The pattern of an abnormal median-normal sural (AMNS) sensory response
is associated with acute and chronic inflammatory demyelinating polyradic-
uloneuropathy (AIDP and CIDP) and considered unusual in other types of
neuropathy, although specificity and sensitivity of this pattern have not
been evaluated. We compared sensory responses (patterns and absolute
values) in patients with AIDP, CIDP, diabetic polyneuropathy (DP), and mo-
tor neuron disease (MND). Using strict criteria, the AMNS pattern occurred
more frequently in recent onset AIDP (39%) compared with CIDP (28%),
DP (14%—23%), or MND (22%) patients. This pattern was found in 3% of
control subjects. The extreme pattern of an absent median-present sural re-
sponse occurred only in AIDP and CIDP patients and in no other groups.
Abnormalities of both nerves were more common in long-standing polyneu-
ropathies such as CIDP and DP compared with AIDP or MND. Median
nerve amplitudes were reduced significantly in AIDP, CIDP, and DP pa-
tients compared with MND patients, whereas sural nerve amplitudes were
significantly reduced only in DP and CIDP patients. These findings may re-
flect early distal nerve involvement particularly in AIDP patients which is
highlighted by differences in median and sural nerve recording electrode
placement. We conclude that, in the appropriate clinical setting, the AMNS
pattern, an absent median-present sural response pattern, or a reduced
median amplitude compared with the sural amplitude supports a diagnosis
of a primary demyelinating polyneuropathy. © 1993 John Wiley & Sons, Inc.
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PATTERNS OF SENSORY NERVE
CONDUCTION ABNORMALITIES

IN DEMYELINATING AND AXONAL
PERIPHERAL NERVE DISORDERS

MARK B. BROMBERG, MD, PhD, and JAMES W. ALBERS, MD, PhD

The pattern of nerve conduction abnormalities is
important in the diagnosis of disorders of periph-
eral nerve. One question that can be addressed by
nerve conduction studies is whether there is elec-
trodiagnostic evidence to distinguish between pri-
mary demyelinating and primary axonal polyneu-
ropathy.'' Expected conduction changes for
motor nerves have been reported for these two
categories of polyneuropathy.3 Although similar
nerve conduction changes are predicted for sen-

sory nerves, the low amplitude and short duration
of the sensory nerve action potential makes assess-
ment of these changes difficult.'>'”

Despite these limitations, the sensory nerve con-
duction pattern of an abnormal median-normal
sural (AMNS) nerve response has been observed in
both acute inflammatory demyelinating polyradic-
uloneuropathy (AIDP)"'1%29 and chronic inflam-
matory demyelinating polyradiculoneuropathy
(CIDP),7 but is thought to occur rarely in axonal
disorders. The diagnostic specificity and sensitivity
of this pattern of sensory nerve responses has not
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been studied. We carried out a retrospective review
of sensory nerve conduction data to compare find-
ings in patients with disorders primarily atfecting
myelin to those primarily affecting the axon. Exam-
ples of primary demyelinating polyneuropathy in-
cluded patients with AIDP and CIDP. Patients with
diabetic polyneuropathy (DP) were used as a posi-
tive control group because, although they have a
primary axonal polyneuropathy, they have demy-
elination to a minor degree and conduction slowing
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attributed to metabolic factors.® Patients with amy-
otrophic lateral sclerosis—type motor neuron dis-
ease (MND) were used as a negative control group
because the disease is a motor neuronopathy with

. . . 5 13
minimal sensory nerve involvement.”

METHODS

The two patient groups with primary demyelinat-
ing polyneuropathy included 36 patients with
AIDP and 64 patients with CIDP who received
care in our Neuromuscular Clinic and met clini-
cal criteria for the respective disorders."'? Pa-
tients with DP were divided into two groups. A
DP-study group consisted of 30 patients with in-
sulin-dependent and non-—insulin-dependent dia-
betes mellitus and mild symptoms and signs of
polyneuropathy who had baseline nerve conduc-
tion measurements as part of a therapeutic drug
trial. A DP-consecutive group consisted of 29
consecutive patients with insulin-dependent or
non—insulin-dependent diabetes referred to the
EMG Laboratory for evaluation of polyneuropa-
thy. The MND group consisted of 22 patients
from our Neuromuscular Clinic who met clinical
criteria for sporadic MND.”

