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A B S T R A C T

Background

Haemolytic uraemic syndrome (HUS) and thrombotic thrombocytopenic purpura (TTP) are related conditions with similar clinical features
of variable severity. Survival of patients with HUS and TTP has improved greatly over the past two decades with improved supportive care
for patients with HUS and by the use of plasma exchange (PE) with fresh frozen plasma (FFP) for patients with TTP. Separate pathogenesis
of these two disorders has become more evident, but management overlaps.

Objectives

To evaluate the benefits and harms of diHerent interventions for HUS and TTP separately, in patients of all ages.

Search methods

We searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL), conference proceedings, reference lists of
articles and text books and contact with investigators were used to identify relevant studies.

Selection criteria

Randomised controlled trials (RCTs) evaluating any interventions for HUS or TTP in patients of all ages.

Data collection and analysis

Three authors independently extracted data and evaluated study reporting quality using standard Cochrane criteria. Analysis was
undertaken using a random eHects model and results expressed as risk ratio (RR) and 95% confidence intervals (CI).

Main results

For TTP, we found six RCTs (331 participants) evaluating PE with FFP as the control. Interventions tested included antiplatelet therapy (APT)
plus PE with FFP, FFP transfusion and PE with cryosupernatant plasma (CSP). Two studies compared plasma infusion (PI) to PE with FFP
and showed a significant increase in failure of remission at two weeks (RR 1.48, 95% 1.12 to 1.96) and all-cause mortality (RR 1.91, 95%
1.09 to 3.33) in the PI group. Seven RCTs were undertaken in children with HUS. None of the assessed interventions used (FFP transfusion,
heparin with or without urokinase or dipyridamole, shiga toxin binding protein and steroids) were superior to supportive therapy alone, for
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all-cause mortality, neurological/extrarenal events, renal biopsy changes, proteinuria or hypertension at the last follow-up visit. Bleeding
was significantly higher in those receiving anticoagulation therapy compared to supportive therapy alone (RR 25.89, 95% CI 3.67 to 182.83).

Authors' conclusions

PE with FFP is still the most eHective treatment available for TTP. For patients with HUS, supportive therapy including dialysis is still the
most eHective treatment. All studies in HUS have been conducted in the diarrhoeal form of the disease. There were no RCTs evaluating the
eHectiveness of any interventions on patients with atypical HUS who have a more chronic and relapsing course.

P L A I N   L A N G U A G E   S U M M A R Y

Interventions for haemolytic uraemic syndrome and thrombotic thrombocytopenic purpura

This review also showed that in patients with typical or diarrhoea associated haemolytic uraemic syndrome, there are no interventions
that are superior to supportive therapy which includes control of fluid and electrolyte imbalance, use of dialysis if required, control of
hypertension and blood transfusion as required.

Interventions for haemolytic uraemic syndrome and thrombotic thrombocytopenic purpura (Review)
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B A C K G R O U N D

Haemolytic uraemic syndrome (HUS) and thrombotic
thrombocytopenic purpura (TTP) are related conditions with
similar clinical features of variable severity. The clinical and
pathologic features of TTP and HUS oQen overlap (Kaplan 1995),
leading some to recommend the term "TTP-HUS". Although TTP
and HUS can aHect many of the same organ systems, the
frequency with which they do so diHers markedly, and the detailed
histopathologic features of the lesions of TTP and HUS are distinct
(Hosler 2003). Recent studies demonstrate that these disorders
can be diHerentiated by the high incidence of severe deficiency
of the VWF cleaving protease ADAMTS13 (a disintegrin and
metalloprotease with thrombospodin) in patients with clinically
diagnosed TTP (Bianchi 2002; Furlan 1998; Tsai 1998), but not HUS.

ADAMTS13 levels are normal in some cases of idiopathic TTP and in
almost all cases of thrombotic microangiopathy (TMA) associated
with stem cell or organ transplantation, cancer, infections, severe
hypertension, and certain drugs. Therefore, mechanisms other
than ADAMTS13 deficiency can cause TMA and various studies have
implicated endothelial injury, platelet activation, and alterations
in blood clotting as contributory factors. TTP occurs with an
estimated annual incidence of 3.7 cases/million (Torok 1995) and
is more common in females (female/male ratio of 3:2) with a
peak incidence occurring in the fourth decade (Vesely 2003). The
mortality rate of TTP exceeds 90% without therapy. With the advent
of plasma-based therapy there has been a dramatic improvement
in the long-term survival, which now approaches 80% (Allford
2003). Two diHerent forms of plasma therapy used, include plasma
infusion (PI) (Byrnes 1977) and plasma exchange (PE) with fresh
frozen plasma (FFP) (Bukowski 1976). Cryosupernatant PE (Rock
1996) and solvent/detergent-treated PE (SDTP) have also been used
in the treatment of some patients with TTP (Sacher 1996). Over
the last few decades several other interventions including steroids,
other immunosuppressants such as vincristine, antiplatelet and
thrombolytic agents have been studied in patients with TTP with
varying results.

HUS usually aHects young children and has been classified in
several ways, the most common type, the "typical" form is
associated with diarrhoea due to infection with a Shiga toxin
producing Escherichia coli or Shigella dysenteriae. This form of HUS
accounts for at least 95% of all cases in children (Remuzzi 1995;
Ruggenenti 2001) and may cause sporadic or epidemic disease.
E. coli O157:H7 is the strain most commonly associated with HUS
worldwide, however there is considerable geographic variation.
Infection with Shiga toxin-producing organisms occasionally
causes HUS in adults. The "atypical" forms of HUS, which may
exhibit autosomal-dominant or recessive inheritance, are less
common (Kaplan 1992). Some patients with a family history of
HUS demonstrate persistently low levels of complement, caused
by a homozygous deficiency of complement factor H (Taylor 2001).
Their disease runs a chronic, relapsing course, oQen complicated
by hypertension and renal insuHiciency and exacerbations may be
precipitated by intercurrent illness.

The overall incidence of HUS in children aged less than five
years ranges from 1.1 to 5.8/100,000 (Bender 1997; Decludt 2000;
Elliott 2001; Martin 1990; Milford 1990; Rowe 1991). Incidence has
been estimated at 0.64/100,000 children aged less than 15 years
(Elliott 2001). The mortality rate ranges from 2.6% to 7.4% (Elliott

2001). Morbidity, in terms of end-stage kidney disease (ESKD) and
mortality is higher (23% and 22%, respectively) in atypical HUS than
in diarrhoea-associated disease (Neuhaus 1997). Unlike children,
adults with HUS due to E. coli 0157:H7 infection have high mortality
rates, up to 86% in the elderly (Decludt 2000).

The clinical course of HUS appears to depend on cause and age.
Children with post-diarrhoeal HUS generally do well provided
appropriate care is given in a timely fashion. The mortality
rate in this group has been reduced to 5% with appropriate
supportive care which include blood transfusion, correction of
fluid and electrolyte imbalance, dialysis as required and control of
hypertension (Banatvala 2001; Remuzzi 1995). Despite a favourable
short-term outcome, many children with Shiga-toxin associated
HUS develop chronic kidney disease (CKD) over time. Other forms
of therapy which have been tried over the past two decades in
patients with HUS, include steroids, antiplatelet and thrombolytic
agents, vitamin E, PI and PE.

The mainstay of treatment for HUS and TTP is supportive therapy
and there is no consensus on the role of specific therapies, many
of which have been proposed for these diseases. In this review
we aim to identify interventions evaluated by RCT in patients with
HUS and TTP and evaluate their eHectiveness in respect to our
clinical outcomes of interest including failure of remission, death
and other severe complications, relapse, ESKD and persistent renal
impairment.

O B J E C T I V E S

The aim of this review was to evaluate the benefits and harms of
diHerent interventions for HUS and TTP in patients of all ages. We
aimed to assess the interventions for HUS and TTP separately.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Studies eligible for inclusion in the review included all randomised
controlled trials (RCTs) and quasi-RCTs (studies in which allocation
to treatment group was obtained by alternation e.g. use of alternate
medical records, date of birth or other predictable methods) which
compared an intervention with placebo, an intervention with
supportive therapy, or one or more diHerent interventions for HUS
or TTP.

Types of participants

Inclusion criteria

Studies, which included previously healthy patients of all ages
fulfilling the diagnostic criteria for either HUS or TTP, were included.

• HUS was defined as acute onset of renal impairment
(oliguria or anuria with elevated serum urea and creatinine),

thrombocytopenia (platelet count < 150 x 109/L), and
microangiopathic haemolytic anaemia (haemoglobin <10 g/dL
with microscopic evidence of fragmented red blood cells in a
peripheral blood smear).

• TTP was defined as acute onset of central nervous
system abnormalities in association with thrombocytopenia,
microangiopathic haemolytic anaemia, fever, and renal
impairment (with a variable range of severity).
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Studies in which ≥ 75% subjects had renal impairment and/
or CNS abnormalities, thrombocytopenia and microangiopathic
haemolytic anaemia were eligible for inclusion in this review.

Exclusion criteria

Patients with septicaemia, known CKD, collagen or vascular
disorders, or pre-existing malignant hypertension were excluded.

Types of interventions

Interventions compared with placebo or supportive therapy
including dialysis (haemodialysis or peritoneal dialysis) or a
comparison of two or more interventions were examined.
Interventions examined included heparin, aspirin/dipyridamole,
prostanoids, ticlopidine, vincristine, fresh-frozen plasma (FFP)
infusion, plasmapheresis with FFP or cryosupernatant plasma
(CSP), systemic corticosteroids, Shiga toxin binding agents or
immunosuppressive agents.

Types of outcome measures

For patients with TTP the principal outcome of interest was failure
of response to therapy, defined as failure of remission at or less than
two weeks and at one month. Other outcomes of interest included
all-cause mortality, and relapse rate during the follow up period
(more than two months). For patients with HUS, the principal
outcome of interest was all cause mortality. Other outcomes of
interest included ESKD; renal biopsy changes (cortical necrosis,
glomerular thrombotic microangiopathy and arterial thrombotic
microangiopathy), persistent proteinuria, hypertension and CKD
(glomerular filtration rate of < 80 mL/min/1.73 m2) at the last follow-
up. Other outcomes of interest in both groups of patients (TTP and
HUS) were extra renal manifestations of disease. Adverse eHects of
treatment such as bleeding, opportunistic infections and allergic
reactions to the intervention were also of interest.

The definition of response or remission rate was that defined by the
study investigators. This was usually improvement of platelet count

> 150 x 109/L for three consecutive days with or without resolution
of haemolysis and normalisation of serum creatinine. Proteinuria
was defined as the presence of > 2+ protein on urinalysis or > 4 mg/
m2/h protein in a 24 hour urine sample. Hypertension was defined
as systolic and diastolic blood pressure over 95th centile for the age
and height.

