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Patterns and severity of conduction abnormalities
in Guillain-Barre syndrome

William F Brown, Robert Snow

Abstract
Whether the conduction abnormalities
and lesions underlying them are. ran-
domly distributed throughout the peri-
pheral nervous system (PNS) or certain
regions are selectively more vulnerable
to attack is an unresolved question in
Guillain-Barre syndrome (GBS). To
examine this question, 15 cases of GBS
were comprehensively examined using
electrophysiological techniques which
allowed close examination, quantitation
and comparison of conduction abnor-
malities in motor and sensory fibres of
the upper limb between the spinal cord
and the distal extremities of the nerve
fibres. Comparison of these studies with
results expected in a model where the
chances of conduction failure were
uniformly distributed led to the con-
clusion that conduction slowing and
block were not uniformly distributed in
most cases. Conduction block was maxi-
mal in the terminal segment distal to the
wrist and to a lesser extent both conduc-
tion block and conduction slowing were
disproportionately greater across the
elbow and in the axillary to spinal root
segments in over one half of the cases.
These findings support the hypothesis
that certain regions, perhaps because of
relative deficiences of the blood-nerve
barrier, may be more vulnerable in GBS
than other regions.
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One question still unresolved in Guillain-
Barre syndrome (GBS) is whether lesions
underlying the conduction abnormalities in
this disease are uniformly distributed
throughout the peripheral nervous system
(PNS) or certain regions consistently bear the
brunt of the attack. Previous studies have
suggested that the conduction abnormalities
might be uniformly distributed, a conclusion
based on close matches between actual chan-
ges in maximum "M" potential amplitudes,
between successively more proximally dis-
placed stimulus sites and what might be
expected from a model where conduction
block was uniformly distributed throughout
the PNS.'2 Other studies suggested conduc-
tion block might not be uniformly distributed
but rather, greater in the distal terminal and
proximal segments of the PNS and across

common sites of entrapment.' The latter
hypothesis might suggest selective vul-
nerability of the PNS in regions where the
blood-nerve barrier is considered to be

relatively deficient,7'-0 and as a consequence
affording less protection from circulating
cellular and humeral agents in the disease.
Our study was designed to assess patterns

of conduction abnormalities throughout the
course of motor fibres between the spinal roots
and their target muscles and sensory fibres
between the spinal cord and digits.

Methods
Subjects
Fifteen patients with clinically defined GBS"
were studied, and their clinical states at peak
disability graded.'2 Two patients (8 and 15)
briefly relapsed following a course of plasma
exchange.
Approval from the Human Experimenta-

tion Committee of the University of Western
Ontario was obtained for the study and infor-
med consent obtained from all patients.

Electrophysiological studies
Motor conduction studies
Surface electrodes (DANTEC) in a belly-ten-
don configuration were used to record the
maximum hypothenar "M" potential. The
ulnar nerve was stimulated using bipolar sur-
face electrodes at the wrist, at least 2 cm distal
to the cubital tunnel, 2-3 cm proximal to the
elbow, and as high in the axilla as possible.
A DEVICES D-180 high voltage stimulator

was employed to stimulate the spinal roots.
The anode was positioned 1-2 cm lateral to
the tip of the C6 spine and the cathode di-
rectly inferiorly. Manually triggered single
pulses were used to keep to a minimum the
number of stimuli required to establish a
supramaximal response (five or fewer usually).
Most patients judge stimulation of the spinal
roots in this manner as no more uncomfort-
able than supramaximal stimulation of nerve
trunks elsewhere, provided care is taken to use
carefully graded single pulses and the pro-
cedure explained beforehand.

