).
Concomitant denervation in the paraspinal muscles sug-
gested nerve root involvement while specific myotome in-
volvement was determined by the specific distal limb
muscles tested.

The spine MRI (figure) showed spondylosis and MM of the
involved vertebral bodies along with chronic L3–L4 compres-
sion fractures but failed to show spinal cord signal changes or
compression or cauda equina enhancement. Notably, the
spondylotic changes, including spinal canal and foraminal ste-
noses, were believed not to explain the patient’s neurologic
deficits or the degree of denervation suggested by the EMG/

Figure Spine MRI

Sagittal short tau inversion recovery (STIR) (left) and
postcontrast sagittal T1 (right) show multiple con-
trast-enhancing, STIR-hyperintense lesions through-
out the spine along with pathologic compression
fractures of the L3 and L4 vertebral bodies compati-
ble with multiple myeloma of the spine. There are
diffuse degenerative changes featuring multilevel
spinal canal and foraminal stenosis. There is no evi-
dence of abnormal spinal cord signal or compression.
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NCS. Neuroimaging thus ruled out a mechanical etiology for
the diffuse nerve root involvement.

We confirmed our clinical suspicion and established
2 concurrent topographic diagnoses: peripheral

polyneuropathy and nonmechanical bilateral lumbosacral
polyradiculopathy.

Question for consideration
1. What are the relevant etiologic differential diagnoses?
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Section 4
One should take into consideration the patient’s relevant
medical history, including the MM and its ongoing treat-
ment with bortezomib, when considering etiologic differ-
ential diagnoses.

Peripheral neuropathy may have multiple causes, the most
common being diabetes; however, in the reported patient,
the causes are narrowed due to its subacute on chronic na-
ture and the underlying malignancy. Peripheral neuropathy
in patients with MM may be secondary to MM itself (par-
aproteinemic), MM medications (such as bortezomib and
thalidomide), amyloidosis, and POEMS syndrome (poly-
neuropathy, organomegaly, endocrinopathy, M-protein, and
skin changes).3–6

Radiculopathy in patients with MM is more common than
neuropathy and is typically due to direct compression of the
nerve roots by plasmacytomas, foraminal stenosis due to
pathologic fracture, vertebral body collapse, and, less com-
monly, leptomeningeal disease (LMD).3,4

Subsequent investigations comprised serologic tests, CSF
analysis, fat pad biopsy, and bone marrow stain. Serologic
tests were remarkable for normal hemoglobin A1c, thyroid-
stimulating hormone, and vitamin B12, negative HIV, negative
angiotensin-converting enzyme (ACE), and normal vascular
endothelial growth factor (VEGF) level. Serum electropho-
resis revealed a monoclonal peak in the gamma range (IgG
lambda) of 11.45 g/dL.

CSF studies demonstrated normal white and red cell count
and glucose, but increased protein (148 mg/dL); infectious
tests (herpes simplex virus, venereal disease research labo-
ratory, West Nile, tuberculosis PCR, cultures) and ACEwere
negative or within normal limits. CSF cytology and flow
cytometry were negative. CSF electrophoresis showed
gamma globulin of 62% (normal 3%–13%) and an M-spike
of 58.8% (normally undetectable). Fat pad biopsy and bone
marrow stain were negative for amyloid deposits.

Question for consideration:
1. In light of the history, examination, and workup, what is

the final diagnosis?
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Section 5
Bilateral lumbosacral polyradiculopathy
As discussed above, the most relevant causes of radiculopathy in
patients with MM, especially those with advanced disease such
as the reported patient, are related to either direct compression
of the nerve roots or LMD. Potential structural causes of
compression include vertebral pathologic fractures resulting in
foraminal stenosis, vertebral body collapse, and plasmacytomas.

The patient underwent spinal imaging and CSF analysis, in-
cluding cytology and flow cytometry, which excluded me-
chanical causes of radiculopathy and LMD, respectively. Despite
being negative for signs of LMD, CSF analysis revealed para-
proteins. Due to the latter and coupled with the fact that the
patient had advanced MM, we attributed the bilateral lumbo-
sacral polyradiculopathy to MM-related paraproteinemia.

