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Abstract 

Background: Atypical hemolytic-uremic syndrome is caused by a thrombotic microangiopa-

thy and manifests itself with hemolytic anemia, thrombocytopenia, and organ ischemia. Its 

etiology is a mutation affecting the genes encoding for proteins of the complement system. 

Early treatment with eculizumab (8.6 months from the moment of presentation), a human-

ized monoclonal antibody against complement, is shown to be effective in controlling symp-

toms and reversing organ damage. We present a patient with a mutation not previously de-

scribed in the literature. Late treatment with eculizumab resulted in a good therapeutic re-
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sponse, eliminating the need for peritoneal dialysis. Case Presentation: A 34-year-old wom-

an showed symptoms and laboratory findings consistent with atypical hemolytic-uremic syn-

drome. Genetic analysis revealed an unusual mutation of the complement regulatory gene 

not seen previously. Due to unavailability of eculizumab at the time of presentation, conven-

tional treatment was started with poor response. Late initiation of eculizumab resulted in 

discontinuation of peritoneal dialysis and yielded a good and sustained clinical response. 

Conclusions: This case shows that eculizumab treatment for patients with atypical hemolytic-

uremic syndrome, even when initiated many months after beginning on dialysis, might offer 

substantial benefits and improve the patients’ quality of life. © 2017 The Author(s) 

 Published by S. Karger AG, Basel 

Background 

Hemolytic-uremic syndrome (HUS) is a life-threatening condition caused by a thrombot-
ic microangiopathy producing microangiopathic hemolytic anemia, thrombocytopenia, and 
organ ischemia. HUS mainly affects the kidneys, ultimately leading to renal failure [1]. HUS is 
commonly caused by infection with a Shiga-like toxin-producing strain of Escherichia coli. By 
contrast, atypical HUS (aHUS) occurs as a consequence of mutations in genes that encode 
various proteins involved in the alternative pathway of the complement system. This sub-
type accounts for 10% of all cases of HUS [2]. 

Traditionally, plasma exchange and plasma infusion had been the first line of treatment 
for patients with aHUS. Despite some controversy, expert opinion postulated that plasma-
pheresis could be effective, especially in patients with a mutation in complement factor H 
(CFH), and possibly in patients with mutations in complement factor I (CFI), factor B (CFB), 
or C3 as well. No beneficial effect of plasmapheresis is expected in patients with a mutation 
in the membrane cofactor protein (MCP). Plasmapheresis is important for removing anti-
bodies from the serum of patients with aHUS that have anti-CFH autoantibodies, although in 
such cases, the production of these autoantibodies should also be suppressed by treatment 
with additional immunosuppressive agents. Plasmapheresis should be started as soon as the 
diagnosis of aHUS is made [3, 4]. However, within 1 year following diagnosis of aHUS, up to 
65% of patients treated with plasma exchange or plasma infusion sustain permanent renal 
damage, progress to end-stage renal disease (ESRD), or succumb to their illness. Additional-
ly, 60–90% of patients with aHUS who underwent kidney transplantation suffer of graft fail-
ure in the first year [4]. 

A biologic explanation of the high rate of disease progression and mortality could be 
that these traditional treatments might transiently maintain normal levels of hematologic 
parameters, but they do not cure the underlying systemic disease [3]. Eculizumab is a mono-
clonal antibody against complement component C5 that is designed to suppress terminal 
complement activation and to prevent thrombotic microangiopathy. In prospective clinical 
trials, eculizumab has been shown to inhibit thrombotic microangiopathy progression and to 
prevent or even reverse organ damage in patients with aHUS [5, 6]. In these trials, the medi-
an interval between the clinical manifestations of aHUS and the initiation of treatment with 
eculizumab was approximately 9 months, yielding good results. Thus, the most recent guide-
lines recommend initiation of eculizumab treatment at the moment of diagnosis. However, 
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the duration of eculizumab treatment remains a controversial issue [6]. Moreover, data re-
garding clinical outcomes among patients starting eculizumab treatment long after the acute 
clinical manifestations of aHUS are scarce [7, 8]. 

Here, we describe the case of a 34-year-old woman with CFH gene abnormalities, who 
developed aHUS with severe renal impairment that progressed to ESRD requiring treatment 
with peritoneal dialysis. Treatment with eculizumab was started 62 months after the initial 
manifestation of aHUS. Previously, the patient had been treated with dialysis, due to unavail-
ability of the drug at diagnosis, the presence refractory hypertension despite treatment with 
high doses of 6 anti-hypertensive drugs, and the quality of her 24-hour urine. Eculizumab 
treatment resulted in improvements on platelet levels, arterial blood pressure control, and 
renal function. These improvements resulted in peritoneal dialysis discontinuation. Addi-
tionally, a genetic analysis of the CFH gene revealed the presence of a mutation not previous-
ly described in the literature. 

