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Peripheral Neuropathy in Oxalosis. A Case 
Report with Electron Microscopic Observations 
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SUMMARY: A 61 year old man had 
chronic renal failure because of oxa-
luria and renal calculi. Two years be­
fore death, while on hemodialysis, he de­
veloped severe progressive peripheral 
neuropathy. At autopsy calcium oxalate 
crystals were found in the peripheral 
nerves and other tissues. Nerve lesions 
included segmental demyelination, 
axonal degeneration and crystalline de­
posits within the myelin sheath. Ultra-
structurally there were foci of osmio-
philic granular material within myelin 
lamellae and endoneurium, and pleo­
morphic lamellar bodies in the peri­
nuclear Schwann cell cytoplasm. 

It is probable that chronic hemo­
dialysis favors the deposition of oxalate 
in the Schwann cells and the develop­
ment of neuropathy in patients with pri­
mary hyperoxaluria and renal failure. 

RESUME: Un homme de 61 cms souf-
frait de deficience renale chronique a 
cause d'oxalurie et de calculs renaux. 
Deux ans avant sa mort, pendant qu'il 
etait sous hemodialyse, il developpa une 
neuropathie peripherique severe pro­
gressive. A iautopsie, on trouva des 
cristaux de calcium oxalate dans les 
nerfs peripheriques et autres tissus. Les 
lesions nerveuses incluaient une demye­
lination segmentate, une degeneration 
axonale et des depots cristallins dans la 
gaine dy myeline. Au microscope elec-
tronique, il y avail des accumulations 
de materiel granulaire osmiophiiique a 
I'interieur des lamelles myeliniques et de 
I'endonevre, et des corps lamellaires 
pleomorphiques dans le cytoplasme de la 
cellule de Schwann perinucleaire. 

II est probable que Vhemodialyse 
chronique favorise les depots d'oxalate 
dans les cellules de Schwann et le de-
veloppement de neuropathie chez les 
patients avec hyperoxalurie primaire et 
deficience renale. 
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INTRODUCTION 
Disseminated extra-renal deposi­

tion of calcium oxalate crystals is 
characteristic of primary hyperox­
aluria (Ying Chou and Donohue, 
1952; Dunn, 1955). The clinical pic­
ture of this rare genetic disorder is 
one of recurring renal calculus for­
mation and progressive impairment 
of renal function resulting in prema­
ture death (Hockaday et al., 1964 
and Williams and Smith, 1972). The 
kidneys are invariably involved; 
crystals are also deposited in bone, 
testis, the arterial media, and within 
myocardial fibres, (Katsuni and 
Sandbank, 1959; Scowen et al., 1959 
and Koten et al., 1965). Calcium 
oxalate deposits have been demon­
strated within the central nervous 
system in only four reported cases of 
primary hyperoxaluria (Neustein et 
al., 1955; Scowen et al., 1959; 
Hughes, 1959; and Barbizet et al., 
1971). In two other published cases 
increased concentration of oxalate in 
the spinal fluid was demonstrated at 
post mortem (Scowen et al., 1959; 
and Hall e ta l . , 1960). 

The case to be reported here is of 
special interest because of the as­
sociation of oxalate deposits in 
Schwann cells with peripheral 
neuropathy occurring during 
chronic hemodialysis for renal fail­
ure. 

It is suggested that oxalic acid is, 
at least in part, responsible for 
Schwann cell damage, leading to 
segmental demyelination, and ax­
onal degeneration. 

CASE REPORT 
This man first developed renal 

calculi at the age of 20 and nep-
hrocalcinosis and impairment of 
renal function at the age of 47. Re­

current renal and ureteral calculi, 
and urinary tract infection ensued. 
Hemodialysis was begun in July 
1970 at the age of 59 because of ris­
ing BUN to 192 mgm%. A nephrec­
tomy was performed in September 
1970 and histologically there was 
chronic pyelonephritis and wide­
spread deposition of calcium oxalate 
cyrstals. Diphenylhydantoin 200 
mgms per day, was given for 9 
months following one episode of 
cerebral seizures. 

