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Nerve conduction studies in
adrenomyeloneuropathy

Vinay Chaudhry, HugoW Moser, David R Cornblath

Abstract
Objective-Adrenomyeloneuropathy (AMN)
is an X linked metabolic disorder present-
ing with progressive spastic paraparesis
in the third to fifth decade of life.
Although peripheral neuropathy is also
present in most patients, prominent pyra-
midal signs may make its clinical recogni-
tion difficult. The objective was to
characterise the peripheral neuropathy in
patients with AMN by nerve conduction
studies.
Methods-Nerve conduction studies were
performed in 99 men known to have AMN
and in 38 heterozygous women, all of
whom had neurological disabilities.
Results-Of the 13 variables obtained, at
least one was abnormal in 82% of
patients. The abnormalities were more
common in men than in women (87% v
67%); in legs than in arms (77% v 38%); in
motor than in sensory conduction (80% v
39%); and in latency (distal and F wave)
and velocity compared with amplitude
(80% v 29%). Twenty six patients had at
least one nerve variable value in the
demyelinating range. Four variables
(sural velocity, peroneal amplitude, per-
oneal velocity, and peroneal F wave) were
correlated with the expanded disability
status scale; five variables (peroneal
velocity, tibial H reflex, median distal
latency, median conduction velocity, and
median F wave latency) were correlated
with serum very long chain fatty acids
(VLCFAs); and two variables (sural
amplitude and peroneal distal latency)
were more likely to be abnormal in
patients with normal adrenal function
than in patients with Addison's disease.
Conclusions-Nerve conduction studies
in patients with AMN are often abnormal
and suggest a mixture of axonal loss and
multifocal demyelination. Their correla-
tion with disability status and serum
VLCFAs suggests that measures from
nerve conduction studies may be useful in
evaluating future treatments.

(Y Neurol Neurosurg Psychiatry 1996;61:181-185)
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Adrenomyeloneuropathy (AMN) is one of the
phenotypes of adrenoleukodystrophy (ALD),

an X linked recessive peroxisomal disease
characterised by accumulation of abnormally
high concentrations of saturated very long
chain fatty acids (VLCFAs) in tissues and
body fluids.'-7 Unlike ALD, which is a rapidly
progressive fatal disorder of early childhood,
AMN is a slowly progressive disorder of adult-
hood that causes dysfunction of the adrenal
gland, spinal cord (myelopathy), and periph-
eral nerves (neuropathy). The typical clinical
presentation of AMN is a man in his third or
fourth decade of life, developing slowly pro-
gressive spastic paraparesis and sphincter dis-
turbance. About 70% of patients with AMN
develop adrenal insufficiency which may man-
ifest as generalised weakness, weight loss, pig-
mentation, or attacks of nausea and vomiting,
and which usually precedes the neurological
symptoms. Careful examination shows the
presence of peripheral neuropathy in most
patients. At least 20% of heterozygous women
develop neurological disability similar to that
seen in men with AMN but milder and of later
onset, in the fourth to fifth decade of life.6

Although peripheral neuropathy is present
in most patients with AMN, prominent pyra-
midal signs often make its clinical detection
difficult. Failure to recognise the associated
neuropathy may lead to the misdiagnoses of
multiple sclerosis or "idiopathic paraparesis".' 78
Nerve conduction studies are helpful in identi-
fying neuropathy. The presence of peripheral
neuropathy and myelopathy with positive fam-
ily histories in these relatively young patients
may lead the clinician to measure serum
VLCFA concentrations and establish the cor-
rect diagnosis ofAMN.

Only limited details of nerve conduction
studies in patients with AMN are, however,
available.' 9-18 From the few pathological
descriptions of ALD that show multifocal
demyelination and from the available case
reports of patients with AMN, it is assumed
that nerve conduction studies will show a
demyelinating physiology. If a demyelinating
neuropathy is not detected, the diagnosis of
AMN is often wrongly excluded. The aims of
this paper are (a) to present details of nerve
conduction abnormalities in patients with
AMN, (b) to analyse the proportion of patients
with demyelinating physiology, (c) to compare
nerve conduction study abnormalities in men
with heterozygote women, and (d) to measure
correlations of abnormalities noted on nerve
conduction studies with the expanded disability
status score (EDSS), the pyramidal score,
plasma concentrations of VLCFA, and
adrenal function.
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Subjects and methods
Baseline nerve conduction studies were per-
formed in 137 patients with an AMN pheno-
type, all of whom were participating in an
ongoing clinical trial of dietary treatment with
"Lorenzo oil" at the Kennedy Krieger
Institute. The diagnosis was based on estab-
lished clinical criteria and raised concentra-
tions of plasma VLCFAs.6 All patients were
symptomatic adults with primarily spinal cord
involvement and included 99 men and 38 het-
erozygous women. Table 1 gives the data,
including age, sex, VLCFA concentrations,
mean EDSS, pyramidal scores, and percent-
age with adrenal dysfunction. More detailed
clinical data on this population are available
elsewhere.46 19

