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suMMARY To examine the association between hyperoxalaemia and secondary oxalosis,
measurement of plasma oxalate concentration was combined with a search for tissue deposition of
calcium oxalate crystals in patients with chronic renal disease. Two groups of patients were studied.
In the first, samples of the inferior epigastric artery were taken from 35 patients at the time of renal
transplantation. In the second, sections taken at necropsy from 23 patients with chronic renal failure
in whom plasma oxalate had been measured before death were examined. Though plasma oxalate
concentrations ranged between 6 and 116 pmol/l (four to 78 times greater than the upper limit of the
reference range), no extrarenal deposits of oxalate were found in either study. Renal deposition of
oxalate was associated with a plasma oxalate concentration of > 20 imol/l. This study gives no

support to the suggestion that hyperoxalaemia of the degree seen in patients with the type of chronic
renal failure that is not due to primary hyperoxaluria confers an appreciable risk of extrarenal
oxalosis.

The accumulation of oxalate in patients with renal
failure can cause serious damage to organs. This is
most clearly seen in patients with primary hyper-
oxaluria in whom the development of renal failure is
associated with rapid "accretion" ofoxalate within the
tunica media ofmuscular arteries, the cardiac conduc-
ting system, and the myocardium causing peripheral
gangrene, conduction disturbances, and cardio-
myopathy that progress and may be fatal despite
dialysis. 2 In patients who do not have primary
hyperoxaluria the generation rate of oxalate is lower,
but because no non-renal route of excretion exists for
this metabolic end product, renal failure of any cause
may result in similar, though less pronounced, accre-
tion of oxalate within the tissues. This "secondary
oxalosis" has been described,>" though in only a few
of these cases could serious organ dysfunction be
confidently attributed to the oxalate deposits. In
addition, there is in vitro evidence that hyper-
oxalaemia may cause endothelial damage, raising the
possibility that this is one factor that may lead to
"accelerated atherosclerosis".12 13
These observations have led to interest in the

determinants ofhyperoxalaemia in renal failure on the
assumption that tissue deposition is a function of local
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concentrations of calcium and oxalate. In the absence
ofplasma oxalate measurements in any of the reported
cases of secondary oxalosis, however, the association
between plasma oxalate concentration and tissue
deposition remains unknown. We report studies in
which, for the first time, measurements of plasma
oxalate concentration by a reliable method have been
combined with histological examination of tissue for
the presence of oxalate deposits.

Patients and methods

HISTOPATHOLOGICAL EXAMINATION OF THE

INFERIOR EPIGASTRIC ARTERY
A series of 35 patients undergoing cadaveric renal
transplantation was studied. There were 20 men and
15 women, mean age 40 years (range 17-62). At the
time of transplantation 20 patients were receiving
haemodialysis, 13 continuous ambulatory peritoneal
dialysis, and two intermittent peritoneal dialysis.
Plasma samples for determination of oxalate concen-
trations were taken preoperatively and separated
within 24 hours. At the time of operation the external
iliac artery, and where possible the internal iliac artery,
were assessed for palpable arterial disease on a three
point scale (normal, mild atherosclerosis, and severe
atherosclerosis) by the surgeon. In addition, 1-2 cm of
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the inferior epigastric artery (which is normally tied off
during the operation) was taken for histological
examination. Ten sections were stained using
haematoxylin and eosin, and two each with van
Gieson's, von Kossa's, Perls's, aluminon, and solo-
chrome azurine stains. Each section was examined
without knowledge ofthe clinical details or the plasma
oxalate concentration under normal, partially polar-
ised, and fully polarised light, conditions under which
calcium oxalate deposits may be clearly recognised as
positively birefringent crystals. For each subject the
known duration of chronic renal failure, duration of
renal replacement treatment, hypertension (blood
pressure > 170/95 on three occasions or the necessity
for antihypertensive drugs) both before and since
starting dialysis, smoking, primary renal disease, and
history of nephrotic syndrome or diabetes mellitus
were recorded.

