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Abstract

We reviewed the clinicopathologic features of
patients with thiamine-deficiency neuropathy.
Symmetric sensorimotor polyneurpathy predominantly
involving the lower limbs was the typiCai presentation,
- while variations were seen in the severity and the
distribution of weakness and sensory disturbanée.
Progression occurred over intervals varying from days
to years. Some batiems progressed rapidly in a manner
resembling Guillain-Barre syndrome. Symptoms of
heart failure and Wemické-Korsakoff syndrome varied
among individual patiénts. Major electrophysiologic
findings wérc those of axonal neuropathy with more
marked abnormalities in the lower limbs. Sﬁral nerve
biopsy specimens mainly showed predominaht loss of
large myalinéted fibers and marked subperineurial
edema. Major etiologies of thiamine déficiency were

postgastrectomy state, chronic alcoholism, and dietary
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imbalance. Patients with chronic-al;:oholism showed
slight]'y different clinical features in that they were
sensory-dominant, slowly progressive, and
predominantly impaired superficial sensation with pain
or painful burning sensation compared to those of the
other two major etiologies. Thiamine adnministration

achieved substantial functional recovery within 6

months, irrespective of the initial deficit, but recovery

of sensory impairment was.incomplete. The variability

_of thiamine~deﬁciency neuropathy should be kept in

mind, because early diagnosis and treatment facilitates

recovery.

Introduction

Deficiency Qf thiamine (Vitamin B1) causes
peripheral neuropathy aﬁd heart failure, designated as
beriberi. Wernicke-Korsakoff syndrome also may
occur.’ Deficiency may occur in individuals with
decreased thiamine intake caused by insufficient

consumption of 'approprihte food, due to high-
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carbohydrate or low-thiamine diets, chronic
alcoholism,? anorexia nervosa,” or hyperemesis
gravidarum,*” or alternatively in persons with
increased thiamine requirements such as laborers
performing heavy outdoor work.® Historically, beriberi
was an endemic disordér among Asians for whom
milled white rice was a dietary staple in the late 19th
century.” The number of patients with beriberi
decreased markedly after the discovery of vitamin B1}?
and public education regarding the need for a balanced
diet. However, in Japan, an epidemic of beriberi
occurred in the 1970s when instant foods with low
vitamin contents became popular.®>'° The epidemic
was resolved by nutritional education and
supplementation of food with thiamihe asa
countermeasure. Since that time, the disorder has been
largely forgotten by many physicians, especially those
in developed countries. However, recent repoits
suggest that neuropathy associated with thiamine
deficiency is not uncommon among patients with a
variety of background factors including chronic
alcoholism'" and prolonged parenteral nutrition.'?
Furthemore, we previously reported 17 patients with
postgastrectomy polyneuropathy associated With
thiamine deﬁ<.:iency, suggesting gastrectomy as a risk

factor for thiamine deficiency."
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In this articlé, we review the clinicopathologic
features of thiamine-deficiency neuropathy in Japan.
Causes of thiamine deficiency

We reviewed 66 patients with thiamine-deficiency
neuropathy who were referred to Nagoya University
Graduate School of Medicine and its affiliated
institutions from 1990 to 2002. Major factors
contributing to thiamine deficiéncy in these patienté
were gastrectom)./, heavy drinking, and dietary
imbalance. Among patients with dietary imbalance, the
staple food was milled rice or noodles, without
adequate meat and vegetables; also, food intake was
irregular. A striking observation was that many of the
patients had undergone gastrectomy. Gastrectomy was
preformed to treat ulcers or neoplasms. Patients who
had undergone gastric restriction surgery for morbid .
obesity were not present. Among these patients we
reported 17 having postgastrectomy polyneufopathy
with thiamine deficiency.” Gastrectomy had been
performed in these patients 2 months to 39 yeérs prior
to the onset of neuropathy. Nine patients underwent
gastrectomy fof carcinoma, one for lyr_nphoma, and 7
for gastric or duodenal ulcer. The method of
reconstruction varied, and included Billroth I or
Billroth II for subtotal gastrectomy and a Roux-en-Y

method or a jejunal poutch interposition for total
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gastrectomy. Interestingly, most patients took

particular care of dietary balance after surgery. The

presence of these patients supports the view that
thaimne deficiency can occur in thqse who undergo
gastrectomy. Wernicke's encephalopathy has been
reported occasionally in association with operations
performed to treat morbid obesity.'*'* Neuropathy can
also occur in some patients following gastric
restriction surgery for morbid obesity.'>'® Thiamine
deficiency may occur in patients who undergo
operations for morbid obesity, especially those who are
prone to vomiting.'” Roux-en-Y bypass to create a
bypass or gastroplasty to produce stenosis of the
gastrointestinal tract were the major procedures
performed for morbid obesity. i’atients undergoing
such surgery show extensive weight loss, sometimes
with protracted nausea and vomiting, as well as severe
malnutrition. In our series, none of the gastric
operations were performed for morbid obesity, and our
patients underwent total or subtotal gastrectomy.
Unlike patients who undergo surgery for morbid
obesity, only one of our patients had vomiting and
extensive weight loss. Some of our patients had ’
carcinomas, but tumors did not show recurrence or

metastasis at the time neuropathic symptoms appeared.

Thiamine is absorbed by the mucosa of the entire
intestine, with the highest rate of absorption being in
the duodenum.'®* That patients who underwent
gastrectomy would develop thiamine deficiency is
somewhat puzzling, becaﬁse a large extent of the
intéstine presumably able to absorb thiamine was left
intact. Recent reports of Wernicke's encephalopathy
suggest that thiamine deficiency can occur in some;
but not all, patients who undergo gastrectomy for
cancer.”"?' Some of these patients have shown
electrophysiologic evidence of neuropathy, as well as
Wernicke's encephalopathy.***** Markkanen reported
that erythrocyte transketolase activity decreased in
31% of patients who had operations involving the
upper gastrointestinal tract, including partial
gastrectomy.”” These observations suggest that the
relative abilities of different intestinal sites to absorb
thiamine vary among individuals. Furthermore, only a
few of the many patients who undergo gastrectomy
develop neuropathy, so individual factors, possibly
genetic in nature, may have an influence.

Most postgastrectomy patients in our series did not
manifest neuropathic symptoms during the early period
after operation, even tfnough many of them had acute
onset of symptoms. Thiamine is turned over relatively

rapidly in the body, and is not stored in large amounts.
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Patients who undergo gastrectomy could have a
subclinical deficiency of thiamine, even with
appropriate dietary intake. When patients experience
increases in thiamine requirements due to fever,
anorexié, heavy labor, or pregnancy, symptoms of
thiamine deficiency may be precipitated. Increases in
subclinical thiamine deficiency associated with aging
also could account for the delayed appearance of
neuropathic symptoms after gastrectomy in some
patients.”*”’ Three patients with cancef received
chemotherapy with either deoxifluridine or 5-
fluorouracil. Fl\joropyrimidines are reported to
increase the cellular metabolism of thiamine.”® This
medication is considered to have contributed to the _
development of thiamine deficiency.