Case Presentation 

A 34-year-old woman with an unremarkable past medical and family history presented 
at the emergency room with symptoms of nausea, abdominal discomfort, and pallor for 7 
days. High blood pressure levels were recorded all days. She had previously received non-
steroidal anti-inflammatory drug treatment for toothache for 3 days. There was no recent 
history of diarrhea, dysentery-like illness, pregnancy, miscarriage, or use of contraceptives. 

Physical examination of the patient revealed pallor of the skin and mucous membranes. 
Her blood pressure was 155/100 mm Hg. Otherwise, physical examination was unremark-
able. 

Laboratory tests were indicative of microangiopathic hemolytic anemia with hemoglo-
bin levels of 9.4 g/dL (normal range, 12.2–16.1 g/dL). Peripheral blood smear revealed  
anisopoikilocytosis (red blood cells of varying shapes and sizes), including the presence of 
fragmented red blood cells (schistocytes and helmet cells). Coomb’s test was negative, and 
haptoglobin was absent. The platelet count was 27,000/mm3. Renal damage was present, 
with serum creatinine levels of 5.8 mg/dL (normal range, 0.43–0.9 mg/dL), urea levels of 
173 mg/dL, phosphorus levels of 6.4 mg/dL, and lactate dehydrogenase levels of 1,394 UI/L. 
There were no further pathological biochemical parameters. Urinalysis revealed 3+ albumin, 
and microscopy of the urine sediment yielded 5–7 red cells per X power field. Prothrombin 
time was 12 s, and activated partial thromboplastin time was 26.5 s. Antinuclear antibodies, 
antiphospholipid antibodies, rheumatoid factor, anti-neutrophil cytoplasmic antibody, and 
anti-native DNA antibodies were not detected. Blood and urine cultures were sterile. The 
patient’s serum tested negative for hepatitis B virus, hepatitis C virus, and human immuno-
deficiency virus. A hyperechogenic cortex was displayed on the renal ultrasound scan. The 
exploration was otherwise normal. Renal biopsy was not performed. 

After ruling out secondary causes of thrombotic microangiopathy, a definitive diagnosis 
of aHUS was made. Plasma exchange was initiated with the patient receiving exchanges 
twice daily, for a total of 31 sessions. However, her renal function did not improve, and he-
modialysis therapy was subsequently initiated. 
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A further diagnostic workup was performed. ADAMTS13 activity in the plasma was 
86.5% (normal range, 40–124%) and thus, it was found to be normal. The plasma concentra-
tions of complement components were as follows: C3, 73.6 mg/dL (normal range, 77–210 
mg/dL), C4, 28.4 g/L (normal range, 14–47 g/L), and CFH, 21.37 mg/dL (normal range, 12–
56 mg/dL). CFI activity was 85% (normal range, 71–115%), MCP was 117% (normal range, 
91–109%), and anti-CFH antibodies were absent. Mutation screening of CFH, CFI, CD46, C3, 
and CFB was conducted. This analysis revealed a heterozygous single-nucleotide mutation in 
the exon 13 of the CFH gene (c.1707>A; Cys569stop) that was predicted to truncate the pro-
tein product by introducing a stop codon (Cys569stop). This mutation was not defined in the 
Exome Sequencing Project. No mutations were found either for CFI or MCP genes. Moreover, 
the patient carries the CFH and MCP risk haplotypes for aHUS in heterozygous pattern. 

The patient was switched to automated peritoneal dialysis (APD) after almost 2 months 
of hemodialysis. Her APD schedule consisted of 5 overnight exchanges of 2 L and 1 ico-
dextrin (extraneal) wet day. At this moment, the patient’s residual renal function (RRF) was 
3–4 mL/min, and her urine output was 700 mL per day (urea clearance of 1,400 mg/dL and 
creatinine clearance of 108 mg/dL). Blood pressure remained poorly controlled (>163/105 
mm Hg) despite administration of maximal doses of 6 different antihypertensive drugs. 
Platelet count was 103,000/mm3, and hemoglobin level was 12.2 g/dL. 