Search methods for identification of studies

Electronic searches

1. The Cochrane Renal Group's specialised register and the
Cochrane Central Register of Controlled Trials (CENTRAL) in
The Cochrane Library (Issue 4, 2008). CENTRAL and the Renal
Groups specialised register contain the handsearched results of
conference proceedings from general and speciality meetings.
This is an ongoing activity across the Cochrane Collaboration
and is both retrospective and prospective (Master List 2007).
Please refer to The Cochrane Renal Group's Module in The
Cochrane Library for the most up-to-date list of conference
proceedings (Renal Group 2008).

2. MEDLINE (1966 to June 2006) using the optimally sensitive
strategy developed for the Cochrane Collaboration for the
identification of RCTs (Dickersin 1994 with a search strategy
developed with input from the Cochrane Renal Groups Trial
Search Co-ordinator.

3. EMBASE (1980 to June 2006) using a search strategy adapted
from that developed for the Cochrane Collaboration for the
identification of RCTs (Lefebvre 1996) with a search strategy
developed with input from the Cochrane Renal Groups Trial
Search Co-ordinator.

Searching other resources

Other sources searched included reference lists of textbooks,
reviews, previous studies and conference proceedings of the
International Paediatric Nephrology Association, the American
Society of Nephrology, the International Congress of Nephrology
and the European, Dialysis and Transplantation Association.
Authors of identified studies were contacted to see if they knew of
unpublished studies. Studies in languages other than English were
translated and included and duplicate publications of the same
study were identified through reading the articles in question and
contacting the authors.

Data collection and analysis

Study selection

Three authors (MM, EE, GR) independently screened the titles and
abstracts of the literature search and assessed study eligibility
against defined inclusion criteria. This process favoured over-
selection in order to include all relevant studies. The full article
was retrieved if uncertainty existed or when the abstract was not
available. Any disagreement about article selection was resolved
through discussion.

Methodological quality assessment

The three authors assessed the quality of included studies
independently without blinding to authorship or journal of
publication using the checklist developed for the Cochrane Renal
Group. Discrepancies were resolved by consensus. The quality
items assessed were allocation concealment, intention-to-treat
analysis, completeness of follow-up and blinding of investigators,
participants and outcome assessors (Hollis 1999; Moher 1998;
Schulz 1995).

Data extraction

From all included studies, three authors extracted data
using a standardised form. Study date and place, participant
characteristics, intervention (type of treatment, dose, duration, co-
interventions), comparator and primary and secondary outcomes
of interest were recorded. When appropriate, authors of primary
studies were contacted for clarification of data and to obtain
missing information. Any discrepancies in data extraction were
resolved in discussion. When results of a study were published
more than once, the most complete data were extracted from
all sources and used in the analysis only once. For dichotomous
outcomes, results were expressed as risk ratio (RR) with 95%
confidence intervals (CI). Data were pooled using a random eHects
model whenever appropriate, but the fixed eHects model was also
analysed to ensure robustness and susceptibility to outliers. Mean
diHerence (MD) with 95% CI was used where continuous scales
of measurement were used to assess the eHects of treatment.
Statistical heterogeneity was analysed using the Cochran Q test on
N-1 degrees of freedom, with an alpha of 0.1 used for statistical
significance and I2 statistics with >10% for statistical significance
(Higgins 2003). There were insuHicient studies to explore possible
sources of variability.
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R E S U L T S

Description of studies

Of the 771 articles identified by an extensive literature search,
aQer review of the title and abstracts by two authors, 688
were excluded (Figure 1). The reasons for exclusion were non-
randomised design, case reports, non-interventional studies and
duplicate publications. Of the 83 full text articles reviewed, 15
eligible studies were identified (Bobbio-Pallavicini 1997; Henon
1992; Loirat 1984; Loirat 1988; Perez 1998; Rizzoni 1988; Rock
1991; Rock 2005; Roethele 2000; Trachtman 2003; Van Damme-

Lombaerts 1988; Vitacco 1973; Ziegler 2001). Of these, six studies
(Bobbio-Pallavicini 1997; Henon 1992; Perez 1998; Rizzoni 1988;
Rock 1991; Rock 2005; Roethele 2000; Ziegler 2001) compared
diHerent interventions in patients with TTP and were included.
Nine studies compared diHerent interventions in children with
HUS and seven of these studies (Loirat 1984; Loirat 1988; Perez
1998; Rizzoni 1988; Trachtman 2003; Van Damme-Lombaerts 1988;
Vitacco 1973) was included. Two of the nine HUS studies identified
were published only in an abstract form and excluded because
insuHicient outcome data were available (Muller-Wiefel 1989;
Thomson 1987).
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Figure 1.   Flowchart of study selection
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Characteristics of the population and intervention of included
studies are presented in Characteristics of included studies. Of six
included studies on interventions for TTP (331 patients), Roethele
2000 (35 patients) included patients with HUS or TTP (age 18 to 80
years) and insuHicient data were provided to enable us to separate
these groups. Because all patients included in this study were
aged over 18 years, it is likely that most had TTP or atypical HUS,
so this study was included with TTP studies for the purpose of
this review. In all these six studies the main comparator (control)
treatment was PE using FFP. In three studies (116 patients) PE
with FFP was compared with CSP or cryoprecipitate poor plasma
(CPP). In two studies (143 patients) PE with FFP was compared with
FFP transfusion and in these studies both treatment and control
groups also received antiplatelet therapy (APT), namely aspirin and
dipyridamole. In one study (72 patients) eHectiveness of APT was
tested, the control group received PE with FFP plus steroid and the
treatment group received with PE with FFP plus steroid plus APT for
15 days. The patients who responded by achieving remission from
the APT group received ticlopidine for one year. For 5/6 studies the
follow-up period was more than six months.

Of the 476 patients in the seven included studies evaluating
interventions for HUS, most were young children with post-
diarrhoeal (typical) HUS (>70% in three studies (Loirat 1988;
Rizzoni 1988; Van Damme-Lombaerts 1988), 100% in two studies
(Perez 1998; Trachtman 2003), not reported in two studies (Loirat
1984; Vitacco 1973). None of these studies reported outcomes
separately for children with typical and atypical HUS. In all
HUS studies supportive therapy plus a specific intervention
(treatment group) was compared with supportive therapy alone
(control group). Supportive therapy generally included control
of fluid and electrolyte imbalance, use of dialysis if required,
control of hypertension and blood transfusion as required. In
five of the seven studies peritoneal dialysis (PD) was used when
dialysis was indicated but in two studies the type of dialysis
used was not specified. A range of interventions was studied,
including heparin with or without urokinase or dipyridamole
(three studies, 121 patients); FFP infusion (two studies, 111
patients); methylprednisolone (one study, 94 patients) and shiga-
toxin binding agent called Synsorb-Pk (one study, 150 patients).

Risk of bias in included studies

TTP studies

• Allocation concealment was unclear in two (33%) and adequate
in four (67%) studies.

• Blinding of participants, investigators and outcome assessors
was not stated in any of the six studies.

• In two (33%) studies intention-to-treat analysis was used.

• Between 0% and 10% participants were lost to follow up in five
(83%) studies and 49% in one (17%) study.

HUS studies

• Allocation concealment was unclear in two (29%) and adequate
in five (71%) studies.

• Participants and investigators were blinded in two (29%) studies
but blinding was not reported in five (71%) studies. The outcome
assessor was blinded in one (14%) study but not reported in five
(86%) studies.

• Intention-to-treat analysis was used in five (71%) studies.

• Between 0% and 5% were only lost to follow-up in all seven
(100%) studies.

E?ects of interventions

TTP studies

In all studies involving patients with TTP, PE with FFP was used as
the control. Interventions tested included with CPP or CSP, PI and
APT. Initially we used meta-analysis to compare any interventions
with PE with FFP and found no significant diHerence between
the treatment and control groups in failure of remission at one
month (Analysis 1.2 (4 studies, 140 patients): RR 1.19, 95% CI 0.71
to 2.00); all-cause mortality (Analysis 1.3 (6 studies, 309 patients):
RR 0.96, 95% CI 0.45 to 2.08); and relapse rate (Analysis 1.4 (4
studies, 126 patients): RR 0.78, 95% CI 0.39 to 1.58). However,
failure of remission at two weeks was significantly higher in the
intervention group than the control group ( (Analysis 1.1 (4 studies,
264 patients): RR 1.36, 95% CI 1.06 to 1.74). There was significant
heterogeneity between studies for most outcomes, which was
expected considering the variety of interventions used. However
there was no significant heterogeneity among the studies included
in the meta-analysis for failure of remission at two weeks (X2 = 2.34,
P = 0.50; I2 = 0%) and relapse rate (X2 = 3.28, P = 0.35; I2 = 9%).

Further meta-analysis was performed including only studies using
the same interventions. Three studies (Rock 2005; Roethele 2000;
Ziegler 2001) (116 patients) compared the use of PE with CSP or CPP
to PE with FFP. Failure of remission at two weeks (Analysis 2.1) and
one month (Analysis 2.2) was reported only in one of these studies;
all-cause mortality was reported for three studies (Analysis 2.3); and
relapse rate was reported in two studies (Analysis 2.4). There was
no significant diHerence between PE with FFP and PE with CSP/CPP
for any of the four outcomes of interest. There was no significant
heterogeneity between the studies.

In two TTP studies (Henon 1992; Perez 1998) (140 patients), PI
with FFP plus APT was compared with PE with FFP plus APT. The
failure of remission at < 2 weeks was significantly higher in the
PI group (Analysis 3.1 (2 studies, 140 patients): RR 1.48, 95% 1.12
to 1.96). In addition, all-cause mortality was significantly higher in
the PI group (Analysis 3.3 (2 studies, 140 patients): RR 1.91, 95%
1.09 to 3.33). Failure of remission rate at one month (Analysis 3.2
(2 studies, 72 patients): RR 1.50, 95% CI 0.93 to 2.42) and relapse
rate (Analysis 3.4 (2 studies, 99 patients): RR 0.34, 95% CI 0.10 to
1.15) was not significantly diHerent between control and treatment
groups. There was no significant heterogeneity between the studies
for any of these reported outcomes.

In Bobbio-Pallavicini 1997 the eHect of APT was tested in patients
with TTP. Aspirin and dipyridamole were used for 15 days and
patients in the treatment arm who had gone into remission were
then treated with ticlopidine for one year. Both the treatment and
control groups received PE with FFP and steroid. There was no
significant diHerence between the two groups with regard to failure
of remission at 2 weeks (Analysis 4.1) or at one month (Analysis 4.2),
or in all-cause mortality (Analysis 4.3) and relapse rate (Analysis
4.4).

