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Abstract European guidelines for the assessment and
management of atypical HUS were written in 2009.
Since then our understanding of this group of diseases
has advanced. Evidence is emerging that eculizumab, a
monoclonal antibody inhibiting C5 activation, is effec-
tive, and potentially superior to current treatment with
plasmapheresis. The evidence base for the benefits of
plasmapheresis consists of case series and small reports.
Before we embark on a change of management policy it
is vital that we set up a system for genetic diagnosis,
standardised protocols and a means to collect predeter-
mined outcome measures, so that we do not make the
same mistakes with assessment of the effectiveness of
eculizumab as we did for plasmapheresis.
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Introduction

The term haemolytic uraemic syndrome (HUS) is a
descriptive expression for patients presenting with a
combination of microangiopathic haemolytic anaemia,
thrombocytopaenia and acute kidney injury. It is not,
therefore, just as for ‘nephrotic syndrome’ or ‘glomeru-
lonephritis’, a diagnosis in itself, but rather a collection
of diseases with differing causes, presentations and out-
comes. In addition, it is rare, making clinical trials and
studies of outcome fraught with the difficulties of small
patient numbers and biases incurred by disease variabil-
ity. So how do we decide the best treatment strategies

for patients with atypical HUS (aHUS) and how do we
assess outcomes with such diverse aetiologies?

Background

Traditionally, HUS has been divided into diarrhoea-positive
(D+) and diarrhoea-negative (D-), the former resulting from
verocytotoxin-producing Escherichia coli and Shigella
dysenteriae type 1, the latter encompassing all other causes.
In view of the unreliability of diarrhoea as a distin-
guishing feature, current terminology used to describe
HUS divides it into ‘typical’ for that due to infective
causes and ‘atypical’ (aHUS) for other causes. Typical
HUS is more common, with verocytotoxin-producing
organisms being the commonest aetiology, although the
incidence of Pneumococcal HUS is increasing so that in
some countries it is overtaking verocytotoxin-associated
HUS as the commonest cause. aHUS has an incidence
of only two per million population per year, or seven
per million child population, and accounts for approxi-
mately 5 % of the total cases of HUS [1]. There are
several different aetiologies: it may be secondary to
autoimmune diseases or occur post transplantation or
in association with drugs. However, the most difficult
to manage is aHUS that is associated with genetic
disorders of regulation of the alternative pathway of
complement. This is because such mutations can cause
devastating kidney injury or even death, or can lead to
a chronically relapsing course.

The diversity of aHUS due to genetic mutations

To date, genetic mutations can be identified in approximate-
ly 50 % of patients with primary aHUS, and more are
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continuously being sought and identified. Some mutations
are more common than others, and prognosis also varies
according to the mutation. For example, abnormalities of
complement Factor H (the most important regulator of the
alternative pathway) are the most frequent findings, explain-
ing about 30 % of cases, and have the worst prognosis, with
a 60–70 % incidence of chronic kidney disease (CKD)
within 5 years or death within 1 year, whereas mutations
in membrane cofactor protein (MCP; CD46), which protects
cells from damage from complement, have the best out-
come, with more than 80 % of patients remaining dialysis
independent, although recurrent episodes are common.
Some children can have more than one mutation.
Furthermore, most abnormalities are heterozygous, and
there can be incomplete penetrance such that first degree
relatives carrying the same mutation are often asymptomat-
ic. Therefore, presumably, for aHUS to develop there must
be a combination of genetic and environmental factors [2].
In other words, the detection of genetic abnormalities pro-
vides a risk indicator but is not a good marker alone. We
need to focus our research on identifying biomarkers for
these diseases and developing metrics for measuring envi-
ronment triggers.

Current guidelines for management of aHUS

In 2009, The European Study Group for Atypical HUS pub-
lished guidelines for the initial assessment and early manage-
ment of children with aHUS [3]. It is stated from the outset
that this is a consensus document rather than one based on
sound evidence. The protocol recommended is plasmaphere-
sis within 24 h of diagnosis with whole plasma fraction
replacement fluid [fresh frozen plasma or virus-inactivated
pooled plasma (e.g. Octaplas®)]. Plasmapheresis is then to
be repeated daily for 5 days, followed by five sessions per
week for 2 weeks, then three sessions per week for 2 weeks.
There is no further advice for management beyond this point,
although most centres would attempt withdrawal of plasma-
pheresis if remission has occurred, with variable protocols, but
monitoring for relapse and reinstitution if withdrawal fails.
The conclusion to the guidelines is that they should be
rewritten after 3 years. So, what have we learnt, what
new developments have there been in the meantime and are
we in a better position now to assess treatment success thanwe
were in 2009?