Sixty-two months following diagnosis and treatment with dialysis, the patient remained 
on APD with sustained high blood pressure, anemia and thrombocytopenia. At this point, she 
was re-evaluated, as her clinical symptoms and hematological and biochemical profile re-
mained poorly controlled. Treatment with complement-blocking therapy with eculizumab 
was initiated. At the time of initiation of eculizumab, the patient was asymptomatic and in 
good clinical status. Blood pressure values remained 160/105 mm Hg despite the use of full 
doses of 6 hypotensive drugs (verapamil, trandolapril, atenolol, doxazosin, aliskiren, and 
furosemide). Platelet count was 103,000/mm3. Diuresis was 700 mL with proteinuria of 0.3 
g/L and creatinine of 7.53 mg/dL. RRF was 3.9 mL/min (urea clearance of 2.2 mL/min and 
creatinine clearance of 5.6 mL/min). The patient was on continuous cycling peritoneal dialy-
sis with 10 L overnight exchanges and 2 L of icodextrin during the day. In order to prevent 
meningococcal infection, the patient received prophylactic antibiotic treatment with cipro-
floxacin and vaccination against Neisseria meningitides before receiving the first dose of ecu-
lizumab on August 5, 2013. Follow-up was performed every 3 months (Table 1). The pa-
tient’s clinical condition improved within 6 months of starting eculizumab therapy: RRF 
increased to 11 mL/min and urine output increased to 2,000 mL per day. Levels of hemoglo-
bin, platelets, and lactate dehydrogenase returned to normal ranges. The patient’s blood 
pressure was better controlled with 4 drugs (furosemide, verapamil, trandolapril, and 
metoprolol), with levels below 120/70 mm Hg (Table 1). Improvement was sustained 
through successive follow-up visits. Fifteen months after the initiation of eculizumab, kidney 
creatinine clearance rate was 30 mL/min, RRF was 20 mL/min, and urine output was 2,300 
mL per day. At 16 months of follow-up, APD dose was reduced to 3 overnight exchanges of 2 
L, 5 days per week, and extraneal exchange and wet day were no longer required. Currently, 
dialysis has been successfully discontinued. 

Treatment with eculizumab was well tolerated by the patient throughout the follow-up 
period. At present, and in anticipation of her progress in the next months, we are evaluating 
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the options of either keeping the patient under supervision for advanced renal disease or 
including her in the renal transplant waiting list. 

Discussion 

The present case study outlines the clinical management of a patient with aHUS carrying 
a novel single-nucleotide mutation in CFH who did not respond to traditional treatment op-
tions. Subsequent treatment with eculizumab – a specific inhibitor of the complement path-
way – led to a marked improvement in renal function, which in turn lowered the blood pres-
sure and the requirements of APD. 

aHUS is a rare thrombotic microangiopathy caused by genetic defects in the comple-
ment system regulation and is associated with a very poor prognosis. Mortality approaches 
25% during its acute phase, and ESRD develops in nearly half of the patients within 1 year of 
diagnosis [2]. Traditionally, plasma exchange and plasma infusion were the standard treat-
ment for aHUS. However, many patients did not respond to plasma therapy, and some re-
quired prolonged therapy because these treatments do not correct the underlying comple-
ment deregulation [2]. 

More recently, the introduction of complement inhibitor eculizumab has been a break-
through in treatment of aHUS, dramatically improving the patients outcome. Eculizumab is a 
humanized monoclonal antibody that inhibits complement function by binding with high 
affinity to the human C5 complement protein and blocks the formation of proinflammatory 
C5a and membrane-attack complex C5b-9 [5, 6]. In prospective clinical trials in patients with 
aHUS, early intervention with eculizumab was associated with significant improvement in 
estimated GFR [5, 6]. However, the mean time between the onset of symptoms and the initia-
tion of eculizumab treatment in clinical trials is shorter [3]. 

The median interval between clinical presentation of aHUS and initiation of eculizumab 
treatment ranged between 0.8 and 8.6 months among patients with progressive thrombotic 
microangiopathy and renal damage (regardless of decreases in platelet counts). Initiation of 
eculizumab treatment after long-term dialysis is a rare occurrence but it has been previously 
reported to improve renal function [7, 8]. In the present study, the patient initiated eculi-
zumab treatment after an interval of 62 months (since the drug was not available at diagno-
sis). Despite this lag, substantial improvements were noted in multiple clinical and biochem-
ical parameters. This suggests that eculizumab therapy initiation can be effective beyond the 
previously reported upper limit of 8.6 months. During treatment, there was no hemolytic 
crisis although platelet levels were not optimal (Table 1). 

