1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Muscle Nerve. Author manuscript; available in PMC 2016 March 01.

-, HHS Public Access
«

Published in final edited form as:
Muscle Nerve. 2015 March ; 51(3): 449-454. doi:10.1002/mus.24495.

Progressive polyradiculoneuropathy due to intraneural oxalate
deposition in type 1 primary hyperoxaluria

Sarah E. Berini, MD1, Jennifer A. Tracy, MD1, JaNean K. Engelstad, HT?, Elizabeth C.
Lorenz, MD2, Dawn S. Milliner, MD2, and Peter J. Dyck, MD?

Iperipheral Neuropathy Laboratory, Department of Neurology, Mayo Clinic and Mayo Foundation,

Rochester, MN

2Department of Nephrology and Hypertension, Mayo Clinic and Mayo Foundation, Rochester, MN

Abstract

Introduction—A 24 year old man with primary hyperoxaluria type 1 (PH1) presented with a
rapidly progressive axonal and demyelinating sensorimotor polyradiculoneuropathy shortly after
the onset of end stage renal disease. His plasma oxalate level was markedly elevated at 107
pmol/L (normal: <1.8 pmol/L).

Methods—A sural nerve biopsy was performed. Teased fiber, paraffin and epoxy sections, and
morphometric procedures were performed on this sample and on an archived sample from a 22
year old man as an age- and gender-matched control. Embedded teased fiber electron microscopy
was also performed.

Results—The biopsy revealed secondary demyelination and axonal degeneration. Under
polarizing light, multiple bright hexagonal, rectangular, and starburst inclusions typical of calcium
oxalate monohydrate crystals were seenl:2:3,

Discussion—Proposed mechanisms of nerve damage include disruption of axonal transport due
to crystal deposition, toxic effect of oxalate, or nerve ischemia related to vessel occlusion from
oxalate crystal deposition.
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Primary hyperoxaluria type 1 (PH1) is a rare autosomal recessive disease caused by a
mutation in the alanine-glyoxalate aminotransferase (AGXT) gene which encodes the hepatic
enzyme alanine-glyoxylate aminotransferase (AGT). AGT is responsible for converting
glyoxylate into glycine. When the enzyme is deficient or defective, glyoxylate accumulates
and is converted to oxalate. Oxalate cannot be metabolized and is excreted by the kidneys 4.
In PH1, high urinary levels of oxalate lead to kidney stones and deposition of calcium
oxalate crystals within the renal tubules and parenchyma, which results in progressive renal
fibrosis. As kidney function declines, oxalate production increasingly exceeds renal oxalate
clearance. Plasma oxalate levels rise, and insoluble calcium oxalate crystals are deposited in
tissues throughout the body, including the kidney, heart, bone, blood vessels, retina, muscle,
skin, and nerve. Hemodialysis is needed to remove oxalate from the body, but removal is
incomplete, and even when it is intensive, dialysis is often insufficient to prevent
progressive systemic oxalate deposition 267, Because oxalate removal with dialysis is
incomplete, the treatment of choice for patients with PH1 and poor kidney function, is
combined liver/ kidney transplantation. Liver transplantation is required in the majority of
PH type 1 patients to restore the hepatic enzyme defect and protect the renal allograft from
recurrent oxalate nephropathy. Significant neurologic improvement in patients with
neuropathy has been noted following combined liver and kidney transplantation 8.

Only a few case reports have described the nerve pathology associated with primary
hyperoxaluria type 1. Demyelination (particularly at the internodes) and axonal degeneration
have been reported,! and some case reports describe crystals in nerve 1.3, The
characterization and location of these crystals within nerve has not been well described, and
their pathological significance has remained unclear 3. In each of these case reports, the
patient had significant systemic oxalosis with deposition of oxalate into multiple tissues,
whereas the patient we describe had oxalosis affecting peripheral nerve preferentially
without other clinically discernible extrarenal manifestations.

Approval by our Institutional Review Board and Biospecimens Committee was received for
this study.

