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Current views on aetiology and management of
haemolytic uraemic syndrome
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The haemolytic uraemic syndromes (HUS) are a
heterogeneous group of disorders characterized by
haemolytic anaemia, thrombocytopaenia and renal
failure occurring predominantly in infants and
young children. The disorder, which is acknow-
ledged as the commonest cause of acute renal
failure in children in Britain, is increasingly recog-
nized in adults.23 Two broad subtypes are now
recognized: the first is common in children and is
associated with a diarrhoeal prodrome (D +),
whereas the second is rare in childhood and not
associated with antecedent diarrhoea (D - ).4 D +
HUS is synonymous with typical, prototypic,
epidemic or enteropathic HUS and D - with
atypical or sporadic disease.
Many causes of D + HUS, mainly infectious

agents,5`8 have been proposed but a strong associa-
tion has now been found between D + HUS and
enteric infection with verocytotoxin-producing
Escherichia coli (VTEC).9'0 These organisms are
associated with clinical conditions ranging from
mild diarrhoea to haemorrhagic colitis and
HUS.8"l' VTEC strains of several serotypes have
been isolated from patients with HUS, but the
majority of such isolates belong to the serotype
01 57: H7. 2 VTEC produce 2 types ofverocytotoxin
(VT1 and VT2),'3 which resemble Shiga toxin in
structure and mode of action; linking D + cases to
the HUS which may complicate Shigella dysen-
teriae infections.'4 The toxins consist of a
biologically active subunit A, linked to B
subunits,'5"16 which bind to a specific cell surface
glycoprotein GB3.'7 Once attached to the cell
surface subunit A enters the cell and inhibits
protein synthesis by inactivating 60s ribosomal
subunits, which leads to cell death.'8
Karmali et al. found evidence ofVTEC infection

in an estimated 75% of Canadian children with
D + HUS using a combination of laboratory
methods, involving recovery of VTEC or neut-

ralizable free verocytotoxin in faeces, and a rise in
antibody titre to verocytotoxin.'0 A collaborative
study by the British Association for Paediatric
Nephrology, the Communicable Disease Surveil-
lance Centre, and the Division of Enteric
Pathogens of the Public Health Laboratory, in
which DNA probes were applied to faecal samples
from children with HUS, confirmed the association
between VTEC and D + HUS in the United
Kingdom.'2 Serological testing of patients with
HUS for antibodies to the lipopolysaccharide ofE.
coli 0157 has been shown to be a valuable adjunct
to established bacteriological techniques in pro-
viding evidence of infection for several weeks after
the onset of the disease.'9

Predisposing or aetiological factors for the
development of D - HUS and other subgroups
include autosomal recessive and autosomal
dominant inheritance, drugs such as cyclosporin A
and mitomycin-C and other agents.7 The ability to
injure the vascular endothelium appears to be the
primary requisite for an agent to cause HUS.
Endothelial cells carry the VT receptor and are
damaged by VT in culture.202' The endothelial
lesions of HUS can also be caused by the intra-
arterial injection of mitomycin-C in the rat22 and
there are now numerous case reports ofmitomycin
C-associated HUS in the literature.23"4 Neuramini-
dase, lipopolysaccharides, phospholipase C and
cyclosporin A can all produce a HUS with conse-
quent endothelial cell damage. The neuraminidase-
producing organisms, including pneumococci,25,26
Clostridia,27 and some viruses, produce the enzyme
neuraminidase. This cleaves sialic acid from the cell
membranes of red blood cells, platelets and
endothelial cells, so exposing the Thomsen-
Friedenreich antigen that is normally hidden.
Antibodies against this antigen are normally pre-
sent in human sera, probably in response to cross
reacting intestinal bacterial polysaccharide
antigens. These antibodies agglutinate red blood
cells with exposed antigens and possibly bind to
endothelial and platelet membranes leading to
haemolysis, thrombocytopaenia and renal failure.
The cornerstone of treatment for all subgroups
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of HUS is vigorous and early control of renal
failure and hypertension with careful correction of
electrolyte disturbances and anaemia. Inappro-
priate rehydration in a situation where renal func-
tion is compromised may produce significant
morbidity with hyponatraemia and pulmonary
oedema. Once the diagnosis has been made early
dialysis should be commenced to prevent such
complications if the patients are oligoanuric. The
haemoglobin level should be maintained above
8 g/dl, and the institution of early dialysis allows
blood transfusions to be given with less risk of
volume overload and hyperkalaemia. Should
hypertension persist after the control of volume
overload then antihypertensive agents should be
given. Labetalol or sodium nitroprusside may be
infused initially and once oral therapy can
be tolerated captopril, hydralazine or propanolol are
usually effective agents. Gastrointestinal involve-
ment in D + HUS may be severe with profuse
diarrhoea, haemorrhagic colitis, ileitis, abdominal
distension and rectal prolapse. In such cases intra-
venous alimentation should be given until the
gastrointestinal symptoms resolve and oral feeding
be contemplated.