Median and ulnar sensory nerve responses
were recorded antidromically with ring electrodes
on the second and fifth digits, respectively, follow-
ing surface stimulation 14 cm proximally at the
wrist and at the elbow.'® Sural nerve potentials
were recorded with disc electrodes at the ankle
tollowing stimulation 14 c¢cm proximally at the
calf.'® Limb temperature was maintained above
32°C with application of hot packs. A sensory re-
sponse was considered abnormal if any one of the
values for distal amplitude, distal peak latency, or
conduction velocity were beyond the EMG Labo-
ratory normal limits (see Table 2). Normal labora-
tory limits were obtained from subjects not associ-

ated with hospital
visitation.

Nerve conduction data from AIDP patients in-
cluded only that obtained during the acute or pro-
gressive phase, defined as the first 4 weeks after
onset of symptoms.' For CIDP and MND patients,
data were analyzed from the initial evaluation in
our clinic and, for DP patients, from the initial
evaluation in the EMG Laboratory.

Statistical comparisons for differences of pro-
portions for the AMNS pattern between patient
groups were made by chi-square tests. Compari-
sons of group age, sensory nerve response ampli-
tudes, and sural minus median amplitude remain-
der values were made by analysis of variance using
the Fisher protected least-square difference test to
make pairwise comparisons at an overall signifi-
cance level of P < 0.05."*

employment or hospital

RESULTS

The ranges and mean ages of the patient groups
are shown in Table 1. Patients in the AIDP group
were significantly younger than those in the other
groups, and the MND patients were significantly
older than the AIDP, CIDP, and DP-study pa-
tients (P < 0.05).

In the AIDP patient group, the initial study
was performed a mean of 2.8 weeks from the on-
set of symptoms (range 0.6—4.0 weeks). At that
time, the AMNS response pattern was the most
common finding (39%), while the opposite pattern
of normal median and abnormal sural responses
was rare (3%) (Table 1). Because the magnitude of
nerve conduction abnormalities evolves during the
progressive phase of AIDP and reaches a nadir
within 4 weeks,! the robustness of these early find-
ings was investigated. Sixteen patients had a sec-
ond nerve conduction study within the 4-week pe-
riod. During the interval, 1 median and 2 sural

Table 1. Demographic data and frequency of occurrence of median and sural sensory nerve response patterns.

AIDP CIDP DP-consecutive DP-study MND Control

(n = 36) (n = 64) (n = 29) (n = 30) (n = 22) (n = 105)

Age (years), mean (range) 37 (3-82) 48 (4-71) 57 (22-84) 51 (22-64) 65 (49-82) 41 (23-66)
Both normal 10 (28%) 2 (3%) 0 (0%) 8 (27%) 14 (55%) 100 (95%)
Both abnormal 10 (28%) 42 (66%) 23 (79%) 12 (40%) 1 (5%) 1 (1%)
Abnormal median, normal surat 14 (39%) 18 (28%) 4 (14%) 7 (23%) 5 (22%) 3 (3%)
Normal median, abnormal sural 2 (3%) 2 (7%) 3 (10%) 4 (18%) 2 (6%) 1 (1%)
Both absent 4 (11%) 10 (16%) 1 (3%) 0 (0%) 0 (0%) 0 (0%)
Median absent, sural present 7 (19%) 10 (16%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Median present, sural absent 1 (3%) 15 (23%) 13 (45%) 4 (13%) 1 (5%) 0 (0%)
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responses changed from normal to abnormal,
which resulted in 1 less patient classified with the
AMNS pattern (36%).

In the CIDP group, the AMNS response pat-
tern occurred in 28% (Table 1), which was not sig-
nificantly different than in the AIDP group (P =
(.27). The most common sensory nerve pattern in
CIDP patients was for both responses to be abnor-
mal (66%).

Among the DP patients (Table 1), the AMNS
response pattern occurred less commonly in the
DP-consecutive patient group (14%) than in the
DP-study patient group (23%), but the difference
was not significant (P = 0.34). In the MND patient
group, a surprising 22% had an AMNS response
pattern (Table 1). However, both nerves were nor-
mal more often (55%) than in any other patient
group.

When the same strict criteria were applied to
an asymptomatic control group, 5% had median
sensory or sural nerve abnormalities, including
3% with the AMNS response pattern (Table 1).
All abnormalities were just beyond the laboratory
limits.