CASE REPORT

A 24 year old man presented to our institution for evaluation of rapidly progressive
numbness and weakness affecting the upper and lower limbs. His past medical history was
significant for PH1 diagnosed at age 3 years when he presented with nephrolithiasis and
marked hyperoxaluria. Subsequently he was treated for presumed PH1 with pyroxidine, 300
mg daily. Between ages 17 and 20 he had multiple kidney stones. At age 20, his pyridoxine
dose was increased to 400 mg twice daily, given the finding that he had an AGXT mutation
which can confer pyridoxine responsiveness. At that time, quantitative sensory testing was
performed, which was normal with no evidence of peripheral neuropathy. He continued to
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develop kidney stones, and at age 21, he stopped his medications on his own initiative. Five
months prior to presentation at age 24, the patient developed end stage renal disease and
initiated hemodialysis. Within weeks of starting dialysis, the patient developed numbness of
the hands and feet. Within 4 months of the onset of neurologic symptoms, he developed
significant leg weakness which limited standing to brief periods of time. He described hand
weakness causing difficulty twisting tops off bottles and holding his cell phone. At the time
of presentation in the Neurology clinic, he was wheelchair bound with profound weakness
and numbness of the upper and lower limbs. He also exhibited significant sensory ataxia. He
described sharp shooting pain, dull aching pain, and severe muscle cramping.

On neurologic evaluation, he was areflexic with a stocking-glove distribution of sensory loss
to all modalities (vibration, proprioception, touch/pressure, temperature, and pain). He had
profound weakness distally [1/5 Medical Research Council (MRC) scale] with mild to
moderate weakness proximally (3—-4/5 MRC scale).

At presentation, his plasma oxalate level was 107 pmol/L (normal <1.8 pumol/L). Genetic
testing of the AGXT gene revealed 2 known pathologic mutations consistent with PH1. The
first mutation involved exon 4 c. 454 T>A (TTC>ATC) resulting in an amino acid change
(F152I), and the second mutation involved intron 8 ¢.847-3C—G.

The patient’s creatine kinase (CK) fluctuated between 800 and 900 U/L (normal: 52-336
U/L). His C-reactive protein was elevated at 11.8 mg/L (normal: <3.0 mg/L). Cerebrospinal
fluid (CSF) protein was mildly elevated at 54 mg/dL (normal: <35 mg/dL). CSF glucose
was 61 mg/dL with 1 red blood cell and 1 white blood cell, which are within normal limits.
Other laboratory testing for treatable causes of peripheral neuropathy were unremarkable.
Nerve conduction studies and electromyography revealed a severe, diffuse mixed axonal and
demyelinating polyradiculoneuropathy (table 1). Fibrillation potentials and reduced
recruitment of high amplitude, long duration, polyphasic motor unit potentials were noted at
all locations examined, including the lumbar and thoracic paraspinal muscles. Neither
conduction block nor temporal dispersion was observed. Only the ulnar F-wave was
obtainable, and the latency was mildly prolonged compared with the F-estimate.

The patient underwent sural nerve biopsy. Teased fiber, paraffin and epoxy sections, and
morphometric procedures were performed by standard techniques®. Embedded teased fiber
electron microscopy was performed by standard and published techiquesi®. Morphometry,
teased fiber, and epoxy sections were also performed on an archived sample from a 22 year
old man as an age and gender-matched control.

The teased fiber preparation (figure 1) revealed demyelination in 34 (37%) fibers. There
were 24 (26%) fibers with multiple demyelinated segments, suggestive of secondary
demyelination. There was significant axonal degeneration in 18 (20%) fibers. Under
polarized light, 47 birefringent rectangular and hexagonal inclusions typical of calcium
oxalate monohydrate crystals were found within teased fibers (figure 1). Twenty-three of the
47 crystals were perinodal. No crystals, demyelination, or axonal degeneration were noted in
the control specimen. In the control specimen 96 (96%) fibers were normal; our patient had
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39 (42%) normal fibers. Four empty strands were noted in the control, and 8 empty strands
were seen in our patient.

Diameter histograms of the biopsied sural nerve showed mild to moderate loss of fibers with
a shift of the large diameter peak to smaller sizes. The myelinated fiber density for the
patient was 4103 nerve fibers/mm2 when compared with 8581 nerve fibers/mm2 for the
control. The index of dispersion showed variability in the density of fibers, 2.32, which is
indicative of multifocal fiber loss, compared with 1.30 for the control.