HISTOPATHOLOGICAL EXAMINATION AT
NECROPSY
In February 1986 we started a cross sectional study of
plasma oxalate concentrations in all patients with
chronic renal failure under the care of the Newcastle
renal units. The preliminary results of this study have
been reported.'4 Twenty three patients from this study
group died and underwent necropsies between
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bruary 1986 and September 1987 (table 1). In these
tients plasma oxalate had been measured a median
two months (range 1-11) before death. At the time
death eight patients were receiving haemodialysis,
ar continuous ambulatory peritoneal dialysis, and
ree intermittent peritoneal dialysis. Total time on
ilysis ranged between I and 176 months. In addi-
on, one patient had recovered function after four
)nths on continuous ambulatory peritoneal dialysis,
e had not yet started dialysis ("chronic renal
lure"), and two patients had died with functioning
ial transplants. There were nine women and 14 men
ed between 27 and 75. Sections ofkidney were taken
m 20 of 23 patients, of heart from 22 of 23, of lungs
)m 21 of 23, and of liver from 19 of 23. In addition,
-tions of thyroid, spleen, adrenal glands, pancreas,
Dstate, and brain were taken from some patients. All
Stions taken at necropsy were examined under
larised light for oxalate deposits without knowledge
the plasma oxalate concentrations.
For patients receiving haemodialysis, plasma urea
ncentration before dialysis (data not given), and
atinine, type of dialysis membrane, number of
urs receiving dialysis, and body weight were recor-
d for each three month period since presentation. To
(e an index of the adequacy of dialysis, Kt/V, was
Iculated, where K is in vivo dialyser urea clearance
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Fig 1 Plasma oxalate andplasma creatinine in patients at necropsy. TP = patients withfunctioning transplants, CRF =
patients with chronic renalfailure not currently requiring dialysis (including the one patient with recovery ofrenalfunction),
HD = patients on haemodialysis, CAPD = patients receiving continuous ambulatory peritoneal dialysis, IPD = patients
receiving intermittent peritoneal dialysis.
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Oxalate and oxalosis in chronic renalfailure
Table 1 Causes ofdeath in patients undergoing necropsy

No of
Cause ofdeath patients

Myocardial infarction 4
Heart failure 7
Hypertensive encephalopathy I
Peripheral gangrene 2
Dissecting aneurysm I
Pulmonary embolism I
Peritonitis 3
Perforated duodenal ulcer I
Septicaemia I
Cessation of treatment I
Uncertain I

(ml/minute) at 200 ml/minute blood flow, t is dialysis
time in minutes, and V is total body water in ml,
calculated as 60% of body weight. In patients
receiving dialysis three times a week, a Kt/V of > 1 is
associated with enhanced survival,'5 and is a
commonly used "target" when assessing adequacy of
dialysis, at least as regards clearance of small
molecules. Because ascorbic acid has been reported to
cause hyperoxalaemia in patients receiving
dialysis,'6 17 18 dosage of ascorbic acid supplements was
also recorded. For patients receiving peritoneal
dialysis, urea, creatinine, ascorbate dosage, and
weight were recorded for each three month period but
no calculation of "adequacy of dialysis" was
attempted.
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PLASMA OXALATE ASSAY
Plasma oxalate was measured using an enzyme/
bioluminescent assay'9 modified by immobilising the
bioluminescent enzymes in a continuous flow cell.20
The reference range for this assay is < 0 8-1*5 imol/l,
0-8 pmol/l being the detection limit. Unlike many
other assays which overestimate plasma oxalate con-
centrations, this is in close agreement with the
reference range derived from isotope dilution
experiments. We have found that oxalogenesis (the
spontaneous generation of oxalate in samples left
unseparated) does not occur within 24 hours in
samples from uraemic patients, probably because of
inhibition by oxalate of the enzymes responsible.

STATISTICAL METHODS
Data were analysed with the Statistical Package for the
Social Sciences. Descriptive statistics were not cal-
culated for the necropsy study because of the
heterogeneous nature of the study group.