In December 1970 he developed 
numbness of hands and feet followed 
by Raynaud's phenomenon and 
progressive muscle weakness to the 
point that he could only walk with 
the help of a cane. By May 1971 
there was marked atrophy of the 
small muscles of both hands with 
considerable distal weakness to all 
extremities. Sensory examination 
revealed a distal loss for all mod­
alities extending up to the lower 
forearm and to above the ankles. All 
tendon reflexes were absent, and 
there was no response to plantar 
stimulation. Electromyographic ex­
amination of the abductor digiti 
minimi, tibialis anterior and frontalis 
muscles showed fibrillation poten­
tials, and motor conduction times 
were markedly slowed in the ulnar, 
lateral popliteal and facial nerves. 
Sensory evoked responses were ab­
sent at the wrist. X-rays of bone 
were suggestive of renal osteodys­
trophy and hyperparathyroidism. 
Hemodialysis was continued and the 
BUN remained around 60 mgm%, 
but there was gradual progression of 
the neuropathy. He died in 
November 1972 at the age of 61 of 
pulmonary edema and bronchop­
neumonia. The patient's sister had 
died at the age of 36 of uremia and 
kidney stones. 
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Figure /—Right median nerve showing 
large crystals within nerve fibers. Fine 
refractile material in the vicinity of 
Schwann cell nuclei. Paraffin. 
Hematoxylin-phioxine-saffron. Half 
crossed polarizing filters. x250. 

Figure 3—Teased nerve preparation 
showing a large crystal distending a 
myelinated fiber, and a demyelinated 
internode (arrowhead). Osmium. Half 
crossed polarizing filters, x 1,000. 

MATERIAL AND METHODS 
Tissue from most organs including 

radial, medial, and sciatic nerves 
were obtained six hours after death 
and processed for routine micros­
copy. Representat ive pieces of 
nerve were post-fixed in Osmium 
Tetroxide after two weeks fixation 
in buffered formalin, individual 
nerve fibers were teased and whole 
mounted. The formaldehyde fixed 
nerves were post-fixed in Glutaral-
dehyde and Osmium Tetroxide in 
Cacodilate buffer and processed for 
electron microscopic examination. 
X-ray diffraction was carried out on 
the sediment obtained after digestion 
of renal tissue with sodium hydrox­
ide (Johnson, 1972). 

FINDINGS 
At autopsy the remaining kidney 

was atrophic and gritty on section­
ing. The renal cortex contained sev­
eral calculi and was scarred. Other 
findings included an oncocytic 
adenoma of the parathyroid gland, 
and changes in bone consistent with 
secondary hyperparathyroidism and 
renal osteodystrophy. Moderately 
severe neurogenic atrophy was 
found in skeletal muscle of limb gir­
dles. There were massive deposits of 
oxalate crystals in the kidney, pre­
dominantly within the proximal 
tubules, where crystals formed 
rosettes with radial striation and fis-
suring. Crystal deposition was also 
marked in trabecular bone, aorta, 
testes, heart and nerve (Fig. 1). The 
posterior pituitary gland, pancreas 
and cartilage of a pulmonary hamar­
toma contained only a few crystals. 
The crystals did not stain by the Von 
Kossa method and were identified as 
calcium oxalate by polarization mic­
roscopy, and X-ray diffraction of 
renal tissue. The brain appeared 
normal. 

Demyelinated internodes were a 
prominent finding in the teased 
nerve preparation (Fig. 2) and Wal-
lerian type of degeneration was also 
present. In addition there were 
numerous crystals which often ap­
peared to distend an otherwise nor­
mal myelin sheath (Fig. 3). Amorph­
ous refractile material was often 
seen in the vicinity of the Schwann 
cell nuclei (Fig. 4). A few crystals in 

Figure 2—Teased nerve preparation. 
Crystal within myelin sheath. De­
myelinated internode (arrowhead). 
Amorphous refractile material at the 
periphery of some myelinated fibers. 
Osmium. Half crossed polarizing fil­
ters. x250. 
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Figure 4— Teased nerve preparation de­
monstrating amorphous refractile 
material adjacent to Schwann cell nuc­
leus. Osmium. Half crossed polarizing 
filters, x 1,000. 
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Figure 5—Sciatic nerve. Crystal within 

histiocyte in endoneurial perivascular 
space. Paraffin. HPS. Half crossed 
polarizing filters. x250. 

the endoneurium were seen sur­
rounded by, and within giant cells 
(Fig. 5). Endoneurial and epineurial 
blood vessels were not involved. 

On electron microscopic examina­
tion myelinated fibers appeared mod­
erately diminished in number; some 
of the remaining fibers showed myelin 
ovoids suggesting segmental de-
myelination. Demyelinated axis 
cylinders were common (Fig. 6), as 
were empty Schwann cells and de-
nervated bands of Bungner. The 
axons of a few normally myelinated 
fibers contained aggregates of or­
ganelles indicating early axonal de­
generative changes. Some myelin 
lamellae were separated by granular 
osmiophilic material (Fig. 7). It 
could not be ascertained whether 
these granular deposits were primar­
ily between major dense lines or in-
traperiod lines. The Schwann cell 
cytoplasm very often contained 
pleomorphic bodies composed of 
multi-layered stacks of non-
membrane bound osmiophilic sub­
stance (Fig. 8) which in other cells 
showed a more homogeneous core 
(Fig. 9). Lying free in the en­
doneurium, adjacent to collagen 
fibres, there were also masses of 
finely granular, moderately os­
miophilic material similar to the 
structures shown in Fig. 7. 
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Figure 6—Cross section of radial nerve 

showing decreased number of myeli­
nated fibers, demyelinated axon 
(arrow) and empty Schwann cells (ar­
rowhead). x3,490. 