In controls and patients there was no
appreciable volume conduction to the hypo-
thenar recording sites from median supplied
intrinsic hand or forearm muscles. This was
important, as selective stimulation of ulnar
nerve fibres is impossible at the spinal root or
even axillary sites.
As the central objective of this study was to

assess the overall severity and distribution of
conduction slowing and block between the
spinal cord and distal terminations of the
nerve fibres, comparisons were made between
the fifteen GBS cases and controls for:
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Patterns and severity of conduction abnormalities in Guillain-Barre syndrome

1) "Overall" percentage reductions in maxi-
mum "M" potential negative peak area
("M"A) between the spinal roots and motor
point.
This was calculated by:

"M"'Amp - "M"ASR x 100
"M"AMp

where "M"AMp and "M"ASR = maximum
hypothenar "M" potential negative peak area
at the motor point and spinal roots respec-
tively. As "M"A is more independent of
interpotential phase cancellation than
amplitude, "M"A was chosen as better reflect-
ing conduction block.

In eight controls, a needle electrode,
insulated to within 2-3 mm of its tip was
inserted as close to the motor point as possible
and supramaximal stimuli used to evoke a
maximum hypothenar "M" potential. This
technique, however, was sometimes uncom-
fortable and precluded direct study of the
terminal 5-15 mm of the nerve. A reasonable
substitute for such a directly obtained value
for the motor point hypothenar maximal "M"
potential was therefore required if conduction
in the terminal segment between the wrist and
hypothenar motor point was to be assessed in
our patients. As a practical alternative to
needle stimulation near the motor point we
elected to substitute the control mean -2 SD
value for the maximum hypothenar "M"A at
the wrist for the motor point value in the
patients. This was considered a reasonable
compromise as hypothenar "M"A values in
response to near motor point stimulation were
within 5% of one another in eight controls (fig
1).
While choice of the -2 SD value might

have underestimated reductions in "M"A in

Hypothenar recording

L

0 10
Time (ims)

20

Figure I Maximum hypothenar "M" potentials
recorded with surface electrodes in response to
supramaximal percutaneous stimulation at the wrist,
below the elbow, above the elbow, axilla and spinal roots
in a control. Additionally, a monopolar needle electrode
was inserted as close to the hypothenar motor point as
possible and a supramaximal stimulus delivered through
the needle (anode was a surface plate over the back of the
hand). No significant differences between maximum "M"
potentials elicited by stimulation at the motor point and
wrist were seen in this or seven other controls.

the terminal segment in some cases, we con-
sidered the choice a better alternative to poss-
ibly over estimating terminal reductions in
"M"A in other patients had we chosen the
control mean or mean -1 SD values.
In GBS patients overall percentage reduc-

tions in "M"A between MP and SR were
calculated as follows:

Control "M"AMp - GBS "M"ASR X 100
Control "M"AMp

where control "M"AMp = the mean -2 SD
for the control "M"A at the wrist, and GBS
"M"ASR = "M"A evoked by stimulation of
the spinal roots in the patient.

2) Percentage reductions in "M"A between the
wrist and motor point
This was calculated by:

Control "'M"Amp - GBS "M"Aw x 100
Control "M"Amp

where GBS "M"Aw = the "M"A evoked by
stimulation at the wrist in the patient.
3) Percentage reductions in "M"A per 10
millimetre (mm) length of nerve for each
successively more proximal segment between the
motor point and spinal roots
As quantitative assessment of conduction
block in more proximal segments is con-
ditioned by conduction in distal segments, the
motor point value for the GBS patients served
as the denominator for calculating percentage
reductions in "M"A for successively more
proximal segments. Moreover, as the distan-
ces for the various segments were not equal,
reductions in "M"A were adjusted to a stan-
dard distance, here 10 mm, calculated by:

"M"Adistal- "M"Aproximal x 10
Control "M"AMp d

where "M"Adista, and "M"Aproximal = M"A
values elicited by supramaximal stimulation at
the distal and proximal stimulus sites for each
segment.

4) The motor terminal latency in milliseconds
(ms) in the terminal segment and maximum
motor conduction velocities in metres per second
(Mls) for each successively more proximal
segment.
Conventional techniques were employed for
measuring the motor terminal latency (MTL)
to the hypothenar muscles and maximum
motor conduction velocities (MMCVs) across
the forearm, elbow, and proximal arm. The
distance between the axillary and cervical
(anode) stimulus sites was measured with
callipers and the MMCV between these
stimulus sites calculated in the conventional
manner. All studies were carried out with the
elbow extended.

