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Abstract

Hemolytic uremic syndrome is a clinical entity characterized by thrombocytopenia, nonimmune 
hemolytic anemia, and renal impairment. Pathologic findings in kidney samples show 
thrombotic microangiopathy and the underlying pathogenesis is endothelial cell injury that 
leads to thrombotic occlusion of the arterioles and capillaries. Traditionally it was classified 
in two forms: typical hemolytic uremic syndrome, which occurs most frequently in children 
and is caused by Shiga‑toxin‑producing bacteria, and atypical hemolytic uremic syndrome. 
The latter is associated to genetic mutations regarding regulatory factors of the complement 
system in 50‑60% of patients and has a poor prognosis, with the majority of patients developing 
end‑stage renal disease. After kidney transplantation, hemolytic uremic syndrome can occur 
as a recurrent or de novo disease. Over the last years, many studies have focused their efforts 
on a better understanding of the pathogenic mechanisms of atypical hemolytic uremic 
syndrome, showing that the risk of recurrence and prognosis after kidney transplantation 
depends on the genetic abnormality involved. Advances in the understanding of the disease 
in conjunction with the recent emergence of new therapeutic options enable better strategies 
for prevention and treatment of atypical hemolytic uremic syndrome recurrence after kidney 
transplantation. This review will first summarize the complement dysregulation involved in the 
genesis of atypical hemolytic uremic syndrome recurrence and the factors that may injure 
the graft endothelium and increase the risk for developing de novo hemolytic uremic syndrome. 
Another part will focus on the therapeutic alternatives for hemolytic uremic syndrome after 
kidney transplantation according to the pathogenic mechanism involved. Finally, we will 
review the assessment of atypical hemolytic uremic syndrome patients before a kidney transplant 
and the current options to prevent its recurrence. (Trends in Transplant. 2012;6:17-27)
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Introduction

Hemolytic uremic syndrome (HUS) is a 
microvascular thrombotic disorder character‑
ized by nonimmune hemolytic anemia, throm‑
bocytopenia, and acute renal failure. Typical 
HUS occurs most frequently in children and 
is caused by Shiga‑toxin‑producing bacteria 
(Escherichia coli). Atypical hemolytic uremic 
syndrome (aHUS) has a poor prognosis and 
progresses to end‑stage renal disease (ESRD) 
in approximately 60% of cases1,2. Mutations in 
different components of the alternative com‑
plement pathway have been found in 50‑60% 
of aHUS cases3.

After kidney transplantation, HUS can 
occur as a recurrent or de novo disease. The 
risk of recurrence depends on the pathogene‑
sis. While typical HUS has a rate of recurrence 
lower than 1%3,4, aHUS can recur after kidney 
transplantation in up to 80‑100% of patients 
with complement pathway mutations5,6.

The aim of this review is to update the 
available therapeutic strategies against the on‑
set of HUS after kidney transplantation through 
a better understanding of the pathogenetic 
mechanisms that cause the disease. A second 
aim of this review is to highlight the therapeutic 
options to prevent the recurrence of aHUS after 
kidney transplantation.

Complement dysregulation: 
atypical hemolytic uremic 
syndrome and recurrence  
risk after kidney transplantation

The complement system is a major in‑
nate immune defense mechanism, with an 
important role in leukocyte recruitment, cell 
lysis, and opsonization. Complement may be 
activated by the classical, lectin, or alternative 
pathways. Recently, a close association between 
aHUS and mutations in the complement proteins 
was demonstrated, predominantly components 

of the alternative complement pathway (Fig. 1). 
Advances in genetic analysis now allow assess‑
ing the risk of aHUS recurrence after kidney 
transplantation and prognosis associated with 
specific genetic abnormalities.

Complement factor H

Complement factor H (CFH) is a poly‑
peptide chain glycoprotein of 150 KDa synthe‑
sized in the liver and is the most important fluid 
phase regulator of the alternative pathway. This 
complement factor regulator was described in 
1981 in two brothers with aHUS who did not 
produce CFH3,7.

Factor H interacts with complement factor 
I (CFI) through the N‑terminal site, constituted 
by short consensus repeats (SCR) 1‑4, and 
this site gives the function to CFH as a cofactor 
of CFI to inhibit C3 by competing with factor B 
and accelerating the decay of C3 convertase. 
On the other hand, SCR 19‑20 in C‑terminal 
binds to glycosaminoglycans in basement 
membranes and endothelium, protecting against 
aHUS by preventing alternative complement 
activation. Of aHUS patients with an identified 
mutation on complement factor regulators, 
20‑30% have a mutation on CFH, with 80‑100% 
progressing to ESRD. Most of the mutations 
that have been described on CFH are on SCR 
19‑20, which results in loss of complement 
regulation in renal vasculature7,8.

Disease recurrence after transplantation 
has been described in around 80% of cases 
with almost 93% graft loss, most frequently in 
the first year, in more than 70 reported cases 
in the literature9‑11. Those with a mutation on 
SCR 19‑20 have a higher risk of recurrence 
and worst prognosis.

Complement factor I

Complement factor I is a serum glyco‑
protein (serine protease) that is predominantly 
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Figure 1. The alternative complement pathway activation and regulation. The alternative pathway is constantly activated at a low rate by a spon‑
taneous hydrolysis of C3. Hydrolyzed C3, combined with complement factor B, forms the initial fluid‑phase C3 convertase, which cleaves C3 into 
C3a (anaphylatoxin) and C3b (that binds to positively charged surfaces, particularly pathogens with low expression of heparin sulfate). When C3b 
is bound to cell‑surfaces interacts with factor B, followed by a conformational change in factor B, which is then cleaved by complement factor D 
to form the C3 convertase (C3bBb). This convertase cleaves more C3 molecules, initiating an amplification loop. The covalent binding to the surface 
without release of C3b may generate C3bBbC3b complexes with C5 convertase activity. C5 cleavage generates C5a (potent anaphylatoxin) and 
C5b, which participate in the formation of the membrane attack complex (C5b‑C9). It can form a transmembrane channel, causing osmotic lysis 
of the target cell or sublytic damage associated with cell activation. In order to avoid complement hyperactivation, the alternative pathway is con‑
trolled by: complement receptors, fluid phase regulators (circulate in plasma), and membrane‑bound and surface‑bound complement regulators. 
Complement factor H – the main fluid‑phase complement regulator – is able to prevent nonspecific binding of C3b to negative‑charged cell sur‑
faces, binds to complement factor I mediating the proteolytic cleavage of C3b resulting in nonfunctional iC3b and finally, competes with factor B 
promoting the dissociation of C3 convertase (decay‑accelerating activity). Complement factor I, a serine protease, cleaves C3b in the presence of 
other cofactors, such as complement factor H, MCP/CD46, CR1, C4b‑binding protein, and possibly thrombomodulin. Two membrane‑bound 
proteins limit complement activation on the cell surface: DAF or CD55 by dissociating the C3 and C5 convertase and CD59 preventing C5b‑9 inser‑
tion in the membrane (inhibits MAC formation). Finally, FH‑related protein 1 (CFHR1) negatively regulates C5 convertase.
fH: factor H; DAF: decay acceleration factor; CR1: complement receptor 1; MCP: membrane cofactor protein; fI: factor I; MAC: membrane 
attack complex.