The data were reviewed with attention to the
amplitude of the evoked responses. An extreme
version of the AMNS pattern, an absent median
response and a present sural response, was en-
countered only in demyelinating polyneuropathy
(Table 1). When analyzed quantitatively (Table 2),
the lowest average median nerve amplitude oc-
curred in the CIDP group (significantly lower
than in all groups except the AIDP group) fol-
lowed by the AIDP group. Among the patient
groups, the largest average median amplitude oc-
curred in the MND group (significantly larger
than in all other groups). The average sural nerve

amplitude was greater in the AIDP group than in
the other patient groups (significantly greater
than in all other groups except the MND group).
The lowest average sural amplitude occurred in
the DP-consecutive patient group (significantly
lower than in all other patient groups except the
CIDP group).

The age ranges of the MND and control
groups were significantly different, and a separate
comparison was made between the MND patient
group and a control group from another study®
with similar mean age and range. The averaged
measures of amplitude, distal latency, and conduc-
tion velocity were similar for the two groups (data
not shown).

The relationship between median and sural
nerve amplitudes was investigated. Comparison of
median-to-sural amplitude ratios for individual
patients was complicated by absent nerve re-
sponses which place a zero in the ratio. For pur-
poses of description, but not statistical testing, the
median-to-sural amplitude ratio was calculated
from the averaged patient group values (Table 2).
This ratio of means had a value of 1.0 only for the
AIDP group, and higher values in all other pa-
tient groups and control subjects. To manage the
problem of zero values statistically, the sural am-
plitude was subtracted from the median ampli-
tude for each patient and the remainders aver-
aged for each group (Table 2). Statstical
comparisons revealed that the low remainder val-
ues for the AIDP and CIDP patient groups were
each significantly different from the remainders
in all other patient and control groups (P < 0.05),
but not different from each other.

A median entrapment mononeuropathy at the
wrist could have contributed to the AMNS re-

Table 2. Median and sural sensory nerve response values, mean ratios, and amplitude differences
(mean values and standard errors).

AIDP CIDP DP-consecutive DP-study MND Controi
(n = 36) (n = 69) (n = 29) (n = 30) (n=22) (n = 105)

Median nerve

Amplitude (wV) (=16) 12.9 (2.8) 8.6 (1.0) 141 (1.4) 17.4 (1.9) 27.1 (3.3) 327 (1.1)

Distal latency (msec) (=3.7) 4.2(1.8) 4.2 (0.2) 4.0(0.1) 3.0 (0.1) 3.4 (0.1) 3.0(0.1)

Conduction velocity {m/s) (=53) 57.8(1.9) 48.0 (1.6) 459 (1.3) 53.3({0.9) 55.8 (1.6) 60.2 (0.5)
Sural nerve

Amplitude {pV) (=6) 13.1 (1.4) 5.2 (0.7) 3.1 (0.8) 7.2(0.8) 105 (1.2) 17.5(0.8)

Distal latency (msec) (<4.2) 3.7 (0.5) 41(0.1) 4.3 (0.1) 3.3(0.1) 3.9(0.2) 3.4 (0.1)

Conduction velocity (m/s) (=41) 52.3 (2.0) 43.9 (1.9) 40.7 (1.2) 43.2 (1.0) 471 (1.8) 52.2 (0.5)
Median-to-sural amplitude ratio 0.98 1.7 4.6 2.4 2.6 1.9
Median-minus-sural amplitude -0.1 (2.4) 3.4 (1.1) 11.0 (1.3) 10.2 (1.8) 16.6 (3.1) 15.2 (0.9)
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sponse pattern. A reduced median evoked ampli-
tude may occur early in entrapment neuropathy,
but is a common source of false-positive errors.?'
Accordingly, the median nerve conduction data
were reviewed to determine if the AMNS pattern
in any patient was based on a prolonged distal
sensory latency. If so, the available ulnar sensory
nerve data were reviewed to determine if they
supported a median mononeuropathy. Among
the patients in the AIDP, DP-consecutive, and DP-
study groups, none had the AMNS response pat-
tern due to an isolated abnormality of median dis-
tal latency. One CIDP patient and 1 MND patient
had only prolonged median distal latencies and no
ulnar conduction studies for clarification and may
have had median mononeuropathies at the wrist.
In the control group, ! subject with the AMNS re-
sponse pattern may have had a median mononeu-
ropathy.