Is plasmapheresis effective?

Dowe knowwhether plasmapheresis is an effective treatment,
and who would we expect and who would we not expect to
benefit from it? The underlying rationale of this treatment is to

remove circulating mutated factors or factor H antibodies and
to replace deficient ones, such as ADAMTS or complement
regulatory factors. Plasmapheresis would not be expected to
benefit patients with MCP deficiency as this is a membrane-
bound factor rather than a circulating one. Outcomes have
recently been reviewed [4, 5]. However, most reports stem
from the days before genetic identification and stratification.
Overall, although around 60% of patients with aHUS respond
initially [6], reports suggest that there is a 25 % mortality rate
and that 50 % are left with CKD [3]. Furthermore, plasma-
pheresis, although a safe procedure with a mortality of less
than 1 in 10,000 [5], is not without its complications: there are
risks associated with the insertion of vascular access, access
infection, fluid disturbances during the process itself, hyper-
sensitivity reactions, as well as a very small risk of viral
transmission from plasma.

Eculizumab

The most exciting development in the management of aHUS
is eculizumab (Soliris®, Alexion Pharmaceuticals, Cheshire,
CT), a monoclonal antibody licenced for use in aHUS that
targets C5 and, therefore, the ultimate point in the alternative
pathway cascade. There have been small series and case
reports of patients who have been successfully treated with
eculizmab since the 2009 guidelines were published, along
with multicentre prospective phase II trials in adults and
adolescents and an ongoing paediatric trial. Indeed, there are
reported cases of children responding to eculizumab when
plasmapheresis has failed [6]. In this edition of Pediatric
Nephrology, two children are described who had severe neu-
rological involvement unresponsive to plasmapheresis, but
who both responded to eculizumab [7]. The drug has been
used for over 10 years in patients with paroxysmal nocturnal
haemoglobinuria and has been demonstrated to have very few
side effects, although the doses used for this disease are about
30 % lower than those currently recommended for aHUS [4].
All patients need to be vaccinated against Neisseria meningi-
tidis before starting treatment, and many physicians use anti-
biotic prophylaxis as well. What we do not know is
when or whether eculizumab can be withdrawn after remis-
sion as there are reports of the development of severe relapse
in this situation [8]. The European Medicines Agency has
approved life-long therapy.

Should the guidelines for management of aHUS
be updated?

We are now 3 years further on and it is time to update the
European guidelines. At what point do we decide that case
series or individual reports demonstrating benefit are
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sufficient to justify following a new treatment plan? Many
clinicians now believe that eculizumab should be the new
standard of care for children with aHUS [2, 3, 6]. Should it
be first line treatment or should it only be used after failure
of plasmapheresis? The expense of the drug has to be taken
into consideration, but part of the economics has to include
the social and financial aspects of saving a patient from
dialysis and transplantation. Are we now in a better position
to assess the benefits of eculizumab than we were for assess-
ing those of plasmapheresis?

Conclusion

Before we embark on widespread changes of management
policy we need to establish that certain criteria are in place
to monitor the effects of our changes. First of all we need to
have a system for rapid genetic screening and diagnosis to
enable stratification of outcomes according to mutation
analysis. Secondly, as genetic abnormalities alone are not
the whole answer to disease risk, severity and outcome, we
need to find other biomarkers (such as functional comple-
ment pathway assays) and determinants of environmental
triggers. Thirdly, we must decide upon our definitions for
success. Clear outcome measures are death and need for
ongoing dialysis, but there may be a range of morbidities,
such as proteinuria, hypertension, varying grades of CKD
and relapses, over an unpredictable time course. Finally, we
must decide what our treatment protocols will be, whether
all children will be treated with the same protocol, and, if
treatment is successful, how long it will be continued for.
Should a strategy for treatment withdrawal be part of any
protocol? Most important of all, the development of regis-
tries for aHUS will be critical, but data to determine out-
come will only be useful if genetic testing is available and

standardized treatment regimens and outcome definitions
are used to enable useful analysis.
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