expressed in the liver by hepatocytes and 
regulates the three complement pathways by 
cleaving C3b and C4b in the presence of 
other cofactor proteins.

Mutations of CFI are present in 2.0‑11.3% 
of aHUS patients6,12‑21. Over 50% of reported 
cases for aHUS patients associated with CFI 
mutations progress to ESRD following initial 
presentation.

Kidney transplantation in aHUS patients 
with CFI mutations has been associated with a 
recurrence rate of 80%3,6,12,15‑19. The reported 

cases describe 15 renal transplants received by 
10 patients. Twelve renal grafts failed due to 
aHUS recurrence.

Membrane cofactor protein (CD46)

Membrane cofactor protein (MCP) is a 
single‑chain transmembrane glycoprotein ex‑
pressed on most human cells that binds to 
C3b and C4b that are deposited in the cell 
surface, being a cofactor for factor I, and 
promoting inactivation of the complement 
system.
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Atypical HUS has been associated with 
widely expressed MCP, also named CD46 mu‑
tations. Membrane cofactor protein mutations 
were found in 9.1% of aHUS patients22. This 
genetic predisposition led 18% of patients to 
ESRD, and 55% were free of dialysis22,23.

The risk of recurrence in MCP mutations 
is 20%, and this is because MCP is a mem‑
brane protein and the allograft is protected by 
the wild‑type membrane protein. Nevertheless, 
Fremeaux‑Bacchi, et al.24 reported recurrence 
after transplantation and demonstrate patchy 
endothelial microchimerism in the allograft and 
suggested that the recipient mutant MCP 
transferred the risk of aHUS to the graft.

Gain‑of‑function mutations: 
complement factor B and C3

Complement factor B (CFB) mutations 
lead to chronic alternative pathway activation. 
It is a gain‑of‑function mutation resulting in 
decreased decay of the C3bBb convertase 
(enhancing C3b formation) and occurs in 
1‑2% of aHUS patients25. Recurrence of aHUS 
was reported in four renal transplants leading 
to graft failure in three aHUS patients with 
CFB mutations25,26.

About 4‑10% of aHUS patients have a 
C3 gain‑of‑function mutation. The mutant C3b 
reduces its binding to CFH and MCP, which 
impairs its degradation27. Twelve renal trans‑
plants have been reported in aHUS patients 
with C3 mutations. Five of them were affected 
by recurrent aHUS disease (42%)27.

Thrombomodulin

Thrombomodulin is a transmembrane en‑
dothelial cell glycoprotein. Its function is to ac‑
celerate thrombin‑mediated activation of protein 
C, which downregulates thrombin generation 
and suppresses clot formation. Delvaeye, et al.28 
reported that thrombomodulin binds to C3b and 

CFH and negatively regulates CFI. They also 
showed that about 5% of aHUS patients have 
a mutation that impairs the function of thrombo‑
modulin. Recurrence after transplantation was 
reported in a single case (S924) with graft loss.

Factor H autoantibodies

Complement factor H antibodies have 
been reported since 200529. These autoantibod‑
ies are detected in 6‑10% of aHUS cases and 
are directed against the C‑terminal of CFH, 
and impair the binding of CFH to C3b that leads 
to defective factor H‑dependent cell protection30.

It has been associated with recurrence 
after transplantation31‑33, with good response to 
plasmatherapy or anti‑CD20 monoclonal anti‑
body (rituximab). Kavanagh, et al.9 suggested 
that despite the lack of data in the literature, 
CFH autoantibody titers must be monitored and 
they recommended the administration of ritux‑
imab and plasma exchange prior to transplanta‑
tion in those patients with persistent high titers.

De novo hemolytic uremic syndrome 
after kidney transplantation

The incidence of de novo HUS after re‑
nal transplantation ranges from 0.8 to 14%34‑36. 
The clinical presentation is highly variable, 
from the classic triad to only impaired kidney 
function without hematological manifestations37. 
In transplant patients, a high number of factors 
may injure the graft endothelium and increase 
the risk for developing de novo HUS.

Immunosuppression

The most important risk factors for de 
novo post‑renal transplantation HUS are calci‑
neurin38‑41 and mammalian target of rapamycin 
(mTOR) inhibitors. Calcineurin inhibitors (both 
cyclosporine and tacrolimus) induce renal ar
teriolar vasoconstriction42, increase sensitivity to 
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vasoconstrictor agents such as endothelin‑143, 
and decrease synthesis of vasodilator agents 
(prostaglandin E2, prostacyclin and nitric ox‑
ide)40,43‑45. The concomitantly increased platelet 
aggregation and activating plasminogen activa‑
tor (procoagulant state) may lead to the devel‑
opment of thrombotic microangiopathy (TMA).

The mTOR inhibitors may also act as en‑
dothelial aggressors as it has been demonstrat‑
ed that sirolimus may induce downregulation of 
vascular endothelial growth factor (VEGF)46,47 

and can induce death of endothelial progeni‑
tor48. De novo post‑renal transplantation HUS 
can occur with the use of an mTOR inhibitor 
alone or in combination with a calcineurin in‑
hibitor44,49,50. The combination mTOR/calcineurin 
inhibitor confers a pro‑necrotic, proapoptotic 
and antiangiogenic effect on endothelial cells49.

Viral infections

Some viral infections may increase the 
risk of developing de novo HUS in transplant 
patients. They include cytomegalovirus infec‑
tion (associated with both recurrent forms51 and 
de novo HUS in transplant recipients)52, parvo‑
virus B1953,54 and BK polyoma virus nephritis55.