Mutations have been identified in approximately 50–70% of patients with aHUS. These 
mutations affect both genes encoding complement regulators (CFH, CFI, CFH-related pro-
teins, and MCP) and those encoding complement activators (CFB and C3) [2]. Three DNA 
sequence analyses of CFH, MCP, and CFI genes from our patient revealed the presence of a 
heterozygous mutation in exon 13 of the CFH gene. This mutation results in a cysteine resi-
due being replaced by a stop codon at position 569 within the SCR10 domain of the CFH 
protein. Consequently, this premature stop codon results in the production of a truncated 
protein that lacks the C-terminal portion (the factor H region), which is crucial for the devel-
opment of aHUS. Characterization of CFH in the plasma of the patient by Western blot analy-
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sis suggested that, unlike wild-type CFH, the truncated protein was not secreted into the 
plasma, causing a partial deficiency of factor H. This deficit was most likely responsible for 
the slight activation in the alternative complement pathway (decreased C3 levels and C4 
levels up to the lower limits of normal range). This was observed during the initial biochemi-
cal evaluation of the patient. This CFH mutation has not been previously described in the 
literature to have pathogenic implications and has not been clearly associated with genetic 
susceptibility in the pathogenesis of aHUS. This genetic change aside, the patient also carried 
risk haplotypes for aHUS for the CFH and MCP heterozygous genes. 

Mutations in complement regulatory genes can also be observed in healthy family mem-
bers. In the present case, the patient’s mother never developed the disease, although she has 
the same CFH mutation and risk haplotypes. The penetrance of aHUS among carriers of mu-
tations in CFH, CFI, and MCP is approximately 50–60%. Therefore, although genetic aberra-
tions are important, they are not always sufficient for the development of aHUS. Affected 
patients have been reported to have mutations in more than one gene, in combination with 
aHUS risk haplotypes for CFH and MCP genes. 

Eculizumab has previously shown its effectiveness in preventing disease recurrence af-
ter renal transplantation [9]. Before treatment with eculizumab, renal transplant was con-
traindicated for our patient due to the presence of a mutation with a high rate of recurrence 
[10]. However, the improvement of renal function was sufficient to allow dialysis discontin-
uation and minimizing the need for renal transplant. Because we did not perform a renal 
biopsy at presentation, there is no kidney anatomopathological data, which could determine 
the degree of renal injury. Moreover, we cannot predict whether the observed improve-
ments in renal function and blood pressure (sustained for 15 months) will be maintained or 
will continue to improve sufficiently, making the withdrawal of dialysis a permanent occur-
rence. There is no previous evidence about the safety of eculizumab suspension. Thus, the 
patient is still currently under treatment. Further studies are needed to support a larger 
dose range or even its suspension. However, even if improvements in renal function were 
not sufficient to allow for a definitive and sustained withdrawal of dialysis, renal transplant 
remains an option for this patient in the future. 

Conclusion 

Treatment of familial aHUS with eculizumab – even when it is initiated many months af-
ter the beginning of dialysis – might offer substantial benefits in terms of renal function, 
blood pressure control and morbidity. Such improvements are likely to improve the quality 
of life for such patients. A limitation of the present study is that the results cannot be applied 
to all patients with aHUS because etiological factors, other than complement activation, 
might be involved. Moreover, these results are derived from an isolated case of a pathologi-
cal entity with a very low incidence [11]. Surrogate markers are needed to be able to identify 
patients who will exhibit a treatment response. In addition, it is essential to further investi-
gate the most appropriate dose of eculizumab, dosage intervals, and duration of treatment to 
decrease the high costs associated with the use of this therapy. Prospective studies of eculi-
zumab in large cohorts of patients with long duration of aHUS are now required to validate 
the applicability of the positive experience described in this case study. 
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Table 1. Response of the patient to the treatment with eculizumab for a period of 15 months 

        
        
Time point BP, 

mm Hg 

Platelets, 

×1,000/μL 

Creatinine, 

mg/dL 

RRF, 

mL/min 

Diuresis, 

mL 

BPD Weekly 

KT/V/CCr 

        
        
Pretreatment 163/105 103.000 7.53 03.9 0.700 6* 2.24/59.5 

03 months 115/76 107.000 5.85 07.5 1,500 5** 2.74/64 

06 months 103/56 153.000 4.75 11 2,000 5** 2.67/110.2 

09 months 109/68 125.000 4.14 13 1,800 4 2.67/113 

12 months 115/76 114.000 4.15 14 2,200 3 2.98/157.7 

15 months 110/72 182.000 3.87 30 2,400 2 3.11/191 

        
        
BP, blood pressure; BPD, number of BP drugs administered; CCr, creatinine clearance; KT/V, urine kinetics; RRF, renal resid-

ual function (mean of urea and creatinine clearances). * Maximal doses. ** Half doses. 
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