In addition to gastrectomy, chronic alcoholism is
closely related to thiamine deficiency.' According to
our previous study of consecutive patients with
alcoholic neuropathy, 28 of 64 patients (44%)
manifested thiamine deficiency.” In addition to dietary
imbalance associated with chronic alcoholism, alcohol
diminishes thiamine absorption»in the intestine™® and
reduce hepatic.storage of thiamine.” Decreased
phoshporylation of thiamine to the active coenzyme
thiamine pyrophosphate ascribed to alcohol may also

contribute to the development of thiamine

deficiency.**™ These observations support the view
that some of the pathogenesis of alcoholic neuropathy
are attributable to deficiency of thiamine absorption or

metabolism.

Clinical features

We previously described the clinical features of 32
patients with thiamine-deficiency neuropathy.” All of
the patients were nondrinkers. According to this report,
all patients manifested symmetric polyneuropathy with
more involvement in the lower than upper limbs,
showing a centripetal pattern of progression. The
initial symptom of neuropathy was variable; this was
weakness in the lower extremities in 50% of patients
and numbness in the distal ldwer limbs in 50%.
Progression rate also varied; acute progression within
1 month was seen in 18 patie‘nts (56%), while slow
progression over more than 1 year was seen in 19%.
Impairment was usually motor-dominant, affecting
84% of patients. Some patients whose motor weakness
progressed over days were initially'thought to have
Guillain-Barr_ syndrome. Motor symptoms were more
predominant in{he lower than upper extremities; even

s0, 81% showed weakness in the upper limbs. Sensory

disturbance was present in the lower limbs in all
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patients, and was also present in the upper limbs and
tﬁe trunk in 78% and 28%, respectively. Varying
degrees of numbness with or without painful
sensations were noted in all patients, and painful
sensations were reported by 22% of patients.
Involvement of all sensory modalities was a common
feature: superficial sensation was affected most in 9%;
deep sensation wag involved most in 28%; and, both
modalities were affected equ'ally in 63%. Biceps,
patellar, and Achilles tendon reflexes were reduced or
absent in most patients. Activities of daily living were
impaired mainly because of the rapid progression of
muscle weakness. Only 16% could walk unaided at the
time of initial examination.

On th¢ other hand, thiamine-deficiency neufopathy
associated with chronic alcoholism show slightly
different clinical features in the point that it is sensory-
dominant, slowly progressive, and predominantly
impairs superficial sensation With pain or painful
burning sensatioh_ in comparison with nonalcoholic
thiamine-deficiency neuropathy.”* These differences
are thought to be attributable to the toxic effects of
ethanol. Recent studies indicate a direct neurotoxic

effect of ethanol or its metabolites, involving ethanol-

induced glutamate neruotoxicity,’”’ decreased

production of neurofilament protein or its

phosphorylated form,**-or impairment of fast axonal
transport.” Axonal degeneration has been documented
in animals receiving ethanol while maintaining a
normal thiamine statﬁs.‘“ Human studies also have
suggestéd a direct toxic effect, because a dose-
dependent relationship has been observed between
severity of neuropathy and amount of ethanol
consumed.”

Clinical features of polyneuropathy and associated
symptoms such as Wernicke's encephalopathy and
congestive heart failure varied among individual
patients. The éause of the variations of clinical features

has not been determined. Genetic factors may relate to

“variations and susceptibility to thiamine deficiency.

For example, thiamine-responsive megaloblastic
anemia associated with diabetes mellitus and deafness
results from a mutation of the gene encoding the
thiamine transporter protein; and this genetic defect
preferentially involves hematopoietic, pancreatic islet,
and auditory apparatus cells.*** Other factors that
could influence clinical features are deficiencies of
nicotinic acid,*® vitamin B2, vitamin B6," vitamin
B12,%% and folate.”’ However, characteristic
symptoms associated with these individual vitamin
deficiencies were not present. These clinical pictures

include anorexia, diarrhea, erythematous and
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hyperkeratotic dermatitis, and mental changes in series, because these characteristic symptoms were not
pellagra (nicotinic acid deficiency); cheilosis, glossitis, present.

keratoconjunctivitis, and dermatitis involving

nasolabial folds, scrotum and labia in vitamin B2 Electrophysiologic and histopathologic features
deficiency; and myelopathy in vitamin B12 and folate | According to previously reported data concerning
deficiency. Thus, these vitamin deficiencies could nonalcoholic thiamine-deficiency neuropathy,” nerve
modify thiamine-deficiency effects to some extent, but conduction studies mainly showed evidence of axonal
could not be the major factors for variations in our . degeneration more predominantly in the lower

Transverse section of sural nerve in a patient with thiamine-deficiency neuropathy.

Note myelin ovoids, significant reduction of the density of myelinated fibers. Large
'myelinated fibers are reduced more than small myelinated fibers. Endoneurial edema

with enlargement of the subperineurial space is present.
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extremities with some slowing of conduction velocities.

~ Sural nerve biopsy specimens also indicated axonal
neuropathy (Figure). Myelinated fiber density was
significantly reduced. On average, the density of large
myelinated fibers was 22% that of normal controls,
while the density of small myelinated fibers was 33%
that of normal controls. Axonal sprouting was scarce
in all cases. Predomir;ant loss of large myelinated
fibers was a characteristic featur;e. Reduction of
unmyelinated fibers was also seen especially in cases
with severe myelinated fiber loss. .

Findings of nerve conduction studies on thiamine-
deficiency neuropathy with chronic alcohqglism were
similar to those on nonalcoholic thiamine-deficiency
neuropathy.” Sural nerve biopsy specimen findings
were variable, occupying a range between
nonalcoholic thiamine-deficiency neuropathy and
alcoholic neuropathy with normal thiamine statusb; the
latter showed characteristicaily small fiber-
predominant loss and séarce subperineurial edema and

myelin irregularity.

Treatment and prognosis
Patients were treated with thiamine. Initially, a 100-
mg daily intravenous dose of fursultiamine, a disulfide

derivative of thiamine, was given. A 75-mg daily oral

dose of fursultiamine was administered subsequently."

Cardiomegaly, edema of the legs, and arrhythmias '

- improved dramatically within a few days after

initiation of thiamine adfninistration. Paresis of the
bladder and intestine improved within a few weeks.
Improvement of muscle strength was evident at one
week. Recovery of sensation was less dramatic than
motor recovery. Wernicke's encephalopathy improved
substantially, but Korsakoff psychosis persisted in

many patients.