Other factors

Other factors that might trigger the devel‑
opment of de novo HUS are: antibody mediated 
rejection56, marginal kidneys57, ischemia‑reper‑
fusion events58, antiphospholipid antibodies59,60, 
anticardiolipin antibodies61 and malignancy62.

Genetic susceptibility to de novo 
hemolytic uremic syndrome

A study in 24 kidney transplant recipients 
with a history of posttransplantation de novo TMA 
demonstrated for the first time an association 
between mutations in genes coding for comple‑
ment regulation proteins and de novo TMA63. 

Seven of 24 patients (29%) presented with CFH 
or CFI mutations, suggesting that these genetic 
abnormalities are risk factors for de novo TMA.

Therapeutic options

After identification and diagnosis, kidney 
transplant patients who develop HUS should 
be treated according to the pathogenesis of 
the disease.

Atypical hemolytic uremic syndrome 
recurrence after transplantation

Plasmatherapy

Plasmatherapy consists of two techniques: 
either infusion of fresh frozen plasma (FFP), or 
plasma exchange and restitution with FFP. 
These techniques were firstly used in 1977 on 
thrombotic thrombocytopenic purpura with 
generally good results64,65. However, it was 
not possible to achieve the same percentage 
of favorable response in HUS until the differ‑
ence between typical and atypical HUS was 
described. Plasma infusion leads to the addition 
of non-mutated proteins that allows comple‑
ment regulation; moreover, plasma exchange 
can remove the mutated factors and may also 
remove some proteins that can trigger com‑
plement activation, such as cytokines66.

Descriptions in the literature of plasma‑
therapy used for CFH mutations led us to con‑
clude that it could induce partial (49.,5%) or 
complete remission (17.5%), but up to 70% of 
patients die, require dialysis, or have chronic 
renal insufficiency6. If used, it has to be initi‑
ated early, with caution when there is infection 
or inflammatory responses to enhanced ther‑
apy. From these reports it seems that plasma 
exchange can be superior to plasma infusion 
for treatment and prevention6,66.

In respect to CFI, the reports describe 
partial response in more than 50% of cases. 
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Nevertheless, almost all patients developed 
ESRD. It seems that almost 50% of patients 
with CFI mutations may have other additional 
complement factor mutations that worsen the 
prognosis, leaving those with just a CFI mutation 
with a better prognosis13,66.

One cannot expect a beneficial effect 
over plasmatherapy on MCP or thrombomod‑
ulin mutations due to the nature of membrane 
protein. Retrospective studies of French and 
Italian registries showed no differences in the 
outcome when comparing plasma exchange 
or plasma infusion with no treatment and as a 
preventive tool, as was described later6,66,67.

It is not clear whether plasmatherapy 
can be useful in gain-of-function mutations, 
and Loirat, et al. suggest that more frequent 
plasma exchange might be needed to main‑
tain a low or null activation of complement66.

Loirat, et al.66 give empirical guidelines 
based on literature reports and recommend ini‑
tiating plasmatherapy within the first 24 hours of 
presentation of symptoms and laboratory alter
ations, with plasma exchange as first-line therapy 
with a 1.5 plasma volume exchange with FFP. 
If this is not possible, they recommend the use 
of plasma infusion at a dose of 10-20 ml/kg. 
This is true for CFH, CFI, C3, and CFB mutations. 
If MCP or thrombomodulin are confirmed, then 
plasmatherapy can be suspended; otherwise, 
they recommend permanent therapy66.

Eculizumab

Eculizumab is a humanized monoclonal 
antibody against complement factor 5 (C5). By 
blocking the cleavage of C5, generation of pro‑
thrombotic C5a and the formation of membrane 
attack complex (C5b-9) is prevented. Eculizumab 
was first approved for the treatment of paroxysmal 
nocturnal hemoglobinuria and in 2011 was ap‑
proved by the FDA for all patients with aHUS68. 

Clinical cases reported with the use of 
eculizumab in aHUS recurrence after kidney 

transplantation showed that the inhibition of 
microangiopathic hemolytic processes (nor‑
malization of platelet count, lactate dehydro‑
genase, and haptoglobin) occurred in all re‑
ported patients within a short period of time, 
but renal function recovery was variable69-73. 
Some authors suggest that renal recovery 
may depend on early administration of eculi‑
zumab before significant and permanent renal 
damage occurs70,73. One of the above patients 
had a recurrence of aHUS after a six-day delay 
of eculizumab infusion70. 

Recently, Zuber, et al.74 extended these 
experiences with a series of 13 renal transplant 
patients treated with eculizumab after post‑
transplant aHUS recurrence. In all of them he‑
matological signs of hemolysis rapidly returned 
to normal range and renal function improved 
significantly during the first three months. They 
observed relapses in two patients who received 
a single-dose and two patients who delayed 
(6-8 days) the eculizumab infusion. Among the 
11 patients who maintained on eculizumab, 
the interval between the onset of the aHUS 
recurrence and anti-C5 initiation determined 
the extent of recovery of renal function. 

Taken together, the published data 
suggest that eculizumab is an effective and 
safe therapy, and should be recommended as 
first-line treatment of posttransplant aHUS re‑
currence. Nevertheless, the optimal regimen 
(timing and dosages) either for prophylaxis or 
treatment need further study. Ongoing clinical 
trials with an estimated study completion date 
in December 2012 will give us more details on 
eculizumab efficacy and safety75,76.

New therapies

The advent of new therapies currently un‑
der investigation is promising for some targets. 
Complement regulatory proteins have been syn‑
thesized and may be a future therapeutic option, 
like concentrated CFH for aHUS patients with 
CFH mutations77. Other complement regulatory 
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proteins have been synthesized, such as decay 
accelerating factor and MCP, but the effective‑
ness on complement inhibition was lower than 
the parental molecules. Attempts to verify other 
alternatives, such as TT130 molecule directed to 
inhibit C3 and TA106 (a molecule directed 
against factor B) have shown results in animal 
models, without having been tested yet in hu‑
mans, as well as monoclonal antibodies against 
factor B78. Molecules described in aHUS devel‑
opment like thrombomodulin can be of possible 
use, as was shown by Sakai, et al.79, using re‑
combinant human soluble thrombomodulin, a 
molecule already approved for intravascular dis‑
seminated coagulopathy in Japan, to gain con‑
trol of TMA after hematopoietic stem cell trans‑
plantation. The achievement of new molecules 
directed against targets in complement modula‑
tion may be of interest to obtain control of aHUS.

