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Vitamin E treatment of haemolytic uraemic syndrome
H R POWELL, D A McCREDIE, C M TAYLOR, J R BURKE, AND R G WALKER

Renal Units, Royal Children's Hospital, Melbourne and Royal Children's Hospital, Brisbane, Australia and
Children's Hospital, Birmingham

SUMMARY Because low plasma vitamin E concentrations have been reported in patients with
haemolytic uraemic syndrome and there is accumulating evidence of lipid peroxidation in this
disease, treatment with the antioxidant vitamin E was undertaken in 16 consecutive children with
the syndrome. Twelve children had features at presentation suggesting a poor prognosis for
recovery but despite this all 16 patients survived and are well three months later. Fifteen children
now have normal values for serum creatinine, blood pressure, and urinalysis for protein but one
has slight renal impairment. Although this is not a report of a controlled trial, it seems that
patients treated with vitamin E have fared considerably better than our previously treated
patients with haemolytic uraemic syndrome, even in the presence of early, adverse prognostic
features. We suggest that vitamin E alters the natural history of the disease, and in view of the
absence of any observed side effects further experience with this treatment is being sought.

Haemolytic uraemic syndrome is a disease of
unknown aetiology and substantial mortality and
morbidity.' 2 Many different forms of treatment
have been suggested including heparin,3
streptokinase,4 antithrombotic agents,4 5 plasma,6
and measures to induce prostacyclin formation7 but
none have proved beneficial. Adequate controlled
studies of any of these treatments are lacking and
would be difficult to carry out because of the small
numbers of patients and large differences in out-
come in different centres. Any new treatment,
therefore, would need to produce a substantial
improvement in outcome compared with previous
results to be generally accepted as effective. We
describe another approach to the treatment of
haemolytic uraemic syndrome directed at offsetting
the effects of lipid peroxidation in this disease. The
early results are encouraging.
A defect in prostacyclin (epoprostenol) produc-

tion has been proposed as a pathogenetic mechan-
ism in haemolytic uraemic syndrome.6 7 The
observation that, unlike normal plasma, plasma
from patients with haemolytic uraemic syndrome
failed to stimulate prostacyclin production from
exhausted rat aortic rings6 suggested a deficiency of
a factor which normally stimulates this. Such an
abnormality in the plasma of patients with haemoly-
tic uraemic syndrome has recently been ascribed,

however, to the presence of an inhibitor of the
vessel wall enzyme, prostacyclin synthetase.8 Cer-
tain lipid peroxides inhibit this enzyme9 10 and
although these very unstable compounds have not
yet been conclusively shown in the plasma of
patients with this syndrome, phospholipid changes
suggestive of peroxidative damage have been de-
scribed in red blood cells" and the inhibitor in the
plasma of patients with haemolytic uraemic syn-
drome has biochemical characteristics of peroxides
of polyunsaturated fatty acids.8

Vitamin E (alpha tocopherol) is a biological
antioxidant that inhibits lipid peroxidation'2 and low
plasma concentrations of vitamin E have been found
in some patients with haemolytic uraemic
syndrome. "i We report the results of a pilot study of
vitamin E treatment in children with haemolytic
uraemic syndrome in Australia and the United
Kingdom,

Patients and methods

Sixteen children suffering from haemolytic uraemic
syndrome were treated with vitamin E at the Royal
Children's Hospital, Melbourne, the Children's
Hospital, Birmingham, and the Royal Children's
Hospital, Brisbane. All had a typical acute illness
with preceding diarrhoea, microangiopathic
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Table 1 Findings at presentation in 16 children with haemolytic uraemic syndrome

Case Age Sex Blood pressure ffaemnoglobmir Platelet count Blood tarea Serunoz -reatiuiite Plasnima uaitnusn 1
Ito (Yrs) (mnm lihg) (gldl) (x l 10 ) (m1m11ilo 1) Oninol ) (ittlo/i/)

1 6-4 M (Si(/60) 6.4 7(0 49.7 0(73 46
2 1.7 M I(H)/7(0 59 195 240 ()I I5
3 5-9 F 125/65 4-8 20 47(0 0580
4 0-6 F 90/4(V 4-6 20 33() 0(73 48
5 2-0 M 13(V/8( 6-3 6 31(8 0)5 -

