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ABSTRACT

Atypical Hemolytic Uremic Syndrome (aHUS) is a severe, systemic, rare disease (RD) that can occur in people of
all ages, and is associated with high rates of morbidity and mortality. Because the management of patients with
aHUS can be difficult, more effective strategies should be implemented. Faculty members from several Italian
Scientific Societies, Patient Associations and Regional Institutional Experts on RDs met to discuss aHUS man-
agement within a multidisciplinary team (MDT), using a Delphi process to develop consensus recommendations.
Consensus (>70 % agreement by faculty members) was reached on 51 statements with the aim of improving
patient management and outcomes. These statements provide a unified framework for the differential diagnosis
of aHUS, prompt recognition of the pathology, referral to RD reference centers, selecting between treatment
relapse prevention measures options, patient management by a MDT and improving the overall awareness of
aHUS. Despite the broad scope of the consensus statements, several unmet needs in the management of patients
with aHUS were identified, including diagnostic suspicion, rapid genetic investigations, regular review of the
centers of expertise (considering the number of treated patients), permanent clinical referral in treatment centers
and widespread expertise among adult and pediatric specialists. We hope that this standardized framework will
form the basis of the “digital ecosystem” concept and development of possible information technology solutions
to assist the MDT involved in the management of patients with aHUS.

1. Introduction

characterized by the expression of prothrombotic vascular factors,
which in turn leads to the formation of platelet microthrombi that un-

Atypical Hemolytic Uremic Syndrome (aHUS; ORPHA:2134) is a
severe, systemic, rare disease (RD). The underlying factors of this form
of thrombotic microangiopathy (TMA) include a key role played by
genetic and/or immunologic backgrounds and environmental trigger
factors, which together, and to varying degrees in each case, lead to
dysregulated activation of the complement alternative pathway (CAP)
[1]. This process results in the development of systemic endotheliosis,

derlies mechanical hemolysis [2].

Like other types of TMAs, aHUS is characterized by intravascular
hemolytic anemia, platelet consumption, and ischemic organ damage,
especially in the kidneys. Indeed, the diagnosis is clinical and involves
excluding other forms of TMA, making it one of the more complex as-
pects of the diagnostic process [1,2].

The precise global prevalence and incidence of aHUS are still

On behalf of Societa Italiana di Nefrologia (SIN Nefrologia), via dell’Universita 11, 00185 Rome, Italy

On behalf of the Italian Society of Transfusion Medicine and Immunohematology (SIMTI), Piazza Carlo Magno 21, 00162, Rome, Italy

On behalf of Societa Italiana di Medicina Interna (SIMI), Viale dell’Universita, 25, 00185 Roma, Italy

On behalf of Coordinamento Malattie Rare Regione Veneto, Padua University Hospital, Via Giustiniani 2, 35128 Padua, Italy

On behalf of Societa Italiana di Nefrologia Pediatrica (SINEPE), via Libero Temolo 4, 20126 Milan, Italy

On behalf of Coordinamento Malattie Rare Regione Puglia - Strategic Regional Agency for Health and Social Affairs (AReSS Puglia), Lungomare Nazario Sauro

On behalf of Societa Italiana di Neurologia (SIN Neurologia), via Rastrello 7, 53100 Siena, Italy
On behalf of Societa Italiana di Reumatologia (SIR), via Andrea Appiani 19, 20121 Milan, Italy
On behalf of Progetto Alice Associazione per la lotta alla SEU, Via Gaetano Donizetti, 24/C, 20866, Carnate, Italy
On behalf of Societa Italiana di Farmacologica (SIF), via Giovanni Pascoli 3, 20129 Milan, Italy

1
2
3
4
5
6
33, 70121 Bari, Italy
7
8
9
10

On behalf of Societa Italiana di Medicina d’Emergenza-Urgenza (SIMEU), via Valprato 68, 10155 Torino, Italy
On behalf of Italian Society of Anaesthesia Analgesia Reanimation and Intensive Care (SIAARTI), Via del Viminale 43, 00184 Rome, Italy
On behalf of Federazione delle Associazioni dei Dirigenti Ospedalieri Internisti (FADOI), Via Rodolfo Lanciani, 62, 00162, Rome, Italy

14 On behalf of Federazione delle Societa Medico-Scientifiche Italiane (FISM), via Luigi Casanova 1, 20125, Milan, Italy
15 On behalf of UNIAMO Federazione Italiana Malattie Rare, via Nomentana 133, 00161, Rome, Italy



E.D. Stea et al.

unclear; nevertheless, current estimates indicate a prevalence of 2.2-9.4
cases per million people aged 20 years and older [3]. Populations in
Europe/Oceania have the most epidemiological references, reporting an
incidence of 0.2-1.9 per million inhabitants per year and a prevalence of
~5 patients per million total population in Europe [4]. A recent analysis
of the population in the Lombardy region of Italy (comprising 9.6
million inhabitants, of which 1.6 million were under 18 years of age)
reported an annual incidence of 6.3 cases of HUS per million children,
with the incidence rising to 15.7 cases per million among children under
5 years old; of these, 11.9 % were attributed to aHUS [5].

Although initially considered a disease that presents in childhood,
aHUS can occur at any age; a study of 851 patients with aHUS found that
the mean age at initial presentation was 21. 4 years [6]. High rates of
morbidity and mortality were observed in patients with aHUS before the
introduction of anti-complement protein C5-antibody therapy, which
dramatically improved the disease’s natural history [7-9].

Many factors are barriers to the diagnosis and treatment of aHUS.
Diagnostic delay is often attributed to a limited understanding of the
disease, the complex and heterogeneous nature of presentation, and the
involvement of multiple organs [10-12]. Other factors include the
failure to carry out specific assays (that are essential for a differential
diagnosis) at many centers and the lack of Diagnostic and Therapeutic
Care Pathways (DTCPs) involving various professionals [13,14].

Therefore, early recognition, diagnosis and prompt referral to a
center for RDs are critical and are likely to result in overall cost-savings
[15-17]. Early diagnosis is particularly crucial as this avoids clinical
deterioration, allows for appropriate and effective treatment to be
selected and prevents worsening clinical conditions due to diagnostic
uncertainty [18]. Vande Walle et al.[19] demonstrated that initiating
therapy with anti-C5 humanized monoclonal antibodies (mAbs) within
the first 7 days of disease onset allows for a more rapid normalization of
platelet counts and a more significant, rapid, and sustained improve-
ment in renal function parameters [19].

Since thrombotic thrombocytopenic purpura (TTP), aHUS and other
forms of HUS are distinct types of TMAs that share similar clinical and
pathophysiologic presentations, their investigation and subsequent
diagnosis and management should be clearly defined [20-22]. Once
other causes of TMA have been excluded, aHUS is diagnosed if throm-
bocytopenia and hemolytic anemia are present with renal involvement
[3,23].

In light of the heterogeneity of the clinical presentation and systemic
involvement of aHUS, more than one specialist is often involved in pa-
tient diagnosis and management [24-26]. Management of patients with
aHUS by a multidisciplinary team (MDT) is recommended to improve
prognosis [27].

Since aHUS can be caused by genetic or acquired (autoantibodies)
abnormalities in the CAP [2,23,28,29], its treatment involves the use of
recombinant humanized mAbs that bind to C5 thereby preventing its
cleavage, which ultimately leads to inhibition of terminal
complement-mediated intravascular hemolysis [30-33]. Two anti-C5
mAbs, eculizumab (short-acting), and ravulizumab (a newer
long-acting agent), are currently available in Italy for the treatment of
aHUS [34,35]. Clinical evidence shows that thrombocytopenia and extra
renal symptoms improve rapidly after the first dose of eculizumab [36].

In our experience, many physicians are unfamiliar with assessing and
diagnosing aHUS and effectively implementing the strategies needed to
manage patients with aHUS. Therefore, we aimed to use a Delphi pro-
cess to develop consensus recommendations harmonizing the approach
of different RD branches of several Italian Scientific Societies (SSs),
Patient Associations (PAs), and Regional Institutional Experts on RDs
(CoReMaRs), to diagnose, manage, treat and facilitate care within a
MDT and to ensure therapeutic appropriateness for patients with aHUS.

2. Methods

A Delphi process was conducted to identify key topics and subtopics
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for the consensus statements, define questionnaire sections, select
groups to develop the consensus statements, and then vote on the
statements. The faculty members who participated in the Delphi
consensus process included presidents and delegates from 11 Italian SSs,
2 PAs, and 2 CoReMaRs (25 participants from Italian SSs, 3 from PAs,
and 4 from CoReMaRs) who were experts in a variety of specialist
medical fields: rare diseases, clinical and molecular medicine, internal
medicine, nephrology, dialysis, transplantation, immunohematology,
transfusion medicine, pediatrics, neuroscience, neurology, rheuma-
tology, surgery, emergency medicine, medical science, precision medi-
cine, and pharmacology.

After an initial meeting held on 20 July 2023 to discuss the meth-
odology of the Delphi process, faculty members (multiple members from
each SS, PA, or CoReMar; n = 25) were asked to draft consensus state-
ments based on within-group literature searches and their knowledge
and clinical experience, bearing in mind eight key concepts (inter-
disciplinarity, multidimensionality, digitization, best practice, re-
lationships between health care providers, awareness and -early
diagnosis, involvement of patient quality of life, and training/informa-
tion; Supplementary Table S1). LG, EDS, and a methodologist reviewed
and standardized the statements, and grouped them into 7 topics: (i)
definition (2 items); (ii) diagnosis (12 items); (iii) symptoms and labo-
ratory data (7 items); (iv) prevention (3 items); (v) treatment (9 items);
(vi) patient management (11 items); and (vii) awareness (7 items). The
statements were then emailed to the faculty members (experts on the
panel) who were asked to rate their agreement with each statement on
the following scale: 1 =strongly disagree, 2 =disagree, 3 =neither agree
nor disagree, 4 =agree, and 5 =strongly agree. Participants could also
provide free-text feedback on the statements. Consensus was considered
to be achieved if > 70.0 % of the panel gave the statement a score of > 4.
Participating SSs, PAs, or CoReMars expressed at least one vote (n = 25).

After the first round of voting, a second meeting was held on 6
February 2024 in Milan to discuss the results, revise (for statements
where consensus was not met) and finalize the 51 consensus statements.
The statements were then re-circulated for a second round of voting,
where each participating SS, PA, or CoReMar was allowed one vote only
(n=14).