De novo hemolytic uremic 
syndrome after transplantation

Avoiding triggers

A first step should be to identify possible 
triggers and to try to eliminate them. Therefore, 
it seems logical to use calcineurin inhibitor‑free 
protocols to avoid ischemia‑related endothelial 
damage. However, the benefit of these thera‑
pies remains controversial. While some studies 
have shown benefits of avoidance of calcineu‑
rin inhibitors in de novo posttransplant HUS80,81, 
others have reported no benefits82. Furthermore, 
the most extensive alternative to calcineurin 
inhibitors is an mTOR‑based regimen, but siro‑
limus can also induce endothelial damage46. A 
promising alternative could be a maintenance 
immunosuppressive regime based on belata‑
cept. Ashman, et al.83 reported a single case 
of de novo HUS after living‑donor kidney 
transplant on cyclosporin, with recurrence af‑
ter switch to tacrolimus first, and sirolimus 
afterwards. Finally, belatacept has been safely 
introduced as maintenance immunosuppression 
in combination with prednisone and azathio‑
prine, showing successful resolution of TMA.

Plasmatherapy

Plasma exchange used along with dis‑
continuation of calcineurin inhibitors has shown 
durable remission in 80% of patients with de 
novo posttransplant HUS (23 of 29 patients)80. 
Therefore, plasma exchange therapy is a main‑
stay in the treatment of this disease.

Eculizumab

Recently, Chandran, et al.84 reported a 
case of successful treatment with eculizumab 
of de novo TMA associated to acute antibody 
rejection in a pancreas/kidney transplant. Wilson, 
et al.85 also reported a case of de novo TMA 
in a pancreas/kidney transplant treated unsuc‑
cessfully with plasma exchange that rapidly 
responded to eculizumab treatment.

Assessment of atypical hemolytic 
uremic syndrome before 
transplantation

Investigations

Before a patient with ESRD secondary 
to aHUS is included in a waiting list for trans‑
plantation, a complete genetic assay must be 
done in order to define the strategies for the 
management of the future transplant patient 
(Table 1).

Prophylactic strategies

The presence of gene mutations con‑
ferring a high risk of recurrence and graft 
lost (CFH, CFI, C3 and CFB) would be an 
obvious reason for prophylactic intervention 
(PE, eculizumab) or liver-kidney transplanta‑
tion. Other abnormalities with low risk of 
aHUS recurrence should be considered on an 
individual basis (MCP mutations or negative 
CFH antibodies). 
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Preemptive plasma exchange 

From the experience reported in the litera‑
ture, it seems that preemptive plasma exchange 
could be beneficial for CFH, CFI mutations and 
anti CFH autoantibodies and it is not clear if this 
could have any benefit on gain-of-function 
mutations, and possibly there is no benefit on 
MCP or thrombomodulin mutations6,66.

Liver/kidney transplantation

Due to the synthesis of CFH and CFI in 
the liver, the rationale of a liver/kidney trans‑
plant was logical. However, Remuzzi, et al. 
reported two cases of aHUS because of CFH 
mutations that underwent liver/kidney trans‑
plants with fatal outcomes for both of them86,87. 
Additionally, Cheong, et al. reported in 2004 
an attempt of auxiliary partial orthotopic liver 
transplantation in a 30-month-old child with 
low CFH levels and hemolytic anemia, but the 
child died 11 months later from posttransplant 
lymphoproliferative disorder88. 

In spite of these three initial attempts, 
in 2009, Saland, et al.89 proposed treatment 
guidelines on liver/kidney transplantation for 
aHUS based on several successful reports of 
liver/kidney transplants in patients with CFH and 
CFI mutations. It is not clear yet if other types of 
mutations, like C3 or CFB, can be treated with 
this alternative, given the extrahepatic site of pro‑
duction. They recommend combined liver/kidney 
transplantation in patients with aHUS and ESRD 
with CFH or CFI mutations. This treatment must 
be accompanied by plasma exchange (1.5 vol. 
FFP in 4-6 hours) and intraoperative plasma infu‑
sion (10-20 ml/kg of FFP infused after native liver 
is explanted), and after the transplantation, low 
molecular weight heparin at prophylactic doses 
and aspirin (2 mg/kg/day up to 80 mg/ day) for 
three months. Guidelines make no specific rec‑
ommendations as to which immunosuppression 
to use. However, they recommend liver trans‑
plantation alone if there is no clinical kidney func‑
tion deterioration, performing a kidney biopsy first 
to evaluate the extent of kidney histological al‑
terations. They also recommend isolated kidney 
transplantation in those patients with no evidence 
of CFH, CFI, C3 and CFB mutations, with aHUS 
due to MCP mutation or FH autoantibodies9,89.

Prophylactic eculizumab

Primary prophylaxis prior to kidney trans‑
plantation has been first described by Zimmer‑
hackl, et al.90 in a CFH-deficient four-year-old 
patient, with eculizumab every two weeks for 
12 months, with no documented recurrence. A 
second case was reported by Weitz, et al.91 in 
a renal transplant in a seven-year-old child with 
a CFH mutation. They used eculizumab prior to 
transplantation and then every two weeks for a 
seven-month follow-up period, without allograft 
rejection and only reporting a polyoma virus 
infection that resolved after cidofovir treatment. 
Recently, Zuber et al. 74 collected these positive 
experiences along with seven other cases who 
received prophylactic eculizumab to prevent 
posttransplant aHUS recurrence. Of the nine 
patients, eight experienced a recurrence-free 

Table 1. Investigations of the complement system in 
atypical hemolytic uremic syndrome patients

Plasmatic levels of complement factors

Complement C3

Complement C4

Complement factor H

Complement factor I

Complement factor B

Genetic study (genotyping)

Complement factor H

Complement factor I

Membrane cofactor protein

Complement C3

Complement factor B

Thrombomodulin

Screening for autoantibodies against 
complement factor H (CFH)
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posttransplant course (one lost her graft because 
arterial thrombosis) after a median follow-up of 
14.5 months.

Despite the limited size, these data sug‑
gest that prophylactic eculizumab could be a 
suitable strategy in aHUS patients with high 
risk of recurrence after renal transplantation.

Living-donor kidney transplant

Despite the high risk of aHUS recur‑
rence after a cadaveric-donor kidney trans‑
plant, the introduction of new effective pro‑
phylactic strategies (plasma exchange, liver/
kidney transplantation, eculizumab) make a 
deceased-donor kidney transplant a good 
choice for aHUS patients. Nevertheless, liv‑
ing-related donor kidney transplantation in 
aHUS patients has been categorically contra‑
indicated in the literature3,9,77 due to the sig‑
nificant and unacceptable risk of aHUS recur‑
rence92 and also for the risk to the donor. Four 
case reports described aHUS presentation in 
the donors within the first year of donation92,93.