6 7-2 F 14(V/85 -2 89 65.4 1(2 26
7 (-9 F 12(0/8( 6-9 66 64.8 0(56 -

8 7.8 M 13(1/9(1 3-( 69 53-6 (9 17
9 2-3 F 13(0/11(0 59 62 31-9 0(67 -

1() 5-5 M I I80/) 6-7 68 (69 ( 113 17
1 1 1-7 F 1(1/6(0 9-6 84 230 (1-47 -

12 1 8- F II(((8( 7-9 64 32(1 (0'()
13 1-2 M I(((/7(1 6-6 91 11(4 ((07 -

14 1(7 M 115/85 495 7(1 64 ( ((92 (
15 ((8 F 12(1/95 5-9 50 63-( (0-94 9
(6 1(9 F 14(1/9( 6-8 71 398 ((-62 46

Conversion-SI to traditional units: blood urea I mmoUl ( 6.0 mg/100 ml); serum creatinine I mmol/I (- 088 mg/lO() ml). plasma vitamin E I ,umoUI( ((-(14
mg/100 ml).

haemolytic anaemia, thrombocytopenia, and acute
renal failure (Table 1). Six children were aged over 4
years and 14 were oliguric. Eleven required dialysis,
10 being oliguric for one week or more. Plasma
vitamin E concentrations were measured by the
fluorometric method of Hansen and Warrick13 in 10
patients at presentation, the lower limit of the
normal range being 11 ,umol/l.
As this was a pilot study all patients received

vitamin E from presentation and no attempt was
made to control other forms of treatment, which
were determined by the individual physicians. Six
children were given heparin for two weeks but none
were given streptokinase, aspirin, dipyridamole, or
plasma exchange transfusion. Vitamin E was given
orally in a dose of 1000 mglm2/day and continued for
at least one week.
To assess the results of vitamin E treatment of

haemolytic uraemic syndrome, a comparison was
made with the outcome in patients treated at the
Royal Children's Hospital, Melbourne in the 20
years before 1981 when vitamin E began to be used.
Over this time heparin, streptokinase, aspirin,
dipyridamole,4 and intravenous fat emulsion,7 have
been used alone or in various combinations.

Results

Plasma vitamin E concentrations at presentation
were within the normal range in 9 of the 10 children
tested (Table 1). After one week of treatment
concentrations of 48 to 79 lumoUl were recorded.

All patients survived and are well three months
after presentation. All but one patient have normal
values for serum creatinine, blood pressure, and
urinalysis for protein and blood. The course of the
illness is shown in Table 2. The one patient (case 16)

Table 2 Course ofhaemolvtic uraemic syndrome in 16
children given vitamin E

Case Duration of
no oliguria

(davs)

2
3
4
5
6
7
8
9
(0
IO
12
13
14
15
16

()
7
12
6

7

7

7
30

8
12

Stattos 3 months after presenitait'n

Serutm Blood
lreatinine pressure
(mnmnol I) (totle Hg)

((-(13()()31
((-114

((-(16

((-((4

((-(16
((-(16
()-()4
()-()4

(1-116
()-1I(

((10/7(0
9(1/6(0
(15/75
80/9(
9(1/65

I(((/6((
95/6(0

((10/711
9(0/55

1(2(/80(
9(/16(1
105/6(
901/6((
8595/(

(11(/7(1
1(5/8X(

1'rotesniu ria
(Alblustir)

Neg
Ncg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
+ +

with proteinuria and a slightly raised serum creati-
nine concentration had an area of tissue infarction
which was found at renal biopsy performed soon
after presentation, indicating the likelihood of
permanent impairment of renal function. This
patient's serum creatinine concentration (0-10
mmol/l) three months later compares with the upper
limit of normal of 0-06 mmol/l for her age.