In each patient nerve conduction of the
right sural and median sensory nerves, right
peroneal and median motor nerves including
F wave latencies, and right tibial H reflex
latency were recorded with techniques stan-
dard in our laboratory. All studies were per-
formed with an infrared temperature control
system to maintain surface limb temperature
(lateral border of the right foot and tip of digit
3) at 34°C. Thirteen variables of nerve con-
duction were measured in each patient as fol-
lows: sural and median sensory nerve action
potential (SNAP) amplitudes and velocities;
common peroneal and median distal latencies,
conduction velocities, compound muscle
action potential (CMAP) amplitudes, F wave
latencies, and H reflex latency. For sensory
nerves, SNAP amplitude was measured from
peak to peak and velocity calculated by dividing
the distance by onset latency; for motor
nerves, CMAP amplitude was measured base-
line to peak, distal latency and conduction
velocity were calculated in the standard fash-
ion, and F wave latency was obtained as the
shortest of 10 trials; the onset latency was
measured for the H reflex.

Table 1 Characteristics of the patients with AMN

Men Women

No 99 38
Mean age (range) (y) 33 (17-74) 48 (29-73)
% With adrenal dysfunction 78 0
Mean VLCFA concentration (pg/ml) (SD)

(Control C26:0 ug/ml) 0-96 (0 44) 0-63 (0 25)
Mean EDSS (SD) 3-8 (1 5) 3-7 (1 4)
Mean pyramidal score (SD) 2-3 (1 1) 2-4 (0 9)

Table 2 Patients with AMN: mean (SD) of 13 variables

Men Women
Mean (SD) Mean (SD) Normal values

Suramp*(pV) 20(11) 25(12) > 10
Sur CV (m/s) 45 (8) 48 (7) > 40
Per DL* (ms) 5-2 (1) 4-5 (0 9) 5-2
Per Amp (mV) 4 0 (2-2) 4 0 (2 0) > 2
Per CV* (m/s) 37 (7) 42 (5) > 40
Per F wave* (ms) 58-4 (9 6) 51 (5 7) < 55
Href(ms) 27 (15 1) 28 (12) < 35
MS amp (jsV) 29 (14) 29 (14) > 10
MS CV (m/s) 56 (8) 56 (11) > 50
M DL* (ms) 3-7 (0 7) 3-2 (0 8) o 4-2
MM amp (mV) 10-5 (3-3) 10-5 (2 5) v 4
MM CV (m/s) 54 (6) 56 (5) 550
Med F wave* (ms) 29-6 (3-6) 27-1 (3 6) < 31

*P < 0 05 men v women.
For explanation of abbreviations see footnotes of fig 2.

Abnormal values for each variable were
based on the standardised upper and lower
limits of normal for our laboratory (table 2).
Based on modifications of previously pub-
lished criteria,20 individual values of latency
and conduction velocity were considered
demyelinating if they met the following crite-
ria: conduction velocity < 70% of the lower
limit of normal, and distal motor or F wave
latencies > 125% of the upper limit of normal.
Values that were abnormal and not in the
demyelinating range, an absent response, and
abnormal amplitude values were all consid-
ered axonal affects for the purpose of this
study.

STATISTICAL ANALYSES
Mean (SD) values were obtained for each of
the 13 variables. Values for men were com-
pared with those for women. Correlation of
each of the variables with adrenal dysfunction,
EDSS,2' pyramidal dysfunction,2' and concen-
trations of VLCFAs were assessed. Numbers
of patients with normal values, abnormal val-
ues in the axonal range, and abnormal values
in the demyelination range were noted for
each of these variables. P values were calcu-
lated when appropriate.