Central nervous system involvement may com-
plicate both D + and D - HUS.2829 The risk of
such involvement is reduced by control of
hypertension and the correction of electrolyte
imbalance; however, severe cerebral dysfunction
may still occur. Anticonvulsants should be given if
required and elective ventilation instituted should
the patient be comatose or the level of con-
sciousness become impaired. Computed tomo-
graphy and cerebral perfusion scanning with
intracranial pressure monitoring may be important
adjuncts to effective treatment as either cerebral
oedema and elevated intracranial pressure or vas-
cular involvement with normal intracranial pres-
sure may be present. Hyperventilation, mannitol,
to be given cautiously if the child is anuric, and fluid
restriction should be instituted in the presence of
raised intracranial pressure whereas such measures
may impair cerebral perfusion should a cerebral
vasculopathy be present. Plasma exchange and/or
prostacyclin infusion have been used in the man-
agement of patients with presumed central nervous
system vascular disease.30
The outcome of the majority of cases of D +

HUS is good with supportive treatment and appro-
priate renal failure management. A few children
with D + HUS die in the acute phase of the illness
with complications ofacute renal failure, fulminant
colitis or central nervous system involvement.
Most recover renal function with only a minority
having residual impairment.3"32 Numerous specific
treatments of D + HUS have been attempted
including anticoagulation therapy, fibrinolytic

agents, antiplatelet drugs, prostacyclin, vitamin E,
plasma exchange and fresh frozen plasma
infusions. Controlled trials of anticoagulation and
fibrinolytic agents have failed to demonstrate any
significant improvement in D + HUS33'34 and
uncontrolled trials or reports on the other forms of
treatment are difficult to evaluate in the face of the
improvement seen in most cases of D + HUS with
supportive treatment alone. However, two con-
trolled clinical trials of plasma infusion therapy in
children with D + HUS produced conflicting
results.35'36 Both studies failed to show any
beneficial effect on acute mortality and renal
outcome 1-2 years later. Loirat et al.,36 however,
reported a greater incidence of cortical necrosis in
the early renal biopsies in the untreated group.
Thus the indications for plasma therapy remain
controversial. Until evidence from controlled trials
supporting the use of plasma exchange and prosta-
cyclin infusion becomes available, such treatments
should be restricted to the minority of patients
with severe complications associated with a poor
prognosis such as those with cerebral or severe
gastrointestinal involvement and a high polymor-
phonuclear count at presentation.37

Patients with D - HUS have a poor prognosis;
there is a significant mortality and morbidity with
the majority developing some degree of renal
impairment and hypertension.38'39 Renal failure is
controlled with early dialysis and hypertension
with volume depletion if necessary, and captopril
or a prostacyclin infusion if required. On the basis
of the observed deficiency of prostacyclin in some
cases and experience in the management of throm-
botic thrombocytopaenic purpura many centres
treat D - HUS with fresh plasma.' Some cases
appear to respond to plasma exchange but not
fresh plasma alone. We treat children with D -
HUS with plasma exchange using an infusion of
fresh frozen plasma at the end of the procedure.
Relapsing D - HUS is managed by a programme
of intermittent plasma exchange at increasing
intervals for a few months after the last relapse. The
cases are too few, however, for a controlled clinical
trial to be instigated, but empirically we have found
that acute renal failure may be reversed but that
there remains a probability of relapse several
months after the last plasma exchange.

Treatment of patients with neuraminidase-
associated HUS may be problematic. Most adult
plasma contains antibodies against the Thomsen-
Freidenreich antibody and plasma infusion or
whole blood transfusion in such patients may be
deleterious, accentuating the polyagglutination
and haemolysis. These patients should receive
washed red cells and albumin solutions thus
avoiding additional agglutinating antibody, and
exchange transfusion should be considered.