Side eHects of treatment were reported in only 2/6 TTP studies.
In Bobbio-Pallavicini 1997 which used APT, 4/35 patients from
the APT arm had transient worsening of pre-existing bleeding
but none of the nonbleeding patients experienced any bleeding.

Interventions for haemolytic uraemic syndrome and thrombotic thrombocytopenic purpura (Review)
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In addition, 2/32 patients from ticlopidine group developed
severe erosive gastritis that resolved with medical treatment.
In Rock 1991, which compared PI with PE, 6/51 patients in
the PE group and 5/51 patients in PI group reported no
complications. The remaining patients from both groups all
experienced minor complications, including nausea, hypotension,
tachycardia, tachypnoea, dizziness, chills or oedema. In addition,
eight of these had bleeding and four patients in each group had
seizures during the procedure.

HUS studies

In the studies, that included patients with HUS, supportive therapy
(control group) was compared with a range of interventions
including anticoagulation therapy, FFP infusion, steroid and a Shiga
toxin binding agent. None of the tested interventions were superior
to supportive therapy alone (Analysis 5.1, Analysis 5.2, Analysis 5.3,
Analysis 5.4).

In three studies (Loirat 1984; Van Damme-Lombaerts 1988; Vitacco
1973) anticoagulation therapy was used (heparin alone in one
study, heparin and urokinase in one study, and heparin and
dipyridamole in one study. In all these studies the treatment
and control groups received supportive therapy. There was no
significant diHerence between the groups for any of the primary
or secondary outcomes including all-cause mortality (Analysis 6.1),
neurological events (Analysis 6.2), renal biopsy changes (Analysis
6.3, Analysis 6.4), proteinuria (Analysis 6.5) or hypertension
(Analysis 6.6) at the last follow-up. However, the incidence of
bleeding was significantly higher in the group that received
anticoagulation therapy compared to supportive therapy alone
(Analysis 6.8 (3 studies, 124 patients): RR 25.89, 95% CI 3.67 to
182.83). There was no heterogeneity between the studies for this
outcome (X2 = 0.02, I2 = 0%). Nineteen (33%) of 58 children who
received an anticoagulant but none of 66 children in the control
group experienced bleeding.

Because 1/3 studies had no bleeding events, the relative frequency
was not estimable. We therefore looked at risk diHerence (RD) to
investigate the diHerence in event rates. When the random eHects
model was used there was no significant diHerence between the
two groups (Analysis 6.9: RD 0.44, 95% CI -0.39 to 1.28), however
when we used the fixed eHect model the diHerence was significant
(Analysis 6.10: RD 0.35, 95% CI 0.25 to 0.45). It is important to
highlight these significant diHerences in bleeding rates between the
two interventions under study, however, the imprecision caused by
zero event rates and the significant heterogeneity (X2 = 132.22, I2 =
98%) should be considered when interpreting this result.

In two studies (Loirat 1988; Rizzoni 1988) (117 patients) FFP infusion
was compared with supportive therapy. There was no significant
diHerence between the two groups for any of the outcomes of
interest (Analysis 7.1, Analysis 7.2, Analysis 7.3, Analysis 7.4).
Perez 1998 (94 patients) compared steroids with placebo and
there was no significant diHerence between the two groups for
any of the outcome measures of interest (Analysis 8.1, Analysis
8.2, Analysis 8.3). Trachtman 2003 compared shiga toxin binding
agent (Synsorb-Pk) and placebo (145 patients) (comparison 09).
There was no significant diHerence between the two groups for
any of the outcome measures of interest (Analysis 9.1, Analysis
9.2, Analysis 9.3, Analysis 9.4, Analysis 9.5). Subgroup analysis
performed according to study quality, year of the study (before and
aQer 1990) and type of HUS (diarrhoea associated or typical versus

atypical) did not demonstrate any diHerences in treatment eHects
for the outcome of all cause mortality in the HUS studies.

Side eHects of treatment were reported in five studies. As reported
above, rates of bleeding were significantly higher in patients
receiving anticoagulation. In one study that compared supportive
therapy plus steroid with supportive therapy and placebo, the
number of cases of peritonitis was similar between groups. In
Rizzoni 1988, which compared PI with supportive therapy, PI had to
be stopped aQer seven days in one child due to cardiac overload.
This study also reported non-A non-B hepatitis in two children from
the control group but none from PI group.

D I S C U S S I O N

This is the systematic review of the literature for RCTs evaluating
interventions for HUS or TTP. We have shown that PE with FFP
is more eHective than FFP alone in patients with TTP and that
other interventions provide no significant additional benefit over
PE with FFP with regard to any of the outcomes of interest (failure
of remission, all-cause mortality and relapse rate) from any of the
interventions tested in RCTs (PE with CSP or CPP; PI and APT; or PE
with FFP and APT).

PE with CSP or CPP in three studies conferred no advantage over PE
with FFP for outcomes of interest. Although use of CSP may incur
additional cost, none of the studies compared the diHerence in cost
involved with the use of CSP or CPP as opposed to FFP. In one study,
which used APT reported slightly increased risk of bleeding and
gastritis in the APT group but no significant diHerence for any of the
four outcomes of interest.

Based on the results of this systematic review, use of
PE with FFP remains the primary treatment of choice for
patients with TTP. Alternative therapies confer no additional
benefit but increased risk. Some patients with TTP require
prolonged PE to prevent a fatal outcome and to achieve
a sustained remission. In these patients adjunct treatments
including immunosuppressive agents such as corticosteroids,
vincristine, cyclophosphamide, azathioprine, cyclosporin A, high
dose intravenous immunoglobulin, staphylococcal protein A,
immunoadsorption or splenectomy have been used with variable
results (Crowther 1996; Durand 1992; Udvardy 1990). However,
we found no RCTs testing the eHectiveness of any of these
interventions. Use of rituximab, an anti-CD20 monoclonal
antibody, has shown promise in a small prospective cohort study
in patients with acute refractory and severe relapsing TTP related
to anti-ADAMTS13 antibodies (Fakhouri 2005). The transfusion
Medicine/Haemostasis (TMH) Clinical Trials Network from North
America have initiated a RCT comparing the eHectiveness of
early use of rituximab versus placebo in addition to PE and
glucocorticoids (George 2006).

For HUS, we found that FFP, anticoagulation therapy, steroids and
Shiga toxin binding agent confer no advantage over supportive
therapy alone for any of the outcomes; all-cause mortality,
neurological/extra renal events, ESRD, renal biopsy changes or
proteinuria, and hypertension at the last follow-up. Adverse
eHects were reported in 5/7 included studies and bleeding was
significantly higher with anticoagulation therapy in the three
studies which compared its eHectiveness. In the majority of the
studies (5/7) peritoneal dialysis was used when dialysis was
indicated. This contrasts with current practice in the majority of the
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North American centres where the preferred mode is haemodialysis
or continuous venovenous haemodiafiltration (CVVHD) for the
management of acute kidney injury (Maxvold 2003). Our findings
likely reflect the age of the studies included in the review, as 5/7
studies were published before 1990 and one before 2000.

It is important to note that in 5/7 HUS studies, included
predominantly children with post-diarrhoeal HUS (> 70% in three
studies, 100% in two studies, not reported in two studies) and
that no papers reported outcomes separately for children with
diarrhoea-associated (typical) and atypical HUS. It has been
suggested in the literature that atypical cases have a worse
outcome. In two studies, in which FFP infusion was compared with
supportive therapy, there was no significant diHerence between the
treatment and control groups for any of the outcomes of interest.
However, the majority (> 70%) of patients in both studies had post-
diarrhoeal HUS, which usually remits with supportive therapy. The
eHectiveness of PE was tested in Muller-Wiefel 1989, which was
not included in this systematic review as it was published only in
an abstract form and data regarding outcomes of interest for this
review were not available. This study failed to show any superior
response on incidence of recurrence or ESKD in their small subset
of high-risk patients.

Based on the results of this systematic review, supportive therapy
(including blood transfusion, control of fluid and electrolyte
imbalance, dialysis when indicated and control of hypertension)
remains the preferred management for patients with post-
diarrhoeal HUS. However, we identified only a small number of
studies, many of them old and none comparing the eHectiveness
of diHerent types of dialysis (peritoneal dialysis, haemodialysis
or CVVHD) in patients with acute kidney injury due to HUS. We
found no RCTs that evaluated the eHectiveness of any interventions
including PI or PE in patients with atypical HUS, who may
have a more chronic and relapsing course and present with
features similar to TTP. Atypical HUS is not a homogeneous
condition but has several diHerent aetiologies and is a rare disease.
Hence multicentre studies in well-characterised patients would be
required to evaluate specific treatments.

Limitations of this review include the small number, suboptimal
methodological quality and age of included studies, the possibility
of publication bias, the small number of participants with atypical
HUS, and the failure to separate atypical and typical HUS in
recruitment and reporting of studies.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Results of this review suggest, for patients with TTP early use
of PE with FFP remains as the primary treatment of choice and
alternative therapies confer no additional benefit but increased
risk. And for patients with HUS, supportive therapy including blood
transfusion, control of fluid and electrolyte imbalance, dialysis
when indicated and control of hypertension, remains as the
primary treatment of choice. Majority of the studies used peritoneal
dialysis (5/7 studies and 2/7 studies did not mention the type of
dialysis used) when dialysis was indicated which might reflect the
age of the studies as 5/7 studies were conducted before 1990. Hence
there is no data to support the use of any one particular type of
dialysis. As majority of the studies included diarrhoea positive HUS
(typical HUS) patients and since we were unable to separate the
data between the typical and atypical HUS, there is no data to
suggest whether PI is useful in atypical HUS patients.