5) Sensory conduction studies
To examine sensory fibres of equivalent
diameter to the motor fibres, somatosensory
evoked potential studies were carried out on
the median nerve. While studies of ulnar sen-
sory conduction would have been preferable,
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cervical potentials with the latter were simply
too poorly defined to allow accurate identifica-
tion of the onset in controls and patients.

Percutaneous stimuli at the wrist were
adjusted to evoke maximal antidromic sensory
nerve action potential and sensory conduction
velocities (MSCVs) between the wrist and
digits, wrist to axilla, and axilla to spinal cord
calculated and the latency to the N20 potential
measured. Orthodromic nerve trunk poten-
tials were recorded as high in the axilla as
possible with the reference electrode
positioned over the lateral deltoid. The latter
potentials no doubt include antidromic poten-
tials in motor fibres as well as orthodromically
conducted potentials in sensory fibres. The
cervical potential was recorded over the C6
spine with FZ as reference. Additionally, the
cortical evoked potential was recorded over
the primary sensory area for the hand, again
with FZ as reference. Surface electrodes were
used throughout to record these potentials
except for a bare needle electrode for the scalp
recording. The latter provided a convenient
low resistance (less than 2k ohms) relatively
painless electrode with which to record from
the hairy scalp. The ground was placed about
the proximal forearm. All patients were
examined as close to peak disability as
possible.

Results
Motor conduction
Controls: "M" potential size and motor conduc-
tion velocities
In the controls the maximum hypothenar "M"
potential negative peak areas (1 SD) in
millivolts milliseconds (mV ms) at the wrist
and spinal roots were 37-2 (7.3) and 32 4 (7.7)
mV ms respectively, the maximum reduction in
any control being 23-9% between the wrist and
spinal roots. For comparison, the maximum

5 Days Wrist

J Below elbow
/ Above elbow

Axilla

Spinal roots ]-5mV

I /+

] o5mV

__

0 20 40 60
Time (ms)

Figure 2 Hypothenar maximum "M" potential
recordingsfrom patient 4 studied atfive days illustrating
the pattern of reductions in "M" potential size. At this
stage the overall reduction in "M"A between the motor
point (control wrist - 2 SD) and spinal roots was
96-9%, while that between motor point and wrist was
68%. This case represents a clear example where
conduction abnormalities were maximal across the
terminal elbow and axillary to spinal root segments. For
example, reductions in "M"A per 10 mm of nerve were
9-7, 0-0, 0-6, 0-0, and 0-9 across the terminalforearm,
elbow, proximal arm and axillary to spinal root segments
respectively. Furthermore, the MMCV between the
axilla and spinal roots was 37-2 M/s, a value clearly
slowed relative to the proximal arm (58-8 Mls) and
relatively normal MMCVsfor the elbow andforearm of
44-3 and 49-8 M/s respectively.

5 Days Time (ms)
0 20 40 60

I
I

]v-a

_C= ~~~~~~~~~+

IA

Time (ms)

Figure 3 Sensory conduction study in case 4 atfive days.
At this time conduction between the wrist and axilla was
normal (MSCV 62-2 M/s and the amplitude of the
axillary potential 12-S V), distal conduction, however,
was characterised by a reduced antidromic sensory nerve
action potentialfrom digits II and III (5-6 pV) and
proximal conduction was slowed between the axilla and
spinal cord (42-4 Mls).