DISCUSSION

The AMNS response pattern occurred most fre-
quently in demyelinating polyneuropathy, with
sensitivity (true-positive rate) of 39% in AIDP pa-
tients during the first 4 weeks of symptoms and
28% in CIDP patients. The specificity (true nega-
tive rate) of this pattern in other peripheral nerve
disorders was 77—86% in DP patient groups and
78% in MND patients. The pathophysiology of
the AMNS pattern in AIDP may be explained by
early demyelination of small caliber sensory nerve
fibers causing slowing and conduction block along
distal segments. The recording of this pattern is
based on the position of ring recording electrodes
on digital branches of the median sensory nerve
compared to disc recording electrodes on the
sural nerve trunk at the level of the lateral malle-
olus® (Fig. 1). This can explain the findings of low
average median nerve amplitude values, low ratio
of median-to-sural average amplitude values, and
low average differences between median and sural
amplitudes in the AIDP patient group compared
with other groups. There is supportive evidence
from motor nerve conduction studies in AIDP for
early and severe demyelinating changes occurring
in very distal or terminal branches."'®'?

With the prolonged course of CIDP, patho-
logic changes progress to include more proximal
portions of nerve.”® This can explain the finding,
in CIDP patients, of a lower percentage with the
AMNS pattern; a greater percentage with abnor-
malities of both median and sural nerves; and
lower average median- and sural-evoked ampli-
tudes compared with AIDP patients.

Sensory Nerve Conduction Abnormalities

FIGURE 1. Diagram showing the location of recording elec-
trodes to highlight the different electrode positions along the dis-
tal segments of the median sensory nerve (left) and sural nerve
(right).

The AMNS response pattern was recorded less
frequently in patients with neuropathic disorders
in which axonal involvement predominates or in
which sensory nerve involvement is minimal. The 2
groups of diabetic patients were presented sepa-
rately because the DP-study patient group repre-
sents mild polyneuropathy and the DP-consecutive
patient groups represents more severe polyneurop-
athy, as reflected in more abnormal averaged mea-
sures in the latter group (Table 2). The more com-
mon occurrence of the AMNS response pattern in
the DP-study patients can be explained by early in-
volvement of distal nerve segments (digital nerves),
and the less common occurrence of the AMNS pat-
tern in DP-consecutive patients by later involve-
ment of more proximal segments (sural nerve at
the ankle). A distal-to-proximal progression of
nerve involvement sufficient to affect the AMNS
pattern was not observed in AIDP patients during
the 4-week active phase.

The presence of the AMNS response pattern
in 3 control subjects likely reflects two factors. One
is the effect of setting the EMG Laboratory nor-
mal limits at 2 standard deviations. The other is
the effect of age on nerve conduction values, for 2
of the 3 with the AMNS pattern were older (53
and 61 years).

The AMNS response pattern in MND patients
can be attributed to several factors. One is age-
related changes, as discussed above. A second fac-
tor is the likely presence of a mild axonal sensory
neuropathy in MND, which is supported by histo-
logic>'® and electrophysiologic data.*? A third
factor is difficulty achieving adequate temperature
control of atrophic digits and limbs despite ade-
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quate warming.* These factors can affect median
more than sural responses because of the differ-
ent recording electrode placements. The domi-
nant findings in the MND patient group is that
they have the greatest percentage of both nerves
normal and the lowest percentage of both nerves
abnormal (Table 1).

A comparison can be made between the diag-
nostic sensitivity of motor and sensory nerve con-
duction abnormalities for primary demyelinating
polyneuropathy. Support for primary demyelina-
tion from motor nerves can be based on fulfill-
ment of formal sets of electrodiagnostic criteria,’
and sensitivity has been found to reach 85% in
AIDP and 64% in CIDP, and specificity 100% for
DP-consecutive and MND groups."® The AMNS
sensory nerve response pattern is, therefore, less
sensitive and less specific for demyelinating poly-
neuropathy. However, two other sensory nerve
patterns are more specific for demyelinating poly-
neuropathy; the average median-to-sural ampli-
tude ratio was 1.0 only in the AIDP group, and
very low remainder values for the difference be-
tween median and sural amplitudes were found
only in AIDP and CIDP patients. Accordingly, in
the setting of appropriate motor nerve abnormali-
ties and clinical features, the pattern of an AMNS
response, a low median-to-sural amplitude ratio,
or a minimal difference between amplitude values
is highly supportive of the diagnosis of a primary
demyelinating polyneuropathy and against a pri-
mary axonal polyneuropathy.
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