Overall, complete recovery was very rare, and some
residual deficit persisted in most patients, although
functional status was favorable after thiamine
administration. Substantial functional recovery,
particulary in motor and autonomic involvement, was
achieved by thiamine supplementation at 3 to 6 months,
but sensory symptoms and Korsakoff psychosis were
particularly likely to show residual deficits. Patients
with rapid progression were more likely to respond
well to thiamine supplementation than those with slow
progression. Treatment should be initiated as early as
possible. We believe that thiamine should assayed and
administered early in paticnts‘ with sensorimotor
neuropathy and a history of gas;rointestinal surgery,
heavy alcohol intake, or dietaryv imbalance.

Multivitamin supplementation is also recommended
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because vitamins other than thiamine can be deficient
as well, and modify the clinical features. Prophylactic
supplementation of thiamine following gastrectomy

also is recommended.

References

1. Reuler JB, Girard DE, Cooney TG. Wernicke’s
encephalopathy. N Engl J Med 1985; 312: 1035-1039
2. Victor M, Adams RD. On the etiology of the
alcoholic neurologic diseases. Am J Clin Nutr 1961; S
379-397.

3. Handler CE, Perkin GD. Anorexia nervosa and
Wernicke’s encephalopathy: an underdiagnosed
association. Lancet 1982; 2 771-772.

4. Lavin PJ, Smith D, Kori SH, Ellenberger C Jr..
Wernicke’s encephalopathy: a predictable
complication of hyperemesis gravidarm. Obstet
Gynecol 1983; 62 (Suppl 3): 13-15.

5. Wood P, Murray A, Sinha B, Godley M, Goldsmith
HI. Wernicke’s encephalopathy induced by
hyperemesis gravidarm. case reports. Br J Obstet
Gynaecol 1983;-90: 583-586.

6. Takahashi K. Thiamine deficiency neuropathy, a
reappraisal. Int J Neurol 1981; 15: 245-253.

7. Baeltz B. Ueber das Verhiltniss der mu}tiplen

peripherischen Neuritis zur Beriberi (Panneuritis

- 142 -

endemica). Z Klin Med 1882; 4: 616-617.

8. Funk C. On the chemical nature of the substance
which cures polyneuritis in birds induced by a diet of
polished rice. J Physiol (Lond) 1911; 43: 395-400.

9. Takahashi K, Nakamura H. Axonal degeneration in
beriberi neuropathy. Arch Neurol 1976; 33: 836-841.
10. Ohnishi A, Tsuji S, Igisu H, ez al.  Beriberi
neuropathy. J Neurol Sci 1980, 45:ﬂ177—190.

11. Darnton-Hill I, Truswell AS. Thiamine status of a
sample of homeless clinic attenders in Sydney. Med J
Aust 1990; 152: 5-9.

12. Zac J 3rd, Burns D, Lihgenfelser T, Steyn E,
Marks IN. Dry beriberi: unusual complication of
prolonged parenteral nutrition. J Parent Enteral Nutr
1991; 15: 200-201.

13. Koike H, Misu K, Hattori N, et al. Postgastrectomy
polyneuropathy with thiamine deficiency. I Neurol
Neurosurg Psychiatry 2001; 71; 357-362

14. Oczkowski W1J, Kertész A. Wernicke’s
encephalopathy after gastropiasty for morbid obesity.
Neurology 1985; 35: 99-101.

15. Abarbanel JM, Berginer VM, Osimani A, Solomon
H, Charuzi 1. Neurologic complications after gastric’
restriction surgery for morbid obesity. Neurology

1987; 37: 196-200.

16. Feit H, Glasberg M, Ireton C, Rosenberg RN, Thal



Thiémine-deﬁciency neuropathy in Japan

53

E. Peripheral neuropathy and starvation after géstric
pa‘rtiﬁoning for morbid obesity. Ann Intern Med 1982;
96: 453-455.

17. MacLean LD, Rhode BM, Shizgal HM. Nutrition
following gastric operations for morbid obesity. Ann
Surg 1983; 198: 347-355.

18. Rindi G, Ferrari G. Thiamine transport by human
intestine in vitro. Experimentia ‘1977; 33:211-213.

19. Hoyumpa AM. Alcoho} and thiamine metabolism.
Alcohol Clin Exp Res 1983; 7: 11-14.

20. Laforenza U, Patrini C, Albisi C, Faelli A,
Licandro A, Rindi G. Thiamine uptake in human
intestinal biopsy specimens, including observations

. from a patient with acute thiamine dqfic_icncy. Am]
Clin Nutr 1997: 66: 320-326. ‘ |

21. Okino S, Sakajiri KI, Fukushima'K; Id¢ Y,V
Takamori M. A case of Wernicke-Korsakoff syndrome
caused by gastrojejunostoﬁxy: specific findings of MRI
and SPECT. Clin Neurol (Japan) 1993; 33: 530—534;
22. Batori M, Ciulli A, Lazzaro M, Casella MC.
Wernicke’s encephalopathy post subtotal extended
gastrectomy. Eur. Rev Med Pharmacol USci 1995; 17:
81-83.

23. Arai M, Nara K, Awazu N. 'Wernicke’s
encéphalopathy developed several years after total ’-

gastfectomy. report of 2 cases. Clin Neurol (Japan)

1997; 37: 1027-1029.

 24. Shimomura T, Mori E, Hirano N, Imamura T,

‘Yamashita H. Development of Wernicke-Korsakoff
syndrome after long intervals following gastrectomy.

Arch Neurol 1998; 55: 1242-1245.

~ 25. Markkanen T. Metabolic disturbance after gastro-

oesophageal resection. Int. J Vitam Nutr Res 1973; 43:
549-554.

26. Vir SC, Love AHG. Nuiritional status of
institutionalized and non—'i‘nstitutionaliz&;zd aged in
Belfasi, Northern Ireland. Am J Clin Nutr 1979; 32:
1934-1947.

27. O’Keéffe ST, Tormey WP, Glasgow R, Lavan JN.

- Thiamine deficiency in hospitalized elderly patients.

Gerontolbgy 199_4; 40: 18-24.

28. Heier MS, Dornish JM. Effect of the
fluoropyrimidines 5-fluorouracil and doxifluridine on
celtular uptake of tﬁianﬁné. Anticancer Res 1989; 9:
1073-i078.

29.‘Koike H, Iijima M, Sugiura M, et al., Alcoholic

neuropathy is clinicopahthologically distinct form

- thiamine-deficiency neuropathy. Ann Neurol 2693; 54:

19-29
30. Hoyumpa AM Jr., Breen KJ, Schenker S, Wilson
FA.: Thiamine transport across the rat intestine. II:

effect of ethanol. J Lab Clin Med 1975; 803-816

- 143 -



54

Haruki Koike ef al.

31. Dancy M, Evans G, Gaitonde MK, Maxwell ID.
Blood thiamine and thaimine phosphate ester
concentrations in alcoholic and non-alcoholic liver
diseases. Brit Med J 1984; 289: 79-82.

32. Hoyumpa AM IJr.. Mechanism of thiamine
deficiency in chronic alcoholism. Am J Clin Nutr
1980; 33: 2750-2761.

33, Paladin F, Perez GR. The hepatic thiamine level in
the course of alcoholic néuropathy. Eur Neurol 1987,
26: 129-133. |

34. Poupon RE, Gervais‘e G, Riant P, Houin G,

Tillement J-P. Blood thiamine and thiamine phosphate

cpﬁcentrations in excessive drinkers with or without
peripheral neuropathy. Alcohol Alcohol 1990; 25: 605-
611.

35. Koike H, Mori K,‘ Misu K, et al. Painful alcoholic
polyneuropathy with predominant sma11~fibef loss and
nbrmal thiamine status. Neurology 2001; 56: 1727-

1732

36. Ikonomidou C, Bosch F, Miksa M, et al. Blockade _

of NMDA receptors and apoptotic neurodegeneration

in the developing brain. Science 1999; 283: 70-74.
37. Ikonomidou C, Bi_ttigau P, Ishimaru M, et al. |
Ethanol—ihdpced apotofic néurodggeneration and fetal
alcohol syndromé. Science 2000; 287: 1056-1060.

38. Guru SC, Shetty KT, Shankar SK. Effect of

- 144 -

chronic ethanol ingestion on phosphate content of
neurofilament proteiﬁs and neurofilament asspciated
protein phosphatase in rat spinal cord. Neurochem Res
1991; 16: 1193-1197.

39. Saunders DE, DiCerbo JA, Williém_s JR, et al.
Alcohol reduces neurofilament protein levels in
primary cultured hippacampal neurons. Alcohol 1997,
14: 519-526.

40. McLane JA. Decreased axonal transﬁort in rat
nerve following acute and chronic ethanol exposuré.
Alcohol 1987; 4: 385-389.

41. Bosch EP, Pelham RW, Rasool CG, et al. Animal
models of alcoholic neuropathy: morphologic,
electrophysiologic, and biochemical findings. Muscle

Nerve 1979; 2: 133-144.

. 42. Monforte R, Estruch R, Valls-S0lé J, et al.

~ Autonomic and peripheral neuropathies

in patients with chronic alcoholism; a dose-related
toxic effect of alcohol.. Arch
Neurol 1993; 52: 45-51.

43. Labay V, Raz T, Baron D, Mandel H, Williams H,

Barrett T. Mutations in SLC 19A2 cause thiaminé-
responsive megaloblastic anaemia assbociated with
diabetes mellifus and deafness. Nature Genet 1999; 22:
300-304.

44. Fleming JC, Tartaglini E, Steinkamp MP,



Thiamine-deficiency neﬁropathy in Japan

55

Schorderet DF, Cohen N, Neufeld EJ. The gene
‘mutated in thiamine-responsive anaemia with diabetis
and deafness (TRMA)V encodes a functional thiamine
transporter. Nature Genet 1999; 22:305-308.

45. Diaz GA, Banikazemi M, Oishi K, Desnick RJ,
Gelb DB. Mutations in a new-gene encoding a
thiamine trahsporter cause thianﬁne*resﬁonsive
megaloblastic anaemia syndrome. Nature Genet 1999;
22:309-312.

46. Spies TD, Chinn AB, Mchstef JB. Severe
endemic pellagra: a clinical study of fifty cases with
>spec_iav1 efnphasi’s on therapy. J Am Med Ass 1937,

108: 853-857.
47. Cotran RS, Kumar V, Robbins SL. Nutritional

disease. In: Robbins bathologic basis of disease. 4 th
ed. Philadelphia: W. B. Saunders; 1989. p. 435-467.
48. Raskin NH, Fishman RA Pyridoxine-deficiency
neuropathy due to hydralézine. New Engl J Med 1965;
273: 1182-1185.

49, Kosik KS, Mul]ins TF, Bradley WG, Telhpelis LD,

Cretella AJ. Coma and axonal degeneration in vitamin
B12 deficiency. Arch Neurol 1980; 37: 590-592.

50. McCombe PA, McLoad JG. The pe;ipheral
neuroi)afhy of vitamin B12 deficiency. J Neurol Sci
1984; 66: 117-126.

51. Botez MI, Peyronnard JM, Bachevalier J, Charron
L. Polyneuropathy and folate deficiency. Arch Neurol

1978; 35: 581-584.

- 145 -



Acta Neuropathol (2004) 108: 546-551
DOI 10.1007/s00401-004-0924-1

CASE REPOR I

Vasushi Iwasaki - Koichi Sawada - Ikuke Aiba
FEiichiro Mukai - Mari Yoshida - Yoshio Hashizame
Gen Sobue

Widespread active inflammatory lesions in a case of HTLV-l-associated

myelopathy lasting 29 years

Received: 16 March 2004 / Revised: 2 August 2004/ Accepted: 2 August 2004 / Published online: 14 September 2004

© Springer-Verlag 2004

Abstract An autopsy case of human T-lymphotropic
virus type I (HTLV-I)-associated myelopathy (HAM) of
29 years’ duration is reported. The patient had no his-
tory of surgery or blood transfusion and likely con-
tracted HTLV-I sexually while traveling in an endemic
area. At age 45, the patient began to experience gait
disturbance; he later developed spastic tetraparesis.
Autopsy revealed marked gross spinal cord atrophy,
particularly in the middle to lower thoracic levels.
Myelin and axonal degeneration were identified pre-
dominantly in the middle to lower thoracic spinal cord,
extending into the medulla oblongata and lumbar cord.
Inflammatory infiltrates of mononuclear cells were dif-
fuse in the white and gray matter of the spinal cord and
medulla oblongata, particularly in perivascular areas.
These infiltrates were also observed in perivascular areas
of the pons, midbrain, cerebellum, and cerebrum. More
than half of the infiltrating cells were positive for the
pan-T cell marker UCHL-1, but some were positive for
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the B cell marker SL-26. There were far more CD8-
positive cells than CD4-positive cells in the spinal
parenchyma and perivascular areas. Neurons in the
anterior horn, Clarke’s column, and intermediolateral
column were relatively well preserved. Active chronic
inflammation was indicated. Despite the 29-year history
of HAM, the presence of an active inflammatory reac-
tion is surprising. We discuss possible modulation of the
histopathological manifestations of HAM by cortico-
steroid therapy.

Keywords HTLV-1-associated myelopathy - Active
inflammatory lesion - Myelopathy - Spastic
tetraparesis - Corticosteroid therapy

Intreduction

Human T-lymphotropic virus type I (HTLV-I) retrovi-
rus causes adult T cell leukemia and lymphoma and a
chronic progressive myelopathy known as HTLV-I-
associated myelopathy (HAM) [3, 8, 13]. HAM was first
reported and established as a clinical entity in 1986 by
Osame et al. [14]. It is now known that the pathogenesis
of HAM involves both viral infection and host immune
response [8]. Clinically, HAM is characterized by slow
progression of spastic paraparesis, involving mainly the
lower extremities, pyramidal signs, and mild sensory and
sphincter disturbances [7, 11, 13, 14]. Akizuki et al. [1]
reported the first autopsied case of HAM in 1987, and
more than 30 autopsied cases have been reported since.
Pathology studies of autopsied cases indicate several
characteristic pathological changes associated with
HAM: marked infiltration of lymphocytes and mono-
cytes, presence of foamy macrophages, and demyelina-
tion and axonal loss in the spinal cord white and gray
matter, particularly in the anterolateral column of the
middle to lower thoracic segments [1, 5, 6, 8, 12]. Here,
we report an autopsied case of HAM of 29 years’
duration with widespread active chronic inflammatory
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cell infiltration that amends the phenotypic spectrum of
HAM.

Clinical sununary

A Japanese man who was born and still lived in Aichi
prefecture, Japan, a non-endemic area for HTLV-I
infection, began to experience gait disturbance at the age
of 45 years. He had no history of surgery or blood
transfusion at that time or any family history of HTLV-I
infection. Between the ages of 25 and 43 years, he
traveled frequently to Southeast Asia (Taiwan, South
Korea, and Thailand) and Kyushu, Japan, endemic
areas for HTLV-I infection, and he had many oppor-
tunities for sexual transmission of the virus during his
travels. The gait disturbance increased slowly but stea-
dily, and the patient developed dysuria. At age 57, he
was admitted to Aichi Medical University Hospital.
Upon admission, neurological examination disclosed
spastic gait, weakness and atrophy of the legs, and hy-
perreflexia in all extremities with bilateral Babinski’s
sign and ankle clonus. Cranial nerve function and
superficial and deep sensation were normal. Cerebro-
spinal fluid (CSF) contained 2 mononuclear cells/mm?,
23 mg/100 ml total protein, and 64 mg/100 ml sugar;
pressure was normal. Serum and CSF were positive for
anti-HTLV-I antibodies. A serological test for syphilis
was negative. No abnormal lymphocytes were found in
the blood or CSF. There was no other possible cause of
immunodepression, such as HIV infection. The patient
was diagnosed with HAM on the basis of the clinical
symptoms and laboratory test results. Corticosteroid
therapy was administered at this stage, and for a short
time the symptoms and signs were slightly improved.
However, the spastic paraparesis continued to worsen,
and the patient became bed-ridden at age 70. Cortico-
steroid therapy was discontinued at this stage.

The patient visited Nagoya University Graduate
School of Medicine for further evaluation at age 71.
Examination revealed vertical gaze palsy, highly spastic
tetraparesis with articular contracture of all four
extremities, highly accentuated reflexes in all four
extremities with bilateral Babinski’s sign, and neuro-
genic bladder. Superficial sensation was normal, but the
sense of vibration was mildly decreased in both legs.
CSF contained 1 mononuclear cell/mm?, 43 mg/100 ml
total protein, and 63 mg/100 ml sugar. Serum and CSF
were positive for HTLV-1 antibodies at titers of 8,192x
and 128x, respectively. Magnetic resonance imaging of
the brain and spinal cord revealed mild frontotemporal
atrophy, but no spinal cord lesions were identified. The
articular contracture was diagnosed as HTLV-I-associ-
ated arthropathy on the basis of X-ray findings. Par-
kinsonism, including rigidity in all extremities and
tremor in the upper extremities, was observed and
treated with L-DOPA, which had an observable effect.
The HAM diagnosis was confirmed, and Parkinson’s
disease was also diagnosed.
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The patient was transferred to Higashi Nagoya Na-
tional Hospital at age 72. He underwent gastrostomy at
age 73 and tracheotomy at age 74. He suffered from
frequent bronchopneumonia and died at age 74,
29 years after the onset of HAM and 4 years after the
onset of Parkinson’s disease.

The patient did not receive immunosuppressive treat-
ment at any time during the 29 years of his illness or
corticosteroid treatment during the 5 years prior to death.

Autepsy: neuropathological examination and findings

A thorough autopsy was performed 9 h after the patient’s
death. Central nervous system tissues were fixed in 20%
neutral formalin for 4 weeks and embedded in paraffin,
and 8-pum-thick sections were prepared. The sections were
mounted, deparaffinized, hydrated, and stained. For
routine neuropathological study, sections were subjected
to hematoxylin-eosin, Kliiver-Barrera, and Bodian
staining. Immunohistochemical analysis was carried out
with antibodies to pan-T cells (UCHL-1, mouse mono-
clonal diluted 1:100; Dako, Glostrup, Denmark), pan-B
cells (SL-26, mouse monoclonal diluted 1:100; Dako),
helper/inducer T cells (CD4, mouse monoclonal diluted
1:100; Nichirei, Tokyo, Japan), suppressor/cytotoxic T
cells (CDS8, mouse monoclonal diluted 1:100; Dako),
macrophages (CD68, mouse monoclonal diluted 1:100;
Dako), microglia (HLA-DR, mouse monoclonal diluted
1:200; Dako), and a-synuclein (mouse monoclonal diluted
1:100; Chemicon, Temecula, CA). Antibody binding was
detected by the labeled streptavidin-biotin method (Dako
LSAB kit; DAKO). Peroxidase-conjugated streptavidin
was visualized with 3,3’-diaminobenzidine (DAB; Wako,
Osaka, Japan) as the final chromogen. All immunostained
sections were counterstained lightly with Mayer’s hema-
toxylin.

Macroscopic findings

The brain weighed 1,480 g and showed moderate sym-
metric frontotemporal atrophy but no cerebellar or
brainstem atrophy. Horizontal sections of brainstem
showed depigmentation in the substantia nigra and locus
ceruleus. The spinal cord showed marked atrophy and
grayish discoloration of the anterolateral column, par-
ticularly in the thoraci¢ region (Fig. 1A—C). Anterior
and posterior nerve roots were well preserved, and the
vessels of the brain and spinal cord showed no gross
abnormalities.

Microscopic findings

Fibrous thickening of the pia mater with mononuclear
cell infiltration was observed throughout the spinal cord.
Inflammatory infiltrates consisting of many mononu-
clear cells were observed in perivascular areas and in the
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Fig. 1 Macroscopically, the spinal cord shows obvious bilateral
atrophy of lateral and anterior columns with myelin pallor, A
cervical cord, B lower thoracic cord, C lumbar cord. Kliiver-
Barrera stain

parenchyma of the spinal cord and medulla oblongata
(Fig. 2A). Milder lesions composed of cuffs of perivas-
cular cells were scatllered in the pons, midbrain, cere-
bellum, and cerebrum, without adjacent tissue reaction
or parenchymal lesions (FFig. 2B). The distribution of
inflammatory lesions was horizontally symmetric at all
spinal column levels, and the anterolateral column was
the most severely aflected.

Degeneration of the lateral corticospinal and spi-
nocerebellar or spinothalamic tracts was evident.
Demyelination and axonal degeneration appeared
along the entire spinal cord, particularly in the middle

Fig. 2 Perivascular and parenchymal mononuclear cell infiltration
indicates an active chronic lesion. A Lumbar cord, B temporal lobe.
Hematoxylin and cosin stain, original magnification x20

to lower thoracic regions, and in the medulla oblon-
gata. Demyelination was more prevalent than axonal
degeneration. Axonal degeneration was more com-
monly found in small myelinated fibers than in large
myelinated fibers. The posterior column was relatively
free of degeneration and inflammatory infiltrates.
Capillary proliferation was prominent in the spinal
cord, particularly in the cervical and lumbar regions.
Small-vessel hyalinization was visible in both the white
and gray matter, particularly in the cervical and
lumbar regions of the spinal cord, and was accom-
panied by gliosis in the surrounding tissues. In the
vessels of the spinal cord, the endothelium showed no
appreciable changes, and no obstructive changes were
found. Neurons in the anterior horn, intermediolateral
column, and Clarke’s column were relatively well
preserved. The number of large motor neurons in the
anterior horn appeared normal. These findings indi-
cated the presence of active chronic inflammatory cell
infiltration. There was no evidence of malignancy.
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Immunohistochemical findings

Mare than half of the infiltrated cells stained positively
for the pan-T cell marker UCHL-1 (Fig. 3A). UCHL-1-
positive cells were identified predominantly around
perivascular areas and in the parenchyma of the spinal
cord and medulla oblongata. In the pons, midbrain,
cerebellum, and cerebrum, UCHL-1-positive cells were
identified around perivascular areas and meninges. Cells
that stained positively for the pan-B cell marker SL-26
were sparse in perivascular areas and in the parenchyma
of the spinal cord and medulla oblongata. CD4-positive
cells were rare; a few were identified exclusively in
meningeal lesions and perivascular areas of the spinal
cord, brainstem, cerebellum, and cerebrum. Few CD4-
positive cells were identified in the spinal cord paren-
chyma. CDS8-positive cells were present in perivascular
areas of the spinal cord, brainstem, cerebellum, and
cerebrum and scattered in the parenchyma of the spinal
cord and medulla oblongata (Fig. 3B). Although a few
CD68-positive cells were identified, predominantly in
perivascular areas and in the parenchyma of the spinal

Fig. 3 Perivascular and parenchymal inflammatory infiltration in
the spinal cord. A Lumbar cord, UCHL-1 stain; B medulla
oblongata, CDS stain. Original magnification A x20, B x40

549

cord and medulla oblongata, no HLA-DR-positive cells
were identified in the parenchyma or perivascular areas
of these regions.

Parkinson’s disease lesions

Although neuronal loss was mild, many scattered free
melanin granules were present in the substantia nigra
and locus ceruleus. Lewy bodies were frequent in the
substantia nigra, locus ceruleus, and sympathetic gan-
glia. A few cortical Lewy bodies were also identified in
the cerebral cortex. These Lewy bodies immunolabeled
with o-synuclein antibody. Interestingly, many residual
neurons in the intermediolateral column of the thoracic
region showed ¢-synuclein immunolabeling. No other
significant age-related pathologies were identified.

Discussion

HTLV-I is transmitted primarily through breast milk,
sexual intercourse, blood transfusion, or sharing of
contaminated needles by drug users [8). The incubation
period varies, ranging in most cases from a few years 1o
several decades [8]. In the present case, we believe that
HTLV-1 was transmitted sexually several years before
the onset of symptoms. The incubation period depends
to some extent on the route of infection: blood trans-
fusion is not only a much more efficient means of
transmitting infection than breast-feeding or sexual
intercourse, bul it also tends to be associated with a
shorter incubation period belore the development of
disease [8]. HAM patients with a history of blood
transfusion respond well to corticosteroid therapy, al-
though the exact pharmacological mechanisim is not
known [12, 15].

The pathological findings of previously reported au-
topsy cases of HAM are similar and include spinal cord
lesions consisting of marked perivascular and paren-
chymal infiltration of lymphocytes and foamy macro-
phages, demyelination, axonal loss, and gliosis [1, 6, 7, 8,
9]. The characteristic lesion distribution suggests a
chronic inflammatory process that starts in the middle to
lower thoracic spinal cord and extends gradually both
rostrally and caudally [6, 7]. Tzumo et al. [9] offer a de-
tailed neuropathological description of HAM as lollows:
(1) T cell-dominant mononuclear cell infiltration; (2)
diffuse and symmetric degeneration ol the anterolateral
columns and inner portion of the posterior columns,
involving both myelin and axons; (3) presence of cyto-
toxic T cells and apoptosis of helper/inducer T cells; (4)
in vivo localization of HTLV-I provirus in perivascular
infiltrated T cells; and (5) accentuation of inflammatory
lesions at sites of slow blood flow,

The present case showed active chronic inflammatory
infiltration that is surprising despite the 29-year presence
of HAM. Prior descriptions of HAM with clinical his-
tories of more than 10 years include monotonic degen-

- 149 -



550

eration of the spinal cord and gliosis with little or no
inflammatory cell infiltration in perivascular areas [9].
Perivascular accumulation of inflammatory cells and
parenchymal exudation of T lymphocytes and mono-
cytes apparently subside approximately 3 years after
onset; perivascular cuffing then becomes less conspicu-
ous, and inflammatory cells appear only sporadically in
the spinal cord [4, 16]. The severity of spinal cord
inflammation in HAM correlates roughly with the
duration of the disease process {2]. Sasaki et al. [16] re-
ported an autopsy case of HAM of 28 years’ duration.
Their case was purely degenerative, and the spinal cord
showed no inflammatory reaction. Aye et al. [2] reported
two autopsy cases of HAM of 15 and 21 years’ duration.
They observed very few inflammatory cells in the spinal
cord and brain, although there was marked fibrosis of
blood vessel walls in the spinal cord. However, in the
reports of these cases, the treatment protocols were not
indicated, and whether corticosteroid/immunosuppres-
sive treatment was continued until death is not known
[2, 16]. Our case did not resemble these cases; rather, our
findings matched those reported for cases of HAM of
shorter clinical duration [6, 7]. There was no other
possible cause of immunodepression, including HIV

infection in our case, and the CSF findings remained

consistently normal, without pleocytosis.

A variety of treatments have been used for patients
with HAM since the disease concept was proposed. Al-
though long-term corticosteroid administration is a
popular therapeutic option for HAM in Japan, our pa-
tient did not receive immumnosuppressive treatment at
any time during the 29 years of his illness or cortico-
steroid therapy during the 5 years prior to death. Pos-
sible modulation of the histopathological manifestations
of HAM by corticosteroid therapy has been studied [4].
Immunosuppressive or corticosteroid treatment for
HAM may reduce the intensity of the inflammatory
reaction and consequent tissue damage, but it may also
protract and retard the reparative process in damaged
tissue [4]. Ohama et al. [12] reported an autopsied case of
HAM with very mild infiliration of lymphocytes in the
spinal cord lesions but also of short duration. Their
pathological findings indicate a positive response to
corticosteroid treatment and suggest that corticosteroids
suppress the perivascular and parenchymal infiltration
of lymphocytes characteristic of HAM {12]. There are
two important potential causes of the active chronic
inflammatory change in our case: (1) venereal trans-
mission of HTLV-1, and (2) omission of any cortico-
steroid therapy during the 5 years prior to the patient’s
death.

Previously reported cases of long-term HAM showed
very few UCHL-1- or CD8-positive lymphocytes in the
spinal cord [2]. Although only a few CD4-positive
inflammatory cells were found in the spinal cord and
medulla oblongata in our case, many UCHL-1- and
CD8-positive inflammatory cells were present in these
areas. Umehara et al. [17] reported that CD4-positive
cells are less dominant in chronic inactive lesions than in

chronic active lesions. Immune responses in HAM spinal
cord lesions change gradually over the course of the
illness [8]. Infected CD4-positive lymphocytes are likely
targets of the immune response; apoptotic CD4-positive
lymphocytes are found within the inflamed spinal
parenchyma, and an increase in the ratio of CDS8- to
CD4-positive cells in the spinal cord occurs during
progression of the disease {17, 18]. Demyelination and
axonal damage may be caused by the release of cyto-
kines and other inflammatory mediators from infected
and reactive lymphocytes, macrophages, and possibly
astrocytes [11]. Alternatively, the cytotoxic and humoral
response to infected lymphocytes may cause local
autoimmune damage to the spinal cord parenchyma [10,
11]. Further examination of active chronic lesions is
needed to clarify the mechanism underlying the devel-
opment of inflammatory lesions and the pathogenesis of
HAM.
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(HNPP) is an autosomal dominant disorder charac-

ereditary neuropathy with liability to pressure palsy
| ' terised by recurrent transient nerve palsies associated

J Neurol Neurosurg Psychiciry 2005;76:1109-1114. doi: 10.1136/nnp.2004.048140

Obijective: To clarify age related changes in the clinicopathological features of hereditary neuropathy with
liability to pressure palsy {HNPP} in Jupanese patients with deletion of 17p11.2, particulerly concerning
axonal abnomalities.

Methods: Forty eight proband patients from 48 HNPP fumilies were assessed as to clinical,
electrophysiological, cmc{J histopathological features, including oge associated changes beyond those in
controls.

Results: Motor conduction studies showed age associated deterioration of compound muscle action
potentials in nerves vulnerable to repetitive compression {median, ulnar, and peroneal nerves), but not in
others such as the tibial nerve. Sensory conduction studies revealed more profound reduction of action
potenticls than motor studies with litle age related change. Large myelinated fibre loss was seen in the
sural nerve irrespactive of age ot examination.

Conclusions: Imeversible axonal damage may occur at entrapment sites in molor nerves in HNPP patients,
progressing with aging. Sensory nerves may show more profound axonal abnormality, but without age
association. The elecirophysiclogical features of HNPP are presumed to be a mixture of abnormalities
oceurring from early in life and acquired features caused by repetitive insulls at entrapment sites. Unlike
Charcot-Marie-Tooth disease fype 1A, age associated oxonal damage may not eccur unless the nerves
are subjected fo compression.

The present investigation was carried out in Japan and we
studied HNPP icluding its electrophysiological and histo-
pathological features, especially in relation to aging.

with comipression at the typical anatomic sites of potential

nerve entrapment.' * Tomacula, which represent focal thick-
cning of the myelin sheath, characteristically are seen in
both sensory and motor nerves in HNPP.2- This disorder
usually is associated with a 1.5 Mb deletion of locus 17p11.2,
which contains the gene for peripheral myelin protein 22
(PMP22).7* HNPP therefore appears 1o represent a reciprocal
product of Charcot-Marie-Tooth disease type 1A (CMTIA),
which is associated with duplication of PMP22.' PMP22 is an
important factor for regulation of Schwann cell proliferation
and apotosis."” As the Schwann cell plays an important role in
maintenance of the axon, axonal loss associated with
demyelination has been reported to occur in patients with
CMTIAP" Age associated teduction of compound muscle
action potential (CMAP) amplitude resulting from large-axon
loss has been reported in CMTIA" and is closely related to
clinical manifestations and functional impairment."* **

In Western countries, the clinical and electrophysiclogical
features of HNPP have been described on a large scale*™
Characteristic clectrophysiological findings are multifocal
slowing of conduction at sites of entrapment, prolonged

METHODS

Patients and DNA diagnosis

An HNPP survey was conducted by the study group for
hereditary neuropathy in Japan under the auspices of the
Ministiy of Health, Labor, and Welfare.”* * A total of 48
proband patients from 48 HNPP families, whose 17p11.2
deletion was confinned, were investigated. The mean age
{SD) of the patients at examination was 41.8 (18.5) years
(table 1). All subjects underwent clinical examination by at
least one neurologist. Patients with chronic alcoholism or
vitamin deficiency were not included. Four patiemts mani-
fested mild glucose intolerance. To confirm the diagnosis of
HNPP, DNA analyses for the presence of a chromosome
17p11.2-12 deletion, which includes a 1.5 Mb region
containing the PMP22 gene between CMTIA-REP repeats,
were performed in all patients. For most patients these
analyses were performed at the Department of Neurology at
Nagoya University Graduate School of Medicine as described
previously,” while DNA was analysed at other institutions for
the rest. The characteristic deletion in HNPP was detected by
Southern analysis, probing with PMP22 ¢DNA, and CMTIA-

dista) latency (DL}, mild slowing of motor nerve conduction )

velocity (MCV), and diffuse abnormality of sensory nerve
conduction velocity (SCV).* =% However, there have been
no similar large scale investigations of the clinical and
clectrophysiological features of HNPP in Asian subjects.
Purthermore, it has not been darified whether electrophy-
siological and histopathological abnormalities, particularly
axonal features, worsen with aging in HNPP as happens in

CMTIA.

REP fragments as described previously. ™™ Hybridisation
with PMP22 ¢DNA and pNEA102, pHK1.0P, and pHKS.2
probes, which map within the CMT1A-REP, was carried out

Abbreviations: CMAP, compound muscle aclion potential; CMTIA,
Charcol-Marie-Tooth disease type 1A; DL, disial latency; HNPP,

hereditary neuropathy with Iic:bi?iety lo pressure palsy; MCV, molor nerve
conduction velocily; PMP22, peripheral myslin protein 22; SCV, sensory

nerve conduction velocity; SNAP, sensory nerve action potenticl
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to determine the gene dose of the 1.5 Mb region containing
PMP22. Deletion of one copy of the PMP22 gene, compared io
the presence of two copies in normal controls, was genetically
identified as HNPP. Informed consent was obtained in all
patients, and the study as a whole was approved by the Ethics
Committee of Nagoya University Graduate School of
Medicine.

Electrophysiological study
Motor and sensory conduction was measured in the median,
ulnar, tibial, peroneal, and sural nerves, using a standard
method with surface electrodes for stimulation and record-
ing”* * Motor conduction was investigated in the median,
ulnar, tibial, and peroncal nerves, recording from the
abductor pollicis brevis, abductor digiti minimi, abductor
hallucis brevis, and extensor digitorum brevis muscles,
respectively. The following nerve segments were used for
calculating MCV: wrist to clbow for the median nerve, wrist
to distally at the elbow for the ulnar nerve, ankle 1o popliteal
fossa for the tibial nerve, and ankle to distally at the fibular
head for the peroneal nerve. Sensory conduction was
investigated in the median, ulnar, and sural nerves, using
antidromic recording from ring electrodes at the second and
fifth digit for the median and ulnar nerves respectively, and
bar electrodes at the ankle for the sural nerve. SCV was
calculated for the distal segment. Amplitudes of CMAP and
sensory nerve action potential (SNAP) were measured from
the baseline 1o the first negative peak, Waveforms also were
analysed to assess temporal dispersion. Por motor nerves, we
measured duration from the onset to the first crossing of the
baseline in the CMAP.™ For sensory nerves, duration from
the onset of the SNAP to the first negative peak rather than
to the first crossing of the baseline was measured to avoid
artefacts from overlapping muscle action potentials.® This
was necessary because some motor axons have thresholds
similar to those of large myelinated sensory axons, resulting
in superimposition on the SNAP that modifies the waveform,
especially when abnormal nerves are examined.™ * Because
of a delay at the ncuromuscular junction, the initial phase of
the waveform of SNAP is less likely to be affected by muscle
action potentials than the later phase.™

Control values were obtained in 171 normal voluntecrs
(51.0 (SD 163} years of age; male:female, 89:82) for the
median nerve, 170 (51.2 (SD 16.4) ycars of age; male:female,

Table 1 Characteristics of 48 Japanese HNPP probands
with delefion of 17p11.2-12

Cliniced features n {%}
Age af onsat, yoars 33.1(SD 12.3}
Age of examination, years 41.8 (SD 18.5)
Men/women 38/10
Family history 24 (50%)
Athletic impairment during childhood 1 (2%}
Pes cavus or hammer toe 2 {4%)
Atrophy in the legs 6 {13%)
Pattern of neuropathy
Mutliiple mononeuropath 41 {85%)
Symmetric polyneuropathy 7 (15%)
History of tronsient nerve palsy
Median narve 11 (23%)
Ulnar narve 18 (38%)
Radial nerve 7 {15%)
Peroncal nerve 29 (60%)
Brachil ploxus 10 (21%)
Acivity of daily living
Able to walk 46 (96%)
Unable to walk 2 {4%)
Bedriddan 0

Age « onsel, age of first awareness of neuropathic sympioms; Family
history, obwious family history of recurrent transient narve palsies.
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88:82) for the ulnar nerve, 161 (51.8 (SD 16.6) years of age;
malc:female, 85:76) for the tibial nerve, 171 (54.2 (SD 16.7)
years of age; male:female, 92:79) for the peroneal nerve, and
163 (52.2 (SD 16.7) years of age; male:female, 85:78) for the
sural nerve.

Histopathological study

Sural nerve biopsy was performed in 14 patients as described
previously.” *' Informed consent was obtained beforchand.
Specimens were divided into two portions. The first portion
was fixed in 2.5% gluaraldehyde in 0.125 M cacodylate
buffer (pH 7.4) and embedded in epoxy resin for morpho-
metric study. The density of myclinated fibres was assessed
in toluidine blue stained semithin sections using a computer
assisted image analyser (Luzex FS; Nikon, Tokyo, Japan) to
calculate the densities of small and large myelinated fibres as
described previously.™* A fraction of the glutaraldehyde
fixed sample was processed for a teased fibre study, in which
at least 100 single fibres were isolated; their pathologic
condition was assessed microscopically according to criteria
described previously.™ ** The second portion of the specimen
was fixed in 10% formalin solution and embedded in
paraffin. Sections were cut by routine methods and stained
with haematoxylin and cosin as well as by the Kliiver-Barrera
and Masson trichrome methods. Control values were
obtained from 13 autopsy cases in which patients died of
non-neurologic  diseases (48.5 (SD 23.3) years of age;
male:female, 7:6). Specimens were processed in the same
manner as for HNPP patients.

Statistical analysis

Quantitative data are presented as the mean {SD) and were
compared with control values using the Mann-Whitney U
test. To determine the relationship of electrophysiological and
histopathological indices and age at examination, Pearson’s
corrclation cocfficient analysis was carried out. To determine
whether worsening of these indices in HNPP patients with
aging was significantly greater than in normal controls,
regression  slopes of patient and control groups were
compared. Values of p less than 0.05 were considered to
indicate significance.

RESULTS

Clinical features

The age at first awareness of neuropathic symptoms in the 48
probands was 33.1 (SD 19.3) years (table 1), The male:female
ratio was 38:10. An obvious family history of recurrent
fransient nerve palsies was present for 24 patients (50%).
Only one patient (2%) reported athletic impairment during
childhood, Deformity in the distal part of the lower limbs
such as hammer toc or pes cavus was present in two patients
(4%). Atrophy was noted in the leg in six patients {13%). The
pattern of neuropathic symptoms was multiple mononeuro-
pathy associated with recurrent transient nerve palsies in 41
patients (85%), while the other seven (15%) manifested
mainly a syminetric polyncuropathy pattern. A history of
transient nerve palsy was noted in the median, ulnar, radial,
and peroneal nerves in 11 (23%), 18 (38%), seven (15%), and
29 (60%) patients, respectively. Signs of brachial plexus palsy
were reported in 10 (21%). With respect to the activities of
daily living, all patients were non-disabled or only mildly
disabled, except for two (4%) who became unable to walk.

Electrophysiological features

Motor conduction studies showed variable degrees of
abniormality in individual nerves (table 2). For the median
nerve, MCV was significantly slowed compared to normal
controls (p<0.0001). This slowing of MCV was present
regardless of age at examination, and there was no
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