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Haemolytic uraemic syndrome

Haemolytic uraemic syndrome and the related
disorder thrombotic thrombocytopenic purpura
have recently been the subject of much interest and
research.' A wide variety of phenomena have been
observed and several pathogenetic mechanisms have
been proposed, matched by a correspondingly
diverse array of promising but unsubstantiated
methods of treatment. Consideration of the het-
erogeneity of the clinical and laboratory findings
suggests that it is improbable that haemolytic
uraemic syndrome is a single disease entity and
much of the present confusion is attributable to the
multiplicity of pathogenetic mechanisms operative
in different patients.
The triad of microangiopathic haemolytic

anaemia, thrombocytopenia, and renal failure by
which haemolytic uraemic syndrome is defined and
its extension to include neurological involvement
and fever (the pentad of thrombotic thrombocy-
topenic purpura) are clinical end points which may
be reached by many different pathways. There may
be a variety of initiating agents, perhaps viruses or
bacteria, differing in their primary site of action
which might be on the erythrocyte, platelet, en-
dothelium, or coagulation system and there are
presumably a range of host factors, congenital or
acquired, affecting the vulnerability of these
systems-yet the end result is a similar clinical
picture. Evidence for such heterogeneity is to be
found in epidemiological, histopathological, and
pathophysiological studies which provide the basis
for a tentative classification of the disorder.

Epidemiology

Haemolytic uraemic syndrome is predominantly a
disease of infants and young children. Endemic foci
occur particularly in Argentina and to a lesser extent
in South Africa and the low countries. Elsewhere
the disease occurs in mini epidemics such as the
recent Midlands outbreak in the United Kingdom
(unpublished data). It is more common in rural
areas: only 6 of 75 children reported from the south
east of England over a 12 year period lived in the
London postal district.2 Analysis of this series
suggested two distinct subgroups: an epidemic form
occurring in younger children in the summer
months, usually with an explosive onset of diarrhoea
but with a good prognosis with supportive treatment
alone; and in contrast, a sporadic form developing

insidiously in older children with no seasonal varia-
tion in incidence and without a clear prodromal
illness or with mild respiratory symptoms and having
a much worse prognosis for renal function.2

Family studies support this distinction.3 Siblings
who develop haemolytic uraemic syndrome within
days or weeks of each other usually live in endemic
areas and have the prodromal diarrhoea and good
prognosis of the epidemic form. In the sporadic
form of disease, however, which has been reported
in 26 families, haemolytic uraemic syndrome de-
velops in two to four siblings with more than a year
separating the onset of disease in the individual
cases. Most live in non-endemic areas and the
prodromal illness is usually absent: the mortality in
this group is high and they seem to inherit a
predisposition to haemolytic uraemic syndrome as
an autosomal recessive trait, though apparent domi-
nant inheritance has also been reported.

It has been a natural supposition that the
epidemic variety of haemolytic uraemic syndrome
has an infective aetiology and it is well documented
that shigella infection can result in an identical
syndrome.4 A variety of other bacteria, viruses, and
ricketsia have been implicated in individual cases
but have not been isolated in subsequent studies.
Reports of the syndrome after infection with
neuraminidase producing organisms are of particu-
lar interest, for exposure of the Thomsen-
Friedenreich antigen consequent upon the stripping
of sialic acid residues from erythrocytes by neurami-
nidase has been described in haemolytic uraemic
syndrome.5 6 A recent report has also associated the
syndrome with intestinal infection or colonisation
with verotoxin producing Escherichia coli.7

Haemolytic uraemic syndrome in adults is associ-
ated with pregnancy, oral contraceptive use, and
collagen vascular disorders. Severe hypertension
from any cause may also produce microangiopathic
haemolytic anaemia. In children, however, it is
unusual to identify a systemic disorder underlying
the condition.

Histopathology

As with other aspects of haemolytic uraemic syn-
drome there is also heterogeneity of histopatholo-
gical appearances.8 9The most common pattern is of
a predominantly glomerular involvement with
thrombotic microangiopathy. Endothelial cell swell-
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ing and separation from the basement membrane
are prominent, together with widening of the
subendothelial space. This appearance is typical of
affected infants and is associated with a good
prognosis-features which characterise the epidemic
form of the syndrome. In contrast, in older patients
with hypertension and a poor outcome for renal
function, arteriolar rather than glomerular changes
predominate with prominent intimal and sub-intimal
oedema, proliferation, and necrosis. A third appear-
ance occasionally encountered is acute cortical
necrosis.
Are these histopathological subgroups indicative

of different disease processes or do they represent
variants of the same process? It is tempting to
speculate that the patterns of predominantly glom-
erular or predominantly arteriolar involvement are
the morphological counterparts of the epidemic and
sporadic forms of the disease respectively.