3. Results
Consensus was reached for 51 statements (Table 1).
3.1. Definition of aHUS

aHUS can be defined as a rare, systemic, life-threatening disease
characterized by non-immune hemolytic anemia, thrombocytopenia,
and renal involvement (consensus statement 1). aHUS is a multifactorial
disease characterized by a combination of genetic or acquired abnor-
malities (anti-CFH antibodies) that affect the CAP and the presence of a
triggering background (consensus statement 2). Triggers are required
for disease manifestation because of the incomplete penetrance of
complement gene mutations [28]. The most frequent triggers reported
are infections and pregnancy [37] but the triggering background en-
compasses a broad range of factors and clinical conditions that can
variably unmask the disease [1,3]. Triggering factors often complicate
the diagnostic process, and may also lead to a secondary form of HUS,
which is clearly associated with a specific pathogenic agent. However, in
secondary forms of HUS, the condition typically goes into remission
upon the removal of the causative agent (medications, infections). If
remission does not occur, the diagnosis of a secondary form of HUS
should be re-evaluated, considering the underlying factors not as caus-
ative agents of HUS but as contributors that may unmask the condition.
The exclusion of a secondary form of TMA is a critical component of the
diagnostic process and should be conducted based on clinical presen-
tation and a series of specific laboratory tests [38,39]. Therefore, it is
necessary to define the form of HUS (secondary or atypical), bearing in
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Table 1
Final consensus statements on the management of atypical hemolytic uremic syndrome (aHUS). Statements in italics were revised between the first and second rounds.
Level of consensus was expressed as the proportion of the faculty who scored the statement as 4 (agree) or 5 (strongly agree).

No. Statement Level of consensus, %"
First Second
round round
(n =25) (n=14)

Section 1: Definition of aHUS

1 aHUS is a rare, systemic, life-threatening TMA disease characterized by non-immune hemolytic anemia, thrombocytopenia and renal 100 100

involvement.

2 aHUS is a multifactorial disease combining genetic or acquired (autoantibodies) abnormalities in the CAP and a triggering background. In 96 93

adults with aHUS, gene variants appear more commonly than autoantibodies.
Section 2: Diagnosis
3 The diagnosis of aHUS is based on clinical presentation, laboratory criteria and the exclusion of other TMAs. It is characterized by the combination ~ 92 100
of platelet consumption (platelets <150,000/mmc or a 25 % reduction from the initial value), microangiopathic hemolysis (hemolytic anemia
with negative direct Coombs test, elevated levels of LDH, reduced levels of haptoglobin, with or without the presence of schistocytes in the peripheral
blood smear), as well as renal involvement (presence of hematuria and/or proteinuria and/or elevated creatinine)”.

4 In almost 50 % of cases, not all three main clinical signs (hemolytic anemia, thrombocytopenia and renal involvement) are clearly present at onset". 84 100
5 In the presence of non-immune hemolytic anemia, thrombocytopenia, and renal involvement, it is mandatory to distinguish between 100 100
typical HUS, atypical HUS, and TTP. In this regard, the enzymatic activity of ADAMTS13 and the presence of VTEC in the stool should be
assessed.
6 If evidence of non-immune (negative direct Coombs test) microangiopathic hemolytic anemia, ADAMTS13 result should be performed within a few 88 100
hours as an urgent test".
7 In case of suspect of neurological involvement in aHUS, a neurological consultation followed by EEG and brain MRI is advisable. 92 100
8 In pediatric patients, both aHUS and STEC-HUS may appear with bloody diarrhea. A short period of diarrhea or the concomitant appearance of 72 100

diarrhea and HUS should raise the suspicion for aHUS versus STEC-HUS, as the latter usually appears at the end of the gastrointestinal illness (4-5
days from diarrhea onset)“.

Complement-mediated aHUS can occur at any age, therefore age is not a predictor of aHUS'. 80 100
10 Mutations in complement-unrelated genes (e.g., DGKE, WT1) should be considered when the disease presents early, typically within the =~ 92 100
first 12 months of life.
11 Metabolism-associated HUS is an ultra-rare disease caused by inborn errors in cobalamin metabolism. Despite its rarity, these diagnoses 100 100
are important to make because they have specific therapies.
12 A percentage of schistocytes above 1 % is a robust cytomorphological indicator for the diagnosis of TMA in adults. 80 93
13 LDH, haptoglobin and indirect bilirubin levels should be available in Emergency Department and performed in any case of anemia plus 92 100
thrombocytopenia.
14 No available laboratory test is sufficiently sensitive, specific, and reproducible to allow for early diagnosis of aHUS relapses. The clinician
can rely on the combined use of the:
14.1 patient’s clinical presentation; 96 100
14. 2 presence of laboratory data suggestive of hemolysis; 100 100
14.3 appearance/increase of glomerular proteinuria; 84 93
14. 4 appearance of microhematuria; 92 93
14.5 H-MEC test®. 60 * 29 *
Section 3: Symptoms and laboratory data
15 In the event of the development of TMA in the course of autoimmune diseases (such as lupus, antiphospholipid antibody syndrome, etc.), 88 100
use of medications, malignant hypertension and/or other renal diseases, there may still be an alteration of the complement system;
therefore, the diagnosis of aHUS cannot be ruled out.
16 Common neurological manifestations occurring in aHUS include seizures, vision loss, focal motor deficit, headache, generalized 100 100
weakness, altered consciousness, hallucinations and, encephalopathy.
17 Brain MRI findings occurring in aHUS are suggestive of TMA: on FLAIR and T2 sequences, bilateral and symmetrical hyperintensities of 76 93
the basal ganglia, cerebral peduncles, caudate nuclei, putamen, thalami, hippocampi, insulae and possibly brainstem.
18 In the post-transplant setting, the absence of marked thrombocytopenia or significant anemia does not exclude a TMA diagnosis. 80 93
19 In the post-transplant setting, using mTOR and/or calcineurin inhibitors may cause TMA. These drugs often act as triggers for aHUS 84 93
through different mechanisms.
20 The first level examinations should include:
20.1 complete blood count (for hemoglobin and platelet values); 100 100
20.2 reticulocytes (to assess whether erythropoiesis is increased); 84 93
20. 3 LDH, total and indirect bilirubin, haptoglobin (indicators of hemolysis); 100 100
20. 4 urine physical-chemical examination and microscopic examination of the urine sediment (to assess whether there is hematuria and/or 100 100
proteinuria and/or cylinders);
20.5 creatinine (to assess if renal insufficiency is present); 100 100
20.6 hemogas analysis"; 72 71
20.7 peripheral blood smear (to assess the presence of schistocytes), 100 100
20. 8 coagulation test (INR, PTT, fibrinogen). 80 93
20.9 ANA' 48 * Moved
21 Among the second level laboratory tests, it is necessary to evaluate:
21.1 direct Coombs test (to detect the presence of red blood cell antibodies); 96 100
21.2 ANA, anti-ENA, ds-DNA, anti-cardiolipin IgG and IgM, anti-beta 2 GP1 IgG and IgM, LAC (to identify the presence of underlying 100 93
autoimmune diseases), c-:ANCA and p-ANCA
21.3 anti-platelet antibodies; 68 * 71
21. 4 C3 and C4 (to identify complement consumption); 92 100
21.5 proteinuria following 24-hour urine (to assess the extent); 96 100
21.6 ADAMTS13 assay; 96 100
21.7 VTEC-STEC; 100 100
21. 8 the urinary antigen of Streptococcus pneumoniae; 80 100

(continued on next page)
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Table 1 (continued)

No. Statement Level of consensus, %"
First Second
round round

(n=25) (n=14)

21.9 cobalamin and folate. 96 100
Section 4: Prevention

22 All aHUS should be vaccinated against encapsulated organisms as soon as possible. 92 100
23 The activated terminal CAP is required for efficient serum bactericidal activity against encapsulated bacteria, including Neisseria meningitidis. 80 100

Anti-C5 inhibitor treatment increases the risk of invasive meningococcal disease. For this reason, patients receiving anti-C5 inhibitor treatment
should receive a quadrivalent A, C, W, Y meningococcal conjugate vaccine and B meningococcal vaccine, as well as at least 2 weeks of
antimicrobial prophylaxis with penicillin (or macrolides for penicillin-allergic patients)~.
24 A lack of vaccination against encapsulated bacteria does not hinder the timely administration of anti-C5. In such cases, the patient should 96 100
receive appropriate antibiotic prophylaxis until adequate vaccination coverage is achieved.
Section 5: Treatment

25 Initiating appropriate treatment within 4-8 hours from diagnosis is highly recommended, as delays are associated with increased morbidity and 92 93
mortality'.

26 Early administration of eculizumab or ravulizumab (within 7 days) at the onset of the disease enhances hematological and renal 96 100
outcomes.

27 Eculizumab and ravulizumab have the same efficacy in terms of endpoints, but ravulizumab has a more favourable profile in relation to duration of 79 100
effects, infusion frequency and costs in the maintenance phase™.

28 Eculizumab/ravulizumab discontinuation in patients with aHUS is not without risk, potentially leading to aHUS recurrence and renal failure. A 96 100
thorough assessment of risk factors prior to the decision to discontinue eculizumab/ravulizumab is essential".

29 The new anti-C5 monoclonal antibody (ravulizumab) is administered every 8 weeks (every 4 weeks in pediatric patients 96 100
weighing <20 kg), improving the quality of life and preserving vascular access in pediatric patients.

30 There are no randomized trials evaluating the efficacy of anti-complement therapy in aHUS, but those treated with terminal complement ~ 91 100

blockade (eculizumab or ravulizumab) have an improved prognosis over historical controls, with a significant lower rate of progression to
end-stage kidney disease.

31 In the case of severe non-immune microangiopathic hemolytic anemia, plasma-exchange should be started as soon as possible (12 hours) 79 93
while waiting for the ADAMTS13 test result.

32 C5 inhibitors have beneficial effects in resolving TMA in women with aHUS triggered by pregnancy. 91 100

33 The prophylactic use of plasma exchange in combination with rituximab reduces the risk of aHUS relapse in patients with high anti-CFH 82 93

antibody levels.
Section 6: Patient management

34 RD centers identified as of expertise for aHUS should guarantee:

34.1 genetic diagnosis and counselling’; 96 93

34.2 treatment plan; 92 100

34.3 providing consultancy to the hospitals; 87 100

34. 4 providing training to the hospitals®. Not 100

drafted

35 Patients with particularly severe, life-threatening conditions can be quickly referred to a Centre of reference using a diagnostic decision ~ 96 100
support system.

36 Contributing to the harmonization of data collection between different care settings and regional Centers of reference may allow the 100 100
refinement of workflows and improve outcomes in patients with aHUS.

37 Genetic investigations must be entrusted to laboratories that guarantee results in 45 days. 79 93

38 The patient on dialysis diagnosed with aHUS can be transplanted without or with a low risk of recurrence thanks to the therapies available ~ 83 100
today.

39 Patients on the transplant list without a precise diagnosis must be re-evaluated. 83 100

40 Any lengthening of the interval administration of the inhibitor drug requires monitoring of parameters that control complement activity =~ 87 93
(i.e., C3, C4, CH50, AP50).