Top two traces: Contralateral cortical evoked potential
on two time scales. The configuration and latency to N20
(20-4 ms) were within the normal range but with
recovery shortened to 19-S ms.
Middle trace (cervical recording): gain 2-S p V/;

Second tracefrom bottom (axillary recording): gain 5
js V/; Bottom trace (antidromic recorded sensory nerve
action potentialfrom digits II and III) : gain S p V/.

increase in negative peak duration of the
maximum hypothenar "M" potential between
the wrist and spinal roots of any control was
60 1% [mean (1 SD) 14-2 (9-2) fig 1]. MMCVs
(1 SD) for hypothenar motor fibres across the
forearm, elbow, proximal arm and axillary to
spinal root segments respectively were 61-4
(5-2), 52-8 (9-9), 60-5 (6-1) and 75-7 (7-1) M/s,
and the hypothenar MTL 2-6 (0-4) ms. The
mean MMCV across the elbow was 13-4% less
than the mean of the forearm and proximal arm
combined, the slowest conduction velocity
across the elbow in 20 controls being 37-5 M/s.

GBS patients
Overall and terminal reductions in "M"A
Table 1 illustrates the overall percentage
reductions in "M"A between the motor point
and spinal roots and between the motor point
and wrist at the time of maximal reductions in
"M"A. The former exceeded 90% in six and
50% in 12 of the 14 patients. The latter
exceeded 50% in five and 20% in nine cases. In
five cases, "M"A at the wrist exceeded the
control mean -2 SD value. The changes in
"M"A were unaccompanied by any significant
increase in negative peak duration at the spinal
root level, the increase-being less than 20% in
10 cases and in all others less than the maxi-
mum seen in any control.

Comparison of reductions in "M"A over success-
ively more proximal segments
Disproportionate reductions in "M"A per 10
mm of nerve across the terminal, elbow and
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Patterns and severity of conduction abnormalities in Guillain-Barre syndrome

Table I Clinical characteristics and magnitude of reductions in "M"A in GBS patients

Patient Age Time Onset Clinical Percentage Reduction in "M"A Percent Increase
(Years) to Peak Grade in Negative Peak

Weakness at Peak Overall Terminal Duration
(Days) MP-SR MP-W

1 52 4 4 836 487 00
2 20 5 4 87-1 39-8 - 2-0
3 48 4 4 83-1 43 8 + 6-8
4 23 14 5 969 681 -122
5 32 7 5 893 327 00
6 40 21 5 253 0.0 +549
7 25 19 4 951 49 +25-3

*8 32 21 4 919 00 +450
9 16 10 4 978 97-8 +159
10 62 17 5 95-6 69-0 -14-4
1 1 20 20 4 22-9 0 0 + 9 5
12 33 9 3 578 00 +13-5
13 33 6 2 88 00 + 58
14 63 3 5 100 0 100 0 ?

*15 57 7 3 84-0 340 + 74

Clinical and electrophysiological features of GBS patients.
Percentage reductions are shown in "M"A relative to the motor point, both overall between the motor point and spinal roots and
in the terminal segment between the motor point and wrist. Also shown are the percentage increases in negative peak duration for
each subject at the spinal root compared with wrist stimulus sites.
Where MP = Motor point

SR = Spinal root
W =Wrist
* = Relapse ofGBS briefly following course of plasma exchange.

axillary to spinal root segments in excess of
adjacent segments were present in five cases
(cases 2, 3, 4, 5 and 15), the terminal and elbow
segments in one case (case 10 where spinal root
stimulation was not carried out), elbow and
axillary to spinal root segments in two cases

Table 2 Changes in Motor Terminal Latency and Maximum Motor Conduction
Velocity in GBS Patients at the Time ofPeak Reduction in "M"A

Subject Terminal Forearm Elbow Proximal Axilla to
Arm Spinal Root

1 +++ + + + ++ + + Complete Block
2 ++ + ++ - ++
3 + +++ ++++ ++ ++++
4 + + +++
5 + + _ + +++
6 - - - - ++
7 - - - - +
8 + ++ ++++ ++ +++
9 - - - - +
10 + - + + + + - Complete Block
11 - - - - -

12 + - - - +
13 - - - -

*14 ++++
15 - - + + + N/A

MTL (ms)
Normal
3 5-5-0
5-0-10-0

10-0-15-0
>15
*Axonal case

++
+ ++

MMCV (M/s)
Normal
<Mean -2 SD
30-40
20-30
<20

++
+ ++

(cases 7 and 12), and proximally in one case
(case 6).