Figure 7—Finely granular osmiophilic 
material separating myelin lamellae 
(asterisk). Schwann cell basement 
membrane (arrowhead), x 23,965. 

Figure 8—Schwann cell cytoplasm dis­
tended by stalks of multilayered 
bodies. x5,107. 

Figure 9—Lamelarr bodies similar to 
those shown in Fig. 8, with an 
homogeneous core (arrowhead), 
x 16,751. 
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DISCUSSION 
There have been previous reports 

of the occurrence of peripheral 
neuropathy in patients with oxalosis 
who were maintained by hemodialy­
sis. One of these patients also had 
developed Raynaud's phenomenon, 
case No. 3 of Walls et al. (1969). 
More recently Boquist et al. (1973) 
reported the histological findings 
in a patient with primary hyper­
oxaluria and polyneuropathy follow­
ing hemodialysis . Some amor­
phous masses were found in the 
peripheral nerve, but no crystalline 
deposits were demonstrated. The 
patient exhibited severe peripheral 
vascular disease and an impaired 
blood supply was though to account 
for the development of the 
neuropathy. It is of interest that al­
though cyrstalline deposits have not 
been reported in oxalosis due to 
ethylene glycol poisoning, areflexia 
is a common finding (Pons et al., 
1946). 

The recognition of crystals of cal­
cium oxalate in myelinated fibers on 
teased nerve preparations in our 
case leaves no doubt that oxalic acid 
entered the Schwann cells and 
formed precipitates of calcium oxa­
late. The low toxicity of calcium 
oxalate (Roscher, 1971) apparently 
allows prolonged survival of affected 
cells. The structures shown in Fig. 7 
may be the ultrastructural correlate 
of the crystals seen by light micros­
copy. However, they bear little re­
semblance to the needle-shaped par­
ticles described in primary oxalosis 
(Boquist et al., 1973) and the fibril­
lary material with homogeneous 
cores seen in experimental ethylene 
glycol oxalosis (Fonck-Cussac et al., 
1971). The finely refractile amorph­
ous perinuclear material shown in 
Fig. 4 and the lamellar bodies of 
Figs. 8 and 9 are perhaps non­
specific degenerative changes of the 
Schwann cells. They resemble the 
structures shown by Tomonaga and 
Sluga (1970) as Reich's TT granules. 

It has been established that 
hemodialysis is not capable of re­
moving adequate amounts of oxalate 
from the body (Walls et al., 1969; 
Zarembski et al., 1969; Mahoney et 
al., 1972; and Boquist et al., 1973). 
Hence, it is possible that a 

neuropathy developed in this patient 
after the hemodialysis because of the 
increase in the body pool of oxalic 
acid. This is a highly toxic substance 
which may conceivably lead to seg­
mental demyelination and axonal 
damage. 

Approximately two-thirds of pa­
tients on hemodialysis have mild 
peripheral neuropathy as shown by 
neurophysiology and morphometric 
methods (Dyck et al., 1975). Severe 
peripheral neuropathy may also de­
velop in patients on dialysis (Tenck-
hoff, 1965). Intensification of the 
dialysis may bring about an arrest in 
the progression of uremic 
neuropathy or even an improvement 
(Jebsen et al., 1967). The mechanism 
by which hemodialysis affects the 
course of a neuropathy remains un­
determined. It may then be argued 
that in our patient the peripheral 
neuropathy was associated with 
renal failure (Dinn, 1970; and Dyck, 
1971) and inadequate hemodialysis, 
and so incidental to the basic meta­
bolic disease, primary hyperoxaluria. 
However, the presence of crystals of 
calcium oxalate in peripheral nerves, 
within myelinated fibers and en-
doneurium provides indirect evi­
dence that oxalic acid may be re­
sponsible for the development of a 
polyneuropathy in patients with 
primary hyperoxaluria on chronic 
hemodialysis. We suggest that the 
metabolism of oxalic acid by studied 
in all patients on chronic hemo­
dialysis who develop peripheral 
neuropathy. It would appear that 
the development of peripheral 
neuropathy is an absolute contra­
indication for hemodialysis in renal 
failure due to primary hyperoxaluria. 
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