However, our knowledge on complement 
factor mutations, hot spots or single nucleotide 
polymorphisms, and genetic screening is today 
more complete than 10 years ago. If living-re‑
lated donor kidney transplantation is the only 
choice, a complete and thorough evaluation 
of the patient and donor must be done prior 
to transplantation. Living-related donor kidney 
transplantation should only be considered if 
aHUS mutations are identified in the recipient 
and are not present in the donor (excluding the 
presence of genetic susceptibility to aHUS). 
Every case should be considered with caution 
and complete information about the risks should 
be explained to both recipient and donor.

Conclusions

Atypical hemolytic uremic syndrome is a 
disease that is related to mutations in genes that 

encode molecules regulating the complement 
alternative pathway. To date, many descriptions 
have been made on the loci of these mutations, 
providing knowledge about the regulation of 
complement pathway. Most of these mutations 
have a poor prognosis and lead to progression 
to ESRD. Treatment with an isolated kidney or 
combined liver/kidney transplantation seems a 
good alternative, nevertheless, depending on 
which complement factor is mutated. There will 
be more or less risk of recurrence, so a thor‑
ough genetic evaluation must be done in order 
to include patients in a waiting list. Moreover, 
pre‑emptive therapy with plasmapheresis and/or 
eculizumab is recommended; however, the de‑
sign and outcomes of new therapies may give 
us new tools to prevent and treat recurrences.

Acknowledgements

M. Blasco has received funding from 
Alexion Pharmaceuticals and is a co‑investiga‑
tor for trials of eculizumab in aHUS. C. Duran 
declares no competing interests.

References
	 1.	Noris M, Remuzzi G. Hemolytic uremic syndrome. J Am Soc 

Nephrol. 2005;16:1035‑50.
	 2.	Constantinescu AR, Bitzan M, Weiss LS, et al. Non‑entero‑

pathic hemolytic uremic syndrome: causes and short‑term 
course. Am J Kidney Dis. 2004;43:976‑82.

	 3.	Noris M, Remuzzi G. Atypical hemolytic‑uremic syndrome. 
N Engl J Med. 2009;361:1676‑87. **Complete review of 
aHUS including: genetic complement abnormalities, clinical 
course, outcome, treatment options and transplantation. 

	 4.	Ferraris JR, Ramirez JA, Ruiz S, et al. Shiga toxin‑associat‑
ed hemolytic uremic syndrome: absence of recurrence after 
renal transplantation. Pediatr Nephrol. 2002;17:809‑14.

	 5.	Bresin E, Daina E, Noris M, et al. Outcome of renal trans‑
plantation in patients with non‑Shiga toxin‑associated hemo‑
lytic uremic syndrome: prognostic significance of genetic 
background. Clin J Am Soc Nephrol. 2006;1:88‑99.

	 6.	Caprioli J, Noris M, Brioschi S, et al. Genetics of HUS: the 
impact of MCP, CFH, and IF mutations on clinical presenta‑
tion, response to treatment, and outcome. Blood. 
2006;108:1267‑79. *Relationship between genetic comple‑
ment abnormalities and aHUS.

	 7.	Hirt‑Minkowski P, Dickenmann M, Schifferli JA. Atypical hemo‑
lytic uremic syndrome: Update on the complement system 
and what is new. Nephron Clin Pract. 2010;114:c219‑35.

	 8.	Kavanagh D, Goodship T. Genetics and complement in 
atypical HUS. Pediatr Nephrol. 2010;25:2431‑2.

	 9.	Kavanagh D, Richards A, Goodship T, Jalanko H. Transplan‑
tation in atypical haemolytic uremic syndrome. Semin 
Thromb Hemost. 2010;36:653‑9.

	 10.	Olie KH, Goodship TH, Verlaak R, et al. Posttransplantation 
cytomegalovirus‑induced recurrence of atypical hemolytic 



Trends in Transplantation 2012;6

26

uremic syndrome associated with a factor H mutation: suc‑
cessful treatment with plasma exchanges and ganciclovir. 
Am J Kidney Dis. 2005;45:e12‑15.

	 11.	Durán CE, Blasco M, Maduell F, Campistol JM. Rescue 
therapy with eculizumab in a transplant recipient with atyp‑
ical hemolytic uremic syndrome on hemodialysis. Nephrol 
Dial Transplant PLUS. 2011;doi:10.1093/ndtplus/sfr107.

	 12.	Fremeaux‑Bacchi V, Dragon‑Durey MA, Blouin J, et al. 
Complement factor I: a susceptibility gene for atypical 
hemolytic uremic syndrome. J Med Genet. 2004;41:e84.

	 13.	Bienaime F, Dragon‑Durey MA, Regnier CH, et al. Mutations 
in components of complement influence the outcome of 
Factor I‑associated atypical hemolytic uremic syndrome. 
Kidney Int. 2010;77:339‑49.

	 14.	Esparza‑Gordillo J, Jorge EG, Garrido CA, et al. Insights into 
hemolytic uremic syndrome: segregation of three indepen‑
dent predisposition factors in a large, multiple affected 
pedigree. Mol Immunol. 2006;43:1769‑75.

	 15.	Chan MR, Thomas CP, Torrealba JR, et al. Recurrent atypi‑
cal hemolytic uremic syndrome associated with factor I mu‑
tation in a living related renal transplant recipient. Am J 
Kidney Dis. 2009;53:321‑6.

	 16.	Kavanagh D, Kemp EJ, Mayland E, et al. Mutations in com‑
plement factor I predispose to development of atypical he‑
molytic uremic syndrome. J Am Soc Nephrol. 2005;16:2150‑5.

	 17.	Kavanagh D, Richards A, Noris M, et al. Characterization of 
mutations in complement factor I (CFI) associated with 
hemolytic uremic syndrome. Mol Immunol. 2008;45:95‑105.

	 18.	Geelen J, van den Dries K, Roos A, et al. A missense muta‑
tion in factor I (IF) predisposes to atypical hemolytic uremic 
syndrome. Pediatr Nephrol. 2007;22:371‑5.