In most of the preceding cases there were

accompanying disproportionate reductions in
MMCV or prolongations in MTL in excess of
adjacent segments (table 2). Also, reductions in
MSCV between the axilla and spinal cord were
present in cases 4, 5, 6, 7 and 12 in the face of
normal MSCVs between the axilla and wrist.
Furthermore, antidromic digital sensory nerve
action potentials were reduced in amplitude in
cases 3, 4, 6 and 9, or absent in cases 5, 7 and 12,
while at the same time the axillary nerve trunk
potential exceeded the control lower limiting
value (5 mV) in all but one of the same cases
(table 3).

In cases 1, 8, 1 1 and 13 there was no apparent
pattern to the reductions in "M"A. Indeed, in
cases 13 there was no significant overall reduc-
tion in "M"A between the spinal roots and
motor point. In case 14 no responses from the
hypothenar or thenar muscles could be elicited
by stimulation at the wrist although very small
"M" potentials (less than 1 0 mVms) could be
obtained by stimulation closer to their respec-
tive motor points. This case fits all the criteria
for "axonal" GBS.'1'5
Even in the cases where there was no

Table 3 Sensory conduction

Amplitude Axilla to Cortical
antidromic Terminal Wrist-Axilla Amplitude spinal cord Amplitude
digits II and III MSCV MSCV axilla MSCV cervical Latency Amplitude

Normal values uV M/s M/s uV M/s uV ms mV

Mean (ISD) 22-9 (12 4) 58-7 (7-2) 63-9 (5-3) 11-1 (5-1) 60 9 (7 6) 2-2 (0 8) 20 2 (1 2) 4-8 (2-4)
Least control value 7 1
Patients (Days 1-7)
3 3-0 46-0 70-0 8-9 53-8 1 1 N/A N/A
4 49-9 69-2 12-5 42-4 1-0 20 4 2-3
5 0 - 70-8 14-0 40 3 30 N/A N/A
6 3-0 51-1 72-0 10-2 37-0 14 N/A N/A
9 1-3 579 53-3 12-6 46-7 2-3 N/A N/A
14 44 560 648 1 0 499 1.9 21*1 1 9
Patients (Days 8-14)

1 0 - <. 24-3 M/s.> 3-0 29-0 0-7
4 0 - 66-9 5.0 31-3 0-6 N/A N/A
5 2-0 49-4 70-8 14-0 40 3 3-0 N/A N/A
7 0 - 62-2 3-0 30 4 0 5 19-7 2-2

12 0 - 63-8 4-2 55-0 0-8 21-2 1-4
13 4 0 40 3 65 2 4-9 53-2 2-0 18-6 6-5
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Table 4 Percentage reductions in "M"A per 10 mm

Proximal Axilla to
Subject Terminal Forearm Elbow arm spinal roots

1 6-8 0-4 0-7 0-8 0-4
2 6-1 0-6 1.1 0-0 1-0
3 6-7 0-6 1-5 0-1 0-5
4 97 0-0 0-6 0-0 0-9
5 55 0-1 2-3 0-9 1-3

* 6 0-0 0-0 0-1 0-4 1-2
7 0-9 1-5 1-9 1-0 1-8

* 8 0.0 2-8 1.1 0-2 0-4
9 12-8 0-0 0°0 0°0 0°0
10 10-6 0-0 3-7 0-0 N/A

*11 0-0 0-5 0-0 0-3 0-2
*12 0-0 0-0 0-4 0-0 1-9
*13 0-0 0-2 0-0 0-3 0-2
±14 16-7 - - - -
15 5-0 0-6 1.1 0-0 1-8

Where *denotes maximum "M" potential at wrist exceeding the control mean-2 SD at the
wrist and tdenotes the axonal case of GBS where there were no thenar or hypothenar responses
to stimulation at the wrist.

apparent pattern to the reductions in "M"A
per 10 mm of nerve, motor and sensory con-
duction studies sometimes revealed dispropor-
tionate segmental conduction slowing. For
example, in case 8 the MMCV was dispropor-
tionately reduced across the elbow and axillary
to spinal root segments relative to nearby
segments (table 2). Only in cases 1 and 13 was
sensory conduction assessed and in the latter it
was normal while in case 1 conduction was
abnormal throughout, between the digits and
spinal cord (table 3).