Results
Table 2 gives the mean (SD) of the 13 vari-
ables for the men and women. Significant dif-
ferences between men and women were found
in the sural amplitude, peroneal motor distal
latency, conduction velocity, and median
motor distal latency. At least one of the 13
variables obtained was abnormal in 82% of
patients. Eighty one per cent of the patients
had an abnormality noted in at least one
nerve; 47% had two or more nerves that were
abnormal; 31% had abnormalities in three
nerves; and 7% showed abnormality in all four
tested nerves. Based on the abnormalities in at
least one nerve, the abnormalities were more
often seen in men than women (87% v 67%);
in lower limb nerves than in upper limb nerves
(77% v 38%); and in motor nerves than in
sensory nerves (80% v 39%) (fig 1). In both
men and women, common peroneal F wave
latency was most often abnormal (64% of
patients), followed by peroneal conduction
velocity (53% of patients) and the H reflex
latency (44% of patients). Variables related to
latencies (distal and F wave) and conduction
velocity were more often abnormal than the
amplitudes (80% v 29%) (figs 2 and 3).

At least one value in the demyelinating
range was found in 26% of patients; 9% had
two or more; 3% had three or more, and 1%
had four or more. Demyelinating values were
detected more often in men (31 %) than in
women (12%) and in the nerves of the lower
limbs (19%) than in the nerves of the upper
limbs (9%), where noted changes could be
easily attributable to focal nerve entrapment
(figs 2 and 3).

Demyelinating changes did not appear uni-
formly distributed over the length of a motor
fibre. For example, prolongations of distal
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Figure 1 Nerve
conduction studies:
findings in patients with
AMN. The percentages for
normal, axonal, and
demyelinating are
calculated based on
abnormalfindings in at
least one variable.
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Figure 2 Nerve conduction studies: findings in the 13 tested variables in me?
AMN. Sur = Sural; Per = peroneal; MS = median sensory;MM = med;
Amp = amplitude; DL = distal latency; CV = conduction velocity; F = F
latency; and H ref = H reflex latency.
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Figure 3 Nerve conduction studies: findings in the 13 tested variables in woi
AMN. Abbreviations as in fig 2.

Table 3 Comparison ofperoneal distal latency (DL) and conduction velocit3
men withAMN showing the non-uniformity along the length of the nerve

DL Nornal DL T(ax) DL

CV Normal 28 9 1
CV l(ax) 23 18 6
CV .1-(dem) 9 2 3

Ax = axonal; dem = demyelinating; I = reduced; T = prolonged.

motor latencies were not always associated
with proportional reductions in conduction
velocity-among men with AMN, 32 had
reduced peroneal conduction velocity but nor-
mal distal motor latency and 10 had prolonged
peroneal distal motor latency but normal con-
duction velocity (table 3).

In men with AMN, the following correla-
tions were significant: (1) men with AMN and
Addison's disease showed higher sural SNAP
amplitudes and lower peroneal distal motor
latency values than did men with AMN and
normal adrenal function (P < 0-05); (2) serum
concentrations of very long chain fatty acids
were significantly correlated with the peroneal
amplitude, tibial H reflex, median distal motor
latency, median conduction velocity, and
median F waves; (3) sural conduction velocity,
peroneal amplitude, peroneal conduction
velocity, and peroneal F waves were signifi-
cantly correlated with EDSS; and (4) peroneal
amplitude and conduction velocity were sig-
nificantly correlated with pyramidal scores. In
women heterozygous for ALD, on the other
hand, except for median motor conduction
velocity and EDSS, no significant correlations
were detected.

Discussion
X Linked adrenoleukodystrophy (ALD) is a
disorder of very long chain fatty acid metabo-
lism characterised by diffuse abnormality of
cerebral white matter and adrenal atrophy. In
a recent review, Moser et al4 described several

n with phenotypic variants of ALD (estimated fre-
ian motor; quency of occurrence: childhood cerebral
<wave (43%), adolescent cerebral (5%), adult cere-

bral (3%), AMN (26%), Addison only (1 1%),
and asymptomatic (7%)). It is known that the
peripheral nervous system is involved in
AMN. Identification of additional peripheral
neuropathy in a patient with myelopathy is
helpful in narrowing the differential diagnosis
of slowly progressive spastic paraparesis.
Because upper motor neuron signs predomi-
nate in AMN, clinical signs of peripheral neu-
ropathy may not be so clearly evident. Nerve
conduction studies are extremely helpful in
confirming the presence of peripheral nerve
affection, thus distinguishing AMN from mul-
tiple sclerosis, familial spastic paraparesis, and
structural cord lesions. Furthermore, nerve
conduction studies are helpful in characteris-
ing its pathophysiology (axonal v demyelinat-
ing), identifying the different fibre types
affected (sensory v motor), and defining the
distribution and severity which may be useful
for longitudinal follow up and for assessing
effects of different therapeutic interventions.