Implications for research

Studies to look at eHectiveness of novel therapies may be needed
to improve outcome for TTP and HUS. Especially RCTs that evaluate
the eHectiveness of any interventions including PI or PE in patients
with atypical HUS, who may have a more chronic and relapsing
course and present with features similar to TTP are needed.
As atypical HUS is a rare disease, multicentre studies in well-
characterised patients would be required to evaluate specific
treatments.
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- subjects: No 
- assessors: No 
- therapists: No 
Eligibility criteria for participants: Yes 
Baseline comparability of groups: yes 
Intention-to-treat analysis: NS 
Follow-up: 100% (60 months)

Participants Inclusion criteria

• Adults with TTP (platelet count < 100 x 109/L, microangiopathic haemolytic anaemia, high lactate de-
hydrogenase, low haptoglobin)

• Age (mean ± SD)

• Males: 39.6 ± 15.4 years

• Females: 37.3 ± 15.7 years

• Sex (M/F): 25/47

Treatment group 
Number: 35

Control group 
Number: 37

Interventions Treatment group

• PE: 7 to 10 sessions, with at least 7 sessions in the first 10 days

• Methylprednisolone (2 mg/kg/d IV)

• Acetylsalicylic acid or lysine salicylate

• Dypyridamole (3 mg/kg/d orally or 0.4 mg/kg/d IV)

Control group

• PE plus methylprednisolone

• Assessment of disease status at 15 days

• Patients who achieved full remission were treated with APT (ticlopidine (500 mg/d) for 1 year). Patients
who achieved partial remission were scheduled to receive 7 more PEs and, if complete remission was
not achieved, were given high dose IgG (0.4 g/kg/d, for 5 days). If complete remission was still not
achieved, patients were treated as non-responders (given salvage treatment of choice: vincristine,
PGI2, high-dose IgG, or splenectomy)

• Placebo: no

Outcomes • Failure of remission at 2 weeks

• Failure of remission at 1 month

• All-cause mortality

• Relapse rate

• Disease status at 15 days: Complete remission: (platelets >150 x 109/L, reticulocytes < 100 x 109/L, LDH
< 300 U/L, serum BUN < 50 mg% and creatinine 1.2 mg%)

Notes • TTP study

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Bobbio-Pallavicini 1997  (Continued)
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Methods Country: France 
Recruitment: Multicentre 
Randomisation: Central 
Blinding 
- subjects: NS 
- assessors: NS 
- therapists: NS 
Intention-to-treat analysis: No 
Follow-up: 100% (12 months)

Participants Inclusion criteria

• Adults with TTP

• 28 French natives, 9 natives of other Mediterranean countries.

• Five patients with cancer (3 treated with mitomycin C and diagnosed with TTP)

• 5 cases developed due to incorrect treatment with ticlopidine (3), aspirin (2) for venous thrombosis
and 3 cases with cimetidine.

• Pregnancy (2), oral contraceptives (8), tobacco (12), alcoholism (2). Only 37% patients presented with
triad of haemorrhage, neurological symptoms, renal impairment. All patients however presented all
eligibility criteria at some point in their clinical course.

Males/age: 14, median 35 years (range: 19-62) 
Females/age: 25, median 39 years (range: 18-57)

Treatment group 
Number: 19

Control group 
Number: 19

Interventions Treatment group

• Daily PE with FFP (15 mL/kg) in albumin (45 mL/kg) until complete remission achieved.

Control group

• Daily transfusion of FFP (15 mL/kg) until complete remission achieved

Both groups received aspirin (10 mL/kg/d) plus dipyridamole (10 mg/kg/d). 
If treatment or control failed, a common regime of PE with FFP (60 mL/kg/d) tried. After a second fail-
ure, salvage therapy (splenectomy, steroids, vincristine, infusion of PGI2), alone or in various combina-
tions, could be tried

Outcomes • Failure of remission at 2 weeks

• Failure of remission at 1 month

• All-cause mortality

• Relapse rate

• Complete remission (normalisation of clinical biochemical parameters)

Notes • TTP study

• Post randomisation exclusions
* 2 patients, 1 from treatment (due to death prior to treatment) and 1 from control group(due to

wrong diagnosis)

Risk of bias

Bias Authors' judgement Support for judgement

Henon 1992 
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Allocation concealment? Unclear risk B - Unclear

Henon 1992  (Continued)

 
 

Methods Country: France 
Recruitment: Multicentre 
Random allocation: yes 
Blinding 
- subjects: NS 
- assessors: NS 
- therapists: NS 
Intention-to-treat analysis: NS 
Eligibility criteria: Yes 
Baseline characteristics of participants: Yes 
Follow-up: 100% (42 months)

Participants • French children with HUS

• Most under 3 years

Treatment group 
Number: 15

Control group 
Number: 18

Interventions Treatment group

• Urokinase and heparin plus supportive care

Control group

• Support care alone

Supportive care was similar in both groups (PD if dialysis indicated).

Outcomes • All-cause mortality

• Proteinuria at last follow-up

• Hypertension at last follow-up

• Adverse events: bleeding

Notes • HUS study

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Loirat 1984 

 
 

Methods Country: France 
Recruitment: Multicentre study (19 units) involving French Society of Paediatric Nephrology 
Random allocation: yes, stratified by centre 
Eligibility criteria: Yes 
Baseline characteristics of participants: Similar 

Loirat 1988 
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Blinding 
- subjects: NS 
- assessors: NS 
- therapists: NS 
Intention-to-treat analysis: Yes 
Follow-up: 100% (short-term); ˜ 75% (12 months)

Participants Inclusion criteria

• Median age: 19 months (range 2 months to 13 years)

• Sex: 40 males

Treatment group 
Number: 39

Control group 
Number: 40

Interventions Treatment group

• FFP 10 mL/kg/d for 7 days plus supportive care

Control group

• Supportive care only

Supportive care was similar in both groups (PD if indicated)

Outcomes • All-cause mortality

• ESKD (dialysis-dependent at 6 weeks)

• Proteinuria at last follow-up

• Hypertension at last follow-up

Notes • HUS study

• Diarrhoea prodrome: 87%

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Loirat 1988  (Continued)

 
 

Methods Country: Argentina 
Recruitment: Single tertiary care paediatric hospital. 
Randomised: Computer- generated 
Inclusion criteria participants: yes 
Baseline characteristics: Similar 
Blinding 
- subject: Yes 
- therapist: No 
- assessor: Yes 
Placebo controlled: Yes 
Intention-to-treat analysis: No 
Follow-up: 98% (2 weeks)

Participants Inclusion criteria

Perez 1998 
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• Sex: 48 males

• Median age: 13 months (range 9-23)

• Groups were similar at study entry (age, sex, seizure history, haematology, biochemistry)

Treatment group 
Number: 45

Control group 
Number: 47

Interventions Treatment group

• Methylprednisolone (5 mg/kg/d), 4 times a day for 7 days

• Supportive care

Control group

• Placebo (matched for colour, flavour appearance)

• Supportive care

Supportive interventions similar in both groups (type of dialysis not specified)

Outcomes • All-cause mortality

• Neurological event

• Adverse events: peritonitis

Notes • HUS study

• Diarrhoea-associated HUS (100%)

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Perez 1998  (Continued)

 
 

Methods Country: Italy 
Recruitment: Multicentre (4 paediatric Nephrology Departments) 
Randomisation: Centrally, stratified for age (< 3 or > 3 years) 
Inclusion criteria for participants: Yes 
Baseline characteristics: Similar 
Blinding 
- subjects: NS 
- therapists: NS 
- assessors: NS 
Intention-to-treat analysis: Yes 
Follow-up: 100% (16 months)

Participants Inclusion criteria

• Sex/age
* 16 males mean age 2.5 years (range 4 months to 6.5 years)

* 21 males < 3 years

• Matched at entry for age, season, diarrhoea prodrome, haematological and renal function

Treatment group 

Rizzoni 1988 
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Number: 17

Control group 
Number: 15

Interventions Treatment group

• FFP infusion (30 mL/kg). Day 1, over at least 3 hours and 10 mL/kg/d thereafter

• PI stopped 3 days after the platelet count had normalised (> 150,000 U/L for 3 consecutive days) and
haematocrit and haemoglobin levels had stabilised

• When no haematological response, PI were stopped after 15 to 20 days

• Supportive care

Control group

• Supportive care only

Supportive care similar in both groups (type of dialysis not specified).

Outcomes • All-cause mortality

• ESKD (dialysis-dependent at 6 weeks)

• Proteinuria at last follow-up

• Hypertension at last follow-up

Notes • HUS study

• Diarrhoea prodrome: 72%

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Rizzoni 1988  (Continued)

 
 

Methods Country: Canada 
Recruitment: Multicentre, 16 participating medical centres 
Randomisation: Stratified (initially, then discontinued) followed by allocation of patients to treatment
in ratio 2 PE:1 PI 
Blinding 
- subjects: NS 
- therapists: NS 
- assessors: NS 
Intention-to-treat: Until end of first cycle (2 weeks). Patients then allowed to crossover treatment
arms and reassessed at 6 months

Participants Inclusion criteria 
Sex (M/F): 35/67 
Mean age: 40.5 years (SD 14.3)

Treatment group 
Number: 51

Control group 
Number: 51

Interventions Treatment group

Rock 1991 
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• PI with FFP (30 mL/kg/d x 1 day, then 15 mL/kg each day thereafter) until end of first cycle of treatment
(9 days) or until an event at which time patient taken oH treatment (which for patients on PI meant
transfer to PE)

Control group

• PE with FFP (1.5x the predicted plasma volume for first 3 procedures and 1x the predicted volume
thereafter) for a minimum of 7 procedures over the first 9 days

All patients received dipyridamole (400 mg/d) and aspirin (325 mg/d) orally for 2 weeks after entry

Outcomes • Failure of remission at 2 weeks

• Failure of remission after 2 weeks

• All-cause mortality

• Relapse rate

Notes • TTP study

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Rock 1991  (Continued)

 
 

Methods Country: Canada 
Recruitment: Patients from nine centres 
Randomisation: Random number generation at a central site 
Blinding 
- subjects: NS 
- therapists: NS 
- assessors: NS 
Intention-to-treat analysis: Yes 
Follow-up: 100% (6 months)

Participants Treatment group 
Number: 28

Control group 
Number: 24

Interventions Treatment group

• PE x 1.5 plasma volume with CSP for 2 sessions, the x1 plasma volume for 5 days plus optional APT
with dipyridamole 400 mg/d orally and aspirin 325 mg/d for a minimum of 2 weeks

Control Group

• PE x 1.5 plasma volume with FFP for 2 sessions and then x1 plasma volume for 5 days plus optional APT

Outcomes • Failure of remission at 2 weeks

• Failure of remission 1 month

• All-cause mortality

Notes • TTP study

Rock 2005 
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Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Rock 2005  (Continued)

 
 

Methods Country: Germany 
Recruitment: Multicentre study 
Randomisation: Block randomisation stratified by centre (maximum block size =10) 
Blinding 
- subjects: No 
- therapists: No 
- assessors: NS 
Intention-to-treat analysis: NS 
Inclusion criteria for participants: Yes 
Baseline characteristics: NS 
Follow-up: 100% (24 months)

Participants Age: 18-80 years

Treatment group 
Number: 20

Control group 
Number: 15

Interventions Treatment group

• PE with CSP

Control group

• PE with FFP

A minimum of 5 and a maximum of 10 treatments were given till platelet count was > 150,000/µL. 
All patients initially received methylprednisolone (1.5 mg/kg orally or IV for 5 days, then tapered by 0.2
mg/kg/d)

Outcomes • All-cause mortality

• Relapse rate

Notes • TTP study

• All patients were >18 years, this study was included as a TTP study for this review

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Roethele 2000 

 
 

Methods Country: USA 

Trachtman 2003 
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Recruitment: Phase III RCT of SYNSORB Pk in children with E. coli-associated HUS. 
Blinding 
- subjects: Yes 
- therapists: Yes 
- assessors: NS 
Intention-to-treat: No 
Follow-up: 2 months

Participants Inclusion criteria

• Children of both sexes

• Median age: 4.2 years (range 2.4 -6.8 years)

• E. coli-associated diarrhoea-associated HUS and diarrhoea of less than 7 days duration

• HUS defined as thrombocytopenia (platelets < 130,000/mm3), fragmented red blood cells and acute
renal failure with haematuria, proteinuria or azotaemia

Treatment group 
Number: 96

Control Group 
Number: 49

Exclusion criteria

• Children with hereditary HUS, HIV infection, pre-existing structural or motility disorder of the gas-
trointestinal tract, chronic inflammatory bowel disease, HUS associated with transplantation, Strep-
tococcus pneumoniae infection; prior catastrophic complications of E. coli infection; underlying renal
glomerular disease

Interventions Treatment group

• SYNORB Pk

• Supportive care

Control Group

• Placebo

• Supportive care

Supportive care was similar in both groups (PD if indicated).