	 19.	Nilsson SC, Karpman D, Vaziri‑Sani F, et al. A mutation in 
factor I that is associated with atypical hemolytic uremic 
syndrome does not affect the function of factor I in comple‑
ment regulation. Mol Immunol. 2007;44:1835‑44.

	 20.	Le Quintrec M, Roumenina L, Noris M, Frémeaux‑Bacchi V. 
Atypical hemolytic uremic syndrome associated with muta‑
tions in complement regulator genes. Semin Thromb He‑
most. 2010;36:641‑52.

	 21.	Maga TK, Nishimura CJ, Weaver AE, Frees KL, Smith RJ. 
Mutations in alternative pathway complement proteins in 
American patients with atypical hemolytic uremic syndrome. 
Hum Mutat. 2010;31:E1445‑60.

	 22.	Fremeaux‑Bacchi V, Moulton EA, Kavanagh D. Genetic and 
functional analyses of membrane cofactor protein (CD46) 
mutations in atypical hemolytic uremic syndrome. J Am Soc 
Nephrol. 2006;17:2017‑25.

	 23.	Richards A, Kemp EJ, Liszewski MK. Mutations in human 
complement regulator, membrane cofactor protein (CD46), 
predispose to development of familial hemolytic uremic syn‑
drome. Proc Natl Acad Sci USA. 2003;100:12966‑71.

	 24.	Fremeaux‑Bacchi V, Arzouk N, Ferlicot S, Charpentier B, 
Snanoudj R, Dürrbach A. Recurrence of HUS due to CD46/
MCP mutation after renal transplantation: a role for endothe‑
lial microchimerism. Am J Transplant. 2007;7:2047‑51.

	 25.	Goicoechea JE, Harris CL, Esparza GJ, et al. Gain‑of‑function 
mutations in complement factor B are associated with atypical 
hemolytic uremic syndrome. Proc Natl Acad Sci USA. 
2007;104:240‑5.

	 26.	Roumenina LT, Jablonski M, Hue C, et al. Hyperfunctional 
C3 convertase leads to complement deposition on endothelial 
cells and contributes to atypical hemolytic uremic syndrome. 
Blood. 2009;114:2837‑45.

	 27.	Frémeaux‑Bacchi V, Miller EC, Liszewski MK, et al. Mutations 
in complement C3 predispose to development of atypical 
hemolytic uremic syndrome. Blood. 2008;112:4948‑52.

	 28.	Delvaeye M, Noris MD, Vriese A. Thrombomodulin mutations 
in atypical hemolytic uremic syndrome. N Engl J Med. 
2009;361:345‑57.

	 29.	Dragon‑Durey MA, Loirat C, Cloarec S, et al. Anti‑factor H 
autoantibodies associated with atypical hemolytic uremic 
syndrome. J Am Soc Nephrol. 2005;16:555‑63.

	 30.	Dragon‑Durey MA, Sethi SK, Bagga A, et al. Clinical features 
of anti‑factor H autoantibody‑associated hemolytic uremic 
syndrome. J Am Soc Nephrol. 2010;21:2180‑7.

	 31.	Le Quintrec M, Zuber J, Noel LH, et al. Anti‑factor H autoan‑
tibodies in a fifth renal transplant recipient with atypical hemo‑
lytic and uremic syndrome. Am J Transplant. 2009;9: 1223‑9.

	 32.	Kwon T, Dragon‑Durey MA, Macher MA, et al. Successful 
pre‑transplant management of a patient with anti‑factor H 
autoantibodies‑associated hemolytic uremic syndrome. Nephrol 
Dial Transplant. 2008;23:2088‑90.

	 33.	Moore I, Strain L, Pappworth I, et al. Association of factor H 
autoantibodies with deletions of CFHR1, CFHR3, CFHR4 and 
with mutations in CFH, CFI, CD46 and C3 in patients with 
atypical hemolytic uremic syndrome. Blood. 2010;115:379‑87.

	 34.	Reynolds JC, Agodoa LY, Yuan CM, Abbott KC. Thrombotic 
microangiopathy after renal transplantation in the United States. 
Am J Kidney Dis. 2003;42:1058‑68. *Complete analysis of the 
incidence, time to event, and risk factors for thrombotic micro‑
angiopathy after renal transplantation in a national population.

	 35.	Zarifian A, Meleg‑Smith S, O’Donovan R, Tesi RJ, Batuman 
V. Cyclosporine‑associated thrombotic microangiopathy in 
renal allografts. Kidney Int. 1999;55:2457‑66.

	 36.	Pham PT, Peng A, Wilkinson AH, et al. Cyclosporine and 
tacrolimus associated thrombotic microangiopathy. Am J 
Kidney Dis. 2000;36:844‑50.

	 37.	Schwimmer J, Nadasdy TA, Spitalnik PF, Kaplan KL, Zand 
MS. De novo thrombotic microangiopathy in renal transplant 
recipients: a comparison of hemolytic uremic syndrome with 
localized renal thrombotic microangiopathy. Am J Kidney 
Dis. 2003;41:471‑9.

	 38.	Ruggenenti P. Post‑transplant hemolytic‑uremic syndrome. 
Kidney Int. 2002;62:1093‑104.

	 39.	Ruggenenti P, Noris M, Remuzzi G. Thrombotic microan‑
giopathy, hemolytic uremic syndrome, and thrombotic 
thrombocytopenic purpura. Kidney Int. 2001;60:831‑46.

	 40.	Naesens M, Kuypers DR, Sarwal M. Calcineurin inhibitor 
nephrotoxicity. Clin J Am Soc Nephrol. 2009;4:481‑508.

	 41.	Liptak P, Ivanyi B. Primer: histopathology of calcineurin inhibitor 
toxicity in renal allografts. Nat Clin Pract Nephrol. 2006;2:398‑404.

	 42.	English J, Evan A, Houghton DC, Bennett WM. Cyclospo‑
rine‑induced acute renal dysfunction in the rat. Evidence of 
arteriolar vasoconstriction with preservation of tubular function. 
Transplantation. 1987;44:135‑41.

	 43.	Ramzy D, Rao V, Tumiati LC, Xu N, et al. Role of endothelin‑1 
and nitric oxide bioavailability in transplant‑related vascular 
injury: comparative effects of rapamycin and cyclosporine. 
Circulation. 2006;114:I214‑19.

	 44.	Ponticelli, C. De novo thrombotic microangiopathy. An un‑
derrated complication of renal transplantation. Clin Nephrol. 
2007;67:335‑40.