Results

HISTOPATHOLOGICAL EXAMINATION OF THE
INFERIOR EPIGASTRIC ARTERY
Plasma oxalate concentrations
Plasma oxalate concentrations ranged between 6 and
116 imol/l (median 24 pmol/l). Some patients were
called up for transplantation having recently com-
pleted a dialysis session; plasma oxalate concentra-
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Fig 2 Plasma oxalate in patients with and without calcium oxalate deposits within the kidney detected by
examination ofhistological sections taken at necropsy under polarised light. In three patients sections of
kidney were not taken at necropsy.
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1110 Tomson, Channon, Parkinson, Morley, Lennard, Parrott, Laker
Table 2 Summary ofclinical details and treatments

Intermittent Continuous ambulatory
peritoneal dialysis peritoneal dialysis Haemodialysis Kt/ V.,.

Creatinine Creatinine
Case Duration concentration Duration Creatinine Duration concentration Range Renal
No Order in which treatments given (months) (umol/l) (months) concentration (months) (pimol/l) (median) oxalosis

I Intermittent peritoneal dialysis 2
Continuous ambulatory peritoneal

dialysis NA
2 Chronic renal failure NA

Haemodialysis NA
Continuous ambulatory peritoneal

dialysis NA
Intermittent peritoneal dialysis 2

3 Chronic renal failure NA
Continuous ambulatory peritoneal

dialysis NA
4 Chronic renal failure NA

Intermittent peritoneal dialysis 4
Continuous ambulatory peritoneal

dialysis NA
Haemodialysis NA

5 Haemodialysis NA
Continuous ambulatory peritoneal

dialysis NA
6 Chronic renal failure NA

Intermittent peritoneal dialysis 1
7 Haemodialysis NA

Functioning transplant NA
8 Chronic renal failure NA
9 Chronic renal failure NA

Intermittent peritoneal dialysis 2
Haemodialysis NA
Functioning transplant NA
Haemodialysis NA

10 Chronic renal failure NA
Continuous ambulatory peritoneal

dialysis NA
Haemodialysis NA

11 Continuous ambulatory peritoneal
cialysis NA

Recovery of renal function NA
12 Chronic renal failure NA

Haemodialysis NA
Intermittent peritoneal dialysis 4

13 Chronic renal failure NA
Haemodialysis NA

14 Haemodialysis NA
15 Chronic renal failure NA
16 Chronic renal failure NA

Haemodialysis NA
Continuous ambulatory peritoneal

dialysis NA
Haemodialysis NA

17 Chronic renal failure NA
Continuous ambulatory peritoneal

dialysis NA
Functioning transplant NA

18 Chronic renal failure NA
Continuous ambulatory peritoneal

dialysis NA
19 Chronic renal failure NA

Haemodialysis NA
Functioning transplant NA
Haemodialysis NA

20 Chronic renal failure NA
21 Chronic renal failure NA

Haemodialysis NA
Continuous ambulatory peritoneal

dialysis NA
Haemodialysis NA

22 Chronic renal failure NA
23 Chronic renal failure NA

NA = not applicable; ND = not done.

ND

NA
NA
NA

NA
1525
NA

NA
NA
1451

NA
NA
NA

NA
NA
1238
NA
NA
NA
NA
ND
NA
NA
NA
NA

NA
NA

NA
NA
NA
NA
914
NA
NA
NA
NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA NA

29 996
NA NA
NA NA

71 1381
NA NA
NA NA

1 709
NA NA
NA NA

32 967
NA NA
NA NA

23 1207
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

20 904
NA NA

4 475
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

7 980
NA NA
NA NA

7 533
NA NA
NA NA

30 689
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

32 1148
NA NA
NA NA
NA NA

NA

NA
NA
52

NA
NA
NA

NA
NA
NA

NA
60
64

NA
NA
NA
15
NA
NA
NA
NA
15
NA
159
NA

NA
31

NA
NA
NA

2
NA
NA
37
7

NA
NA
56

NA
90
NA

NA
NA
NA

NA
NA

2
NA
45
NA
NA
23

NA
51
NA
NA

NA

NA
NA
1368

NA
NA
NA

NA
NA
NA

NA
1250
1184

NA
NA
NA
ND
NA
NA
NA
NA
658
NA
1392
NA

NA
1004

NA
NA
NA
831
NA
NA
874
1018
NA
NA
1101

NA
1657
NA

NA
NA
NA

NA
NA
ND
NA
1414
NA
NA
1609

NA
1051
NA
NA

NA

NA +++

0-86-0-96(0-91)