41 Patients with a diagnostic suspicion of aHUS should be promptly referred to a Centre of reference for the disease to perform diagnostic =~ 92 100
tests to confirm the diagnosis, minimize any diagnostic delay, and have prompt access to available treatments.

42 Patients with a confirmed aHUS diagnosis should be informed about the possible genetic transmission of the condition. They should have =~ 100 100
access to genetic counselling performed by geneticists operating in the RD care network.

43 In case of critically ill patients with a suspected or confirmed aHUS admitted to ICU in hospitals that are not Centers of reference for the 96 100

diseases, close collaboration with colleagues working in those Centers is highly recommended for the optimal diagnostic and therapeutic
management, also through teleconsultation activities.

44 Rare diseases registries with a sufficient catchment area and monitoring period can offer valuable insight into the epidemiology of aHUS =~ 92 93
and patient outcomes and provide data on the real-world use of available treatments.

Section 7: Awareness

45 Considering that patients with aHUS are often pediatric, it is important to create a MDT that includes a neurologist, emergency physician, 92 100
psychologist, pediatrician, hematologist, family pediatrician, and nephrologist in the area in order to involve not only the patient but also the
family*.

46 A multidisciplinary approach is necessary since many patients may be admitted to the ICU at presentation with a suspected diagnosis. This 100 100
condition should be treated as a medical emergency, and initial supportive measures should be urgently introduced.

47 For optimal patient outcomes, early recognition, appropriate treatment and a multidisciplinary approach are critical to reduce the risk of 100 100
irreversible organ damage or death.

48 Centers of reference for aHUS should have a multidisciplinary composition, including the following core competencies: hematological, 96 100

nephrological, internist, and transfusion medicine, and should have genetic and laboratory facilities able to guarantee the diagnostic
pathway and offer care for both pediatric and adult patients.

(continued on next page)
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Table 1 (continued)

No. Statement Level of consensus, %"
First Second
round round
(n=25) (n=14)

49 The interaction among different health professionals supporting the patient diagnostic and therapeutic journey should be promoted, 100 100

especially if this journey occurs across different networks and settings to avoid or minimize care fragmentation.

50 Centers of reference should be subject to continuous monitoring performed by the competent regional coordinating Centers evaluating 100 100

the number of patients diagnosed and cared for and the availability of appropriate diagnostic and therapeutic facilities.
51 There must be an improvement in intra-societal awareness and education involving emergency medical services and emergency room 100 100

doctors for early recognition of cases (identify red flags on which to base early diagnostic suspicion).

In Round 1, this statement read: “direct and indirect Coombs test (to detect the presence of red blood cell antibodies).

*Median score= 3; median score was > 4 in all the other cases.

ANA, anti-nuclear antibodies; AP50, 50 % alternative pathway; C3, component 3; C4, component 4; C5, component 5; c-ANCA, cytoplasmic anti-neutrophil cyto-
plasmic antibodies; CAP, complement alternative pathway; CFH, complement factor H; CH50; 50 % hemolytic complement; DGKE, diacylglycerol kinase epsilon; ds-
DNA; double-stranded DNA; EEG, electroencephalogram; ENA, extractable nuclear antigen; FLAIR, fluid-attenuated inversion recovery; GP1, glycoprotein 1; H-MEC,
human microvascular endothelial cells; HUS, hemolytic uremic syndrome; ICU, intensive care unit; Ig, immunoglobulin; INR, international normalized ratio; LAC,
Lupus anticoagulant; LDH, lactate dehydrogenase; MDT, multidisciplinary team; MRI, magnetic resonance imaging; mTOR, mammalian target of rapamycin; p-ANCA,
perinuclear anti-neutrophil cytoplasmic antibodies; PTT, partial thromboplastin time; RD, rare disease; STEC-HUS, Shiga toxin-producing Escherichia coli-associated
hemolytic uremic syndrome; TMA, thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura; VTEC, verocytotoxin-producing Escherichia coli.

@ Consensus was considered to be met if > 70.0 % (rounded off to the nearest whole percentage) of the panel indicated that they either ‘agreed’ or ‘strongly agreed’
with the statement.

b In Round 1, this statement read: “The diagnosis of aHUS is based on clinical presentation, laboratory criteria, and exclusion of other thrombotic microangiopathies.
It is characterized by the combination of platelet consumption (platelets <150,000/mmc or a 25 % reduction from the initial value), microangiopathic hemolysis
(hemolytic anemia with negative direct and indirect Coombs tests, elevated levels of LDH, reduced levels of haptoglobin, and the presence of schistocytes in peripheral
blood smear), as well as renal involvement (elevated creatinine, and the presence of hematuria and/or proteinuria). ”

¢ In Round 1, this statement read: “In almost 50 % of cases at onset, not all three clinical signs (hemolytic anemia, thrombocytopenia, renal involvement) are clearly
present. ”

4 In Round 1, this statement read: “If evidence of non-immune (negative direct Coombs test) microangiopathic hemolytic anemia, ADAMT’s 13 result should be
available in few hours as urgent test”.

¢ In Round 1, this statement read: “In pediatric patients, both aHUS and Shiga toxin-producing Escherichia coli-associated hemolytic uremic syndrome (STEC-HUS)
may appear with diarrhea. A short period of diarrhea or the concomitant appearance of diarrhea and HUS should raise the suspicion for aHUS versus STEC-HUS, as the
latter usually appears at the end of the gastrointestinal illness (4-5 days from diarrhea onset). ”

f In Round 1, this statement read: “Complement-mediated aHUS can occur at any age, but its onset is more frequent in childhood, accounting for approximately 10 %
of cases in children. ”

8 The statement did not gain consensus in any round because some participants felt that HMEC examination did not have sufficient sensitivity and therefore should
not be included in examinations to be routinely performed.

h 1n Round 1, this statement read: “hemogasanalysis (to assess the presence of acidosis). ”

! In Round 1, this statement was considered a first level test, but it was decided to move ANA to the section on second level tests (consensus statement 21)

X In Round 1, this statement read: “The activated terminal complement pathway is required for efficient serum bactericidal activity against encapsulated bacteria,
including Neisseria meningitidis. Thus, Eculizumab treatment increases the risk of invasive meningococcal disease. For this reason, patients receiving Eculizumab
should receive a quadrivalent A, C, W, Y meningococcal conjugate vaccine and B meningococcal vaccine, as well as long-term antimicrobial prophylaxis with penicillin
(or macrolides for penicillin-allergic patients) for the duration of Eculizumab treatment. ”

! In Round 1, this statement read: “Initiating appropriate treatment within 4-8 hours from diagnosis is essential, as delays are associated with increased morbidity
and mortality. ”

™ In Round 1, this statement read: “Eculizumab and Ravulizumab have the same efficacy in terms of endpoints, but Ravulizumab has a more favourable profile in
relation to duration of effects, infusion frequency and costs. ”

" In Round 1, this statement read: “Eculizumab discontinuation in patients with aHUS is not without risk, potentially leading to aHUS recurrence and renal failure. A
thorough assessment of risk factors prior to the decision to discontinue Eculizumab is essential. ”

° In Round 1, this statement read: “the genetic diagnosis of aHUS.

P Statement not drafted in Round 1

9 In Round 1, this statement read: “Considering that patients with aHUS are often pediatric, it is important to create a MDT that includes a psychologist, pediatrician,
hematologist, family pediatrician, and nephrologist in the area in order to involve not only the patient but also the family.

mind that the symptomatology at the onset of the disease can often be
confusing [40]. Moreover, aHUS also includes some ultrarare forms,
such as mutations of non-complement genes (WT1, diacylglycerol kinase
epsilon [DGKE]) or without a defined genetic or autoimmune back-
ground. The absence of mutations or known antibodies cannot exclude
the involvement of CAP dysregulation.

Defining aHUS correctly is critical because, as an acute, rare, life-
threatening disease, frontline healthcare providers need to be able to
identify patients promptly and initiate the correct therapy [7].

3.2. Diagnosis

aHUS is diagnosed based on clinical features, laboratory criteria, and
exclusion of other TMAs, such as TTP and other forms of HUS. Other
authors have attempted to distinguish between different forms of HUS

and aHUS as follows: (i) HUS with coexisting diseases or conditions
(related to the use of certain drugs, presence of malignant hypertension,
or autoimmune diseases); (ii) infection-induced HUS (including Shiga
toxin-producing Escherichia coli (STEC), Streptococcus pneumoniae-
induced HUS [41], and HUS induced by pathogens such as influenza A,
HI1N1, and HIV); (iii) cobalamin C defect-HUS (a very rare form) [42],
and (iv) aHUS, which is divided into HUS with dysregulation of the CAP
(genetic mutations, immunologic forms), DGKE-HUS and HUS where
there is neither an identifiable genetic nor an immunologic cause [7,
43-46]. Alteration of the CAP system can occur when TMA develops due
to precipitating factors such as autoimmune diseases (e.g., systemic
lupus erythematosus, antiphospholipid syndrome, etc.), during the use
of medications, in the presence of malignant hypertension, and/or in the
presence of other renal diseases [47-51]. In these scenarios, the diag-
nosis of aHUS cannot be ruled out (consensus statement 15).
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Factors that trigger aHUS may include certain medications, preg-
nancy, the presence of malignant lesions, infections, and/or organ
transplantation; these factors vary and can be confusing at the diag-
nostic stage, as previously described [36,52,53]. HUS that is directly
induced by HIN1, influenza A, HIV, and more recently SARS-CoV2 can
also be responsible for rare cases of complement-mediated aHUS and
may act as a triggering background factor in some predisposed in-
dividuals [54].

aHUS may be difficult to diagnose because all three clinical signs
(hemolytic anemia, thrombocytopenia, renal involvement) may not al-
ways be clearly present at onset [7]. Moreover, in order to make a
correct differential diagnosis in the newborn patient, it is necessary to
consider that aHUS may be present even if one of these three parameters
are absent: (i) thrombocytopenia, (ii) anemia, and (iii) increased
creatinine levels [53]. When determining renal involvement in pediatric
patients, creatinine levels should be assessed in relation to age [55].

It is important to note that although no available laboratory test is
sufficiently sensitive, specific, and reproducible to allow for the early
diagnosis of aHUS relapses, the clinician can rely on the combined use
of: (i) the patient’s clinical presentation; (ii) the presence of laboratory
data suggestive of hemolysis; (iii) the appearance/increase of glomer-
ular proteinuria; and (iv) the appearance of microhematuria (consensus
statement 14) [56-58]. The Human Microvascular Endothelial Cells
(H-MEC) test was excluded as a test to be routinely performed because it
has yet to be standardized, lacks ease of reproducibility, and is not
cost-effective.

3.2.1. Genetic factors

In addition to being a multifactorial disease with environmental
triggers, aHUS can have a genetic cause [1,43]. Although variants in
CAP proteins have been detected in 60 % of cases, there was no identi-
fiable mutation or immunologic background detected in more than
40-50 % [3,59]. Mutations may also occur in coagulation proteins and
enzymes that affect the coagulation cascade indirectly; however, it is
important to note that aHUS can still be diagnosed when identifiable
mutations are not present [3]. Gene variants appear more commonly
than autoantibodies in adults with aHUS (consensus statement 2) [9].