	 45.	Burdmann EA, Andoh TF, Yu L, Bennett WM. Cyclosporine 
nephrotoxicity. Semin Nephrol. 2003;23:465.

	 46.	Sartelet H, Toupance O, Lorenzato M, et al. Sirolimus‑in‑
duced thrombotic microangiopathy is associated with de‑
creased expression of vascular endothelial growth factor in 
kidneys. Am J Transplant. 2005;5:2441‑7.

	 47.	Eremina V, Jefferson JA, Kowalewska J, et al. VEGF inhibi‑
tion and renal thrombotic microangiopathy. N Engl J Med. 
2008;358:1129‑36.

	 48.	Miriuka SG, Rao V, Peterson M, et al. mTOR inhibition in‑
duces endothelial progenitor cell death. Am J Transplant. 
2006;6:2069‑79.

	 49.	Fortin MC, Raymond MA, Madore F, et al. Increased risk of 
thrombotic microangiopathy in patients receiving a cyclospo‑
rine‑sirolimus combination. Am J Transplant. 2004;4:946‑52.

	 50.	Robson M, Côte I, Abbs I, Koffman G, Goldsmith D. Throm‑
botic micro‑angiopathy with sirolimus‑based immunosuppres‑
sion: potentiation of calcineurin inhibitor‑induced endothelial 
damage? Am J Transplant. 2003;3:324‑7.

	 51.	Olie KH, Goodship TH, Verlaak R, et al. Posttransplantation 
cytomegalovirus‑induced recurrence of atypical hemolytic 
uremic syndrome associated with a factor H mutation: suc‑
cessful treatment with intensive plasma exchanges and 
ganciclovir. Am J Kidney Dis. 2005;45:e12‑15.

	 52.	Waiser J, Budde K, Rudolph B, Ortner MA, Neumayer HH. De 
novo hemolytic uremic syndrome postrenal transplant after 
cytomegalovirus infection. Am J Kidney Dis. 1999;34:556‑9.

	 53.	Ardalan MR, Shoja MM, Tubbs RS, Esmaili H, Keyvani H. 
Postrenal transplant hemophagocytic lymphohistiocytosis 
and thrombotic microangiopathy associated with parvovirus 
b19 infection. Am J Transplant. 2008;8:1340‑4.

	 54.	Murer L, Zacchello G, Bianchi D, et al. Thrombotic microan‑
giopathy associated with parvovirus B 19 infection after renal 
transplantation. J Am Soc Nephrol. 2000;11:1132‑7.



Miquel Blasco Pelicano, Carlos Eduardo Durán: HUS Post-kidney Transplantation

27

	 55.	Petrogiannis‑Haliotis T, Sakoulas G, Kirby J, et al. BK‑related 
polyomavirus vasculopathy in a renal‑transplant recipient. 
N Engl J Med. 2001;345:1250‑5.

	 56.	Satoskar AA, Pelletier R, Adams P, et al. De novo thrombotic 
microangiopathy in renal allograft biopsies–role of anti‑
body‑mediated rejection. Am J Transplant. 2010;10: 1804‑11.

	 57.	Pellé G, Xu Y, Khoury N, Mougenot B, Rondeau E. Thrombotic 
microangiopathy in marginal kidney after sirolimus use. Am 
J Kidney Dis. 2005;46:1124.

	 58.	Kwon O, Hong SM, Sutton TA, Temm CJ. Preservation of 
peritubular capillary endothelial integrity and increasing peri‑
cytes may be critical to recovery from postischemic acute 
kidney injury. Am J Physiol Renal Physiol. 2008;295:F351‑9.

	 59.	Canaud G, Bienaimé F, Noël LH, et al. Severe vascular 
lesions and poor functional outcome in kidney transplant 
recipients with lupus anticoagulant antibodies. Am J Trans‑
plant. 2010;10:2051‑60.

	 60.	 Jumani A, Hala K, Tahir S, et al. Causes of acute throm‑
botic microangiopathy in patients receiving kidney trans‑
plantation. Exp Clin Transplant. 2004;2:268‑72.

	 61.	Baid S, Pascual M, Williams WW, et al. Renal thrombotic 
microangiopathy associated with anticardiolipin antibodies 
in hepatitis C‑positive renal allograft recipients. J Am Soc 
Nephrol. 1999;10:146.

	 62.	Gohh RY, Williams ME, Crosson AW, Federman M, Zam‑
betti FX. Late renal allograft failure secondary to thrombotic 
microangiopathy associated with disseminated malignancy. 
Am J Nephrol 1997;17:176‑80.

	 63.	Le Quintrec M, Lionet A, Kamar N, et al. Complement muta‑
tion‑associated de novo thrombotic microangiopathy following 
kidney transplantation. Am J Transplant. 2008;8:1694‑701.

	 64.	Byrnes JJ, Khurana M. Treatment of thrombotic thrombocy‑
topenic purpura with plasma. N Engl J Med. 1977;297:1386‑9.

	 65.	Bukowski RM, King JW, Hewlett JS. Plasmapheresis in the 
treatment of thrombotic thrombocytopenic purpura. Blood. 
1977;50:413‑17.

	 66.	Loirat C, Garnier A, Sellier‑Leclerc AL, Kwon T. Plasmatherapy 
in atypical haemolytic uremic syndrome. Semin Thromb Hemost. 
2010;36:673‑81. *Review of the published data and recom‑
mendations for plasmatherapy in aHUS according to genotype.

	 67.	Sellier‑Leclerc AL, Freméaux‑Bacchi V, Dragon‑Durey MA, 
et al. Differential impact of complement mutations on clinical 
characteristics in atypical hemolytic uremic syndrome. J Am 
Soc Nephrol. 2007;18:2392‑400.

	 68.	Soliris® (eculizumab) Approved by FDA for All Patients with 
Atypical Hemolytic Uremic Syndrome (aHUS). Available at: 
http://www.alxn.com/News/article.aspx?relid=607787

	 69.	Davin JC, Gracchi V, Bouts A, Groothoff J, Strain L, Good‑
ship T. Maintenance of kidney function following treatment 
with eculizumab and discontinuation of plasma exchange 
after a third kidney transplant for atypical hemolytic uremic 
syndrome associated with a CFH mutation. Am J Kidney Dis. 
2010;55:708-11.

	 70.	Chatelet V, Fremeaux-Bacchi V, Lobbedez T, Ficheux M, 
Hurault de Ligny B. Safety and long term efficacy of eculi‑
zumab in a renal transplant patient with recurrent atypical 
hemolytic-uremic syndrome. Am J Transplant. 2009;9:2644-5.

