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Fatal cerebro-renal oxalosis after appendectomy
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Abstract A case of a 24-year-old male with fatal cere-
bro-renal oxalosis assumed to be due to infusions of the
sugar surrogate xylitol after appendectomy is reported.
The diagnosis was established only after intensive histo-
logical investigations following the autopsy. The clinical
picture was characterized by an acute seizure, coma and
renal failure 2 days after the first xylitol infusion. Death
occurred due to cerebral dysregulation as a very rare com-
plication after parenteral administration of xylitol. Suben-
dothelial double refractive calcium oxalate crystals were
found in the walls of cerebral blood vessels, in particular
in the stem ganglion regions and in the cortical renal
tubules. The most common type of primary oxalosis was
excluded by sequencing analysis. The young age, the mi-
nor surgical intervention and the otherwise unremarkable
history are special features of this case. Since the genetic
background of xylitol intolerance is still unclear, it is sug-
gested that it should be banned as a sugar surrogate in
clinical practice.
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Introduction

Primary oxalosis, or deposition of calcium oxalate (CaOX)
crystals in tissues, results from endogenous overproduc-
tion of oxalic acid, which is an autosomal recessive dis-
ease caused by a defect in glyoxylate metabolism (Reiter
and Winter 1979; Leumann and Hoppe 1991). The most
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common type-1 hyperoxaluria is linked with a deficiency
of the liver peroxisomal enzyme alanine glyoxylate amino-
transferase (AGT, EC 2.6.1.44), which catalyses the con-
version of glyoxylate to glycine. When AGT is absent,
glyoxylate is converted mainly to the oxalate which forms
insoluble calcium salts that accumulate in the kidneys and
other organs resulting in renal failure and systemic oxalo-
sis. The gene AGXT by which AGT is encoded, consists
of 11 exons and encodes a 392 amino acid protein. Se-
quences for the exons and exon/intron boundaries are
available from Genbank (accession-Nr.: M61755-6163
and M61833). Up to now a total of about 25 mutations in
the AGT gene have been reported in patients with hyper-
oxaluria (Coulter-Mackie et al. 2001).

Secondary oxalosis is the result of excessive oxalate
accumulation because of increased ingestion, increased
production, or decreased excretion induced by exogenous
factors (Alkhunaizi and Chan 1996). It can occur due to
excessive vitamin C administration (Alkhunaizi and Chan
1996; Mashour et al. 2000), ethylene glycol intoxication
(Nizze et al. 1997), the use of methoxyflurane narcosis
(Aufderheide and Dulth 1971), after ileal resection and in
cases of severe ileal diseases (Smith et al. 1972; Dickstein
and Frame 1973), and after infusions containing xylitol
(Thomas et al. 1972).

During the past 30 years several cases of fatal reactions
following xylitol infusion have been reported (Evans et al.
1973; Schultze et al. 1983; Frydl 1987; Bergmann et al.
1991; Heye et al. 1991; Leidig et al. 2001). In all cases the
most striking abnormality was the presence of birefrin-
gent crystalline material in the tubules of the kidneys.
Furthermore, in the brain small birefringent crystals have
been observed in the media of small mid-brain arterioles
(Thomas et al. 1972). The selective mechanism of the kid-
neys and the brain is still unclear.

Case history

Two days after a complication-free appendectomy because of an
ulcero-phlegmonic appendicitis a 24-year-old man, weight 75 kg,
with an otherwise unremarkable history became somnolent and de-



Fig.1 Secondary renal oxalo-
sis with double refractive cal-
cium oxalate crystals in corti-
cal renal tubules with destruc-
tion of the tubulus epithelium
surrounded by haemorrhages
(HE, 200x, polarised light)

veloped a temperature up to 39°C. Three days after the operation
the patient suffered a seizure, fell into a coma, developed acute re-
nal failure and died subsequently of a cerebral dysregulation.
Meningitis of unclear genesis was suspected as the cause of death
from the clinical point of view. Preoperatively 1000 ml Tutofusin®
OP X (Baxter) for parental nutrition was administered. Operatively
and postoperatively 2800 ml of the same solution was given and
over the following 3 days between 1000 and 2000 ml.