Discussion
At the outset it might be helpful to consider the
theoretical and practical problems presented
by assessing the magnitude and distribution of
conduction block using the methods employed
in this study. In the simple model represented
by fig 4 where conduction fails at only one site
per fibre, reductions in "M" size expressed
either as a percentage of the motor point value
or as an absolute value are constant over
successively more proximal and equidistant
segments.
This is not the case where the frequency of

conduction failure is high enough for conduc-
tion to fail at more than one site along the
course of individual nerve fibres.'2 16 In the
latter case it is the most distal sites of conduc-
tion failure in nerve fibres which determine the
pattern of changes in "M" size, as the site of
stimulation is displaced proximally, not any
additional more proximally situated sites of
conduction failure. Of course the latter con-
tribute to the overall frequency of conduction
failure in the segment in which they reside but
their contributions to the "M" potential are
masked by the most distal sites of conduction
failure in each fibre.
Where the chance ofconduction failure is the

same for all nerve fibres and sites of failure are
randomly distributed between the roots and
motor point, the size of the "M" potential at
successively more proximally displaced
stimulus sites is described by an exponential
function such that the size of the maximum
"M" potential at any stimulus site distance "d"
from the motor point equals: "M"MP x e-bxd
where "M"Mp is the size ofthe "M" potential at

Si

100?-
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I If y I I

80-

60 r
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0

401-

201
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Distance (%)
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Figure 4 Simple model comprised offive nerve fibres
supplying a musclefrom which the maximum "M"
potential is recorded on the left. The nerve is divided into
five equal segments and stimulated at six sites, beginning
at the motor point (S,) and ending at the spinal roots
(S6). The chance of conduction failure is the same for
each fibre and there is a one in five chance of conduction
failing in one of the five successively more proximal
segments. Sites where conduction failed are shown by the
X. Shown below is a plot of the maximum "M" potential
size as a percentage of the value at the motor point for
each of the successively more proximally displaced sites of
stimulation. In this model allfibres make an equal
contribution to the maximum "M" potential and have
identical conduction velocities. No more than one site of
failure per fibre between spinal roots and motor point is
present.

the motor point, and "b" the probability of
conduction block per unit length of nerve.
The resulting pattern of changes in "M" size

in models where conduction block is assumed
to be uniformly distributed throughout the
PNS' 216 is characterised by the steepest reduc-
tion in "M" size in the terminal segment and
ever diminishing reductions in "M" size over
successively more proximal segments for
equivalent distances between successive
stimulus sites. This is true both for absolute
reductions in "M" size and percentage reduc-
tions in "M" size per unit length of nerve
relative to the motor point value (fig 5).
To bring this model in line with our studies

we substituted the control mean -2 SD value
for the hypothenar "M"A at the wrist for the
100% motor point value in the model. There-
after, values for "M"A were calculated for sites
closely corresponding to actual sites of stimula-
tion used in our human studies. Such calcula-
tions revealed that failure rates reducing "M"A
by more than 50% in the terminal segment
were accompanied by "M"A values at the
elbow and axillary stimulus sites smaller than
the control hypothenar motor unit action
potential. However, reductions in "M"A of
this magnitude were not seen at the elbow and
axillary stimulus sites in any of our cases in the
face of equivalent or greater than 50% reduc-
tions in "M"A in the terminal segment. This
suggested to us that conduction block was not
uniformly distributed but greatest in the ter-
minal segment in many of our patients. Factor-
ing in known differences in conduction

Brown, Snow
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Patterns and severity of conduction abnormalities in Guillain-Barre syndrome

Total distance (%)