Genetic testing is carried out through (1) next generation sequencing
of the following genes: complement factor H (CFH), CFHR1-5, C3, CD46,
CFI, THBD, DGKE, and CFB; and multiplex ligation-dependent probe
amplification of the genes: CFH, CFHR1, CFHR2, CFHR3, CFHR4, and
CFHR5. Once diagnosis is confirmed, the patient should be informed
about the possible genetic transmission of the condition [60], and they
should have access to genetic counselling performed by geneticists
operating in the RD care network (consensus statement 42).

3.2.2. Transplantation

Renal transplantation may trigger aHUS, either as a recurrent
episode of the disease or as a de novo disease in the renal graft [61]. The
clinical scenario is more complicated in recipients of renal transplants
than in other individuals, which makes diagnosis of aHUS difficult [1].
Critical issues complicating a correct diagnosis of aHUS in transplant
recipients include: (i) need for in-depth knowledge of the pathology; (ii)
inability to immediately detect pathology (13 % of patients do not show
a significant reduction in platelet count and 38 % of patients with TMA
in the post-transplant phase do not exhibit significant anemia or
thrombocytopenia); (iii) heterogeneous clinical aspects; (iv) long
reporting times, and; (v) the need to ’study’ individuals with aHUS
within the same household, to detect other possible cases at an early
stage [1,62]. Furthermore, there is currently no guideline for the diag-
nosis of aHUS in patients who have undergone renal transplants.
Considering the above, consensus was reached that following a renal
transplant, the absence of marked thrombocytopenia or significant
anemia should not exclude a TMA diagnosis (consensus statement 18).

Given the therapeutic options available today, patients on dialysis
who are diagnosed with aHUS can undergo a renal transplant with a low
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risk of recurrence (consensus statement 38) [50]. To reduce the risk of
aHUS in the case of patients with high anti-CFH antibody levels, plasma
exchange in combination with rituximab can be evaluated prophylac-
tically (consensus statement 33); plasma exchange in combination with
rituximab has also been suggested in cases where anti-C5 antibody
therapy has been discontinued, is not feasible, or when there is no
benefit derived with plasma exchange alone [61,63,64].

Some medications used in the post-transplant setting (e.g.,
mammalian target of rapamycin [mTOR] inhibitors and/or calcineurin
inhibitors) can cause TMA and may act as a trigger for the development
of aHUS via different mechanisms, such as vascular endothelial growth
factor (VEGF) reduction leading to endothelial dysfunction, increased
sheer stress, activation of CAP (either directly or indirectly), and/or
platelet activation (consensus statement 19) [65-68].

An even more delicate and challenging diagnostic setting is TMA
associated with hematopoietic stem cell transplantation (HSCT), which
is burdened by a very high rate of morbidity and mortality [69]. The
diagnosis is complicated markedly by the concurrent hematological
condition. Consequently, a recent consensus paper developed by a group
of international experts specifically addressed TMA in this setting,
elucidating the diagnostic criteria and risk stratification based on 4 key
concepts: (1) diagnosis of transplant-associated TMA (TA-TMA) using
clinical and laboratory criteria, kidney tissue biopsy, or gastrointestinal
tissue (biopsy is not required); (2) proposed diagnostic criteria using the
modified Jodele criteria with additional definitions for anemia and
thrombocytopenia; TA-TMA is diagnosed when > 4 of the following 7
features occur twice within 14 days: (i) anemia, defined as failure to
achieve transfusion independence despite neutrophil engraftment, with
hemoglobin decline by > 1 g/dL or new-onset transfusion dependence;
(ii) thrombocytopenia, defined as failure to achieve platelet engraft-
ment, higher-than-expected transfusion needs, refractory to platelet
transfusions or > 50 % reduction in baseline platelet count after full
platelet engraftment; (iii) lactate dehydrogenase (LDH) exceeding the
upper limit of normal (ULN); (iv) schistocytes; (v) hypertension; (vi)
soluble C5b-9 (sC5b-9) exceeding the ULN; and (vii) proteinuria
(>1 mg/mg random urine protein-to-creatinine ratio [rUPCR]); (3)
increased risk of non-relapse mortality and should be stratified as
high-risk TA-TMA if there is presence of: (i) elevated sC5b-9, (ii) LDH
> 2 times the ULN, (iii) rtUPCR > 1 mg/mg, (iv) multiorgan dysfunction,
(v) concurrent grade II-IV acute graft-versus-host disease, or (vi) bac-
terial or viral infection; and (4) weekly screening for TA-TMA of all
allogeneic and pediatric autologous HSCT recipients with neuroblas-
toma during the first 100 days post-transplant. If there is a diagnosis of
TA-TMA, patients should be risk-stratified. If high-risk, the patient
should be presented with an opportunity to participate in an available
clinical trial for TA-TMA-directed therapy [69].

3.2.3. aHUS in children

The initial episode of complement-mediated aHUS can occur at any
age, therefore age is not a predictor of the disease (consensus statement
9) [11]. However, higher rates of mortality occur in children than in
adults with aHUS, and prognosis strongly depends on genetic back-
ground [8,70].

When aHUS presents in the first year of life, mutations in
complement-unrelated genes (i.e., DGKE, WT1) should be considered
(consensus statement 10) [71]. Inborn errors in cobalamin metabolism
can cause an ultra-rare metabolism-associated HUS called methyl-
malonic acidemia with homocystinuria cbIC type (MMACHC;
ORPHA:79282), which eventuates in a cobalamin deficiency (consensus
statement 11) [23].

Bloody diarrhea that is caused by STEC in children, may develop into
STEC-HUS [23,72]. If the patient presents with a short period of diarrhea
or the concomitant appearance of diarrhea and HUS, suspicion for aHUS
versus STEC-HUS should be raised, as STEC-HUS usually appears 4-5
days from the onset of diarrhea (consensus statement 8) [72].
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4. Symptoms and laboratory data

The presentation of any case of anemia plus thrombocytopenia in the
hospital emergency medicine setting should always prompt the deter-
mination of haptoglobin, indirect bilirubin, and LDH levels (consensus
statement 13) [19,73]. These laboratory data are required because aHUS
is characterized by the combination of platelet consumption (leading to
blood platelet levels of <150,000/mmc or a 25 % reduction in platelet
levels), microangiopathic hemolysis (non-immune hemolytic anemia
confirmed with a negative direct Coombs test result, elevated LDH
levels, reduced haptoglobin levels, with or without the presence of
schistocytes in a peripheral blood smear), as well as renal involvement
(presence of hematuria and/or proteinuria and/or elevated creatinine
levels) (consensus statement 3).

When the triad of non-immune hemolytic anemia, thrombocyto-
penia, and renal involvement is present, it is compulsory to distinguish
between secondary HUS, aHUS, and TTP. In this instance, it is essential
to determine the A Disintegrin and Metalloproteinase with Thrombo-
spondin motifs von-Willebrand Factor proteinase (ADAMTS13) activity
(severely deficient, measuring <10 IU/dL in TTP), and the presence of
verocytotoxin-producing Escherichia coli (VTEC) in the stool (consensus
statement 5) [21]. Importantly, testing of ADAMTS13 activity should be
conducted urgently if there is evidence of TMA (consensus statement 6).

Although neurological involvement is uncommon in aHUS (occur-
ring in 10-20 % of patients) [20], if suspected, a neurological consul-
tation followed by an electroencephalogram (EEG) and brain magnetic
resonance imaging (MRI) scan is advisable (consensus statement 7). This
suspicion may be based on the presence of common known neurological
manifestations in aHUS, such as neurological symptoms, motor symp-
toms, generalized weakness, vision changes, seizures, and encephalop-
athy (consensus statement 16) [20]. Bilateral and symmetrical
hyperintensities of the basal ganglia that are observed in fluid attenu-
ated inversion recovery (FLAIR) and T2-weighted sequences in brain
MRI scans are suggestive of TMA, possibly due to HUS; other areas of the
brain that can be involved in the neurological aspects of aHUS include
the cerebral peduncles, caudate nuclei, putamen, thalami, hippocampi,
insulae, and possibly, the brainstem (consensus statement 17) [74].

While the presence of schistocytes >1 % is a robust cytomorpho-
logical threshold that favors a diagnosis of TMA in the absence of
additional features, the absence of schistocytes should not exclude an
earlier diagnosis of TMA (consensus statement 12), due to the low
sensitivity of the test for schistocytes [75].

Consensus was sought on two levels of laboratory tests, first-level
(consensus statement 20) and second-level (consensus statement 21),
to diagnose aHUS. Anti-nuclear antibody (ANA) testing was initially
considered to be a first-level test in the first round of voting but was
moved to the list of second-level laboratory tests after the second round
of voting, because ANAs are not associated with a primary form of aHUS.
Although the inclusion of the H-MEC test is not recommended (did not
reach consensus threshold in either round of voting), this test may be
conducted to aid the diagnosis of an aHUS relapse (see Diagnosis sec-
tion). First- and second-level genetic tests and immunologic diagnostic,
microhematuria, and proteinuria tests should also be performed [24].

5. Prevention of infectious complications

The response to Serogroup B meningococci vaccination was reported
to be hampered by immunosuppression [76,77], thus, it is recom-
mended that all patients with aHUS should be vaccinated against
pathogenic organisms as soon as possible (consensus statement 22)
[78-80].

An activated terminal CAP is required for efficient serum bactericidal
activity against organisms such as Neisseria meningitidis [81]. Since
anti-C5 treatment (eculizumab, ravulizumab) blocks the CAP, the risk of
invasive meningococcal disease increases. Consequently, patients
receiving anti-C5 treatment should receive a quadrivalent A, C, W, Y
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meningococcal conjugate vaccine and a B meningococcal vaccine 14
days before or at the start of anti-C5 treatment, or if anti-C5 treatment is
initiated as a matter of urgency. Antimicrobial prophylaxis with peni-
cillin (or macrolides for penicillin-allergic patients) should be started on
the same day that eculizumab/ravulizumab treatment is started, and
continued up to 14 days after vaccination (consensus statement 23)
[81]. However, a lack of vaccination against known bacteria should not
hinder the timely administration of C5 inhibitors [82]. In these cases,
patients should receive appropriate antibiotic prophylaxis (detailed
above) until adequate vaccination coverage is achieved (consensus
statement 24). Comprehensive vaccination prophylaxis against encap-
sulated organisms (such as Streptococcus pneumoniae and Haemophilus
influenzae) could be considered, particularly in severely immunocom-
promised individuals [83]. Moreover, rare cases of gonococcus infection
have been described. Therefore, it is essential to inform patients about
the risk of gonococcal infections and implement appropriate prophy-
lactic measures, including the use of barrier protection during sexual
activity and regular screenings [83].