	 71.	Nürnberger J, Philipp T, Witske O, et al. Eculizumab for atypical 
hemolytic-uremic syndrome. N Engl J Med. 2009;360:542-4. 
*First successful experience with eculizumab for treatment 
of a patient with aHUS.

	 72.	Larrea CF, Cofan F, Oppenheimer F, Campistol JM, Escolar 
G, Lozano M. Efficacy of eculizumab in the treatment of 
recurrent atypical hemolytic uremic syndrome after renal 
transplantation. Transplantation. 2010;89:903-4.

	 73.	Al-Akash SI, Almond PS, Savell VH, Gharaybeh SI, Hogue 
C. Eculizumab induces long-term remission in recurrent 
post‑transplant HUS associated with C3 gene mutation. Pe‑
diatr Nephrol. 2011;26:613-19.

	 74.	Zuber J, Le Quintrec M, Krid S, et al. Eculizumab for atypi‑
cal hemolytic uremic syndrome recurrence in renal trans‑
plantation. Am J Transpl. [Epub ahead of print].

	 75.	Open Label Controlled Trial of Eculizumab in Adult Patients 
With Plasma Therapy‑sensitive Atypical Hemolytic Uremic 

Syndrome (aHUS). [Internet] Available in: http://clinicaltrials.
gov/ct2/show/NCT00838513

	 76.	Open Label Controlled Trial of Eculizumab in Adolescent 
Patients With Plasma Therapy‑Resistant aHUS. [Internet] 
Available in: http://clinicaltrials.gov/ct2/show/NCT00844844

	 77.	Zuber J, Le Quintrec M, Sberro‑Sousan R, Loirat C, 
Frémeaux‑Baccchi V, Legendre C. New insights into postre‑
nal transplant hemolytic uremic syndrome. Nat Rev Nephrol. 
2011;7:23‑35. **Complete review of recent advances in the 
understanding of the pathogenesis of postrenal transplant 
HUS, diagnostic and therapeutic considerations.

	 78.	Wagner E, Frank MM. Therapeutic potential of complement 
modulation. Nat Rev Drug Disc. 2010;9:43‑56.

	 79.	Sakai M, Ikezoe T, Bandobashi K, Togitani K, Yokoyama A. 
Successful treatment of transplantation‑associated throm‑
botic microangiopathy with recombinant human soluble 
thrombomodulin. Bone Marrow Transplant. 2009;45:803‑5.

	 80.	Karthikeyan V, Parasuraman R, Shah V, Vera E, Venkat KK. 
Outcome of plasma exchange therapy in thrombotic micro‑
angiopathy after renal transplantation. Am J Transplant. 
2003;3:1289‑94.

	 81.	Oyen O, Strøm EH, Midtvedt K, et al. Calcineurin inhibi‑
tor‑free immunosuppression in renal allograft recipients with 
thrombotic microangiopathy/hemolytic uremic syndrome. 
Am J Transplant. 2006;6:412‑18.

	 82.	Bresin E, Daina E, Noris M, et al. Outcome of renal transplan‑
tation in patients with non‑Shiga toxin‑associated hemolytic 
uremic syndrome: prognostic significance of genetic back‑
ground. Clin J Am Soc Nephrol. 2006;1:88‑99.

	 83.	Ashman N, Chapagain A, Dobbie H, Raftery MJ, Sheaff MT, 
Yaqoob MM. Belatacept as maintenance immunosuppression 
for postrenal transplant de novo drug‑induced thrombotic 
microangiopathy. Am J Transplant. 2009;9:424‑7.

	 84.	Chandran S, Baxter‑Lowe L, Olson JL, Tomlanovich SJ, Web‑
ber A. Eculizumab for the treatment of de novo thrombotic 
microangiopathy post simultaneous pancreas‑kidney trans‑
plantation--a case report. Transplant Proc. 2011;43: 2097‑101.

	 85.	Willson CH, Brown AL, White SA, et al. Successful treatment 
of de novo posttransplant thrombotic microangiopathy with 
eculizumab. Transplantation. 2011;92:e42‑3.

	 86.	Remuzzi G, Ruggenenti P, Codazzi D, et al. Combined kid‑
ney and liver transplantation for familial hemolytic uremic 
syndrome. Lancet. 2002;359:1671‑2.

	 87.	Remuzzi G, Ruggenenti P, Colledan M, et al. Hemolytic 
uremic syndrome: a fatal outcome after kidney and liver 
transplantation performed to correct factor H gene mutation. 
Am J Transplant. 2005;5:1146‑50.

	 88.	Cheong HI, Lee BS, Kang HG, et al. Attempted treatment of 
factor H deficiency by liver transplantation. Pediatr Nephrol. 
2004;19:454‑8.

	 89.	Saland JM, Ruggenenti P, Remuzzi G; Consensus study 
group. Liver‑kidney transplantation to cure atypical hemo‑
lytic uremic syndrome. J Am Soc Nephrol. 2009;20:940‑9. 
**Guidelines for liver or liver‑kidney transplant in aHUS, 
based on clinical experience, shared research expertise 
and review of the literature and registry information.

	 90.	Zimmerhackl LB, Hofer J, Cortina G, et al. Prophylactic 
eculizumab after renal transplantation in atypical hemolytic 
uremic syndrome. N Engl J Med. 2010;362:1746‑8. *One of 
the first two experiences with prophylactic eculizumab after 
kidney transplantation for aHUS.

	 91.	Weitz M, Amon O, Basler D, Koeningsrainer A, Nadalin S. 
Prophylactic eculizumab prior to kidney transplantation for 
atypical hemolytic uremic syndrome. Pediatr Nephrol. 
2011;26:1325‑9. *One of the first two experiences with pro‑
phylactic eculizumab after kidney transplantation for aHUS.

	 92.	Donne RL, Abbs I, Barany P, et al. Recurrence of hemolytic 
uremic syndrome after live related renal transplantation 
associated with subsequent de novo disease in the donor. 
Am J Kidney Dis. 2002;40:E22.

	 93.	Kaplan BS, Papadimitriou M, Brezin JH, Tomlanovich SJ, 
Zulkharnain. Renal transplantation in adults with autosomal 
recessive inheritance of hemolytic uremic syndrome. Am J 
Kidney Dis. 1997;30:760‑5.

http://www.alxn.com/News/article.aspx?relid=607787