men with Until now detailed descriptions of nerve
conduction study findings in patients with
AMN have not been available. Although it is

v (CT in known that most patients with AMN have
peripheral neuropathy, one of the criteria for

TT(dem) its diagnosis, its precise frequency in men and
heterozygous women, characteristics, severity,
pathophysiology, relation with adrenal fimc-
tion, VLCFA concentrations, pyramidal dys-
function, and EDSS are unavailable. The
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Table 4 Nerve conducting studies in patients with AMN: review ofpublications

AMN AMN
Reference Men Women Motor nerves Sensory nerves

Griffin etal 1977' 5 - CV II in 3/4; LL > UL ND
Davis et al 197912 1 - CV 1. LL CV
Askanas et al 1979' 1 - NL NL
Martin et al 1982' 4 - CV in 2/4 LL NL 4/4
Vercruyssen 1982 5 -CVC 3/4; LL > UL CV A in 1/5
Berkovic et al 1983'5 3 - CV A 3/3; LL > UL ND
Tobimatsu et al 198521 1 _ CV in 1/1 ND
Noetzel et al1987'- 1 NL
Elrington et al 1989'7 2 - CV I in LL CVAin 1
Aubourg et al 1992" 17 - CVA15/17 LL CVA12/17
Moser et al 1992; 76 25 CV A- 52; LL and 7 UL ND
van Geel etal 1996' 18 5 CVA- 16 LL; 5 in UL CVA5 (UL);- 1 1 (LL)

Distal latency 1 13 LL; 8 UP Amp K 3 (UL); 5 (LL)
Amp A- 10 LL; 0 UL
F wave 1 8 LL; 5 UL

Chaudhry et al 1996 (this paper) 99 38 CV A- 110; LL > UL CV 1A 53; LL > UL

ND = not done; NL = normal; CV = conduction velocity; LL = lower limb; UL = upper limb; A = reduced; 1 = prolonged.

present study attempts to answer these ques-
tions.

FREQUENCY
Nerve conduction studies confirmed the pres-
ence of neuropathy in most of the patients
with AMN. Men with AMN were more likely
to show abnormal findings than heterozygous
women; motor nerves to show more frequent
abnormalities than sensory; and lower limb
nerves to show more frequent changes than
upper limb nerves.

CHARACTERISATION
Even though the absolute value of changes in
the nerve conduction study variables were in
the axonal range, the pattern of physiological
abnormalities noted was not typical of a distal
axonopathy. For example, measures related to
functioning myelin (distal latency, F wave
latency, and conduction velocity) were more
commonly affected than amplitude, a measure
generally associated with the number of func-
tional axons; motor nerve abnormalities were
more frequent than sensory nerve abnormali-
ties; and the findings appeared non-uniform
over adjacent nerve segments (table 3).
However, the distribution of affected nerves
was length dependent, as typically seen in an
axonopathy, and individual latency values
were rarely in the range associated with pri-
mary demyelination. Overall, this mixed pat-
tern suggesting multifocal demyelination and
axonal loss is well described in "metabolic
neuropathies" such as diabetes.22

Other studies also support the notion that
the peripheral neuropathy associated with
AMN has both axonal and demyelinating fea-
tures. Microscopically, sural nerves have been
reported to show a mixture of axon and myelin
loss. Some report frequent formation of small
"onion bulbs" and thinly myelinated fibres
suggestive of remyelination.' 1323 Also, teased
fibre studies have confirmed the existence
of chronic demyelination-remyelination. 3
Muscle biopsy from peroneal muscles shows
changes of denervation and reinnervation sec-
ondary to axonal loss. ' Other evidence of
peripheral nerve demyelination comes from
the results of somatosensory evoked poten-
tials, which have shown prolonged peripheral
conduction time in both lower and upper limb
nerves. "' 24

PATHOGENESIS
Although the association between AMN and
VLCFA accumulation is in no doubt, it
remains uncertain whether fatty acid abnor-
mality is the direct cause of the neuropathol-
ogy, whether secondary pathogenetic factors
are required, or whether VLCFA excess is an
epiphenomenon. There is evidence that accu-
mulation ofVLCFA has a deleterious effect on
membrane structure and function,25 27 but the
great variability of the ALD phenotypes even
within families, and the lack of correlation of
VLCFA concentrations with neurological dis-
ability, suggest that other factors beyond accu-
mulation of VLCFA are involved in
pathogenesis. One such factor may be immune
mediated damage. The rapid neurological pro-
gression in the childhood cerebral form is
associated with demyelination and an intense
perivascular inflammatory response. Recent
studies suggest that cytokines such as tumour
necrosis factor-a are involved in this process.28
It may be that the abnormal accumulation of
lipids in AMN acts, in some patients, as an
antigen initiating immunological damage.3 As
this immune mediated process might be
expected to be non-uniform, it offers a possi-
ble explanation for the multifocality of the
changes seen here.