Importantly, it is recommended that amplified patient awareness,
early care-seeking and rapid treatment of symptoms consistent with
meningococcal disease are necessary in all patients receiving eculizu-
mab/ravulizumab treatment, regardless of meningococcal vaccination
or antimicrobial prophylaxis status [77,79,80].

6. Treatment of aHUS

Once TMA is diagnosed, it is highly recommended that plasma ex-
change therapy is initiated as soon as possible (consensus statement 25)
[1,84], ideally within 12 hours, while waiting for the ADAMTS13 test
result (consensus statement 31), as delays are associated with increased
patient morbidity [22].

Eculizumab is administered every week of a 4-week initial phase
followed by a 2-weekly maintenance phase [35,79]. Ravulizumab is
administered as a loading dose, then 2 weeks later, followed by every 8
weeks (every 4 weeks in pediatric patients weighing >10 and <20kg)
[34,80]. These dosing regimens preserve vascular access, reduce the
burden of aHUS, and improve quality of life of all patients, even the
elderly or those with diminished vascular function after several years of
dialysis (consensus statement 29) [15,36,51,85].

Early therapeutic intervention with eculizumab/ravulizumab
(within 7 days) at the onset of the disease enhances hematological and
renal outcomes (consensus statement 26) [19]. Eculizumab and rav-
ulizumab have similar treatment efficacy, but ravulizumab has longer
lasting effects, more convenient infusion frequency in the maintenance
phase (every 2 weeks for eculizumab vs every 8 weeks for ravulizumab),
and possibly lower costs (consensus statement 27) [32].

Although no randomized trials to date have evaluated the efficacy of
anti-complement therapy exclusively in patients with aHUS, the termi-
nal complement blockade of eculizumab and ravulizumab have
improved the prognosis over historical controls, with a significantly
lower rate of death and progression to end-stage kidney disease
(consensus statement 30) [28,86,87].

Women who develop aHUS triggered by pregnancy have also
benefitted from C5 inhibitors that were instrumental in resolving TMA
(consensus statement 32) [88,89]. When considering long-term therapy,
it is necessary to assess the patient on a case-by-case basis, administer
treatment for at least 6 months, and discontinue therapy after a mini-
mum of 3 months of stabilized/normalized renal function [79,80,90]. It
is important to recognize that patients of Chinese and/or Japanese
descent may not respond to C5 inhibitors [91]. Studies have shown that
individuals in these groups possess polymorphic variants of the C5 gene
(c.2654 G—A, ¢.2653C—T) in a heterozygous state, which leads to
resistance to anti-C5 mAbs [91].

The following should be reviewed when considering long-term
therapy in a patient with aHUS: the disease etiopathology, family his-
tory, prior renal allograft, risk of relapse, frequency of relapses, acute
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systemic manifestations, and the patient’s genetic and immunologic
background [45,46,58,90,92,93]. Monitoring of parameters such as C3,
C4, CH50 (classical pathway, 50% hemolytic activity), and AP50
(alternate pathway, 50 % hemolytic activity) that control complement
hemolytic activity is useful if the interval of C5 inhibitor administration
is extended (consensus statement 40) [58,94,95].

Discontinuing treatment with eculizumab/ravulizumab in patients
with aHUS is not without risk, since this may lead to aHUS recurrence
and renal failure [96]. On average, the risk of relapse emerging from the
various studies is between 10-20 % after discontinuation of eculizumab
[28,94]. Nevertheless, patients should be thoroughly assessed for risk
factors prior to the decision to discontinue eculizumab/ravulizumab
treatment (consensus statement 28) [86,94,97-99]. Overall, close pa-
tient monitoring after eculizumab/ravulizumab discontinuation is rec-
ommended and if a patient experiences a recurrence of aHUS, the C5
inhibitor retreatment is recommended [57,94,96].

7. Patient management

In Italy, RD reference centers for aHUS should (i) offer genetic testing
and counseling, (ii) arrange treatment plans, (iii) consult with hospital
teams, and (iv) provide training to the MDT (consensus statement 34)
[24,100-102]. If aHUS is suspected, the patient should be transferred to
a RD reference center promptly to minimize any diagnostic delay,
confirm the diagnosis and start on available treatments (consensus
statement 41) [84].

To optimize the management of patients long-term, the faculty
members agreed that the results of genetic investigations should be
received ideally within a few months (consensus statement 37). If pa-
tients are on a kidney transplant waiting list and do not have a precise
diagnosis, they should be re-evaluated (consensus statement 39) [103].
Referral of patients with particularly severe, life-threatening symptoms
to a RD reference center can be facilitated by using a diagnostic decision
support system (consensus statement 35). In the case of critically ill
patients with suspected or confirmed aHUS admitted to the intensive
care unit (ICU) in hospitals that are not RD reference centers, close
collaboration with colleagues (through information technology or tele-
consultation) working at these centers is highly recommended for
optimal diagnostic and therapeutic management (consensus statement
43) [84,100,104].

National strategies to improve the management of and outcomes for
patients with aHUS could potentially include refining institutional
workflows by standardizing data collection between different care set-
tings and RD reference centers (consensus statement 36) [105]. RD
registries with a sufficient catchment area and monitoring period
(consensus statement 44), collecting data on aHUS, could offer valuable
insights into its epidemiology and patient outcomes, and provide data on
the real-world use of available treatments [10,106].

8. Awareness of aHUS

aHUS should be treated as a medical emergency, and initial sup-
portive measures should be urgently and promptly introduced
(consensus statement 46) [26]. Early recognition, appropriate treatment
and a multidisciplinary approach are critical to achieving optimal pa-
tient outcomes and reducing the risk of irreversible organ damage or
death (consensus statement 47) [3]. Interaction between different
health professionals supporting the patient’s diagnostic and therapeutic
journey should be promoted, especially if this journey occurs across
different networks and settings, and to avoid or minimize fragmentation
of care (consensus statement 49) [25].

Because multiple organ systems are involved in patients with aHUS
and ICU care is often required, a MDT that includes an emergency
physician, a neurologist, psychologist, hematologist, nephrologist,
internist and transfusion medicine specialist is important; in the case of
pediatric patients, a pediatrician and/or family pediatrician should also
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be included in the MDT (consensus statement 45) [24-26]. Members of
MDTs at reference centers should also have access to genetic and labo-
ratory facilities to guarantee the diagnostic pathway and offer appro-
priate care to children and adults with aHUS (consensus statement 48).

Competent regional coordinating centers should monitor RD refer-
ence centers regularly by evaluating the number of patients under their
care and the availability of appropriate diagnostic and therapeutic fa-
cilities (consensus statement 50) [105]. Lastly, there should be an
improvement in societal awareness and education involving emergency
medical services and emergency room doctors for the early recognition
of suspected aHUS (to identify red flags on which to base early diag-
nostic suspicion); a dedicated DTCP should be designed at a national
level, and shared with all stakeholders and policy makers (consensus
statement 51) [11,101].

9. Conclusions

Multiple Italian SSs, PAs, and CoReMaRs collaborated to develop 51
consensus statements on the diagnosis and management of aHUS with
the aim of improving patient management and outcomes. These state-
ments provide a unified framework for the prompt recognition of aHUS
pathology, differential diagnosis of aHUS, referral to RD reference
centers, relapse prevention measures, selecting between treatment op-
tions, patient management by a MDT and improving the overall
awareness of aHUS. Some of these statements may apply to other RDs
and clinical areas. Despite the broad scope of the consensus statements,
several unmet needs in the management of patients with aHUS were
identified, including diagnostic suspicion, rapid genetic investigations,
regular review of the centers of expertise list (considering the number of
treated patients), permanent clinical referral in treatment centers and
widespread expertise among adult and pediatric specialists. In addition,
families should be involved in the care of and treatment choices for the
patient from the time an aHUS diagnosis is suspected. They should be
supported from a psychological point of view, especially in the event of
the need for surgery. The on-going collaboration of clinicians with PAs is
recommended to provide families with additional support. It is hoped
that this standardized framework will form the basis of the “digital
ecosystem” concept and the development of possible information tech-
nology solutions to assist MDTs involved in the management of patients
with aHUS.

CRediT authorship contribution statement

Mancuso Michelangelo: Writing — review & editing, Conceptuali-
zation. Macri Francesco: Writing — review & editing, Conceptualiza-
tion. Pasini Andrea: Writing — review & editing, Conceptualization.
Stea Emma Diletta: Writing — review & editing, Conceptualization.
Padovani Alessandro: Writing — review & editing, Conceptualization.
Gualtierotti Roberta: Writing — review & editing, Conceptualization.
Sebastiani Gian Domenico: Writing — review & editing, Conceptuali-
zation. Scopinaro Annalisa Maddalena: Writing — review & editing,
Conceptualization. Pugliano Mariateresa: Writing — review & editing,
Conceptualization. Santangelo Luisa: Writing — review & editing,
Conceptualization. Susi Beniamino: Writing — review & editing,
Conceptualization. Mazzucato Monica: Writing — review & editing,
Conceptualization. Sesti Giorgio: Writing — review & editing, Concep-
tualization. Vezzoni Cinzia: Writing — review & editing, Conceptuali-
zation. Berardelli Alfredo: Writing - review & editing,
Conceptualization. Torsello Antonio: Writing — review & editing,
Conceptualization. Annicchiarico Giuseppina: Writing — review &
editing, Conceptualization. Bogliolo Laura: Writing — review & editing,
Conceptualization. Bianchi Stefano: Writing — review & editing,
Conceptualization. Zanlari Luca: Writing — review & editing, Concep-
tualization. De Luca Annamaria: Writing — review & editing, Concep-
tualization. Chiandotto Paolo: Writing - review & editing,
Conceptualization. Gesualdo Loreto: Writing — review & editing,



E.D. Stea et al.

Project administration, Funding acquisition, Conceptualization. De Iaco
Fabio: Writing — review & editing, Conceptualization. Cirino Giuseppe:
Writing - review & editing, Conceptualization. Dentali Francesco:
Writing — review & editing, Conceptualization. De Rosa Silvia: Writing
- review & editing, Conceptualization. Favalli Ennio Giulio: Writing —
review & editing, Conceptualization. Facchin Paola: Writing — review &
editing, Conceptualization. Giarratano Antonino: Writing — review &
editing, Conceptualization. Fiorin Francesco: Writing — review &
editing, Conceptualization. Laterza Claudia: Writing — review & edit-
ing, Conceptualization.

Funding

Medical writing assistance and Open Access was funded by Alexion.
Alexion did not play any role in crafting, reviewing, or refining the
guidance statements.