NA
NA + +
NA + +

NA No
NA No
NA

NA
0-63-1-28 No
1-03-1-14(1-06)

NA No
NA

No
ND

No
NA No
NA
NA
1-90-1-98(1-96)

0-71-1-76(1-15) +

1.12-1-19(1.04) +

NA
NA No

076 +

060-0-80(0-79) +
0-85-0-89(0-87) ND

No

1-04-1-83(1-40)

0-71-1-13(0-84) ND
NA

NA
NA No
NA

NA + +
ND
ND
NA
0-530-78(0-75) +
NA +
ND
0-85-0-94(0-89)

0-76-1-02(0-85) +
NA No
NA No
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Oxalate and oxalosis in chronic renalfailure
tions fall by about half during dialysis2' and ambient
plasma oxalate concentration in these patients is
therefore likely to have been higher than the
measurement obtained before transplantation.

Clinical appearances of iliac arteries
The external iliac artery was clinically normal in 33
patients and mildly atheromatous in two. The internal
iliac artery was clinically normal in 14 patients, mildly
atheromatous in five, severely atheromatous in two,
and not examined in 14.

Histopathology
Fibrous intimal thickening was found in 20 of 35
arteries, and affected over half the circumference in 10
of 35. No lipid deposition was seen.

Diffuse, punctate staining for calcium was seen in
sections stained with von Kossa's stain in the tunica
media of seven of 35 arteries. Plaques of "solid"
calcification disrupting the normal anatomy of the
tunica media were seen in two arteries, one from a type
1 diabetic and one from a patient with severe hyper-
parathyroidism.

Diffuse, punctate staining within the tunica media
was also seen with Perls's stain in two cases. The
results of staining for aluminium were equivocal.

Examination of each section under partially and
fully polarised light showed no birefringent crystals
apart from the occasional easily recognisable talc
crystals.

Clinical correlations
The length of time that patients had been receiving
renal replacement treatment varied between one and
171 months (mean 51 8 months). Hypertension had
preceded the onset ofend stage renal failure in 19 of26
patients; the remaining nine patients had presented in
end stage renal failure. Hypertension had been present
in 20 of 33 patients while on dialysis; adequate
information was not available for two. Three patients
had had the nephrotic syndrome in the past, and two
were type 1 diabetics. Four patients were smokers,
four had smoked in the past, and 22 gave no history of
smoking: in five the smoking history was not known.

Analysis by the x2 test showed no significant associa-
tion between any of these potential risk factors and
either intimal thickening or medial calcification. The
mean age was significantly higher in the groups with
medial calcification than in the group without (48-6
(SD 10.4), compared with 36-5 (SD 11 5) years, t =
- 2-75, p = 0.01). There was no significant association
between duration of renal replacement treatment and
any aspect of arterial histopathology. Comparison of
plasma oxalate concentrations between groups with or
without intimal thickening, and with or without
medial calcification, showed no differences.

1111
HISTOPATHOLOGICAL EXAMINATION AT
NECROPSY
Plasma oxalate concentrations
Plasma oxalate measurements had been obtained
between one and 11 months (median two months)
before death during our cross sectional survey. Values
ranged between 7 and 98 ymol/l and showed a positive
rank correlation with concurrent plasma creatinine
(r, = 0 59, p = 0-001) (fig 1). All samples were taken
before dialysis. Ten of 18 patients receiving dialysis
had been prescribed ascorbate supplements at some
time, and three were taking them at the time of death.
No association was found between current or
cumulative dose of ascorbate and plasma oxalate.