CORRELATIONS OF NERVE CONDUCTION STUDY

FINDINGS WITH OTHER FEATURES OF AMN

Sural amplitude and peroneal distal motor
latency values were more towards the normal
range in patients with Addison's disease than
in patients with normal adrenal function. This
may reflect earlier diagnosis in the patients
with adrenal insufficiency. Although no other
consistent correlations of nerve conduction
study findings were present with Addison's
disease, EDSS, pyramidal score, serum
VLCFA concentrations, and different vari-
ables of the common peroneal nerve seem to
show correlations most consistently. However,
as this nerve also has the most frequent abnor-
mality some correlation of this with different
aspects of AMN is not surprising. Serum
VLCFA concentrations have not been shown
to correlate with EDSS or pyramidal scores
themselves even though they seem to play a
crucial part in pathogenesis.
A review of previous nerve conduction stud-

ies in AMN showed that they were consistent

184

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.61.2.181 on 1 A

ugust 1996. D
ow

nloaded from
 

http://jnnp.bmj.com/


Nerve conduction studies ina

with our findings (table 4), although detailed
descriptions were limited and patient numbers
were small. A recent publication'8 is interest-
ing in this regard. Similar to our study, the
abnormal findings were more prominent in
lower limb nerves than in upper limbs and in
latency and conduction velocity values than in
amplitude values. And even though 26% of
patients had demyelinating findings in one or
more nerves, the conclusion of the paper was
that neuropathy in patients with AMN is due
to primary axonal demyelination. We think
that this supports the concept that the neu-
ropathy has mixed features of axonal degenera-
tion and multifocal demyelination.

In conclusion, we report that results of
nerve conduction studies are often abnormal
in men and heterozygous women with AMN,
are helpful in diagnosis and prognosis, and
may be useful in future therapeutic trials. The
findings have features of both a multifocal
demyelinating process and an axonopathy.
Common peroneal motor nerve conduction
studies are the most useful for screening, for
longitudinal follow up, and to assess the
results of a therapeutic intervention.

This work was supported by General Clinical Research Center
grants RR-00035 and RR-00722. Clinical data were presented
in part at the 119th Annual Meeting of the American
Neurological Association, San Francisco, CA, 9-12 October
1994.

1 Griffin JW, Goren E, Schaumburg H, Engel WK, Loriaux L.
Adrenomyeloneuropathy: a probable variant of
adrenoleukodystrophy. I. Clinical and endocrinologic
aspects. Neurology 1977;27:1107-13.

2 Moser HW, Bergin A, Comblath DR. Peroxisomal disor-
ders. Biochem Cell Biol 1991;69:463-74.

3 Moser HW, Moser AB. Adrenoleukodystrophy (X-linked).
In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The
metabolic basis of inherited diseases. Vol 2. New York:
McGraw Hill, 1989:1511-32.

4 Moser HW, Moser AB, Smith KD, et al. Adreno-
leukodystrophy: phenotypic variability and implications
for therapy. I Inherit Metab Dis 1992;15:645-64.

5 Moser HW, Naidu S, Kumar AJ, Rosenbaum AE.
Adrenoleukodystrophy: toward a biochemical definition
of a disease with varied presentations. CRC Crit Rev
Neurobiol 1987;31:29.

6 Moser HW, Moser AB, Naidu S, Bergin A. Clinical aspects
of adrenoleukodystrophy and adrenomyeloneuropathy.
DevNeurosci 1991;13:254-61.

7 Budka H, Sluga E, Heiss WD. Spastic paraplegia associ-
ated with Addison's disease: adult variant of adreno-
leukodystrophy. JNeurol 1976;213:237-50.

8 Dooley JM, Wright BA. Adrenoleukodystrophy mimicking
multiple sclerosis. Can _J Neurol Sci 1985;12:73-4.

9 Askanas V, McLaughlin J, King A, Engel W, Adornato BT.
Abnormalities in cultured muscle and peripheral nerve of
a patient with adrenomyeloneuropathy. N Engl J Med
1979;301:588-90.