Declaration of Competing Interest

EDS: was an invited speakers at meetings supported by Alexion and
AstraZeneca. MP was a speaker at symposia sponsored by Alexion
Pharmaceuticals. RG is a member of the advisory board of Bayer and
Roche, and a speaker at bureau/educational meetings of Pfizer, SOBI,
Takeda and Novo Nordisk. M Man has received research grants, reim-
bursement for travel, and consulting payments from Stealth BT, Takeda,
Sanofi Genzyme, Khondrion, Abliva, Reneo, Zogenix and Precision
Biosciences; is supported by the Telethon (GSP16001), the E-Rare
project GENOMIT (01GM1920B) and the Italian Ministry of Health
(2022B9WY4A); and is part of the European Reference Networks EURO
NMD and RND. GS has received speaker/consulting honoraria from
Sanofi, TEVA, Daiichi-Sankyo, Eli Lilly and MSD. AMS was a speaker at
symposia sponsored by Alexion, Kyowa Kirin and others; fees were
received on behalf of the Association. GS: has received speaker/
consulting honoraria from Sanofi, TEVA, Daiichi-Sankyo, Eli Lilly, and
MSD. LG: has received research grants from Abionix and Sanofi; has
received speaker honoraria from Bayer and Werfen; served as consultant
for Baxter, Tavere, Astrazeneca, GSK, Novartis, Chinook, Roche, Reate,
Nestle, Otsuka, Gilead Science, Bayer, and Vifor Fresenius. ADL has been
member of the advisory board or scientific consultancy of Sanofi and
Agomab, and a speaker/chairperson at sponsored symposia by Alexion,
Biogen and Roche.

M Mazzucato, LS, PC, GC, FDI, SDR, FD, AG, GA, AB, SB, LB, PF, EGF,
FF, CL, FM, A Pad, A Pas, GDS, BS, AT, CV and LZ have no interests to
declare.

Acknowledgments

We would like to thank Nireshnee Ramchundar, PhD, of Springer
Healthcare who wrote the outline and first draft of this manuscript. This
medical writing assistance was funded by Alexion. This work has been
supported by ERKNet; we thank the following ERKNet-affiliated hospi-
tals: The Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,
Milan (member of the European Reference Network EuroBlood-Net),
Azienda Ospedaliero-Universitaria Policlinico, Bari (Pediatric and
Adult Units, member of the European Reference Network ERKNet) and
The Italian Ministry of Education and Research: Dipartimenti di Eccel-
lenza Program 2023 -2027 -Dept. of Pathophysiology and Trans-
plantation, University of Milan. The study was partially supported by the
Italian Ministry of Health — Bando Ricerca Corrente. The Haemostasis &
Thrombosis Unit of the Fondazione IRCCS Ca’ Granda Ospedale Mag-
giore Policlinico is member of the European Reference Network on Rare
Haematological Diseases EuroBloodNet-Project ID No 101157011. ERN-
EuroBloodNet is partly co-funded by the European Union within the
framework of the Fourth EU Health Programme. The working group of
the Italian Pharmacology Society “Rare Diseases and Orphan Drugs —
SIF4RARE" is acknowledged for the assistance during the preparation of

10

Pharmacological Research 216 (2025) 107714

consensus statements and discussions.

Author contributions

All the listed authors were members of the faculty and were thus
involved in the preparation of the consensus statements. All authors
critically reviewed the drafts and approved the final manuscript for
submission.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.phrs.2025.107714.

Data availability

Data sharing is not applicable to this article as no datasets were
generated or analyzed during the current study.

References

[1] C.M. Nester, T. Barbour, S.R. de Cordoba, M.A. Dragon-Durey, V. Fremeaux-
Bacchi, T.H. Goodship, D. Kavanagh, M. Noris, M. Pickering, P. Sanchez-Corral,
C. Skerka, P. Zipfel, R.J. Smith, Atypical aHUS: state of the art, Mol. Immunol. 67
(1) (2015) 31-42.

E.D. Stea, G. D’Ettorre, A. Mitrotti, L. Gesualdo, The complement system in the
pathogenesis and progression of kidney diseases: What doesn’t kill you makes
you older, Eur. J. Intern Med 124 (2024) 22-31.

K. Yerigeri, S. Kadatane, K. Mongan, O. Boyer, L.L.G. Burke, S.K. Sethi, C. Licht,
R. Raina, Atypical hemolytic-uremic syndrome: genetic basis, clinical
manifestations, and a multidisciplinary approach to management, J. Multidiscip.
Health 16 (2023) 2233-2249.

K. Yan, K. Desai, L. Gullapalli, E. Druyts, C. Balijepalli, Epidemiology of atypical
hemolytic uremic syndrome: a systematic literature review, Clin. Epidemiol. 12
(2020) 295-305.

G. Ardissino, S. Salardi, E. Colombo, S. Testa, N. Borsa-Ghiringhelli,

F. Paglialonga, V. Paracchini, F. Tel, I. Possenti, M. Belingheri, C.F. Civitillo,

S. Sardini, R. Ceruti, C. Baldioli, P. Tommasi, L. Parola, F. Russo, S. Tedeschi,
Epidemiology of haemolytic uremic syndrome in children. Data from the North
Italian HUS network, Eur. J. Pedia 175 (4) (2016) 465-473.

F. Schaefer, G. Ardissino, G. Ariceta, F. Fakhouri, M. Scully, N. Isbel, A. Lommelé,
V. Kupelian, C. Gasteyger, L.A. Greenbaum, S. Johnson, M. Ogawa, C. Licht,

J. Vande Walle, V. Frémeaux-Bacchi, M. Blasco, D. Cresseri, G. Generolova,

N. Webb, P. Hirt-Minkowski, N. Lvovna Kozlovskaya, D. Landau, A.-

L. Lapeyraque, C. Loirat, C. Mache, M. Malina, L. Martola, A. Massart,

E. Rondeau, A. Siedlecki, L. Sartz, Clinical and genetic predictors of atypical
hemolytic uremic syndrome phenotype and outcome, Kidney Int. 94 (2) (2018)
408-418.

G. Ardissino, I. Possenti, F. Tel, S. Testa, F. Paglialonga, Time to change the
definition of hemolytic uremic syndrome, Eur. J. Intern Med 25 (2) (2014) e29.
V. Fremeaux-Bacchi, F. Fakhouri, A. Garnier, F. Bienaimé, M.A. Dragon-Durey,
S. Ngo, B. Moulin, A. Servais, F. Provot, L. Rostaing, S. Burtey, P. Niaudet,

G. Deschénes, Y. Lebranchu, J. Zuber, C. Loirat, Genetics and outcome of atypical
hemolytic uremic syndrome: a nationwide French series comparing children and
adults, Clin. J. Am. Soc. Nephrol. 8 (4) (2013) 554-562.

M. Noris, J. Caprioli, E. Bresin, C. Mossali, G. Pianetti, S. Gamba, E. Daina,

C. Fenili, F. Castelletti, A. Sorosina, R. Piras, R. Donadelli, R. Maranta, I. van der
Meer, E.M. Conway, P.F. Zipfel, T.H. Goodship, G. Remuzzi, Relative role of
genetic complement abnormalities in sporadic and familial aHUS and their
impact on clinical phenotype, Clin. J. Am. Soc. Nephrol. 5 (10) (2010)
1844-1859.

L. Woodward, S. Johnson, J.V. Walle, J. Beck, C. Gasteyger, C. Licht, G. Ariceta,
H.U.S.R.S.A.B. on behalf of the a, An innovative and collaborative partnership
between patients with rare disease and industry-supported registries: the Global
aHUS Registry, Orphanet J. Rare Dis. 11 (1) (2016) 154.

V. Afshar-Kharghan, Atypical hemolytic uremic syndrome, Hematology 2016 (1)
(2016) 217-225.

C. Formeck, A. Swiatecka-Urban, Extra-renal manifestations of atypical hemolytic
uremic syndrome, Pedia Nephrol. 34 (8) (2019) 1337-1348.

T. Sakari Jokiranta, O. Viklicky, S. Al Shorafa, R. Coppo, C. Gasteyger, M. Macia,
T. Pankratenko, M. Shenoy, O. Soylemezoglu, M. Tsimaratos, J. Wetzels,

H. Haller, Differential diagnosis of thrombotic microangiopathy in nephrology,
BMC Nephrol. 18 (1) (2017) 324.

B. Tumiene, H. Graessner, Rare disease care pathways in the EU: from odysseys
and labyrinths towards highways, J. Community Genet. 12 (2) (2021) 231-239.
T. Willmen, L. Volkel, S. Ronicke, M.C. Hirsch, J. Kaufeld, R.P. Rychlik, A.

D. Wagner, Health economic benefits through the use of diagnostic support
systems and expert knowledge, BMC Health Serv. Res. 21 (1) (2021) 947.

[2]

[3]

[4

=

(5]

[6

=

[71

(8]

[9]

[10]

[11]
[12]

[13]

[14]

[15]


https://doi.org/10.1016/j.phrs.2025.107714
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref1
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref1
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref1
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref1
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref2
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref2
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref2
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref3
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref3
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref3
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref3
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref4
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref4
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref4
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref5
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref5
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref5
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref5
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref5
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref6
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref6
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref6
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref6
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref6
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref6
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref6
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref6
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref7
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref7
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref8
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref8
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref8
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref8
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref8
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref9
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref9
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref9
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref9
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref9
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref9
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref10
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref10
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref10
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref10
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref11
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref11
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref12
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref12
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref13
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref13
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref13
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref13
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref14
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref14
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref15
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref15
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref15

E.D. Stea et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

State Regions Conference, Repertoire deed no. 121/CSR, 2023. (https://www.stat
oregioni.it/it/conferenza-stato-regioni/sedute-2023/seduta-del-24052023/atti/r
epertorio-atto-n-121csr/). (Accessed 5 April 2024).

T. Willmen, L. Willmen, A. Pankow, S. Ronicke, H. Gabriel, A.D. Wagner, Rare
diseases: why is a rapid referral to an expert center so important? BMC Health
Serv. Res. 23 (1) (2023) 904.

L. Woodward, L. Burke, K. Shah, All aHUS alliance Global Action, UK, aHUS
diagnosis process: patients’ experience of specialist care and the diagnosis
decision, 2022. (https://www.ahusallianceaction.org/wp-content/uploads/2
022/02/aHUS-Diagnosis-Process-Patients-experience-specialist-care-diagnosis-de
cision-Report-3.pdf). (Accessed 29 February 2024).

J.Vande Walle, Y. Delmas, G. Ardissino, J. Wang, J.F. Kincaid, H. Haller,
Improved renal recovery in patients with atypical hemolytic uremic syndrome
following rapid initiation of eculizumab treatment, J. Nephrol. 30 (1) (2017)
127-134.