Two large starburst inclusions typical of calcium oxalate crystals were noted adjacent to an
epineurial blood vessel (figure 2), on methyl violet preparation. Mild endoneurial and
perivascular inflammation was noted, but inflammation was not a prominent feature. Epoxy
sections revealed multifocal fiber loss, prominent axonal degeneration, and the presence of
calcium oxalate crystals within individual nerve fibers (figure 3).

Electron microscopy (EM) was utilized to investigate the location of these abnormalities
within nerve. The EM along the length of individual plastic-embedded teased fibers revealed
a calcium oxalate crystal within the nerve myelin, just outside of the axolemma (figure 4).

Pyridoxine was reinitiated at a dose of 600 mg daily, and the patient continued on
hemodialysis 6 days per week. His weakness progressed to the point he was unable to feed
himself. He was admitted to the hospital for initiation of continuous veno-venous
hemodialysis (CVVH) in an effort to remove the greatest amount of oxalate. At admission,
his plasma oxalate level was 114.8 umol/L. After 4 days of CVVH, the plasma oxalate level
fell to 27 pmol/L. His dialysis regimen was subsequently transitioned to daily intermittent
hemodialysis. On daily hemodialysis, the predialysis plasma oxalate concentration remained
in the range of 16.6 to 54.8 umol/L. His pyridoxine was decreased to 500 mg daily due to
the concern that pyridoxine toxicity could be contributing to the oxalate-induced nerve
injury. Additionally, he was given 60 mg of methylprednisolone over 3 consecutive days as
treatment for inflammation that can accompany oxalate deposition and contribute to tissue
injury.

Over the next 2 weeks, his neurologic status improved, and he regained the ability to shake
hands, feed himself, and ambulate with a walker. Five months after his original presentation,
the patient received a combined liver/kidney transplant. He had prompt and sustained good
function of both the kidney and liver allografts with no rejection episodes. Renal allograft
function was stable with an estimated glomerular filtration rate of 42 ml/min/1.73 m2
(normal: >60 ml/min/1.73m?2), and his plasma oxalate level was 3.5 pmol/L. His serum
creatinine stabilized at 1.9 mg/dL (normal: 0.8-1.3 mg/dL). Post-transplant, his neurologic
status continued to improve. At last neurologic follow-up, 3 months post-transplant, physical
examination demonstrated significant improvement in proximal muscle strength, and he was
no longer dependent on a wheelchair or gait aid for ambulation. However, he had persistent
distal weakness and sensory loss.
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Discussion

PH1 polyneuropathy is characterized by axonal and demyelinating features on nerve
conduction studies and electromyography. The pathologic features include significant
axonal degeneration and demyelination® with associated multifocal fiber loss and a shift
toward smaller diameter fibers. Inflammation is present but is not a prominent feature. The
hexagonal and starburst crystals of oxalate polyneuropathy are distinctive, and in a patient
with primary hyperoxaluria, they are diagnostic of calcium oxalate monohydrate deposition
within nerve 123, Oxalate crystals are often perinodal and within the Schwann cell
cytoplasm.

The mechanism of nerve injury in primary hyperoxaluria type 1 is unclear. Soluble oxalic
acid likely enters the Schwann cell or neuron, combines with calcium and forms insoluble
calcium oxalate crystals. A direct toxic effect of calcium oxalate crystals is possible; they
have been reported to incite inflammatory reactions in the kidney!®. Inflammation was noted
on our biopsy, and this may have contributed to nerve injury. Calcium oxalate also has a
toxic effect on mitochondria in animal models,12 and the oxalate ion is believed to have
injurious effects on cells'3. Additionally, the crystals may cause physical disruption of
axonal transport, leading to secondary demyelination and axonal injury2, although the
crystal seen on electron microscopy was outside the axolemma. The multifocal fiber loss
and crystal deposition seen in endoneurial blood vessels raises the possibility of ischemic
nerve injury. Acrocyanosis, ulceration, and peripheral gangrene related to crystal deposition
have been reported in PH18. Although our patient’s biopsy did not reveal vasculitis or
vascular occlusion, the multifocal fiber loss observed is typical of ischemic nerve injury.

The elevated CK seen in this patient may have been the result of either muscle atrophy due
to fulminant denervation or to calcium oxalate deposition within muscle.