10 Aubourg P, Adamsbaum C, Lavallard-Rousseau MC, et al.
A two-year trial of oleic and erucic acids ("Lorenzo's
oil") as treatment for adrenomyeloneuropathy. N Engl J
Med 1993;329:745-52.

11 Aubourg P, Adamsbaum C, Lavallard-Rousseau MC, et al.
Brain MRI and electrophysiologic abnormalities in pre-
clinical and clinical adrenomyeloneuropathy. Neurology
1992;42:85-9 1.

12 Davis LE, Snyder RD, Orth DN, Nicholson WE, Kornfeld
M, Seelinger DF. Adrenoleukodystrophy associated with
partial adrenal insufficiency in three generations of a kin-
dred. Am J Med 1979;66:342-7.

13 Martin JJ, Lowenthal A, Ceuterick C, Gacoms H. Adreno-
myeloneuropathy: a report of two families. J Neurol
1982;226:221-32.

14 Vercruyssen A, Martin JJ, Mercelis R. Neurophysiological
studies in adrenomyeloneuropathy: a report on five cases.
J Neurol Sci 1982;56:327-36.

15 Berkovic SF, Zajac JD, Warburton DJ, et al.
Adrenomyeloneuropathy: clinical and biochemical diag-
nosis. AustNZJ Med 1983;13:594-600.

16 Noetzel MJ, Landau WM, Moser HW. Adrenoleuko-
dystrophy: carrier state presenting as chronic nonprogres-
sive spinal cord disorder. Arch Neurol 1987;44:566-7.

17 Elrington GM, Bateman DE, Jeffrey MJ. Adreno-
leukodystrophy: heterogeneity in two brothers. J Neurol
Neurosurg Psychiatty 1989;52:310-3.

18 van Geel BM, Koelman JHTM, Barth PG, Ongerboer de
Visser BW. Peripheral nerve abnormalities in adreno-
myeloneuropathy: a clinical and electrodiagnostic study.
Neurology 1996;46:112-8.

19 Kaplan PW, Tusa RJ, Shankroff J, Heller J, Moser HW.
Visual evoked potentials in adrenoleudodystrophy: a trial
of glycerol trioleate and Lorenzo oil. Ann Neurol 1991;
34:169-74.

20 Comblath DR, Asbury AK, Albers JW, et al. Research crite-
ria for diagnosis of chronic inflammatory demyelinating
polyneuropathy (CIDP). Neurology 1991;41:617-8.

21 Kurtzke JF. Rating neurologic impairment in multiple scle-
rosis: an expanded disability status scale (EDSS).
Neurology 1983;33: 1444-52.

22 Brown MJ, Asbury AK. Diabetic neuropathy. Ann Neurol
1984;15:2-12.

23 Tanaka K, Koyama A, Koike R, Ohno T, Atsumi T,
Miyatake T. Adrenomyeloneuropathy: a report of a family
and electron microscopic findings in peripheral nerve. J
Neurol 1985;232:73-8.

24 Tobimatsu S, Fukui R, Kato M, Kobayashi T, Kuroiwa Y.
Multimodality evoked potentials in patients and carriers
with adrenoleukodystrophy and adrenomyeloneuropathy.
Electroenceph Clin Neurophysiol 1985;62: 18-24.

25 Knazek RA, Rizzo WE, Schuiman JD, Dave JR. Membrane
microviscosity is increased in the erythrocytes of patients
with adrenoleukodystrophy and adrenomyeloneuropathy.
J Clin Invest 1983;72:245-8.

26 Whitcomb RW, Linehan WM, Knazek RA. Effects of long-
chain, saturated fatty acids on membrane microviscosity
and adrenocorticotropin responsiveness of human
adrenocortical cells in vitro. J Clin Invest 1988;81: 185-8.

27 Ho JK, Moser H, Kishimoto Y, Hamilton JA. Interactions of
a very long chain fatty acid with model membranes and
serum albumin. Implications for the pathogenesis of
adrenoleukodystrophy. Jf Clin Invest 1994;96: 1455-63.

28 Powers JM, Liu Y, Moser AB, Moser HW. The inflamma-
tory myelinopathy of adreno-leukodystrophy: cells, effec-
tor molecules, and pathogenetic implications. J
Neuropathol Exp Neurol 1992;51:630-43.

adrenomyeloneuropathy 185

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.61.2.181 on 1 A

ugust 1996. D
ow

nloaded from
 

http://jnnp.bmj.com/