E.L. Weil, A.A. Rabinstein, Neurological manifestations of thrombotic
microangiopathy syndromes in adult patients, J. Thromb. Thrombolysis 51 (4)
(2021) 1163-1169.

M. Scully, R. Rayment, A. Clark, J.P. Westwood, T. Cranfield, R. Gooding, C.

N. Bagot, A. Taylor, V. Sankar, D. Gale, T. Dutt, J. McIntyre, W. Lester,

tB. Committee, A British Society for Haematology Guideline: diagnosis and
management of thrombotic thrombocytopenic purpura and thrombotic
microangiopathies, Br. J. Haematol. 203 (4) (2023) 546-563.

M. Scully, S. Cataland, P. Coppo, J. de la Rubia, K.D. Friedman, J. Kremer
Hovinga, B. Ldmmle, M. Matsumoto, K. Pavenski, E. Sadler, R. Sarode, H. Wu,
Consensus on the standardization of terminology in thrombotic
thrombocytopenic purpura and related thrombotic microangiopathies,

J. Thromb. Haemost. 15 (2) (2017) 312-322.

M. Michael, A. Bagga, S.E. Sartain, R.J.H. Smith, Haemolytic uraemic syndrome,
Lancet 400 (10364) (2022) 1722-1740.

L. Burke, S.K. Sethi, O. Boyer, C. Licht, M. McCulloch, R. Shah, V.A. Luyckx,

R. Raina, Voice of a caregiver: call for action for multidisciplinary teams in the
care for children with atypical hemolytic uremic syndrome, Pedia Nephrol. 39 (7)
(2023) 1961-1963.

C.E. Gordon, V.C. Chitalia, J.M. Sloan, D.J. Salant, D.L. Coleman, K. Quillen,

K. Ravid, J.M. Francis, Thrombotic microangiopathy: a multidisciplinary team
approach, Am. J. Kidney Dis. 70 (5) (2017) 715-721.

S. Marsden, L. Dunbar, N. Sandiford, Do multidisciplinary teams make a
difference to the quality of medical care? Br. J. Hosp. Med. (Lond. ) 80 (12)
(2019) 696-698.

M.G. Uriol Rivera, S. Cabello Pelegrin, C. Ballester Ruiz, B. Lopez Andrade,

J. Lumbreras, A. Obrador Mulet, A. Perez Montana, M. Ferreruela Serlavos, J.

1. Ayestaran Rota, J. Ferrer Balaguer, O. Delgado Sanchez, L. Pallares Ferreres,
A. Mas Bonet, M.J. Picado Valles, R.M.R. de Gopegui Valero, Impact of a
multidisciplinary team for the management of thrombotic microangiopathy, PLoS
One 13 (11) (2018) e0206558.

V. Brocklebank, P.R. Walsh, K. Smith-Jackson, T.M. Hallam, K.J. Marchbank,
V. Wilson, T. Bigirumurame, T. Dutt, E.K. Montgomery, M. Malina, E.K.S. Wong,
S. Johnson, N.S. Sheerin, D. Kavanagh, Atypical hemolytic uremic syndrome in
the era of terminal complement inhibition: an observational cohort study, Blood
142 (16) (2023) 1371-1386.

A. Lionet, F. Provot, F. Glowacki, V. Frémeaux-Bacchi, M. Hazzan, A case of adult
atypical haemolytic uraemic syndrome related to anti-factor H autoantibodies
successfully treated by plasma exchange, corticosteroids and rituximab, NDT 2
(6) (2009) 458-460.

S. Ito, H. Hataya, A. Ashida, R. Hamada, T. Ishikawa, Y. Ishikawa, A. Shimono,
T. Konomoto, T. Miyazawa, M. Ogura, K. Tanaka, S. Kagami, Eculizumab for
paediatric patients with atypical haemolytic uraemic syndrome: full dataset
analysis of post-marketing surveillance in Japan, Nephrol. Dial. Transpl. 38 (2)
(2023) 414-424.

J.I. Nishimura, T. Kawaguchi, S. Ito, H. Murai, A. Shimono, T. Matsuda,

Y. Fukamizu, H. Akiyama, H. Hayashi, T. Nakano, S. Maruyama, Real-world
safety profile of eculizumab in patients with paroxysmal nocturnal
hemoglobinuria, atypical hemolytic uremic syndrome, or generalized myasthenia
gravis: an integrated analysis of post-marketing surveillance in Japan, Int. J.
Hematol. 118 (4) (2023) 419-431.

K. Shahid, S. Qayyum, Eculizumab versus ravulizumab for the treatment of
atypical hemolytic uremic syndrome: a systematic review, Cureus 15 (9) (2023)
€46185.

K. Tanaka, B. Adams, A.M. Aris, N. Fujita, M. Ogawa, S. Ortiz, M. Vallee, L.

A. Greenbaum, The long-acting C5 inhibitor, ravulizumab, is efficacious and safe
in pediatric patients with atypical hemolytic uremic syndrome previously treated
with eculizumab, Pedia Nephrol. 36 (4) (2021) 889-898.

Italian Medicines Agency, Summary of product features - Ravulizumab, 2023. (htt
ps://farmaci.agenziafarmaco.gov.it/aifa/servlet/PdfDownloadServlet?pdfFi
leName=footer_003121_048059 _RCP.pdf&sys=mO0b113). (Accessed 8 April
2024).

Italian Medicines Agency, Reimbursement regime and price following new
therapeutic indications of the medicinal product for human use - Soliris, 2014.
(https://www.aifa.gov.it/documents/20142,/241028/Determina_SOLIRIS_aSEU.
pdf). (Accessed 8 April 2024).

H.M. Tsai, E. Kuo, Eculizumab therapy leads to rapid resolution of
thrombocytopenia in atypical hemolytic uremic syndrome, Adv. Hematol. 2014
(2014) 295323.

A. Bruel, D. Kavanagh, M. Noris, Y. Delmas, E.K.S. Wong, E. Bresin, F. Provot,
V. Brocklebank, C. Mele, G. Remuzzi, C. Loirat, V. Frémeaux-Bacchi, F. Fakhouri,

11

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Pharmacological Research 216 (2025) 107714

Hemolytic uremic syndrome in pregnancy and postpartum, Clin. J. Am. Soc.
Nephrol. 12 (8) (2017) 1237-1247.

D. Kavanagh, G. Ardissino, V. Brocklebank, R.N. Bouwmeester, A. Bagga, R. ter
Heine, S. Johnson, C. Licht, A.L.T. Ma, M. Noris, M. Praga, E. Rondeau, A. Sinha,
R.J.H. Smith, N.S. Sheerin, H. Trimarchi, J.F.M. Wetzels, M. Vivarelli, N.C.A.

J. Van de Kar, L.A. Greenbaum, A.C. Lungu, A. Zurowska, A. Gerogianni,

A. Durkan, A. Schijvens, A.-L. Lapeyraque, A. Java, A. Awan, B. Covella, B.

P. Dixon, C. El Sissy, C. Duinevel, C. Maville, D. Turudic, D. Karpman, D. Haffner,
E. Trembecka-Dubel, F. Ozaltin, F. Emma, F. Schaefer, H.G. Kang, H. Trimarchi,
H. Trujillo, I. Ulasi, A. Ekwueme, J. Menne, J. Laurence, J. Calado, J. Hofer,

J. Zuber, J. Oh, K.A. Bakar, K.S. Jackson, D. Turudic, D. Milosevic, D. Karpman,
E. Trembecka-Dubel, F. Ozaltin, F. Emma, F. Schaefer, G. Ariceta, H.G. Kang,
H. Trimarchi, H. Trujillo, I. Ulasi, A. Ekwueme, J. Menne, J. Laurence, J. Calado,
K.J. Claes, K. Kaartinen, K. Alhasan, K. Wijnsma, L.P. van den Heuvel,

L. Alconcher, M. Izabel de Holanda, M. Szczepanska, M.-S. Meuleman,

M. Lemaire, M. Harris, M.G. Michalopulos, M. Malina, M. Jdzsi, N. Staji¢, N. Isbel,
P. Walsh, P.A. Coccia, R. Ramachandran, R. Topaloglu, S.A.M.E.G. Timmermans,
S. Chauvet, T.K. Levart, T. Seeman, V. Tasic, V. Tesar, W.-C. Song, Y. Zhang,

Z. Prohaszka, Outcomes from the International Society of Nephrology Hemolytic
Uremic Syndromes International Forum, Kidney Int 106 (6) (2024) 1038-1050.
B.E. Berger, Atypical hemolytic uremic syndrome: a syndrome in need of clarity,
Clin. Kidney J. 12 (3) (2019) 338-347.

C. Loirat, F. Fakhouri, G. Ariceta, N. Besbas, M. Bitzan, A. Bjerre, R. Coppo,

F. Emma, S. Johnson, D. Karpman, D. Landau, C.B. Langman, A.L. Lapeyraque,
C. Licht, C. Nester, C. Pecoraro, M. Riedl, N.C. van de Kar, J. Van de Walle,

M. Vivarelli, V. Fremeaux-Bacchi, H.U.S. International, An international
consensus approach to the management of atypical hemolytic uremic syndrome
in children, Pedia Nephrol. 31 (1) (2016) 15-39.

A. Szilagyi, N. Kiss, C. Bereczki, G. Talosi, K. Racz, S. Ttri, Z. Gyorke, E. Simon,
E. Horvéth, K. Kelen, G.S. Reusz, A.J. Szabo, T. Tulassay, Z. Prohaszka, The role of
complement in Streptococcus pneumoniae-associated haemolytic uraemic
syndrome, Nephrol. Dial. Transpl. 28 (9) (2013) 2237-2245.

G. Ardissino, M. Perrone, F. Tel, S. Testa, A. Morrone, 1. Possenti, F. Tagliaferri,
R. Dilena, F. Menni, Late onset cobalamin disorder and hemolytic uremic
syndrome: a rare cause of nephrotic syndrome, Case Rep. Pedia 2017 (2017)
2794060.

A. f\kesson, E. Zetterberg, J. Klintman, At the cross section of thrombotic
microangiopathy and atypical hemolytic uremic syndrome: a narrative review of
differential diagnostics and a problematization of nomenclature, Ther. Apher.
Dial. 21 (4) (2017) 304-319.

L. Visconti, V. Cernaro, G. Ardissino, M. Sgarbanti, D. Ferrara, G. Visconti,

D. Santoro, M. Buemi, Complement factor B mutation in atypical hemolytic
uremic syndrome. Rare cause of rare disease [in Italian], G Ital. Nefrol. 34 (2)
(2017) 74-81.

M. Sokola, K. Toljan, A. Almoushref, Z. Khawaja, T. Ashour, Ischemic
cerebrovascular complications with initial presentation of genetic atypical
hemolytic uremic syndrome, J. Stroke Cereb. Dis. 32 (8) (2023) 107238.