Comparison of the results of treatment with
vitamin E with those of other forms of treatment
(Table 3) shows that patients treated with vitamin E
have a substantially better outcome. Statistical
comparison of treatment groups is not justified,
however, as we are comparing current results with
those obtained from a retrospective study over many
years.
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Table 3 Comparison of vitamin E treatment with results of other treatment regimens for haemolytic uraemic syndrome at
Royal Children's Hospital Melbourne

Treatment* Total no of cases Deaths duiritig Renal impairnmetit Normial at
acute illness failure at follow up follow up

Symptomatic only 22 9 5 8
Heparin 44 11 11 22
Streptokinase and either dipyridamole or

aspirin. or both 1 2 4 6
Intralipid 1 2 3
Vitamin E 16 0 15

*AIl patients were given blood transfusion, dialysis, and antihypertensive treatment as required.

Discussion

Use of vitamin E in the treatment of haemolytic
uraemic syndrome was suggested by the report of
low vitamin E concentrations in some patients with
this disease and was supported by the finding of
evidence of lipid peroxidation in the red cell
membranes of patients with haemolytic uraemic
syndrome." Vitamin E deficiency impairs prostacy-
clin production in rats14 and in man, 15 and the
Shwartzman reaction, an animal model of thrombo-
tic microangiopathy, can be induced in vitamin E
deficient rats fed oxidised lipid.'6

Perico et al suggested that plasma from patients
with thrombotic microangiopathy may have reduced
antioxidant potential favouring selective inhibition
of prostacyclin synthetase.17 Probably because of
their chemical similarity to the cyclic endoperoxides
of arachidonic acid, the linear peroxides, 15-hydro-
peroxyarachidonic acid and 13-hydroperoxylinoleic
acid, are potent inhibitors of prostacyclin
synthetase.9 10 We have recently identified sub-
stances with the gas chromatographic characteristics
of these two lipid peroxides in the red cell mem-
branes of two patients with haemolytic uraemic
syndrome. If confirmed, the presence of these
substances would help explain the proposed de-
ficiency of prostacyclin6 and the finding of an
inhibitor of prostacyclin production8 in this disease.
The reason for lipid peroxidation in haemolytic

uraemic syndrome remains unknown as vitamin E
deficiency would seem unlikely in most cases. Lack
of other antioxidants such as selenium and glu-
tathione or reduced activity of the enzymes super-
oxide dismutase or peroxidase may be important.
There is good evidence that vitamin E is an effective
antioxidant, stabilising unsaturated lipids against
autoperoxidation and this protective action occurs in
vivo. Therefore, although vitamin E plasma concen-
trations are not always low in haemolytic uraemic
syndrome, it seems reasonable to attempt to reduce
lipid peroxidation by giving vitamin E in large doses
to children with this syndrome.

It has also been suggested that vitamin E by
interacting with phospholipids in membranes may
facilitate molecular packing and thus maintain the
stability of biological membranes and increase re-
sistance to haemolysis. 18 Treatment with vitamin E,
however, seems to have no noticeable effect on the
early course of haemolytic uraemic syndrome and
the duration of haemolysis, oliguria, and throm-
bocytopenia was not reduced in the treated patients.
This may be attributable to the slow rise in plasma
vitamin E concentrations after oral administration. 12
Tune et al'9 stressed the regional differences in

mortality and morbidity rates of the haemolytic
uraemic syndrome and the consequent difficulties in
comparing results from different centres and in
mounting large controlled trials. For this reason we
have compared outcome in patients treated with
vitamin E with outcome in patients treated by other
means at the Royal Children's Hospital, Melbourne,
though the validity of such a retrospective compari-
son is limited. The facts that no patients treated with
vitamin E died and that evidence of renal damage at
three months follow up was rare are very encourag-
ing. The biopsy evidence of glomerular necrosis in
the one patient who still has a slightly raised serum
creatinine concentration suggests that irreversible
tissue damage may have occurred before treatment
was started.
Those patients who are older than 4 years at

presentation or are oliguric for 7 or more days have
a worse outcome than other patients with haemo-
lytic uraemic syndrome.2 20 As 12 of the patients
treated with vitamin E had these adverse prognostic
features the results in this group in particular suggest
that treatment altered the natural history of the
disease.

At present the results of treatment with oral
vitamin E (1 g/m2/day) seem substantially better
than those of other treatments and in view of the
absence of any observed side effects it seems
reasonable to use this treatment to determine if the
initial good results are confirmed with wider
experience. Because of the difficulty in mounting
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controlled trials in haemolytic uraemic syndrome
the true efficacy of vitamin E will be hard to assess
but studies of prostacyclin generation and lipid
peroxidation during treatment may well produce
evidence supporting the use of vitamin E in this
disease.