Outcomes • All-cause mortality

• Extrarenal events

• Proteinuria at last follow-up

• Hypertension at last follow-up

• GFR < 90 mL/min/1.73 m2 at last follow-up

Notes • HUS study

• Diarrhoea-associated HUS: 100%

• SYNORB is a substance which binds Shiga toxin produced by Shiga toxin-producing E. coli in the gut
lumen. The rationale of treatment is that it will prevent the absorption of and systemic effects caused
by Shiga toxin

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Trachtman 2003  (Continued)
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Methods Country: Belgium 
Recruitment: Paediatric department at one hospital 
Randomisation: Randomly assigned by previously prepared, numbered and closed envelopes Treat-
ment groups balanced in blocks of 20. 
Blinding 
- subjects: NS 
- therapists: NS 
- assessors: NS 
Intention-to-treat: Yes 
Follow-up: 60 months

Participants Inclusion criteria

• Sex (M/F): 26/32

• Age range: 6-13 weeks, 26 < 2 years

Treatment group 
Number: 30

Control group 
Number: 28

Interventions Treatment group

• Heparin (starting dose: 200 U/kg IV followed by additional doses to keep activated partial thrombo-
plastin time at twice the normal value)

• Dipyridamole (0.5 mg/kg IV twice daily) until remission

• Supportive treatment

Control group

• Supportive treatment only

Supportive treatment similar in both groups (PD if indicated).

Outcomes • All-cause mortality

• Neurological event

• Hypertension at last follow-up

• Adverse events: bleeding

Notes • HUS study

• Diarrhoea-associated HUS: 85%

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Van Damme-Lombaerts 1988 

 
 

Methods Country: Argentina 
Randomisation: Method NS 
Blinding 
- subjects: NS 

Vitacco 1973 
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- therapists: NS 
- assessors: NS 
Intention-to-treat analysis: NS 
Follow-up: 100% (2 months)

Participants Inclusion criteria

• Children with severe HUS (defined as anuria or sustained convulsions and/or coma, profuse gastroin-
testinal bleeding and/or retinal haemorrhages, serum potassium > 7.5 mEq/L, diastolic blood pres-
sure > 90 mm Hg)

• Baseline characteristics (age, oliguric period) similar

• Mean age: 1 year (0.3 - 3.0 years)

Treatment group 
Number: 10

Control group 
Number: 20

Interventions Treatment group

• Heparin priming dose of 1 mg/kg body weight intravenously adjusted to keep coagulation time three
times above initial values

• Duration of treatment mean 9 days (3-17 days); given within 12 to 36 hours after admission

• Supportive therapy

Control group

• Supportive therapy

Supportive therapy similar in both groups (including PD if required)

Outcomes • All-cause mortality

• Adverse effect bleeding

Notes • HUS study

• Only children with severe/complicated HUS were included. A third group of children with HUS (n =
3) given heparin after randomisation due to deterioration in condition they were not included in the
analysis for this review

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Vitacco 1973  (Continued)

 
 

Methods Country: North America 
Recruitment: Multicentre, North American TTP group including hospitals, University Depts (7) 
Randomisation: in a prospective fashion 
Blinding 
- subjects: NS 
- therapists: NS 
- assessors: NS 
Intention-to-treat: No 
Follow-up: < 1 month

Ziegler 2001 
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Participants Treatment group

• Number: 14

• Sex M/F): 4/10

• Median age: 45 years (IQ range 35-51)

Control group

• Number: 13

• Sex (M/F): 5/8

• Median age: 38 years (IQ range 28-53)

No significant difference between age, sex, TTP score, haemoglobin, platelets, creatinine, LDH levels.

Exclusion criteria

• Patients with a blood pressure < 90 systolic, prothrombin time or partial thromboplastin time > than
1.5x lab mean and a fibrinogen <100 mg%.

• Pregnancy, active malignancy, known HIV positivity, history of IgA deficiency and splenomegaly

Interventions Treatment group

• Daily PE (60 mL/kg) with replacement using CPP (plasma from which cryoprecipitate fraction had been
removed)

Control group

• Daily PE (60 mL/kg) with FFP).

All patients also received steroid therapy (methylprednisolone 0.75 mg/kg IV every 12 hours), which
was tapered oH over 2 weeks regardless of response. Patients analysed for clinical parameters on day
1, 6 and 13 of therapy. Once a complete response sustained for at least 2 successive days, PE was ta-
pered to every other day for 3 times, then to every 3rd day for 2 times, then held. If platelets fell to < 150
K/µL, daily PE and corticosteroids reinitiated. Patients who showed progression of TTP were treated oH
study.

Outcomes • All-cause mortality

• Relapse rate

Notes • TTP study

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Ziegler 2001  (Continued)

APT: anti-platelet drug therapy; CSP: cryosupernatant plasma; ESKD: end-stage kidney disease; FFP: fresh-frozen plasma; HUS: haemolytic
uraemic syndrome; NS: not stated; PD: peritoneal dialysis; PE: plasma exchange; PI: plasma infusion; TTP: thrombocytopenic purpura
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Muller-Wiefel 1989 Published only in abstract form, not enough data available for the outcomes of interest; Unsuc-
cessful attempt to obtain more data. 
RCT, method of randomisation not specified.
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Study Reason for exclusion

Thomson 1987 Published only in abstract form, not enough data available for the outcomes of interest; Unsuc-
cessful attempt to obtain more data. 
RCT, method of randomisation not specified.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   TTP studies: Any intervention versus plasma exchange (PE) with fresh-frozen plasma (FFP)

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Failure of remission at 2 weeks 4 264 Risk Ratio (M-H, Random, 95% CI) 1.36 [1.06, 1.74]

2 Failure of remission at 1 month 4 140 Risk Ratio (M-H, Random, 95% CI) 1.19 [0.71, 2.00]

3 All-cause mortality 6 309 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.45, 2.08]

4 Relapse rate 4 126 Risk Ratio (M-H, Random, 95% CI) 0.78 [0.39, 1.58]

 
 

Analysis 1.1.   Comparison 1 TTP studies: Any intervention versus plasma exchange
(PE) with fresh-frozen plasma (FFP), Outcome 1 Failure of remission at 2 weeks.

Study or subgroup Any inter-
vention

PE + FFP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bobbio-Pallavicini 1997 14/35 15/37 19.12% 0.99[0.56,1.73]

Henon 1992 12/19 6/19 10.9% 2[0.95,4.22]

Rock 1991 38/51 27/51 65.34% 1.41[1.04,1.91]

Rock 2005 6/28 4/24 4.65% 1.29[0.41,4.03]

   

Total (95% CI) 133 131 100% 1.36[1.06,1.74]

Total events: 70 (Any intervention), 52 (PE + FFP)  

Heterogeneity: Tau2=0; Chi2=2.34, df=3(P=0.5); I2=0%  

Test for overall effect: Z=2.45(P=0.01)  

Favours any intervention 50.2 20.5 1 Favours PE + FFP

 
 

Analysis 1.2.   Comparison 1 TTP studies: Any intervention versus plasma exchange
(PE) with fresh-frozen plasma (FFP), Outcome 2 Failure of remission at 1 month.

Study or subgroup Any inter-
vention

PE + FFP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bobbio-Pallavicini 1997 2/13 4/10 11.06% 0.38[0.09,1.7]

Favours any intervention 500.02 100.1 1 Favours PE + FFP

Interventions for haemolytic uraemic syndrome and thrombotic thrombocytopenic purpura (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

25



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup Any inter-
vention

PE + FFP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Henon 1992 9/12 3/5 31.84% 1.25[0.57,2.75]

Rock 1991 18/30 9/25 46.1% 1.67[0.92,3.03]

Rock 2005 3/25 3/20 11% 0.8[0.18,3.54]

   

Total (95% CI) 80 60 100% 1.19[0.71,2]

Total events: 32 (Any intervention), 19 (PE + FFP)  

Heterogeneity: Tau2=0.06; Chi2=3.73, df=3(P=0.29); I2=19.6%  

Test for overall effect: Z=0.67(P=0.5)  

Favours any intervention 500.02 100.1 1 Favours PE + FFP

 
 

Analysis 1.3.   Comparison 1 TTP studies: Any intervention versus plasma
exchange (PE) with fresh-frozen plasma (FFP), Outcome 3 All-cause mortality.

Study or subgroup Any inter-
vention

PE + FFP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bobbio-Pallavicini 1997 3/35 9/37 19.14% 0.35[0.1,1.2]

Henon 1992 8/19 3/19 20.03% 2.67[0.83,8.55]

Rock 1991 19/51 11/51 29.61% 1.73[0.92,3.25]

Rock 2005 1/28 2/24 8.38% 0.43[0.04,4.44]

Roethele 2000 0/7 4/11 6.34% 0.17[0.01,2.69]

Ziegler 2001 3/14 3/13 16.49% 0.93[0.23,3.81]

   

Total (95% CI) 154 155 100% 0.96[0.45,2.08]

Total events: 34 (Any intervention), 32 (PE + FFP)  

Heterogeneity: Tau2=0.42; Chi2=9.99, df=5(P=0.08); I2=49.93%  

Test for overall effect: Z=0.1(P=0.92)  

Favours any intervention 2000.005 100.1 1 Favours PE + FFP

 
 

Analysis 1.4.   Comparison 1 TTP studies: Any intervention versus plasma
exchange (PE) with fresh-frozen plasma (FFP), Outcome 4 Relapse rate.

