Sensory neuronopathy is a well-recognized remote effect of carcinoma. We
report the clinical and electrodiagnostic evolution of a sensory neuronopa-
thy in a patient with carcinoma of the lung. Serial electrophysiologic studies
suggest transformation from normal peripheral nerve function through early
posterior root involvement to absent sensory nerve function. Diffuse motor
conduction abnormalities occurred late in the disease, perhaps reflecting
motor axon changes associated with disuse.
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ELECTRODIAGNOSTIC EVOLUTION OF

CARCINOMATOUS SENSORY
NEURONOPATHY

PETER D. DONOFRIO, MD, ANTHONY G. ALESSI, MD,
JAMES W. ALBERS, MD, PhD, ROBERT H. KNAPP, MD,
and MILA BLAIVAS, MD, PhD

Although the neuropathies associated with carci-
noma are heterogenous, the most distinctive is the
sensory neuronopathy first described clinically
and pathologically by Denny-Brown.? We report
the electrophysiologic evolution of a remote-effect
sensory neuronopathy in a patient with autopsy-
proven small cell carcinoma.

CASE PRESENTATION

A 4b5-year-old woman was referred with a 4-week
history of muscle and joint stiffness, fatigue, fever,
weight loss, and right facial numbness. Initial ex-
amination identified nystagmus on right voluntary
gaze, diminished right facial sensation, mild upper
extremity dystaxia, axial titubation, and unsteady
tandem gait. Muscle stretch reflexes were brisk,
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and a mild reduction in vibratory perception was
recorded at her toes. During her initial hospital-
ization, she developed a left tonic pupil and cen-
tral facial weakness, sensorineural hearing loss,
constipation, and orthostatic hypotension. Axial
titubation and gait worsened, muscle stretch re-
flexes disappeared, and sensory loss progressed.
She began to complain of severe extremity dyses-
thesias. Despite extensive laboratory and radio-
logic testing, she was discharged without a diag-
nosis.

She was subsequently readmitted for cachexia,
dysphagia, worsening dysesthesias, and weakness.
Physical examination demonstrated bilateral tonic
pupils, course nystagmus in all directions of gaze,
choreoathetoid movements, and pronounced sen-
sory loss to all modalities. Her condition deterio-
rated, and she eventually required nasogastric
tube feeding and intubation because of respira-
tory failure.

Laboratory studies of blood and urine contin-
ued to be normal. Cerebrospinal fluid (CSF) anal-
ysis revealed 3—7 WBCs (lymphocytes), a protein
of 0.22 g/L. (normal =0.045), and 3-4 oligoclonal
bands (no corresponding bands detected in the
serum). Brain CT scan and MRI were normal as
were visual, brainstem, and somatosensory e¢voked
studies. Chest CT scan identified a 1 1/2 cm left
hilar mass. Sural nerve biopsy showed marked loss
of large and small myelinated fibers but no amy-
loid deposition (Fig. 1). Teased fiber preparations
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FIGURE 1. Epon-embedded, 1 um-thick section of sural nerve stained with toluidine blue. Magnification 75x. A fascicle shows marked
loss of both large and small myelinated fibers as weli as disintegration of the present fibers.

revealed changes characteristic of ongoing axonal
degeneration and minimal segmental myelin de-
generation.

The patient expired from pulmonary conges-
tion 8 months after disease onset. Necropsy dem-
onstrated a left hilar undifferentiated small cell
carcinoma, severe pulmonary congestion, and car-
diomegaly. Neuropathologic findings revealed se-
vere dorsal column degeneration (Fig. 2) and
prominent neuronal loss in the dorsal root ganglia
(Fig. 3), changes previously reported in carcino-
matous sensory neuronopathy. No ventral horn
abnormalities were observed; no malignant cells
were recovered from the spinal cord or CSF.

MATERIALS AND METHODS

Motor and sensory conduction studies were per-
formed using standard techniques of supramaxi-
mal percutaneous stimulation and surface elec-
trode recording. Compound muscle action poten-
tial (CMAP) and sensory nerve action potential
(SNAP) amplitudes were measured from baseline

Carcinomatous Neuronopathy

to negative peak. Conduction velocity (CV) was
measured in the forearm and leg segment. F-
response latencies were recorded as the minimal
latency in a series of 10 F responses using dis-
tal (wrist or ankle) antidromic motor nerve stim-
ulation. Posterior tibial H-reflex latencies were
determined as the shortest latency of the larg-
est H-reflex amplitude recorded on successive
stimulations. Skin temperatures were measured
and maintained above 32°C using warm com-
presses.