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.67.790.707 on 1 A

ugust 1991. D
ow

nloaded from
 

http://pmj.bmj.com/


HAEMOLYTIC URAEMIC SYNDROME 709

References

1. Gasser, C., Gautier, E., Steck, A., Siebenmann, R.E. &
Occhslin, R. Hamolytisch uramische Syndrome: bilaterale
Nierenenrindennekrosen bei akuten erworbenen hamolytis-
chen Anamien. Schweiz Med Wochenschr 1955, 38: 905-909.

2. White, D.J., Yong, F. & McKendrick, M.W. Haemolytic
uraemic syndrome in adults. Br Med J 1988, 296: 899.

3. Carter, A.O., Borczyk, A.A., Carlson, J.A.K. et al. A severe
outbreak of Escherichia coli 0157:H7-associated hemorr-
hagic colitis in a nursing home. N Engl J Med 1987, 317:
1496-1500.

4. Levin, M. & Barratt, T.M. Haemolytic-uraemic syndrome.
Arch Dis Child 1984, 59: 397-400.

5. Fong, J.S.C., de Chandarevian, J.-P. & Kaplan, B.S.
Hemolytic uremic syndrome: current concepts and manage-
ment. Pediatr Clin North Am 1982, 29: 835-856.

6. Drummond, K.M. Hemolytic uremic syndrome - then and
now. N Engl J Med 1985, 312: 116-118.

7. Kaplan, B.S. & Proesmans, W. The hemolytic uremic syn-
drome ofchildhood and its variants. Semin Hematol 1987,24:
148- 160.

8. Anonymous. Unravelling HUS (Editorial). Lancet 1987, ii:
1437-1439.

9. Karmali, M.A., Steele, B.T., Petric, M. & Lim, C. Sporadic
cases of haemolytic uraemic syndrome associated with faecal
cytotoxin and cytotoxin-producing Escherichia coli in stools.
Lancet 1983, i: 619-620.

10. Karmali, M.A., Petric, M., Lim, C., Fleming, P.C., Arbus,
G.S. & Lior, H. The association between idiopathic
hemolytic uremic syndrome and infection by verotoxin-
producing Escherichia coli. J Infect Dis 1985, 151: 775-782.

11. Symonds, J. Haemorrhagic colitis and Escherichia coli
0157:H7 - a pathogen unmasked. Br Med J 1988, 286:
875-876.

12. Kleanthous, H., Smith, H.R., Scotland, S.M. et al.
Haemolytic uraemic syndrome in the British Isles,
1985-1988; association with verocytotoxin-producing
Escherichia coli Part 2, microbiological aspects. Arch Dis
Child 1990, 65: 722-727.

13. Scotland, S.M., Smith, H. & Rowe, B. The distinct toxins
active on vero cells from Escherichia coli 0157. Lancet 1985,
ii: 885-886.

14. Butler, T., Islam, M., Azad, M. & Jones, P. Risk factors for
development of hemolytic uremic syndrome during shigel-
losis. J Pediatr 1987, 110: 894-897.

15. O'Brien, A.D. & Holmes, R.K. Shiga and Shiga-like toxins.
Microbiol Rev 1987, 51: 206-220.

16. Donohue-Rolfe, A., Keusch, G.T., Edson, C. et al.
Pathogenesis of Shigella diarrhoea. lX. Simplified high yield
purification of Shigella toxin and characterisation of subunit
composition and function by the use of specific monoclonal
and polyclonal antibodies. JExp Med 1984, 160: 1767-1781.

17. Lingwood, C.A., Law, H., Richardson, S. et al. Glycolipid
binding of purified and recombinant Escherichia coli pro-
duced verotoxin in vitro. J Biol Chem 1987, 262: 8834-8839.

18. O'Brien, A.D. & Holmes, R.K. Shiga and shiga-like toxins.
Microbiol Rev 1987, 51: 206-220.

19. Chart, H., Smith, H.R., Scotland, S.M. et al. Serological
identification of Escherichia coli 0157:H7 infection in
haemolytic uraemic syndrome. Lancet 1991, 337: 138-140.

20. Kavi, J., Chant, I., Maris, M. & Rose, P.E. Cytopathic effect
of verotoxin on endotheial cells. Lancet 1987, ii: 1035.

21. Obrig, T.G., Del Vecchia, P.J., Karmali, M.A., Petric, M.,
Moran, T.R. & Judge, T.K. Pathogenesis of haemolytic
uraemic syndrome. Lancet 1987, ii: 687.