Study or subgroup Any inter-
vention

PE + FFP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bobbio-Pallavicini 1997 2/32 6/28 19.66% 0.29[0.06,1.33]

Henon 1992 1/11 2/16 9.14% 0.73[0.07,7.07]

Roethele 2000 2/7 5/11 24.76% 0.63[0.16,2.4]

Ziegler 2001 6/11 4/10 46.44% 1.36[0.54,3.46]

   

Total (95% CI) 61 65 100% 0.78[0.39,1.58]

Total events: 11 (Any intervention), 17 (PE + FFP)  

Heterogeneity: Tau2=0.05; Chi2=3.29, df=3(P=0.35); I2=8.79%  

Test for overall effect: Z=0.68(P=0.5)  

Favours any intervention 200.05 50.2 1 Favours PE + FFP
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Comparison 2.   TTP studies: Plasma exchange (PE) with cryosupernatant plasma (CSP) or cryoprecipitate poor
plasma (CPP) versus plasma exchange with fresh-frozen plasma (FFP)

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Failure of remission < 2 weeks 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

2 Failure of remission at 1 month 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

3 All-cause mortality 3 97 Risk Ratio (M-H, Random, 95% CI) 0.59 [0.20, 1.80]

4 Relapse rate 2 39 Risk Ratio (M-H, Random, 95% CI) 1.06 [0.49, 2.27]

 
 

Analysis 2.1.   Comparison 2 TTP studies: Plasma exchange (PE) with cryosupernatant
plasma (CSP) or cryoprecipitate poor plasma (CPP) versus plasma exchange
with fresh-frozen plasma (FFP), Outcome 1 Failure of remission < 2 weeks.

Study or subgroup PE with CSP/CPP PE with FFP Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Rock 2005 6/28 4/24 1.29[0.41,4.03]

Favours PE with CSP/CPP 50.2 20.5 1 Favours PE with FFP

 
 

Analysis 2.2.   Comparison 2 TTP studies: Plasma exchange (PE) with cryosupernatant
plasma (CSP) or cryoprecipitate poor plasma (CPP) versus plasma exchange
with fresh-frozen plasma (FFP), Outcome 2 Failure of remission at 1 month.

Study or subgroup PE with CSP/CPP PE with FFP Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Rock 2005 3/25 3/20 0.8[0.18,3.54]

Favours PE with CSP/CPP 100.1 50.2 20.5 1 Favours PE with FFP

 
 

Analysis 2.3.   Comparison 2 TTP studies: Plasma exchange (PE) with
cryosupernatant plasma (CSP) or cryoprecipitate poor plasma (CPP) versus

plasma exchange with fresh-frozen plasma (FFP), Outcome 3 All-cause mortality.

Study or subgroup PE with
CSP/CPP

PE with FFP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Rock 2005 1/28 2/24 22.47% 0.43[0.04,4.44]

Roethele 2000 0/7 4/11 15.87% 0.17[0.01,2.69]

Ziegler 2001 3/14 3/13 61.66% 0.93[0.23,3.81]

   

Total (95% CI) 49 48 100% 0.59[0.2,1.8]

Total events: 4 (PE with CSP/CPP), 9 (PE with FFP)  

Heterogeneity: Tau2=0; Chi2=1.36, df=2(P=0.51); I2=0%  

Favours PE with CSP/CPP 2000.005 100.1 1 Favours PE with FFP
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Study or subgroup PE with
CSP/CPP

PE with FFP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=0.92(P=0.36)  

Favours PE with CSP/CPP 2000.005 100.1 1 Favours PE with FFP

 
 

Analysis 2.4.   Comparison 2 TTP studies: Plasma exchange (PE) with cryosupernatant plasma (CSP) or
cryoprecipitate poor plasma (CPP) versus plasma exchange with fresh-frozen plasma (FFP), Outcome 4 Relapse rate.

Study or subgroup PE with
CSP/CPP

PE with FFP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Roethele 2000 2/7 5/11 32.62% 0.63[0.16,2.4]

Ziegler 2001 6/11 4/10 67.38% 1.36[0.54,3.46]

   

Total (95% CI) 18 21 100% 1.06[0.49,2.27]

Total events: 8 (PE with CSP/CPP), 9 (PE with FFP)  

Heterogeneity: Tau2=0; Chi2=0.88, df=1(P=0.35); I2=0%  

Test for overall effect: Z=0.15(P=0.88)  

Favours PE with CSP/CPP 100.1 50.2 20.5 1 Favours PE with FFP

 
 

Comparison 3.   TTP studies: Plasma infusions (PI) plus antiplatelet therapy (APT) versus plasma exchange (PE) with
fresh-frozen plasma (FFP) plus APT

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Failure of remission < 2 weeks 2 140 Risk Ratio (M-H, Random, 95% CI) 1.48 [1.12, 1.96]

2 Failure to respond (remission) at >2
weeks to 6 months

2 72 Risk Ratio (M-H, Random, 95% CI) 1.50 [0.93, 2.42]

3 All-cause mortality 2 140 Risk Ratio (M-H, Random, 95% CI) 1.91 [1.09, 3.33]

4 Relapse rate 2 99 Risk Ratio (M-H, Random, 95% CI) 0.34 [0.10, 1.15]

 
 

Analysis 3.1.   Comparison 3 TTP studies: Plasma infusions (PI) plus antiplatelet therapy (APT) versus
plasma exchange (PE) with fresh-frozen plasma (FFP) plus APT, Outcome 1 Failure of remission < 2 weeks.

Study or subgroup PI + APT PE with
FFP + APT

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Henon 1992 12/19 6/19 14.29% 2[0.95,4.22]

Rock 1991 38/51 27/51 85.71% 1.41[1.04,1.91]

   

Total (95% CI) 70 70 100% 1.48[1.12,1.96]

Total events: 50 (PI + APT), 33 (PE with FFP + APT)  

Favours PI + APT 50.2 20.5 1 Favours PE with FFP + APT
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Study or subgroup PI + APT PE with
FFP + APT

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0; Chi2=0.76, df=1(P=0.38); I2=0%  

Test for overall effect: Z=2.73(P=0.01)  

Favours PI + APT 50.2 20.5 1 Favours PE with FFP + APT

 
 

Analysis 3.2.   Comparison 3 TTP studies: Plasma infusions (PI) plus antiplatelet
therapy (APT) versus plasma exchange (PE) with fresh-frozen plasma (FFP)

plus APT, Outcome 2 Failure to respond (remission) at >2 weeks to 6 months.

Study or subgroup PI + APT PE with
FFP + APT

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Henon 1992 9/12 3/5 36.68% 1.25[0.57,2.75]

Rock 1991 18/30 9/25 63.32% 1.67[0.92,3.03]

   

Total (95% CI) 42 30 100% 1.5[0.93,2.42]

Total events: 27 (PI + APT), 12 (PE with FFP + APT)  

Heterogeneity: Tau2=0; Chi2=0.34, df=1(P=0.56); I2=0%  

Test for overall effect: Z=1.67(P=0.1)  

Favours PI and APT 100.1 50.2 20.5 1 Favours PE and APT

 
 

Analysis 3.3.   Comparison 3 TTP studies: Plasma infusions (PI) plus antiplatelet therapy (APT) versus
plasma exchange (PE) with fresh-frozen plasma (FFP) plus APT, Outcome 3 All-cause mortality.

Study or subgroup PI + APT PE with
FFP + APT

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Henon 1992 8/19 3/19 22.81% 2.67[0.83,8.55]

Rock 1991 19/51 11/51 77.19% 1.73[0.92,3.25]

   

Total (95% CI) 70 70 100% 1.91[1.09,3.33]

Total events: 27 (PI + APT), 14 (PE with FFP + APT)  

Heterogeneity: Tau2=0; Chi2=0.41, df=1(P=0.52); I2=0%  

Test for overall effect: Z=2.28(P=0.02)  

Favours PI and APT 100.1 50.2 20.5 1 Favours PE and APT

 
 

Analysis 3.4.   Comparison 3 TTP studies: Plasma infusions (PI) plus antiplatelet therapy (APT)
versus plasma exchange (PE) with fresh-frozen plasma (FFP) plus APT, Outcome 4 Relapse rate.

Study or subgroup PI + APT PE with
FFP + APT

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Henon 1992 1/11 2/16 28.76% 0.73[0.07,7.07]

Rock 1991 2/32 10/40 71.24% 0.25[0.06,1.06]

   

Favours PI and APT 1000.01 100.1 1 Favours PE and APT
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Study or subgroup PI + APT PE with
FFP + APT

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total (95% CI) 43 56 100% 0.34[0.1,1.15]

Total events: 3 (PI + APT), 12 (PE with FFP + APT)  

Heterogeneity: Tau2=0; Chi2=0.61, df=1(P=0.44); I2=0%  

Test for overall effect: Z=1.73(P=0.08)  

Favours PI and APT 1000.01 100.1 1 Favours PE and APT

 
 

Comparison 4.   TTP studies: Antiplatelet therapy (APT) plus plasma exchange (PE) with fresh-frozen plasma (FFP)
and steroids versus PE with FFP and steroids

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Failure of remission at 2 weeks 1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

2 Failure of remission > 2 weeks 1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

3 All-cause mortality 1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

4 Relapse rate 1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

 
 

Analysis 4.1.   Comparison 4 TTP studies: Antiplatelet therapy (APT) plus plasma exchange (PE) with fresh-
frozen plasma (FFP) and steroids versus PE with FFP and steroids, Outcome 1 Failure of remission at 2 weeks.

Study or subgroup ATP+PE with
FFP + steroids

PE with FFP + steroids Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Bobbio-Pallavicini 1997 14/35 15/37 0.99[0.56,1.73]

Favs ATP+PE with FFP + steroids 20.5 1.50.7 1 Favs PE with FFP +
steroids

 
 

Analysis 4.2.   Comparison 4 TTP studies: Antiplatelet therapy (APT) plus plasma exchange (PE) with fresh-
frozen plasma (FFP) and steroids versus PE with FFP and steroids, Outcome 2 Failure of remission > 2 weeks.

Study or subgroup ATP+PE with
FFP + steroids

PE with FFP + steroids Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Bobbio-Pallavicini 1997 2/13 4/10 0.38[0.09,1.7]

Favs ATP+PE with FFP + steroids 200.05 50.2 1 Favs PE with FFP +
steroids
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Analysis 4.3.   Comparison 4 TTP studies: Antiplatelet therapy (APT) plus plasma exchange (PE) with
fresh-frozen plasma (FFP) and steroids versus PE with FFP and steroids, Outcome 3 All-cause mortality.