Axonal sensorimotor
peripheral polyneuropathy
As discussed above, the most relevant causes of peripheral
neuropathy in patients with MM, especially those with ad-
vanced disease and in treatment with bortezomib, include
bortezomib-related peripheral neuropathy (BIPN), primary
amyloidosis, POEMS syndrome, and paraproteinemia.

It is well established that peripheral neuropathy is one of the
most significant nonhematologic toxicities associated with bor-
tezomib. BIPN is known to be dose-dependent and to occur
within the first courses of bortezomib, reaching a plateau at cycle
5. These patients typically present with a painful sensory neu-
ropathy, in a stocking-glove distribution. The clinical hallmark of
this entity is neuropathic pain in the fingertips and toes. Al-
though less frequent, motor neuropathy may also occur with
bortezomib and generally features mild to severe distal weakness
in the lower extremities and affects up to 10% of patients. In
terms of treatment, bortezomib dose reduction and schedule
modifications remain the most important interventions.7 In this
patient, BIPN was deemed less likely due to the degree and
pattern of weakness (very severe, both proximal and distal), the
absence of pain associated with the distal sensory changes, and
the fact that the worsening weakness/numbness started roughly
3 months following bortezomib initiation. Primary systemic
amyloidosis, referred to as light-chain amyloidosis, is a plasma
cell disorder associated with peripheral neuropathy. Approxi-
mately 15% of this population has peripheral neuropathy, which
can be sensorimotor or autonomic, or both.4 Typical symptoms
include painful symmetric distal sensory neuropathy; weakness
may occur, but is less prominent. Amyloidosis-related neurop-
athy was considered unlikely in our patient because of the
prominent motor component and subsequent negative workup
with both fat pad biopsy and bone marrow stain.

POEMS syndrome was considered as a possible etiology of the
patient’s presentation. In this syndrome, the clinical picture is
dominated by a chronic, progressive, predominantly motor
polyneuropathy along with osteosclerotic bone lesions. From

a neuropathy standpoint, these patients present with distal,
symmetric lower extremity sensory changes followed by motor
involvement; the course is progressive, often with major motor
disability.4 The reported patient did notmeet diagnostic criteria
for POEMS given the absence of osteosclerotic lesions, normal
VEGF levels, and no evidence of Castleman disease.8 There-
fore, this diagnosis was deemed less likely.

Based on the above, in addition to the presence of advanced
MM and paraproteins in the spinal fluid, we attributed the
patient’s axonal sensorimotor peripheral polyneuropathy to
MM-related paraproteinemia.

The final diagnosis was paraproteinemic polyradiculoneuropathy
and the patient was treated with plasma exchange, which was
followed by mild motor improvement. Bortezomib was dis-
continued in case it was contributing to the neuropathy.

Discussion
Malignant plasma cell dyscrasias are defined as proliferation of
a plasma cell clone producing a monoclonal immunoglobulin
known as a paraprotein or M-spike. MM is the most frequent
condition in this group of disorders. Patients with MM may
experience many neurologic complications including radi-
culopathy and neuropathy. We report a case of MM-related
paraproteinemic polyradiculoneuropathy.

Clinically relevant MM-related paraproteinemic neuropathy,
which is a heterogeneous entity, is seen in up to 13%of patients.
It is considered to be sensorimotor, demyelinating, or axonal,
and is associated with IgG and immunoglobulin A monoclonal
heavy chains and kappa more than lambda light chains. Its
pathophysiology remains controversial; proposed mechanisms
include production of humoral substance by the tumor, dele-
terious effect of light chain, and humoral immune-mediated
response. Treatment of MM does not improve para-
proteinemic neuropathy, and therapies targeted at the neu-
ropathy are not well established.3,4,9

Radiculopathy in MM is generally a consequence of either
mechanical compression (by, for example, vertebral plasma-
cytoma, foraminal stenosis due to pathologic fracture, or
vertebral body collapse) or LMD. Uncommonly, nerve root
involvement has been associated with MM-related poly-
neuropathy, as seen in previous studies that relied on patho-
logic examination rather than EMG/NCS data.10

This complex case provides an overview of clinical reasoning
and a review of MM-related neurologic complications.
MM-related paraproteinemic polyneuropathy is not well un-
derstood and this condition may feature a strong electro-
clinical component of polyradiculopathy.

Study funding
No targeted funding reported.
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