Pathogenesis

Many of the early theories on haemolytic uraemic
syndrome focussed on activation of the coagulation
pathway as the primary event. The presence of
fibrin in the renal lesions together with experimental
evidence that microangiopathic haemolytic anaemia
could be induced by activation of coagulation,
enhanced by inhibition of fibrinolysis and dimi-
nished by anticoagulation. led to initial support for
these hypotheses and enthusiasm for anticoagula-
tion and fibrinolytic treatment.'0 Subsequent stud-
ies, however, produced conflicting results and in
general have failed to confirm the importance of
activation of coagulation, as have the generally
unsuccessful treatment trials of anticoagulation and
fibrinolysis. Clotting studies are usually normal or
only mildly abnormal and fibrinogen turnover is
normal. "l
As the apparent importance of coagulation has

receded attention has shifted to the role of endothe-
lium and platelets and their interaction in the
pathogenesis of haemolytic uraemic syndrome. 12
Studies of fibrinogen and plasminogen survival are
normal whereas platelet turnover is noticeably
increased in both adult" and childhood disease.'3
Furthermore platelets fail to aggregate normally and
are depleted of both nucleotides and serotonin.14

Considerable advances in the understanding of
how platelets are involved in haemolytic uraemic
syndrome has come from the recognition of the role
played by the arachidonic acid metabolites prostacy-
clin (PGI2) and thromboxane (TxA2) in regulating
endothelial/platelet interactions.15 Arachidonic
acid, the 20 carbon fatty acid precursor of the
prostaglandins, is metabolised within the endothe-

lial cell to PGI2, a vasodilator, and the most
powerful inhibitor of platelet aggregation known.
PGI2 is produced continually by endothelial cells
and is a major factor in the thromboresistance of the
endothelium. In contrast, arachidonic acid is meta-
bolised within the platelet to TxA2, a powerful
vasoconstrictor and platelet aggregating agent. A
balance between the anti-aggregating effect of PGI2
and the pro-aggregatory effect of TxA2 is seen as
being necessary for normal haemostasis.16

In 1978 Remuzzi suggested PGI2 deficiency as a
cause of haemolytic uraemic syndrome and reported
two patients whose blood vessels failed to produce
PGI2 and whose plasma failed to support PGI2
production by endothelial tissue.17 18 Remuzzi post-
ulated a deficiency in haemolytic uraemic syndrome
plasma of a factor present in normal plasma neces-
sary for PGI2 production. Support for the 'missing
factor' hypothesis came from the finding that some
patients responded to fresh plasma infusions.'9
Evaluation of the therapeutic claims is difficult,
however, in a disorder with a high rate of spon-
taneous recovery; moreover a few refractory
patients have not responded to plasma but have
improved instead with plasma exchange20 suggesting
that removal of an inhibitor of PGI2 production may
be involved. An inhibitor of PGI2 production has
been detected in the plasma of patients with the
sporadic form of disease by workers at two different
centres21 22 and preliminary characterisation sug-
gests that it may be an abnormal lipid peroxide.2'
Finally, excessively rapid degradation of PGI2 in
haemolytic uraemic syndrome plasma has also been
proposed.23 To add to the confusion, abnormality of
PGI2 production has not been consistently detected
in all patients with the syndrome and PGI2 infusions
have had variable success only in treating the
disorder.24

In addition to these theories relating to PGI2
deficiency there are well documented reports of the
presence of a platelet aggregating factor in the
plasma of patients with thrombotic thrombocy-
topenic purpura.25 This factor induces aggregation
of normal platelets and its activity can be inhibited
by normal plasma suggesting that deficiency of a
normal inhibitor of platelet aggregation may also be
involved. The exact identity of this factor is not clear
but a recent report suggests it may be an abnormal
form of the factor VIII von Willebrand complex
produced by endothelium.26 IgG immune complexes
also aggregate platelets and may be involved in
some of the patients with platelet aggregating
factors.27 Patients with platelet aggregating factors
seem to respond either to fresh plasma infusion or
plasma exchange.

Theories favouring the endothelial cell as the
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primary site of damage have also been presented.
Endothelial cytotoxic factors have been documented
in several reports28 and in the epidemic form of
haemolytic uraemic syndrome endotoxin, a well
established endothelial toxin, has been identified in
some cases.4 29

Although these conflicting theories on the
pathogenesis of haemolytic uraemic syndrome offer
exciting insights, they raise as many questions as
they answer. Can we identify and therefore treat
patients affected by each of these different mechan-
isms and do the established epidemiological and
histological subgroups have pathophysiological
counterparts?
On the basis of disturbed pathophysiology at least

five subgroups of haemolytic uraemic syndrome can
be identified at present:

(1) Deficiency of a plasma factor necessary for
PGI2 production.

(2) Inhibition of PGI2 production.
(3) Excessively rapid degradation of PG12.
(4) Presence of platelet aggregating factors.
(5) Presence of endothelial toxic factors.

In our experience the sporadic form of disease is
often associated with mechanisms (1) to (4) and has
a poor prognosis without vigorous treatment. A few
patients with this form of haemolytic uraemic
syndrome respond to fresh plasma infusions but
plasmapheresis has been required to induce remis-
sion in most cases.

In contrast, the commoner epidemic form of
disease is seldom associated with persistent PGI2
abnormality or platelet aggregating factors and
spontaneous recovery with supportive treatment
alone is the rule. While the pathophysiological
mechanism in this form is still unknown, the
histological and clinical features and the association
with toxin producing coliform bacteria suggest an
initial toxic insult to the endothelium.

Further dissection of the factors regulating the
interaction between vascular endothelium and the
circulating blood and their derangement in haemoly-
tic uraemic syndrome will doubtless result in more
precise definition of these subgroups and enable
more specific treatment to be applied. Analysis of
published results of treatment must take into
account the type of patient treated. Haemolytic
uraemic syndrome is a pathophysiological process
that follows a variety of infective, immunological, or
toxic insults superimposed on various inherent
defects and an interdisciplinary study of the
epidemiological, pathological, microbiological, and
clinical features is required to complement the
laboratory studies and unravel the full spectrum of
the disorder.
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