Study or subgroup ATP+PE with
FFP + steroids

PE with FFP + steroids Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Bobbio-Pallavicini 1997 3/35 9/37 0.35[0.1,1.2]

Favs ATP+PE with FFP + steroids 100.1 50.2 20.5 1 Favs PE with FFP +
steroids

 
 

Analysis 4.4.   Comparison 4 TTP studies: Antiplatelet therapy (APT) plus plasma exchange (PE) with
fresh-frozen plasma (FFP) and steroids versus PE with FFP and steroids, Outcome 4 Relapse rate.

Study or subgroup ATP+PE with
FFP + steroids

PE with FFP + steroids Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Bobbio-Pallavicini 1997 2/32 6/28 0.29[0.06,1.33]

Favs ATP+PE with FFP + steroids 200.05 50.2 1 Favs PE with FFP +
steroids

 
 

Comparison 5.   HUS studies: Any intervention plus supportive therapy versus supportive therapy alone

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 All-cause mortality 7 471 Risk Ratio (M-H, Random, 95% CI) 1.23 [0.59, 2.57]

2 Neurological and extra renal events 3 297 Risk Ratio (M-H, Random, 95% CI) 0.80 [0.48, 1.32]

3 Proteinuria at last follow-up 3 207 Risk Ratio (M-H, Random, 95% CI) 1.34 [0.23, 7.79]

4 Hypertension at last follow-up 4 204 Risk Ratio (M-H, Random, 95% CI) 0.85 [0.24, 3.07]

 
 

Analysis 5.1.   Comparison 5 HUS studies: Any intervention plus supportive
therapy versus supportive therapy alone, Outcome 1 All-cause mortality.

Study or subgroup Any interven-
tion + support-

ive therapy

Supportive
therapy alone

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1984 0/15 3/18 6.48% 0.17[0.01,3.05]

Loirat 1988 2/39 2/40 14.81% 1.03[0.15,6.92]

Perez 1998 1/46 0/48 5.36% 3.13[0.13,74.87]

Rizzoni 1988 0/17 0/15   Not estimable

Trachtman 2003 3/96 1/49 10.8% 1.53[0.16,14.34]

Van Damme-Lombaerts 1988 2/30 1/28 9.83% 1.87[0.18,19.47]

Vitacco 1973 4/10 6/20 52.73% 1.33[0.48,3.67]

   

Total (95% CI) 253 218 100% 1.23[0.59,2.57]

Favours any intervention 2000.005 100.1 1 Favours supportive therapy
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Study or subgroup Any interven-
tion + support-

ive therapy

Supportive
therapy alone

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 12 (Any intervention + supportive therapy), 13 (Supportive
therapy alone)

 

Heterogeneity: Tau2=0; Chi2=2.43, df=5(P=0.79); I2=0%  

Test for overall effect: Z=0.56(P=0.58)  

Favours any intervention 2000.005 100.1 1 Favours supportive therapy

 
 

Analysis 5.2.   Comparison 5 HUS studies: Any intervention plus supportive therapy
versus supportive therapy alone, Outcome 2 Neurological and extra renal events.

Study or subgroup Any interven-
tion + support-

ive therapy

Supportive
therapy alone

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Perez 1998 7/46 8/48 28.94% 0.91[0.36,2.31]

Trachtman 2003 17/96 10/49 50.93% 0.87[0.43,1.75]

Van Damme-Lombaerts 1988 4/30 7/28 20.13% 0.53[0.17,1.63]

   

Total (95% CI) 172 125 100% 0.8[0.48,1.32]

Total events: 28 (Any intervention + supportive therapy), 25 (Supportive
therapy alone)

 

Heterogeneity: Tau2=0; Chi2=0.64, df=2(P=0.73); I2=0%  

Test for overall effect: Z=0.88(P=0.38)  

Favours any intervention 100.1 50.2 20.5 1 Favours supportive therapy

 
 

Analysis 5.3.   Comparison 5 HUS studies: Any intervention plus supportive
therapy versus supportive therapy alone, Outcome 3 Proteinuria at last follow-up.

Study or subgroup Any interven-
tion + support-

ive therapy

Supportive
therapy alone

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1984 1/15 3/15 44.17% 0.33[0.04,2.85]

Rizzoni 1988 2/17 0/15 27.79% 4.44[0.23,85.83]

Trachtman 2003 3/96 0/49 28.04% 3.61[0.19,68.49]

   

Total (95% CI) 128 79 100% 1.34[0.23,7.79]

Total events: 6 (Any intervention + supportive therapy), 3 (Supportive ther-
apy alone)

 

Heterogeneity: Tau2=0.63; Chi2=2.69, df=2(P=0.26); I2=25.57%  

Test for overall effect: Z=0.32(P=0.75)  

Favours Aany intervention 1000.01 100.1 1 Favours supportive therapy
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Analysis 5.4.   Comparison 5 HUS studies: Any intervention plus supportive therapy
versus supportive therapy alone, Outcome 4 Hypertension at last follow-up.

Study or subgroup Any interven-
tion + support-

ive therapy

Supportive
therapy alone

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1984 0/15 0/15   Not estimable

Rizzoni 1988 0/17 2/15 15.53% 0.18[0.01,3.43]

Trachtman 2003 21/59 7/29 70.54% 1.47[0.71,3.06]

Van Damme-Lombaerts 1988 0/28 1/26 13.94% 0.31[0.01,7.3]

   

Total (95% CI) 119 85 100% 0.85[0.24,3.07]

Total events: 21 (Any intervention + supportive therapy), 10 (Supportive
therapy alone)

 

Heterogeneity: Tau2=0.47; Chi2=2.71, df=2(P=0.26); I2=26.14%  

Test for overall effect: Z=0.24(P=0.81)  

Favours any intervention 2000.005 100.1 1 Favours supportive therapy

 
 

Comparison 6.   HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase) plus supportive therapy
versus supportive therapy alone

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 All-cause mortality 3 121 Risk Ratio (M-H, Random, 95% CI) 1.13 [0.43, 2.95]

2 Neurological events: Children
with seizures

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

3 Renal biopsy: cortical necrosis 0   Risk Ratio (M-H, Random, 95% CI) Totals not selected

4 Renal biopsy: Thrombotic mi-
croangiopathy

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

5 Proteinuria > 0.10 g/24 h at last
follow-up

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

6 Hypertension at last follow-up 2   Risk Ratio (M-H, Random, 95% CI) Totals not selected

7 GFR < 80 mL/min/1.73 m2 at last
follow-up

0   Risk Ratio (M-H, Random, 95% CI) Totals not selected

8 Adverse effect: Bleeding (RR) 3 124 Risk Ratio (M-H, Random, 95% CI) 25.89 [3.67, 182.83]

9 Adverse effect: Bleeding (RD
random effects model)

3 124 Risk Difference (M-H, Random, 95% CI) 0.44 [-0.39, 1.28]

10 Adverse effect: Bleeding (RD
fixed effect model)

3 124 Risk Difference (M-H, Fixed, 95% CI) 0.35 [0.25, 0.45]
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Analysis 6.1.   Comparison 6 HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase)
plus supportive therapy versus supportive therapy alone, Outcome 1 All-cause mortality.

Study or subgroup Anticoag-
ulation

Supportive
therapy alone

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1984 0/15 3/18 10.8% 0.17[0.01,3.05]

Van Damme-Lombaerts 1988 2/30 1/28 16.14% 1.87[0.18,19.47]

Vitacco 1973 4/10 6/20 73.06% 1.33[0.48,3.67]

   

Total (95% CI) 55 66 100% 1.13[0.43,2.95]

Total events: 6 (Anticoagulation), 10 (Supportive therapy alone)  

Heterogeneity: Tau2=0.06; Chi2=2.12, df=2(P=0.35); I2=5.7%  

Test for overall effect: Z=0.24(P=0.81)  

Favours anticoagulation 2000.005 100.1 1 Favours supportive therapy

 
 

Analysis 6.2.   Comparison 6 HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase) plus
supportive therapy versus supportive therapy alone, Outcome 2 Neurological events: Children with seizures.

Study or subgroup Anticoagulation Supportive therapy alone Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Van Damme-Lombaerts 1988 4/30 7/28 0.53[0.17,1.63]

Favours anticoagulation 100.1 50.2 20.5 1 Favours supportive ther-
apy

 
 

Analysis 6.4.   Comparison 6 HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase) plus
supportive therapy versus supportive therapy alone, Outcome 4 Renal biopsy: Thrombotic microangiopathy.

Study or subgroup Anticoagulation Supportive therapy alone Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Van Damme-Lombaerts 1988 21/28 22/26 0.89[0.68,1.16]

Favours anticoagulation 20.5 1.50.7 1 Favours supportive ther-
apy

 
 

Analysis 6.5.   Comparison 6 HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase) plus
supportive therapy versus supportive therapy alone, Outcome 5 Proteinuria > 0.10 g/24 h at last follow-up.

Study or subgroup Anticoagulation Supportive therapy alone Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Loirat 1984 1/15 3/15 0.33[0.04,2.85]

Favours anticoagulation 500.02 100.1 1 Favours supportive ther-
apy
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Analysis 6.6.   Comparison 6 HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase)
plus supportive therapy versus supportive therapy alone, Outcome 6 Hypertension at last follow-up.

Study or subgroup Anticoagulation Supportive therapy alone Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Loirat 1984 0/15 0/15 Not estimable

Van Damme-Lombaerts 1988 0/28 1/26 0.31[0.01,7.3]

Favours anticoagulation 1000.01 100.1 1 Favours supportive ther-
apy

 
 

Analysis 6.8.   Comparison 6 HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase)
plus supportive therapy versus supportive therapy alone, Outcome 8 Adverse e?ect: Bleeding (RR).

Study or subgroup Anticoag-
ulation

Supportive
therapy alone

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1984 12/15 0/18 50.62% 29.69[1.9,463.16]

Van Damme-Lombaerts 1988 0/30 0/28   Not estimable

Vitacco 1973 7/13 0/20 49.38% 22.5[1.39,363.29]

   

Total (95% CI) 58 66 100% 25.89[3.67,182.83]

Total events: 19 (Anticoagulation), 0 (Supportive therapy alone)  

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.89); I2=0%  

Test for overall effect: Z=3.26(P=0)  

Favours anticoagulation 10000.001 100.1 1 Favours supportive therapy

 
 

Analysis 6.9.   Comparison 6 HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase) plus supportive
therapy versus supportive therapy alone, Outcome 9 Adverse e?ect: Bleeding (RD random e?ects model).