The authors thank Dr R H R White and Dr M Winterborn of
Birmingham for permission to study their patients.

References

McNee JH, McCredie DA, Powell HR. Long-term prognosis of
haemolytic uraemic syndrome of infancy. Aust NZ J Med
1978;8:234.

2 Trompeter RS, Schwartz R, Chantler C, et al. Haemolytic
uraemic syndrome: an analysis of prognostic features. Arch Dis
Child 1983;58:101.

3 Proesmans W, Eeckles R. Has heparin changed the prognosis of
the haemolytic uraemic syndrome. Clin Nephrol 1974;2:169.

4 Powell HR, Ekert H. Streptokinase and anti-thrombotic ther-
apy in the hemolytic uremic syndrome. J Pediatr 1974;84:345.

5 Thorsen CA, Rossi EC, Green D, Carone FA. The treatment of
the hemolytic uremic syndrome with inhibitors of platelet
function. Am J Med 1979;66:711.

6 Remuzzi G,. Misiani R, Marchesi D, et al. Treatment of the
haemolytic uraemic syndrome with plasma. Clin Nephrol
1979;12:279.

7 Powell HR, McCredie DA. Essential fatty acid therapy in
haemolytic uraemic syndrome. Aust NZ J Med 1980;10:483.

8 Levin M, Elkon KB, Nokes TJ, et al. Inhibitor of prostacyclin
production in sporadic haemolytic uraemic syndrome. Arch Dis
Child 1983;58:703.

9 Moncada S, Gryglewski R, Bunting S, Vane JR. A lipid
peroxide inhibits the enzyme in blood vessel microsomes that

generates from prostaglandin endoperoxides the substance
(prostaglandin X) which prevents platelet aggregation. Prostag-
landins 1976;12:715.

10 Moncada S, Vane JR. Unstable metabolites of arachidonic acid
and their role in hemostasis and thrombosis. Br Med Bull
1978;34: 129.
O'Regan S, Chesney RW, Kaplan BS, Drummond KN. Red ccll
membrane phospholipid abnormalities in the hemolytic uremic
syndrome. Clin Nephrol 1981;15:14.

12 Steiner M, Anastaso J. Vitamin E, an inhibitor of the platclct
release reaction. J Clin Invest 1976;57:732.

13 Hansen LG, Warrick WJ. A fluoromctric micromethod for
serum tocopherol. Am J Clin Pathol 1966:46J133.

14 Okuma M, Takayama H, Uchino H. Generation of prostacyclin-
like substance and lipid peroxidation in vitamin E deficicnt rats.
Prostaglandins 1980;19:527.

15 Stuart MJ. Deficiency of plasma PGI,-like regcncrating activity
in neonatal plasma. Reversal by vitamin E in vitro. Pediatr Res
1981;15:971.

16 Kaunitz H, Gauglitz E, McKay DG. Studics of the gcncralised
Shwartzman reaction induced by diet. Metabolism 1963;12;371.

17 Perico N, Schieppati A, Mecca G, Rossi EC, Remuzzi G.
Prostacyclin and renal diseasc. Clin Nephrol 1982;18:111.

18 Maggio B, Diplock AT, Lucy JA. Interactions of tocopherols
and ubiquinones with monolayers of phospholipids. Biochem J
1977;161:1 11.

19 Tune BM, Leavitt TJ, Gribble TJ. The hemolytic urcmic
syndrome in California: a review of 28 non-heparinised cases
with long-term follow-up. J Pediatr 1973;82:304.

21) McCredie DA, Dixon SR. The hemolytic uremic syndrome. In:
Kincaid-Smith P, Mathew T, Lovelbecker E, eds. Glomeru-
lonephritis, morphology, natural history and treatment. New
York: John Wiley & Sons, 1973:1069.

Correspondence to Dr H R Powell, Director, Renal Unit, Royal
Children's Hospital, Parkville 3052, Melbourne, Australia.

Received 23 January 1984

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.59.5.401 on 1 M

ay 1984. D
ow

nloaded from
 

http://adc.bmj.com/