Electromyography was performed using stan-
dard concentric needle electrodes. Insertional ac-
tivity, spontaneous activity at rest, and motor unit
recruitment and morphology were analyzed and
scored subjectively.

ELECTRODIAGNOSTIC RESULTS

Table 1 displays serial nerve conduction results at
various intervals after disease onset. 'These results
can be summarized as follows: day 29, normal
nerve conduction studies; day 39, normal sensory
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conduction studies, absent H reflexes, and slowing
in I motor CV; day 68, absent or reduced SNAP
amplitudes, prolonged ulnar sensory distal la-
tency, absent H reflexes, and slowing in 1 motor
CV; days 104—110, absent sensory responses, re-
duced CMAPs, slowing in motor CVs, and a pro-
longed F-response latency. The needle cxamina-
tion was normal at all evaluations, except for
unsustained positive waves and fibrillation poten-
tials in distal lower extremity muscles recorded
during the fifth study. Figure 4 represents graph-
ically the sequential conduction study results of
one sensory and one motor nerve in the evolution
of the remote-effect neuronopathy.

DISCUSSION

In most retrospective studies, neuropathy as a re-
mote-effect of carcinoma has been detected clini-
cally in 1.7-5.5% of patients.”®'® These percent-
ages increase to 17-80% in prospective studies
when electrodiagnostic and morphometric crite-
ria are utilized."”'****' The carcinomatous neu-
ropathies are heterogenous in clinical presenta-
tion and morphology, consisting of a distal sen-
sorimotor axonopathy,>®®** a sensory neurono-
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: o,
FIGURE 2. LFB-PAS stain of cross section of lumbar spinal cord. Magnification 8x. Degeneration of the dorsal columns. No?e loss of
myelin secondary of degeneration of dorsal root ganglion. This was a prominent finding throughout the entire length of the spinal cord.

4-6.89.15 4 1d rare occurrences of chronic in-

pathy, g
flammatory demyelinating polyneuropathy®*® and
paraneoplastic vasculitic neuropathy.'® Although
less frequent than the distal sensorimotor axonop-
athy, the most commonly identified neuropathy
with carcinoma is the sensory neuronopathy first
described in detail by Denny-Brown.” This neur-
opathy is subacute in onset and may precede iden-
tification of the neoplasm by several months. It is
strongly associated with oat cell carcinoma of the
lung. Symptoms and signs include pain, paresthe-
sias, dysesthesias, and prominent large more than
small fiber sensory loss. Areflexia, gait ataxia, and
choreoathetoid movements are common, whereas
strength is usually preserved. Less common mani-
festations are facial hypesthesias, nystagmus, de-
pressed or unreactive pupils, and hearing loss.'®
The protein concentration of the CSF is fre-
quently elevated,”'? and oligoclonal bands may be
detected.”’ Neuropathology reveals inflammation,
cell loss, and degeneration of dorsal root ganglia
and posterior roots and gliosis of the posterior col-
umns of the spinal cord.”” "> Similar findings oc-
cur in peripheral sensory nerves.'® Skeletal muscle
may show grouped atrophy.'®
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FIGURE 3. Hematoxylin & eosin stain of dorsal root ganglion. Magnification 250x. There is a prominent loss of axons. There are tight
clusters of dark staining capsule cells which proliferate in place of the degenerated neurons; i.e., nodules of Nageotte (arrows).