F. Fakhouri, J. Zuber, V. Frémeaux-Bacchi, C. Loirat, Haemolytic uraemic
syndrome, Lancet 390 (10095) (2017) 681-696.

F. Babar, S.D. Cohen, Thrombotic microangiopathies with rheumatologic
involvement, Rheum. Dis. Clin. North Am. 44 (4) (2018) 635-649.

J.M. Thurman, A. Frazer-Abel, V.M. Holers, The evolving landscape for
complement therapeutics in rheumatic and autoimmune diseases, Arthritis
Rheuma 69 (11) (2017) 2102-2113.

R. Cervera, I. Rodriguez-Pinto, G. Espinosa, The diagnosis and clinical
management of the catastrophic antiphospholipid syndrome: a comprehensive
review, J. Autoimmun. 92 (2018) 1-11.

G. Hernandez-Molina, L.P. Garcia-Trejo, N. Uribe, A.R. Cabral, Thrombotic
microangiopathy and poor renal outcome in lupus patients with or without
antiphospholipid syndrome, Clin. Exp. Rheuma 33 (4) (2015) 503-508.

A. Turrent-Carriles, J.P. Herrera-Félix, M.C. Amigo, Renal involvement in
antiphospholipid syndrome, Front. Immunol. 9 (2018) 1008.

M. Scully, B.J. Hunt, S. Benjamin, R. Liesner, P. Rose, F. Peyvandi, B. Cheung, S.
J. Machin, Guidelines on the diagnosis and management of thrombotic
thrombocytopenic purpura and other thrombotic microangiopathies, Br. J.
Haematol. 158 (3) (2012) 323-335.

L. Sarno, A. Tufano, G.M. Maruotti, P. Martinelli, M.M. Balletta, D. Russo,
Eculizumab in pregnancy: a narrative overview, J. Nephrol. 32 (1) (2019) 17-25.
J. Leon, M.B. LeStang, R. Sberro-Soussan, A. Servais, D. Anglicheau, V. Frémeaux-
Bacchi, J. Zuber, Complement-driven hemolytic uremic syndrome, Am. J.
Hematol. 98 (4) (2023). S44-s56.

P.E. Stevens, S.B. Ahmed, J.J. Carrero, B. Foster, A. Francis, R.K. Hall, W.

G. Herrington, G. Hill, L.A. Inker, R. Kazancioglu, E. Lamb, P. Lin, M. Madero,
N. McIntyre, K. Morrow, G. Roberts, D. Sabanayagam, E. Schaeffner, M. Shlipak,
R. Shroff, N. Tangri, T. Thanachayanont, I. Ulasi, G. Wong, C.-W. Yang, L. Zhang,
A. Levin, KDIGO 2024 clinical practice guideline for the evaluation and
management of chronic kidney disease, Kidney Int. 105 (4, ement) (2024)
S117-S314.

M.S. Meuleman, A. Duval, V. Fremeaux-Bacchi, L.T. Roumenina, S. Chauvet, Ex
vivo test for measuring complement attack on endothelial cells: from research to
bedside, Front. Immunol. 13 (2022) 860689.

F. Fakhouri, M. Fila, F. Provot, Y. Delmas, C. Barbet, V. Chatelet, C. Rafat,

M. Cailliez, J. Hogan, A. Servais, A. Karras, R. Makdassi, F. Louillet, J.P. Coindre,
E. Rondeau, C. Loirat, V. Frémeaux-Bacchi, Pathogenic variants in complement
genes and risk of atypical hemolytic uremic syndrome relapse after eculizumab
discontinuation, Clin. J. Am. Soc. Nephrol. 12 (1) (2017) 50-59.


https://www.statoregioni.it/it/conferenza-stato-regioni/sedute-2023/seduta-del-24052023/atti/repertorio-atto-n-121csr/
https://www.statoregioni.it/it/conferenza-stato-regioni/sedute-2023/seduta-del-24052023/atti/repertorio-atto-n-121csr/
https://www.statoregioni.it/it/conferenza-stato-regioni/sedute-2023/seduta-del-24052023/atti/repertorio-atto-n-121csr/
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref16
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref16
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref16
https://www.ahusallianceaction.org/wp-content/uploads/2022/02/aHUS-Diagnosis-Process-Patients-experience-specialist-care-diagnosis-decision-Report-3.pdf
https://www.ahusallianceaction.org/wp-content/uploads/2022/02/aHUS-Diagnosis-Process-Patients-experience-specialist-care-diagnosis-decision-Report-3.pdf
https://www.ahusallianceaction.org/wp-content/uploads/2022/02/aHUS-Diagnosis-Process-Patients-experience-specialist-care-diagnosis-decision-Report-3.pdf
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref17
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref17
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref17
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref17
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref18
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref18
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref18
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref19
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref19
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref19
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref19
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref19
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref20
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref20
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref20
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref20
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref20
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref21
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref21
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref22
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref22
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref22
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref22
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref23
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref23
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref23
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref24
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref24
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref24
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref25
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref25
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref25
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref25
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref25
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref25
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref26
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref26
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref26
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref26
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref26
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref27
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref27
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref27
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref27
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref28
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref28
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref28
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref28
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref28
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref29
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref29
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref29
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref29
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref29
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref29
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref30
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref30
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref30
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref31
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref31
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref31
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref31
https://farmaci.agenziafarmaco.gov.it/aifa/servlet/PdfDownloadServlet?pdfFileName=footer_003121_048059_RCP.pdf&amp;sys=m0b1l3
https://farmaci.agenziafarmaco.gov.it/aifa/servlet/PdfDownloadServlet?pdfFileName=footer_003121_048059_RCP.pdf&amp;sys=m0b1l3
https://farmaci.agenziafarmaco.gov.it/aifa/servlet/PdfDownloadServlet?pdfFileName=footer_003121_048059_RCP.pdf&amp;sys=m0b1l3
https://www.aifa.gov.it/documents/20142/241028/Determina_SOLIRIS_aSEU.pdf
https://www.aifa.gov.it/documents/20142/241028/Determina_SOLIRIS_aSEU.pdf
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref32
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref32
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref32
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref33
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref33
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref33
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref33
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref34
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref35
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref35
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref36
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref36
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref36
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref36
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref36
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref36
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref37
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref37
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref37
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref37
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref38
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref38
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref38
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref38
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref39
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref39
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref39
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref39
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref40
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref40
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref40
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref40
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref41
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref41
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref41
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref42
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref42
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref43
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref43
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref44
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref44
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref44
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref45
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref45
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref45
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref46
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref46
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref46
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref47
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref47
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref48
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref48
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref48
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref48
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref49
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref49
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref50
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref50
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref50
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref51
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref51
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref51
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref51
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref51
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref51
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref51
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref52
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref52
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref52
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref53
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref53
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref53
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref53
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref53

E.D. Stea et al.

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

N. Cullinan, K.M. Gorman, M. Riordan, M. Waldron, T.H.J. Goodship, A. Awan,
Case report: benefits and challenges of long-term eculizumab in atypical
hemolytic uremic syndrome, Pediatrics 135 (6) (2015) e1506. -e09.

A.L. Sellier-Leclerc, V. Fremeaux-Bacchi, M.A. Dragon-Durey, M.A. Macher,

P. Niaudet, G. Guest, B. Boudailliez, F. Bouissou, G. Deschenes, S. Gie,

M. Tsimaratos, M. Fischbach, D. Morin, H. Nivet, C. Alberti, C. Loirat, Differential
impact of complement mutations on clinical characteristics in atypical hemolytic
uremic syndrome, J. Am. Soc. Nephrol. 18 (8) (2007) 2392-2400.

C. Loirat, V. Fremeaux-Bacchi, Atypical hemolytic uremic syndrome, Orphanet J.
Rare Dis. 6 (2011) 60.

M.R. Balwani, A.S. Pasari, P. Gurjar, A. Bhawane, C. Bawankule, P. Tolani,

P. Kashiv, S. Dubey, V.M. Katekhaye, Kidney transplant outcomes in patients with
atypical hemolytic uremic syndrome, Transpl. Proc. 55 (5) (2023) 1312-1315.
J. Schwimmer, T.A. Nadasdy, P.F. Spitalnik, K.L. Kaplan, M.S. Zand, De novo
thrombotic microangiopathy in renal transplant recipients: a comparison of
hemolytic uremic syndrome with localized renal thrombotic microangiopathy,
Am. J. Kidney Dis. 41 (2) (2003) 471-479.

P. Khandelwal, A. Sinha, P. Hari, V.K. Bansal, A.K. Dinda, A. Bagga, Outcomes of
renal transplant in patients with anti-complement factor H antibody-associated
hemolytic uremic syndrome, Pedia Transpl. 18 (5) (2014). E134-9.

J.M. Patterson, L. Bolster, L. Larratt, Case series of 3 patients diagnosed with
atypical hemolytic uremic syndrome successfully treated with steroids,
plasmapheresis, and rituximab, CJKHD 5 (2018), 2054358117747262.

M. Le Quintrec, J. Zuber, B. Moulin, N. Kamar, M. Jablonski, A. Lionet,

V. Chatelet, C. Mousson, G. Mourad, F. Bridoux, E. Cassuto, C. Loirat, E. Rondeau,
M. Delahousse, V. Fremeaux-Bacchi, Complement genes strongly predict
recurrence and graft outcome in adult renal transplant recipients with atypical
hemolytic and uremic syndrome, Am. J. Transpl. 13 (3) (2013) 663-675.

T. Mazzierli, F. Allegretta, E. Maffini, M. Allinovi, Drug-induced thrombotic
microangiopathy: An updated review of causative drugs, pathophysiology, and
management, Front Pharmacol. 13 (2022) 1088031.

R. Rodrigues-Diez, C. Gonzalez-Guerrero, C. Ocana-Salceda, R.R. Rodrigues-Diez,
J. Egido, A. Ortiz, M. Ruiz-Ortega, A.M. Ramos, Calcineurin inhibitors
cyclosporine A and tacrolimus induce vascular inflammation and endothelial
activation through TLR4 signaling, Sci. Rep. 6 (1) (2016) 27915.

H. Sartelet, O. Toupance, M. Lorenzato, F. Fadel, L.H. Noel, E. Lagonotte,

P. Birembaut, J. Chanard, P. Rieu, Sirolimus-induced thrombotic
microangiopathy is associated with decreased expression of vascular endothelial
growth factor in kidneys, Am. J. Transpl. 5 (10) (2005) 2441-2447.

M.L. Schoettler, E. Carreras, B. Cho, C.E. Dandoy, V.T. Ho, S. Jodele, 1. