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SUBACUTE NECROTIZING ENCEPHALOMYELOPATHY
TR MREMENE M E R

HIDEO NAMIKI, M.D.

INTRODUCTION

In 1951, Leighl published a case report of a
peculiar neuropathological disorder in an
infant. The disease, which he called subacute
necrotizing encephalomyelopathy, was charac-
terized by: Multiple, frequently symmetrical
foci of necrosis with predilection for the
periaqueductal and periventricular structures
and the tegmentum of the brain stem; breakdown
of the interstitial tissue of the nerve
parenchyma with relative preservation of the
cell bodies of the neurons; and the prominence
of small blood vessels. Although Leigh
suggested that the disorder might represent
Wernicke’s disease in infants, there has been
no convincing proof as to the etiology of this
disorder. *

The case reported here is the first recorded
instance of the disease in Japan. The
importance of the associated pathology of the
spinal roots and dorsal
white columns of the spinal cord is also
stressed.

peripheral nerves,

CASE REPORT

The patient (_), a 15-year-old

Japanese girl, was the first child of parents
It was alleged that
the mother’s nutritional status during the
pregnancy was very poor; the delivery occurred
at term and was not complicated. 'The details
of the feeding and development of the patient
in early infancy were not available., At four
the patient suffered from
bilateral otitis media and for about the year

who were first cousins.

months of age

following, she had a relapsing fever, often to
40°C.  She started to laugh late and could not
hold her head upright for long periods. She
sat up at the end of the first year, was able
to stand by herself at the age of 22 months
and began to walk at 30 months. Around the
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age of two, lordosis appeared. At that time,
she could understand her parents but was
scarcely able to speak or laugh. Walking
required her mother’s help and, by the time of
her school admission, her walking difficulty
had gradually worsened. She swayed to the
left, wore her left shoe with difficulty, and
her left leg trembled while standing. Her
school record indicated gradual deterioration.

When she was 13 years old, she was seen at
the eye clinic of the Nagasaki University
Hospital. At that time she weighed 29.5 kg
and measured 132 cmin height (normal values at
this age for Japanese girls are 42.2 kg and
149.0 ecm). Both the tuberculin skin test and a
Wasserman test were negative. She was said Lo
have had abnormal gaze (strabismus) since the
age of three or four. The visual acuity of
both eyes was within normal limits. Her right
eye was dominant, and when she focused on an
object with her left eye, horizontal nystagmus
was provoked.
concomitans divergens sinistra was made.
About four months prior to death she was seen
at a Nagasaki hospital because of general
fatigue. She died at home and the details of
her terminal illness are not known.

A diagnosis of strabismus

She was the eldest of four siblings. One of
her younger siblings died of pneumonia shortly
after birth. The youngest, a boy, was said to
have had muscular weakness and difficulty in
walking and died at the age of three. Only
one of the siblings was living and well,

Autopsy Findings A postmortem examination was
done eight hours after death. Examination of
the thoracic and abdominal viscera revealed
extensive acute necrotizing pancreatitis,
chronic pyelitis of the right kidney, mild
renal tubular calcification and acute passive
congestion of the viscera. The immediate
cause of death was acute pancreatitis.

The brain was examined after fixation for
one week in 10% formalin solution. It weighed
1460 g. The dura mater and superior sagittal
sinus were unremarkable. The cerebral
hemispheres were symmetrical and of usual
size, except for the superior temporal gyri
which appeared slightly smaller than usual as
did both the brain stem and cerebellum. Small
focal areas of recent subarachnoid hemorrhage
were present over the frontal and occipital
poles and over the inferior surface of the
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cerebellar hemispheres. ‘The leptomeningeal
blood vessels were slightly congested while
the major arteries at the base of the brain
were normal in distribution and caliber with
delicate walls., The cranial nerves were not

grossly abnormal.

Serial coronal sections of the cerebrum and
diencephalon were unremarkable. The lateral
and third ventricles were not dilated. The
substantia nigra was paler than usual.
Multiple serial coronal sections of the brain
stem revealed an irregular, 1ll-defined,
brown, spongy area in the midline of the
tegmentum at the level of the upper medulla,
The lesion measured approximately 0.7cm in
greatest dimension. Two smaller but similar
lesions were identified in the ventral portion
of the lower medulla and a fourth, measuring
0.5c¢m in diameter, was seen in the medial
portion of the right dentate nucleus. The
spinal cord, spinal roots, dorsal root ganglia
of the lumbar area, nerves of the brachial
plexus and sciatic nerves were unremarkable
The skeletal muscles showed no gross atrophy.

Histopathology Multiple histologic sections
were prepared from the cerebral hemispheres,
brain stem, cerebellum, spinal
roots, dorsal root ganglia and peripheral

spinal cord,

nerves {sciatic nerves and nerves of the
brachial plexuses). All sections were examin-
ed with hematoxylin-eosin (H & E), Holzer,
Luxol Fast Blue (LFB), LFB-cresyl violet,
0il Red O, Holmes-LFB and Bodian-LFB stains.

Irregular, discrete lesions sharingidentical
and unique histological changes were seen in
various locations as shown in Figure 1.

The histologic characteristics of these
lesions consisted of: Destruction of the
ground substance of the neural parenchyma
(neuropil), ranging from incomplete staining
and loosening of the texture to formation of
microcysts; relative preservation of the cell
bodies of neurons (perikaryons); and promi-
nence (increase in number and diameter) of
small vessels (Figures 2-11). Despite the
destruction of neuropil, there were only a few
gitter cells. There was a mild degree of
infiltration with lymphocytes and rod-shaped
microglial cells,
proximity of small blood vessels, in some of
the lesions. The number of oligodendroglia

predominantly in the
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FIGURE 1 DISTRIBUTION OF THE CHARACTERISTIC LESIONS
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appeared moderately decreased in these
lesions. Although there were only a few
reactionary astrocytes in and around the
lesions, Holzer stained sections demonstrated
striking fibrous gliosis involving some of the
lesions, especially those in the inferior
olives and right dentate nucleus (Figure 10).
The cell bodies of the neurons were surprising-
even in
the proximity of the microcysts (Figures §, 7,
9). Someof the nerve cells in these locations
demonstrated features of axonal degeneration.
Increased numbers of slightly to moderately
dilated, tortuous capillary blood vessels were
presént in all the lesions. Despite the
vascular proliferations, there were no hemor-
rhages or deposition of heme pigments. With
LFB stain, the lesions revealed marked,
though incomplete, demyelination. The margins
of the lesions were poorly defined. 1In
contrast to the myelin loss, the axis cylinders
appeared fairly well preserved in most of the
lesions except in those arsas with microcyst
formation.

ly well preserved in these lesions,

These lesions, with predilection for the
gray substance, were typically distributed in
floor of the
fourth ventricle and tegmentum of the brain
stem, right dentate nucleus,
horns of the cervical and upper thoracic cord

the periaqueductal structures,
and anterior

There were no lesions in the diencephalon or
telencephalic structures with the exception of
the right putamen. The corpora mammillaria
were not involved. In the brain stem and
spinal cord, the distribution of the lesions
was roughly symmetrical.

Sections of the spinal cord demonstrated
symmetrical degeneration of the gracile
fascicles above the level of the lumbar cord.
The degeneration was characterized by complete
demyelination and loss of axis cylinders and
there was no associated infiltration of gitter
or other, inflammatory cells, or gliosis. The
cord changes were considered consistent with
secondary degeneration (Figure 12).

The dorsal root ganglia of the lumbar and
sacral areas were examined and the perikaryons
of the ganglia appeared well preserved. There
was a questionable increase of neurilemmal
cells. Except for a few lymphocytes around
the blocod vessels, no other inflammatory cells
Intermingled with normal-

there were a considerable

were evident,
appearing axons,
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number of axons showing irregular thickening
and fragmentation. Diffuse demyelination of
the ganglia was an outstanding feature

The dorsal roots of the lumbar and sacral
segments exhibited conspicuous axonal changes
ranging from irregular, sinuous or varicose
thickening to fragmentation and disappearance.
The axonal changes were associated with marked
demyelination. Neither inflammatory cell
infiltration nor proliferation of neurilemmal
cells was evident in the dorsal roots.
Questionable swelling of the axis cylinders
was seen in the ventral roots of the thoracic,
lumbar and sacral segments.

Changes identical with those seen in the
dorsal roots were present in the sections of
the peripheral nerves (Figures 13-15).
Combined LFB-cresyl violet stains of the
peripheral nerves revealed a few mononuclear
cells with abundant cytoplasm containing fine
violet granules. These cells were found
between demyelinated fiber bundles and were
thought to be macrophages containing
disintegrated myelin.

FIGURE 2
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FIGURE 3

FIGURE 2 Tegmentum of the midbrain. Rarefaction of the neuropil and proliferation of capil-
laries involving oculomotor nerve nuclei and their adjacent structures. H & E stain-

scanning.

W2 SREE MEEKORE, HEOMBEBEEL SO ORBARE R XEHOEO MM, ( HAE @, HEEk.)

FIGURE 3 Tegmentum of the midbrain. Combined Bodian and LFB stain of the area shown in Figure
2 demonstrates marked demyelination involving the longitudinal fascicles - scanning.
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FIGURE 4
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FIGURE §
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FIGURE 6
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FIGURE 4

FIGURE 6 FIGURE 7
Lesion in the inferior colliculus. Note rarefaction and marked proliferation of
capillaries. H & E stain - scanning.
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Lesion in the inferior colliculus. High power view of Figure 4. Despite the rare-
faction of the neuropil the nerve cells appear to be well preserved.
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Reticular formation of the upper medulla. There is marked capillary proliferation
associated with rarefaction of the neuropil. The area is diffusely infiltrated with
Iymphoid cells and gitter cells. H & E stain - low power.
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FIGURE 7 High power magnification of Figure 6. Note well preserved perikaryons. Besjides
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lymphacytic infiltration, and microglial proliferation.
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FIGURE 8
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FIGURE 9
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FIGURE 10
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FIGURE 11
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FIGURE 10

Rarefactive lesion in

extends into the inferior olivary nucleus.

H & E stain - scanning.

FIGURE 11

the reticular substance of the lower medulla. The lesion

A few irregular microcysts are present
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High power view of Figure §.

lesion
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Note many well preserved nerve cells within the rarefied

Fibrous gliosis in the inferior olivary nucleus adjacent to the rarefied lesion of

the reticular substance

of the lower medulla. Holzer stain - scanning.
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Rarefactive lesion in
stain - scanning.
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the ventral gray column of the upper thoracic cord.

( HXE R, WmEHitk. )

22

H

&

E



FIGURE 14 FIGURE 15

FIGURE 12 Dorsal white column of the cervical cord. Note secondary degeneration confined fto
the gracile fascicles. 0il Red O stain - scanning.
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FIGURE 13 Sciatic nerve. Marked axonal degeneration and.demyelination are evident. Combined
Holmes-LFB stain - scanning.
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FIGURE 14 Sciatic nerve. Low power magnification of Figure 13.
M4 dEE. H130 5 4.

FIGURE 15 Sciatic nerve. High power magnification of Figure 13.
F15  EHE. H13odmbhk.
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DISCUSSION

Since Leigh’s case report of subacute necro-
tizing encephalomyelopathy (England), ten
additional cases with similar neuropathological
changes (six from the United States and four
from Australia) have been recorded. Richter3
reported three cases which he called infantile
subacute necrotizing encephalopathy with
predilection for the brain stem, Although the
etiology has not been demonstrated, the
disorder is generally accepted as an inde-
pendent disease entity.5

The distribution and histopathological
characteristics of the lesions in the brain of
the presently reported case appear to meet
Leigh's criteria of subacute necrotizing
encephalomyelopathy. Interestingly, despite
the long course of the disease in this case
(15 years),
of recent activity,

there are some lesions indicative
as manifested by the
presence of inflammatory cell infiltration, in
addition to older lesions characterized by
extensive fibrillary gliosis, This finding
suggests a progressive nature.

The importance of the lesions in the brain,
especially in the brain stem, has been
stressed in all previous reports;l-4 hence the
disorder has been categorized as an encephalo-
myelopathy or encephalopathy. As is described
in this case report, the pathologic changes in
the spinal cord and peripheral nerves appear
to be equally prominent

Table 1 lists reported cases of this
disorder in which the spinal cord, spinal
roots and peripheral nerves were examined
The descriptions of lesions in the spinal
roots and peripheral nerves do not give
complete pathologic details of the changes.
All of these seven cases except Leigh's
demonstrate symmetrical degeneration of the
dorsal white columns of the spinal cord,
mostly confined to gracile fascicles. The
degeneration of the dorsal columns has been
described under various names, i.e., secondary
degeneration,3 demyelination and loss of
axons,4 and demyelination.4 From reviewing
the descriptions and photomicrographs, it is
felt that the degeneration of the dorsal
columns in all these cases may well be
interpreted as secondary degeneration.
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TABLE 1

PATHOLOGICAL FINDINGS IN PERIPHERAL NERVES SPINAL ROOTS AND SPINAL CORD IN REPORTED
CASES OF SUBACUTE NECROTIZING ENCEPHALOMYELOPATHY

#1 BPEFTEMEN WA O W EFICH 3 3R MME, FHRRE, bLOFMOREENKR
Author Peripheral Nerves Spinal Roots Spinal Cord
FH oA i A AR IR i
) Demyelination and gliomesodermal reaction,
Leigh dorsal columns, above thoracic level.
(1951) Wb &0 LW H 3 RFTOBRMS & CRENRERG
Secondary degeneration, descending tracts,
Richter lateral collums
(1957) 03 Fireo = k&
Incomplete demye- Demyelination, Demyelination and loss of axons, dorsal columns
Reye lination dorsal roots above lumbar. Vascular scar, gray commissure,
(1960) ERE A e 1 s 1 cervical.
Case 1 RS D WL h A HMOMKE & & UMFEINE giHiRAEEo
fE 1 I e
Incomplete demye- Demyelination, Demyelination, dorsal columns, above lumbar
Case 2 lination dorsal roots level. Rarefaction, gray matter
7 2 1% 4 1 i % 1R 15 i BERG L D & G 1s & 5 B BRERA TR
Incomplete demye- Demyelination, Demyelination, dorsal columns, above lumbar
Case 3 lination dorsal roots level. Rarefaction and nerve cell loss, gray
WA 3 A% 5 K i i fH I h matter, above cervical
TEHE D & B H 3 HBEORE, LD WM sraKAR
DL & & U AR A a4
Slight demyeli- Unaffected Demyelination, gracile fascicles, above
Case 4 nation, vagus % cervical level
1E ) 4 nerve WML D WALz 2 MA O
i i &2 @ & RE o I 16
Demyelinationand Demyelination and Secondary degeneration, gracile fascicles.
Namiki degeneration of degeneration of Rarefaction, ventral gray columns, above upper
(1964) axons axons, dorsal and thoracic level
i A Bt & & O A ventral roots WO ZOREM, LHMB LY LWz s Ao

AR & URTIR o) RE 8 &

& U R
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Reye? examined the spinal roots and periphe-
ral nerves in the four cases he reported. He
found either demyelination or incomplete
demyelinationof these structures in all except
for the spinal roots of the fourth case which
were considered normal. In the case described
here, the spinal roots, especially the dorsal
roots, and peripheral nerves demonstrated
extensive demyelination and degeneration of
the axons., These changes are those seen in
the peripheral neuropathies presently clas-
sified as primary neuronal degeneration and

atrophy.

Although the spinal cord, spinal roots and
peripheral nerves have been examined in only a
few cases, the constant presence of peripheral
neuropathy in all cases in which the peripheral
nerves have been studied appears to indicate
that in subacute necrotizing encephalomyelo-
pathy, the pathologic changes are not confined
to the central nervous system, but involve the
peripheral nerves as well. Hence, the name
encephalopathy or encephalomyelopathy does not
appear to be an entirely appropriate descrip-

tion for all the features of the disease.

The pathological changes in the spinal roots
in the present case are most remarkable in the
lumbar and lower thoracic levels and milder in
the cervical, upper thoracic and sacral levels,
possibly indicating predilection for the
longer fibers

Peripheral neuropathies due to avitaminosis,
especially thiamine and pancothenic acid, and
arsenical poisoning, both known to prevent
pyruvate oxidation in the metabolism of
glucose, present pathologic changes in the
nerves similar to those described above, 6-11
This fact appears to substantiate the
speculation of some authorsl-3 that the
lesions of the brain stem in this disorder
resemble those of Wernicke's disease, and that
the disorder may be caused by disturbances of
pyruvate metabolism, due possibly to endodenous
toxemia or to an inherent, possibly enzymatic,
metabolic defect.

The history of the present case further
indicates that the parents are first cousins
and that one of the siblings died of a
neurological disorder similar to that of the
patient. Feigin and Wolf reported cases of
two sisters who died of similar neurological

difficulties, had identical neuropathological
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findings and whose parents were first cousins.
One of the four cases reported by Reye, a 23-
month-old girl, had an elder sister who died
of a similar disease at two years of age;
autopsy was not performed on this sister and
parental consanguinity is not described.
These facts may support Richter's suggestion
that the disorder may represent a metabolic
defect which is inborn and genetically
determined,

SUMMARY

A 15-year-old Japanese girl with a clinical
history and postmortem findings of a subacute
necrotizing encephalomyelopathy is reported.
The patient's parents were consanguinous and a
similar disease was also present in one
sibling.

This case and those available in the
literature indicate that a severe peripheral
neuropathy associated frequently with secondary
degeneration of the dorsal white columns of
the spinal cord constitutes an integral part
of the disorder.

The presence of peripheral neuropathy
reminiscent of that due to deficiency of
thiamine and pantothenic acid, frequent
familial occurrence of the disorder and
consanguinity in some of the parents give
support to the speculation of previous
investigators that the disease may represent
an inborn error of metabolism especially of
pyruvate metabolism,
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