Histopathology
Causes of death determined at necropsy are summar-
ised in table 1. Oxalate deposits were found in 10 of 20
sections of kidney, and were graded subjectively as
+ = mild, + + = moderate, and + + + = severe.
The association between plasma oxalate concentra-
tions and renal oxalosis is shown in fig 2. No oxalate
deposits were found in any other organ.
CLINICAL DATA
It is difficult to describe succinctly the "adequacy" of
dialysis over prolonged time periods in patients who
were frequently changed from one type of renal
replacement treatment to another. Table 2 summarises
the dialysis history of each patient.

Discussion

Although the numbers in this study are small, we
found no evidence ofextrarenal oxalosis despite severe
hyperoxalaemia in some patients, and no evidence that
hyperoxalaemia acts as a risk factor for vascular
disease. This is in contrast to the published reports on
secondary oxalosis," in which oxalate was readily
detected by techniques similar to those that we used-
examination of paraffin wax embedded and stained
sections under polarised light.
The reasons for this difference are not clear. Our

patients were not particularly well dialysed as judged
by mean plasma urea and creatinine concentrations
and by the calculated Kt/V.rea index, which if anything
overestimates what actually happens in patients in
whom adequate blood flow could not be achieved
during haemodialysis. No comparable data are avail-
able for the previously described cases of secondary
oxalosis,>" although many of them date from a time
when dialysis was not as widely used nor as highly
developed as it is now, and it is possible that small
molecule clearances were worse than in many of our
patients. Our patients received moderate doses of
ascorbate, an oxalate precursor, even at a time when
larger doses were fashionable; again, no comparable
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information is available apart from that in the reports
ofO'Callaghan et a? and Ishida and Yamanaka," and
the contribution of ascorbate supplementation to
secondary oxalosis (as opposed to hyperoxalaemia)
remains uncertain.
No attempt was made in our study to undertake

retrospective assessment of protein or oxalate intake,
but severe protein restriction has never been used in
Newcastle and no attempt has ever been made to
prescribe a diet specifically low in oxalate. Recently it
has been shown that extremely small aggregates of
calcium oxalate formed after intravenous injection of
sodium oxalate in rats are not readily detected by
polarised light microscopy,22 and we may have failed
to detect such small aggregates. This failure, however,
would not help to explain the differences between our
findings and those of previous investigators. The most
likely explanation is that the dialysis regimens used in
the patients described in these reports were inferior to
those used in our patients, but high doses of ascorbate
may have contributed.

Previous histopathological studies in arteries taken
from uraemic patients232425 have also shown a remark-
able absence of lipid deposition, prominent intimal
fibrosis, and medial calcification. Ibels et aP3 found
correlations between the degree of intimal thickening
and the duration of renal disease, and between the
presence of arterial calcification and both duration of
hypertension and duration of renal disease. Vincenti et
a?4 found a similar association between the presence of
hypertension and arterial disease in a subgroup of
patients aged between 25 and 40, and a significant
correlation between age and degree of atherosclerosis
in the group as a whole. In these studies the renal and
iliac,23 iliac,24 and radial25 arteries were studied; the
inferior epigastric artery may be less prone to atheros-
clerosis and therefore less representative. Despite this
the findings in our study are similar to those previously
reported.

In conclusion, our study provides the first evidence
of the association between the risk of tissue oxalate
deposition and plasma oxalate concentrations in
patients receiving dialysis. Plasma oxalate concentra-
tions of >20 gmol/l seem to confer a risk of renal
oxalosis, but the importance ofthis in the management
of dialysis patients is minimal. Plasma oxalate concen-
trations ofup to 100 gmol/l have not been shown to be
associated with histologically detectable extrarenal
tissue deposition of calcium oxalate in the patients we
studied, some of whom were receiving long term
dialysis. It seems likely that plasma oxalate concen-
trations were higher than this in the patients
previously reported. Until further evidence becomes
available there is no justification for measures desig-
ned to reduce plasma oxalate concentrations below
100 Pmol/l.
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Victoria Infirmary and Freeman Hospital for their
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R M R Taylor for their permission to report their
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