Figure 5 (A) Progressive reductions in "M" size as a
percentage of the maximum "M" potential at the motor
point as the distance between the motor point and site of
stimulation was increasedfrom 0 to 100% of the length of
the nerve. All motor units were considered to generate
motor unit action potentials of equal size and their fibres
to conduct with equal velocities. The chance of conduction
failure were equalfor allfibres and equally distributedfor
each fibre between the motor point and most proximal site
of stimulation. Illustrated are cases where conduction
failed in 10, 30, 50, 70 and 90% offibres per 10% length
of nerve. (B) Linear transformation ofplots in A. If
100% corresponded to a 30 mV ms maximum "M"
potential "M"A, 0 1% would correspond to an "M"A
value of 30 pVms and 0 01 to 3 /lVms. As the smallest
area for any single hypothenar motor unit action
potentials recorded with the same surface elctrodes is 25
u Vms, "M"A values falling below 0 1% clearly fall
below the size of any single motor unit action potential.

velocities between motor nerve fibres'7 ' as well
as the biphasic and even triphasic character of
hypothenar motor unit action potentials would
only serve to further reduce "M"A values at
the elbow and axilla in the model. This would
further accentuate the differences between the
model where conduction failures were assumed
to be randomly distributed and actual observa-
tions in our GBS patients.
What of the distribution of conduction

failures proximal to the wrist? To answer this
question the model of randomly distributed

Table 5 Percent reductions in "M"A per one percent length of nerve

Percentage nervefibres blocked Proximal Axilla
per 10% length of nerve Terminal Forearm Elbow arm spinal roots

90 20 0 1 00 00 00
80 1*8 0 1 00 00 00
70 1-6 02 00 00 00
60 1-4 03 00 0-0 00
50 1 1 03 01 00 00
40 09 04 0 1 0 1 00
30 07 03 02 0.1 00

Percentage reductions in "M"A per one percentage length of nerve were calculated for
comparison with actual values in GBS patients (table 4). One per cent is approximately
equivalent to the 10 mm segment in the patients where overall distances between the hypothenar
motor point and spinal root averaged 800 mm.
Percentage reductions per one percentage length were calculated for lengths of nerve for the
terminal, forearm, elbow, proximal arm, and axilla to spinal root segments, corresponding to 10,
30, 10, 15 and 35 percentage of the nerve between motor point and spinal roots.

conduction failures described in fig 5 was adap-
ted to allow direct comparison with values
observed in our patients. Percentage reduc-
tions in "M"A relative to the motor point
where adjusted for a standard distance of 1% of
the length ofthe modelled nerve. The 1% value
closely approximates the percentage reduction
in "M"A per 10 mm of nerve in our patients
where the overall distance between the motor
point and spinal roots averaged 800 mm. In the
model, for failure rates where 30% or more of
the fibres were blocked in the terminal segment,
percentage reductions in "M"A per 1% length
of nerve fall off progressively as would be
expected where the risk of conduction failure is
similar for all fibres and randomly distributed
between the motor point and spinal roots (table
5).
The foregoing pattern, however, was mani-

festly not the case in our subjects. In six of the
latter, disproportionately greater reductions in
"M"A per 10 mm length of nerve were
observed across the elbow relative to the
forearm and proximal arm and between the
axilla and spinal roots relative to the proximal
arm. This pattern received further support
from the motor and sensory conduction
studies. Reductions in MMCVs in excess of
those in adjacent segments were common
across the elbow and axilla to spinal root
segments and the MTL often prolonged while
the MMCV across the forearm was normal or
relatively normal. In several cases the earliest
conduction slowing was seen in the axillary to
spinal root, elbow and terminal segments.
Disproportionate reductions in MMCV across
the axillary to spinal root segment relative to
the proximal arm and forearm received further
support from reductions in MSCV between the
axilla and spinal cord relative to the segment
between the wrist and axilla.
Based on studies of the F-response, conduc-

tion slowing across proximal segments ofmotor
nerves in excess of more distal segments has
been shown,3 as well as proximal conduction
block early in the disease,'9 findings confirmed
by Brown and Feasby45 and Berger et al.6