Study or subgroup Anticoag-
ulation

Supportive
therapy alone

Risk Difference Weight Risk Difference

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1984 12/15 0/18 33.24% 0.8[0.59,1.01]

Van Damme-Lombaerts 1988 0/30 0/28 33.93% 0[-0.06,0.06]

Vitacco 1973 7/13 0/20 32.83% 0.54[0.27,0.81]

   

Total (95% CI) 58 66 100% 0.44[-0.39,1.28]

Total events: 19 (Anticoagulation), 0 (Supportive therapy alone)  

Heterogeneity: Tau2=0.53; Chi2=132.22, df=2(P<0.0001); I2=98.49%  

Test for overall effect: Z=1.04(P=0.3)  

Favours anticoagulation 21-2 -1 0 Favours supportive therapy
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Analysis 6.10.   Comparison 6 HUS studies: Anticoagulation (heparin +/- dipyridamole or urokinase) plus
supportive therapy versus supportive therapy alone, Outcome 10 Adverse e?ect: Bleeding (RD fixed e?ect model).

Study or subgroup Anticoag-
ulation

Supportive
therapy alone

Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Loirat 1984 12/15 0/18 26.79% 0.8[0.59,1.01]

Van Damme-Lombaerts 1988 0/30 0/28 47.42% 0[-0.06,0.06]

Vitacco 1973 7/13 0/20 25.8% 0.54[0.27,0.81]

   

Total (95% CI) 58 66 100% 0.35[0.25,0.45]

Total events: 19 (Anticoagulation), 0 (Supportive therapy alone)  

Heterogeneity: Tau2=0; Chi2=132.22, df=2(P<0.0001); I2=98.49%  

Test for overall effect: Z=6.84(P<0.0001)  

Favours anticoagulation 21-2 -1 0 Favours supportive therapy

 
 

Comparison 7.   HUS studies: Plasma infusion plus supportive therapy versus supportive therapy alone

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 All-cause mortality 2 111 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.15, 6.92]

2 ESKD: Dialysis-dependent at 6
weeks

2 111 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.15, 6.92]

3 Proteinuria at last follow-up (12
months)

2 92 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.13, 7.14]

4 Hypertension at last follow-up (12
months)

2 92 Risk Ratio (M-H, Random, 95% CI) 0.68 [0.16, 2.86]

 
 

Analysis 7.1.   Comparison 7 HUS studies: Plasma infusion plus supportive
therapy versus supportive therapy alone, Outcome 1 All-cause mortality.

Study or subgroup Plasma infu-
sion plus sup-

portive therapy

Support
therapy

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1988 2/39 2/40 100% 1.03[0.15,6.92]

Rizzoni 1988 0/17 0/15   Not estimable

   

Total (95% CI) 56 55 100% 1.03[0.15,6.92]

Total events: 2 (Plasma infusion plus supportive therapy), 2 (Support ther-
apy)

 

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

Favours plasma infusion 100.1 50.2 20.5 1 Favours supportive therapy
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Analysis 7.2.   Comparison 7 HUS studies: Plasma infusion plus supportive therapy
versus supportive therapy alone, Outcome 2 ESKD: Dialysis-dependent at 6 weeks.

Study or subgroup Plasma infu-
sion plus sup-

portive therapy

Support
therapy

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1988 2/39 2/40 100% 1.03[0.15,6.92]

Rizzoni 1988 0/17 0/15   Not estimable

   

Total (95% CI) 56 55 100% 1.03[0.15,6.92]

Total events: 2 (Plasma infusion plus supportive therapy), 2 (Support ther-
apy)

 

Heterogeneity: Not applicable  

Test for overall effect: Z=0.03(P=0.98)  

Favours plasma infusion 100.1 50.2 20.5 1 Favours supportive therapy

 
 

Analysis 7.3.   Comparison 7 HUS studies: Plasma infusion plus supportive therapy
versus supportive therapy alone, Outcome 3 Proteinuria at last follow-up (12 months).

Study or subgroup Plasma infu-
sion plus sup-

portive therapy

Support
therapy

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1988 4/30 8/30 69.91% 0.5[0.17,1.48]

Rizzoni 1988 2/17 0/15 30.09% 4.44[0.23,85.83]

   

Total (95% CI) 47 45 100% 0.96[0.13,7.14]

Total events: 6 (Plasma infusion plus supportive therapy), 8 (Support ther-
apy)

 

Heterogeneity: Tau2=1.18; Chi2=1.91, df=1(P=0.17); I2=47.74%  

Test for overall effect: Z=0.04(P=0.97)  

Favours plasma infusion 2000.005 100.1 1 Favours supportive therapy

 
 

Analysis 7.4.   Comparison 7 HUS studies: Plasma infusion plus supportive therapy
versus supportive therapy alone, Outcome 4 Hypertension at last follow-up (12 months).

Study or subgroup Plasma infu-
sion plus sup-

portive therapy

Support
therapy

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Loirat 1988 3/30 3/30 77.29% 1[0.22,4.56]

Rizzoni 1988 0/17 2/15 22.71% 0.18[0.01,3.43]

   

Total (95% CI) 47 45 100% 0.68[0.16,2.86]

Total events: 3 (Plasma infusion plus supportive therapy), 5 (Support ther-
apy)

 

Heterogeneity: Tau2=0.1; Chi2=1.07, df=1(P=0.3); I2=6.47%  

Test for overall effect: Z=0.53(P=0.59)  

Favours plasma infusion 2000.005 100.1 1 Favours supportive therapy
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Comparison 8.   HUS studies: Methylprednisolone plus supportive therapy versus placebo plus supportive therapy

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 All-cause mortality 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

2 Neurological events: Children
with seizures

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

3 Adverse effects: Peritonitis 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

 
 

Analysis 8.1.   Comparison 8 HUS studies: Methylprednisolone plus supportive
therapy versus placebo plus supportive therapy, Outcome 1 All-cause mortality.

Study or subgroup Methylprednisolone Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Perez 1998 1/46 0/48 3.13[0.13,74.87]

Favours methylprednisolone 1000.01 100.1 1 Favours placebo

 
 

Analysis 8.2.   Comparison 8 HUS studies: Methylprednisolone plus supportive therapy versus
placebo plus supportive therapy, Outcome 2 Neurological events: Children with seizures.

Study or subgroup Methylprednisolone Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Perez 1998 7/46 8/48 0.91[0.36,2.31]

Favours methylprednisolone 50.2 20.5 1 Favours placebo

 
 

Analysis 8.3.   Comparison 8 HUS studies: Methylprednisolone plus supportive therapy
versus placebo plus supportive therapy, Outcome 3 Adverse e?ects: Peritonitis.

Study or subgroup Methylprednisolone Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Perez 1998 17/46 12/48 1.48[0.8,2.74]

Favours methylprednisolone 50.2 20.5 1 Favours placebo

 
 

Comparison 9.   HUS studies: Shiga toxin binding agent plus supportive therapy versus placebo plus supportive care

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 All-cause mortality 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

2 Extrarenal events 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

3 Proteinuria ≥ 2 at last fol-
low-up (60 days)

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

4 Hypertension at last follow-up
(60 days)

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

5 GFR < 90 mL/min/1.73 m2 at
last follow-up (60 days)

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

 
 

Analysis 9.1.   Comparison 9 HUS studies: Shiga toxin binding agent plus supportive
therapy versus placebo plus supportive care, Outcome 1 All-cause mortality.

Study or subgroup Shigatoxin binding agent Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Trachtman 2003 3/96 1/49 1.53[0.16,14.34]

Favours shigatoxin 200.05 50.2 1 Favours placebo

 
 

Analysis 9.2.   Comparison 9 HUS studies: Shiga toxin binding agent plus supportive
therapy versus placebo plus supportive care, Outcome 2 Extrarenal events.

Study or subgroup Shigatoxin binding agent Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Trachtman 2003 17/96 10/49 0.87[0.43,1.75]

Favours shigatoxin 20.5 1.50.7 1 Favours placebo

 
 

Analysis 9.3.   Comparison 9 HUS studies: Shiga toxin binding agent plus supportive therapy
versus placebo plus supportive care, Outcome 3 Proteinuria ≥ 2 at last follow-up (60 days).

Study or subgroup Shigatoxin binding agent Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Trachtman 2003 3/96 0/49 3.61[0.19,68.49]

Favours shigatoxin 1000.01 100.1 1 Favours placebo

 
 

Analysis 9.4.   Comparison 9 HUS studies: Shiga toxin binding agent plus supportive therapy
versus placebo plus supportive care, Outcome 4 Hypertension at last follow-up (60 days).

Study or subgroup Shigatoxin binding agent Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Trachtman 2003 21/59 7/29 1.47[0.71,3.06]

Favours shigatoxin 50.2 20.5 1 Favours placbo
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Analysis 9.5.   Comparison 9 HUS studies: Shiga toxin binding agent plus supportive therapy versus
placebo plus supportive care, Outcome 5 GFR < 90 mL/min/1.73 m2 at last follow-up (60 days).

Study or subgroup Shigatoxin binding agent Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Trachtman 2003 6/33 1/13 2.36[0.31,17.77]

Favours shigatoxin 200.05 50.2 1 Favours placebo

 

 

A P P E N D I C E S

Appendix 1. Electronic search strategies

 

Database Search terms

CENTRAL 1. haemolytic uraemic syndrome

2. hemolytic uremic syndrome

3. thrombotic thrombocytopaenic purpura

4. thrombotic thrombocytopenic purpura

5. #1 or #2 or #3 or #4

MEDLINE 1. hemolytic uremic syndrome/

2. hemolytic ur?emic syndrome.tw

3. haemolytic ur?emic syndrome.tw

4. purpura thrombotic thrombocytopenic/

5. thrombotic thrombocytop?enic purpura.tw.

6. or/1-5

EMBASE 1. hemolytic uremic syndrome/

2. haemolytic ur?emic syndrome.tw.

3. hemolytic ur?emic syndrome.tw

4. thrombotic thrombocytopenic purpura/

5. thrombotic thrombocytop?enic purpura.tw.

6. or/1-5
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23 September 2008 Amended Converted to new review format.
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Cyclophosphamide  [therapeutic use];  Hemolytic-Uremic Syndrome  [*therapy];  Immunoglobulins, Intravenous  [therapeutic use];
  Immunosuppressive Agents  [*therapeutic use];  Mycophenolic Acid  [analogs & derivatives]  [therapeutic use];  Plasma Exchange; 
Purpura, Thrombotic Thrombocytopenic  [*therapy];  Randomized Controlled Trials as Topic
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