Reports of nerve conduction studies in fully
developed carcinomatous sensory neuronopathy
have demonstrated uniform results.'> SNAP am-
plitudes are diminished or absent in the setting of
normal motor nerve conduction. Motor ampli-
tudes and conduction may be slightly reduced in
severe cases, perhaps representing disuse atrophy,
axonal stenosis, or a combination of both.!%-!%28
Also normal is the needle examination except in
late, severe disease when spontaneous activity at
rest and irregular recruitment of voluntary motor
units may be recorded.'” This pattern of elec-
trodiagnostic findings, although suggestive of car-
cinomatous neuronopathy, is not pathognomonic.
Similar abnormalities have been reported in
chronic idiopathic ataxic neuropathy,” chronic bil-
iary cirrhosis,? paraproteinemia,29 hereditary sen-
sory neuropathy,** Sjogren’s syndrome,'? Fisher-
variant Guillain-Barré syndrome,'' Freidreich’s
ataxia,”>* dysautonomia,” association with peni-
cillin administration,” pyridoxine,?” and cisplati-
num toxicity,'* and in idiopathic sensory neu-
ronopathy.'

Carcinomatous Neuronopathy

Analysis of the serial electrodiagnostic results
and the neuropathology in this case suggests that
carcinomatous sensory neuronopathy may evolve
in stages. Normal nerve conduction results on ini-
tial testing confirm integrity of the motor and sen-
sory peripheral nervous system, the latter from
the dorsal root ganglion distally. On subsequent
testing, motor and sensory nerve conduction stud-
ies remain normal in the setting of absent H re-
flexes. This unique combination of nerve conduc-
tion abnormality suggests dysfunction of the H-
reflex arc proximal to the dorsal root ganglia and
ventral horn. Thereafter, diminution and disap-
pearance of sensory responses, in the setting of
relatively normal motor conduction, implies pro-
gression of the diseasc to the dorsal root ganglia
and/or sensory nerve. The generalized motor
nerve conduction abnormalities, which evolved
later in the illness, could be attributed to a subclin-
ical motor component of a sensorimotor polyneu-
ropathy, another form of paraneoplastic neuropa-
thy. A more likely explanation would be the
recently described effect of disuse on motor
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Table 1. Nerve conduction studies.

Days following onset of initial symptoms

29

39

68 104 110

Sensory nerves

Sural

Amp. (=6 pV)

DL (=4.2 msec)
Median

Amp. (=20 pV)

CV (=53 m/sec)

DL (=3.7 msec)
Ulnar

Amp. (=10 pV)

CV (=53 misec)

DL (=3.5 msec)

Motor nerves

Posterior tibial

Amp. (23 mV)

CV (=41 m/sec)

DL (=6.1 msec)

F response (=55 msec)
Ulnar

Amp. (=6 mV)

CV (=49 m/sec)

DL (=3.5 msec)

F response (=31 msec)
Posterior tibial H reflex

Right/teft

12
39

30
63
34

12/11
48
4.0

8/8
61
2.5

12
3.9

13

41

45
51.2

NR/NR

NR NR

NR NR

NR

48

97

36
5.1
57.6

16/10
41
4.1
49

35
7.0
60.4

10

47

31
30.6

7/6
47
25

13/11
55
2.6

29.5

—/NR

Key: Amp = amplitude, DL = distal fatency, CV = conduction velocily, dash indicates not done.

conduction.'® This effect has been demonstrated
in an animal model'®?® and used to explain simi-
lar motor nerve conduction results in pyridoxine
intoxication, another illness resulting in a sensory
neuronopathy.! Disuse effect on motor conduc-
tion would also correlate closely with the autopsy
findings of normal ventral horns and motor roots.

The electrodiagnostic findings in sensory neu-
ronopathy are characteristic and, although they
may resemble those recorded in a distal sensori-
motor polyneuropathy early in the course of evo-
lution, the complete loss of sensory potentials in
the absence of severe motor conduction or needle
electromyographic abnormalities would be un-
usual in the latter condition. This pattern of ab-
normality should raise the question of neuronopa-
thy, greatly limiting the differential diagnosis. The
clinical features of superimposed cranial nerve
and central nervous system dysfunction in this pa-
tient further raise suspicion for a paraneoplastic
syndrome.

The initial conduction studies were performed
at a time when the patient was symptomatic. This
dichotomy between clinical and electrodiagnostic
findings suggests that normal studies early in dis-

512  Carcinomatous Neuranopathy

ease presentation do not exclude the possibility of
a peripheral process and emphasize the need for
repeat electrodiagnostic evaluation when the diag-
nosis is unclear.
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FIGURE 4. Nerve conduction results of the sural and tibial mo-
tor nerves are represented graphically relating the response ex-
pressed as a percentage of the normal age-matched mean to
the course of the disease.
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