Overall, our studies suggest that the primary
conduction abnormalities in GBS, including
both reductions in conduction velocity and
conduction block, may not, in some cases, be
uniformly distributed between the spinal cord
and the peripheral terminations ofnerve fibres.
In many cases conduction was slowest and
"M"A most reduced across the terminal, elbow
and axillary to spinal cord segments while some
cases showed more variable patterns. In the
former cases, why should the distal and
proximal regions be so preferentially affected?
The blood-nerve barrier is known to be rela-
tively deficient at the roots and nerve termi-
nals,7'10 and perhaps as others have suggested,
preferential access of circulatory toxins, anti-
bodies, lymphocytes or monocytes at these sites
could determine the pattern of conduction
abnormalities in the early course of the disease.

Reductions in "M"A and conduction
velocity across the elbow in excess of changes
proximal and distal to the elbow could be
explained in two ways. First, these could
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simply reflect compression of the ulnar nerve
behind the medial epicondyle or in the cubital
tunnel in patients unable to adjust the position
of their limbs because of paralysis. Alter-
natively, the blood-nerve barrier may have
been compromised at this common entrapment
site before the onset of the disease. The latter
could render nerves vulnerable to attack at
these common entrapment sites, especially
early in the disease.
One problem not resolved by this study was

determining the relative contributions of con-
duction block in otherwise intact fibres, con-
duction block in nerve fibres undergoing degen-
eration, and axon losses, to the reduction in
"M"A in the terminal segment. Nerve fibres
crushed severely enough to undergo degenera-
tion retain the ability to transmit impulses
distal to the crush for several days before
conduction fails and the fibres break down.20
The duration of the biological attack in GBS is
unknown and different fibres or indeed different
sites on the same fibre could be attacked many
days apart. In case 4, however, despite the
severe reductions in "M"A with wrist stimula-
tion at 5 (fig 2) and even 18 days, prompt
recovery subsequently followed at 32 days
strongly suggesting the previous terminal
reduction in "M"A was largely explicable by
conduction block in demyelinated nerve fibres
rather than axonal degeneration. At the other
extreme, inexcitable nerve carries the gloomy
prospect of substantial axonal degeneration
having taken place""'5 and unfortunately was
subsequently borne out by our case 14.
How well did our studies correspond with

the pathology of GBS? Haymaker and Kerno-
han2' examined 50 fatal cases. The interval
between the onset of symptoms and the path-
ological studies varied between two and 46
days. Pathological changes were most evident
at the junction between motor and sensory
roots and the mixed spinal nerve roots. Lesions
tended to be multifocal in distribution, often
varying widely in intensity from fascicle to
fascicle. However, the PNS distal to the roots
was not assessed and intramuscular branches
were not studied.

In the study by Asbury et al,22 19 fatal cases
were examined. The interval between the onset
of symptoms and necropsy was between one
day and six years. Nine cases were studied
within the first four weeks. Patterns varied from
predominant involvement of the roots, with the
ventral roots being the more affected, to wide-
spread involvement of roots and peripheral
nerve trunks, and still other cases where peri-
pheral nerve trunks themselves were affected
with little or no involvement ofthe roots. In the
few cases where intramuscular nerve twigs
were examined, striking pathological changes
were not often seen. Overall the pattern was
quite variable and often multifocal. Unfortu-

nately, their study did not systematically
examine all regions between the roots and
peripheral terminals of the PNS, nor were
quantitative comparisons made of the extent
of paranodal and internodal demyelination in
different regions of the PNS. The latter is
important as the frequency and distribution of
inflammatory infiltrates such as these authors
emphasised may bear little direct correspon-
dence to sites of conduction failure. The
minimum requisite frequency of critically
demyelinated fibres to produce striking reduc-
tions in "M"A could be as low as 1-3% of
affected internodes or paranodal regions,
frequencies which could well pass unnoticed
even with quantitative studies of teased fibres.
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