22. Cattell, V. Mitomycin-induced haemolytic-uraemic kidney.
An experimental model in the rat. Am J Pathol 1985, 12:
88-95.

23. Rabadi, S.J., Klaendekar, J.D. & Miller, H.J. Mitomycin
induced haemolytic uraemic syndrome: case presentation and
review of literature. Cancer Treat Rep 1982, 66: 1244-1247.

24. Garibotto, G., Acquarone, N., Saffioti, S., Deferrari, G.,
Villaggio, B. & Ferrario, F. Successful treatment of
mitomycin C-associated hemolytic uremic syndrome by
plasmapheresis. Nephron 1989, 51: 409-412.

25. Moorthy, B. & Makker, S.P. Hemolytic uremic syndrome
associated with pneumococcal sepsis. J Pediatr 1979, 95:
558-559.

26. Novak, R.W., Martin, C.R. & Orsini, E.N. Hemolytic uremic
syndrome and T-cryptantigen exposure by neuraminidase
producing pneumococci: an emerging problem? Pediatr
Pathol 1983, 1: 409-413.

27. Seges, R.A., Kenny, A., Bird, A.W. G. et al. Pediatric surgical
patients with severe anaerobic infection: report of 16 T-
antigen positive cases and possible hazards of blood trans-
fusion. J Pediatr Surg 1981, 16: 905-910.

28. Sheth, K.J., Swick, H.M. & Haworth, N. Neurological
involvement in hemolytic uremic syndrome. Ann Neurol
1986, 19: 90-93.

29. Upadhyaya, K., Barwick, K. & Fishaut, M. The importance
of nonrenal involvement in hemolytic uremic syndrome.
Pediatrics 1980, 65: 115-120.

30. Sheth, K.J., Leichter, H.E., Gill, J.C. etal. Reversal ofcentral
nervous system involvement in hemolytic uremic syndrome
by use of plasma exchanges. Clin Pediatr 1987, 26: 651-656.

31. Trompeter, R.S., Schwartz, R., Chantler, C. et al.
Haemolytic-uraemic syndrome in childhood: analysis of
prognostic features. Arch Dis Child 1983, 58: 101-105.

32. Binda ki Muaka, P., Proesmans, W. & Eeckels, R. The
haemolytic uraemic syndrome in childhood: a study of the
long-tern prognosis. Eur J Pediatr 1981, 136: 237-243.

33. Proesmans, W., Binda ki Muaka, P., Van Damme, B. et al.
The use of heparin in childhood hemolytic uremic syndrome.
In: Remuzzi, G., Mecca, G., De Gaetano, G. (eds) Hemo-
stasis Prostaglandins and Renal Disease. Raven Press, New
York, 1980, pp. 407-411.

34. Monnens, L., Kleynen, F., van Munster, P. et al. Coagulation
studies and streptokinase therapy in hemolytic uraemic
syndrome. Helv Pediatr Acta 1972, 21: 45-54.

35. Rizzoni, G., Claris-Appiani, A., Edefonti, A. et al. Plasma
infusion for hemolytic uremic syndrome in children: results of
a multicenter controlled trial. J Pediatr 1988, 112: 284-290.

36. Loirat, C., Sonsino, E., Hinglaus, N., Jais, J.P., Landais, P. &
Fermanian, J. Treatment of the childhood haemolytic
uraemic syndrome with plasma: a multicentre randomized
controlled trial. Pediatr Nephrol 1988, 2: 279-285.

37. Walters, M.D., Matthei, U., Jay, R., Dillon, M.J. & Barratt,
T.M. The polymorphonuclear count in childhood hemolytic
uraemic syndrome. Pediatr Nephrol 1989, 3: 130-134.

38. Kaplan, B.S., Chesney, R.W. & Drummond, K.N.
Haemolytic uremic syndrome in families. N EnglJMed 1975,
292: 1090-1093.

39. Kaplan, B.S. Hemolytic uremic syndrome with recurrent
episodes: an important subset. Clin Nephrol 1977, 8:
495-498.

40. Aster, R.H. Plasma therapy for thrombocytopenic purpura.
N Engl J Med 1985, 312: 985-987.

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.67.790.707 on 1 A

ugust 1991. D
ow

nloaded from
 

http://pmj.bmj.com/