Other contributing factors in this case include potential pyridoxine toxicity and uremia.
Pyridoxine in doses as low as 200 mg per day can cause neuropathy, although neuropathy
associated with pyridoxine toxicity typically presents as a symmetric sensory
neuropathy41, Profound weakness, as seen in our case would be unusual'*15, In addition,
the patient had not taken pyridoxine in the 2 years prior to the onset of renal failure. Uremia
may have also played a role in the neuropathy. This presentation is similar to uremic
neuropathy. The crystals could simply represent cellular sequestration of toxic material6,
although the patient began developing weakness and numbness weeks to months after the
onset of regular hemodialysis. This would be atypical of uremia and more in keeping with
nerve injury associated with oxalosis.
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Figure 1.
Teased fiber preparation of sural nerve: Calcium oxalate monohydrate crystals are noted by

arrows on panel A under standard light and are clearly visible on panel B under polarized
light. Note the associated perinodal demyelination.
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Figure2.
Methyl violet preparation: Two starburst crystals are noted adjacent to an epineurial blood

vessel. Panels B and D are under polarized light.
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Figure3.
Epoxy sections stained with methylene blue reveal multifocal fiber loss, prominent axonal

degeneration (arrow), and calcium oxalate crystals within nerve fibers (box). Panel B is
under polarized light.
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Figure 4.
Electron microscopy along the course of an individual plastic embedded teased nerve fiber

reveals a calcium oxalate monohydrate crystal within nerve myelin just outside of the
axolemma. In box A the arrow points to a crystal under polarized light on a single teased
fiber. In box B the arrow points to that calcium oxalate crystal on an epoxy section stained
with methylene blue.

Muscle Nerve. Author manuscript; available in PMC 2016 March 01.



Page 12

Berini et al.

SNISeA ‘LA ‘SNIWBU20.sed [eIpaw ‘O ‘snuixew snain|b ‘xeuws) ‘sala) Jojeuoid ‘| 4 ‘Snoassoua)
11 'L ‘esuodsal ou ‘YN ‘S1Aaiq winionbip Josualxs ‘gd3 ojow ‘| ‘puoda

‘S ‘loLBIue

Author Manuscript

eslop 1si1} ‘14 ‘feurdsesred ‘dsd ¢
W ‘sw {pu0das Jad SJa1eW ‘s/W JJOAI|JIW ‘AW "UOIRINWIS [RISIP YIM Paulelqo asoyl ate sepniijdwe ||y

61 3] ¥/ ‘oere| BRIOSE) J0SUS) T4 L ‘SIfeIpaw
1p Jo1onpae NV ‘SiAsIq s1o1fjod J0jonpae ‘gdy ‘Alosuss

+ + paseatou| ua 4L
+ + +++ +++ paseasou| yo NA
+ + 4+ +++ paseaidu] Yo OW
o+ o+ pasealou] ¥ V1
+ pasealou| ua dSd Jequin
+ + pasealou| ya Xewo
+ + ++ paseasou] | wybry ployje@
+ + +++ ++ paseasou] | wybry sdaol |
+++ +++ paseasou] | by 1d
+ + ++ +4+ paseasou] | by 1ad
+ + pasealou| Uo7 | dSd o1oeloy
apnyjdwy | uoireing | wewinioel Ainnoy

ubiH Buo- paonpay | suoleugid | feuonssul | apis dpsNIN

Ayde 160Awo 119913
(Te>) 8¢ (01<) AN QG | W QHIE] S feuin
(9e>)6€ (sTx)AnQe | Yo xapuj S uelpa
(9e>) Le (18<) 9¢ (09<) 0T | Mo1 nwav N JTeuin
(re>)se (0r<) 6T | o sdeoig N | snosuenaojnasniy
(Sv>)ov (8v<) 92 (0v<) 80 | o1 adv N UeIpaN
AN N AN | e apjuy S [eans
N N N | ¥eT HY N feiqrL
(8'9>) 99 (ev<) L€ (Tgx) €T | Mo vi N Je|ngi4
(9°9>) YN (Ty<) ¥N (02<) UN | uo1 gaa3 N Je|nqiy
(sw) AouereT esia | (s/w) Awoopa uoipnpuod | (Aw)apnidwy | apis | Buipiosey | adAL anBN

ApNiS uo1PNPUOD BA BN

T31avi

Author Manuscript

Author Manuscript

Apms ansoubeipoaids|3

Author Manuscript

Muscle Nerve. Author manuscript; available in PMC 2016 March 01.