Autopsy findings

A hypoxic-ischaemic damage of the brain with a heavy aqueous
swelling of the tissue was found. The operation field was incon-
spicuous. The other internal organs showed the typical picture of a
multi-organ failure. A reason for the death could not be found at
the autopsy and microbiological investigations were negative.

Histological findings

Using polarised light microscopy massive depositions of double
refractive crystals were found subendothelially in the cerebral
blood vessels, in particular in the stem ganglia, and also in the re-
nal tubules. The crystals showed the typical radial structure similar
to a rosette. Most of the crystals were located in the tubules of the
renal cortex accompanied by necrosis of the tubular epithelium and
surrounded by infiltrations of lymphocytes, granulocytes and mac-
rophages. Furthermore in kidney histology the characteristic picture
of acute renal failure was found (Fig. 1). The brain tissue showed
the picture of a severe hypoxic ischemic damage with a pro-
nounced oedema and nearly complete neuronal necrosis as well as
lymphocyte and granulocyte infiltration surrounding the deposits
in the walls of the blood vessels. Based on the histological find-
ings, the diagnosis was given as cerebro-renal oxalosis. The cause
of death in this case was the oxalosis-induced brain and renal dam-
age.

Molecular genetic investigations

Leukocyte DNA was extracted from an EDTA blood sample using
the QIAamp DNA blood kit (Qiagen, Diisseldorf, Germany) ac-

cording to the manufacturer’s protocol. DNA was stored in Tris/
EDTA buffer and the exons 1-11 of the AGXT gene were subse-
quently amplified by PCR using mono-specific oligonucleotide
primers. For sequencing of all exons, the Perkin Elmer Big Dye se-
quencing kit and an ABI Prism 7700 Sequencer were used.
Sequence analysis of the complete coding region revealed the
presence of homozygous AGXT major alleles and no mutations in
exon 1-11 were detected; in addition the promotor region was in
accordance with the published sequence up to nucleotide 134.

Discussion

A deficiency of alanine glyoxalate aminotransferase does
not appear to have caused the oxalosis in the patient re-
ported here since no genetic abnormality was found in the
entire coding sequence of the AGXT gene.

Since conditions for primary oxalosis and other causes
of secondary oxalosis could not be found in our case, the
suspicion was that death from cerebro-renal oxalosis was
due to the parenteral application of xylitol.

Tutofusin® OP X (Baxter) contains the sugar surrogate
xylitol at a concentration of 50g in 1000 ml fluid. Thus,
190 g xylitol was infused within the first 24 h and 50-100 g
during the following 3 days. The extent of renal oxalosis
has been shown to be dose-dependent (Mori and Beppu
1983) but the maximal daily dose of 3 g per kg body weight
as recommended by the German Federal Public Health
Department (Bundesgesundheitsamt 1990) was not ex-
ceeded in this case. Tutofusin® OP X (Baxter) is a com-
mon infusion solution with a large consumption (half a
million bottles sold per year by the manufacturer:personal
communication). According to the manufacturer (Baxter)
no other fatal case resulting from Tutofusin® OP X infu-
sions has been published. Therefore fatal cerebro-renal
oxalosis caused by Tutofusin® OP X infusions seems to
be exceptionally rare.
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However, four fatal cases of cerebro-renal oxalosis as-
sociated with other infusion solutions containing xylitol
have been previously reported in Germany (Schultze et al.
1983; Frydl 1987; Bergmann et al. 1991; Leidig et al.
2001).

Compared to the other German case reports, the special
features of this case were the young age of the healthy pa-
tient, apart from the fact that he suffered from an acute ap-
pendicitis, the minor surgical intervention and the fact that
diagnosis was established only after autopsy including in-
tensive histological investigations.
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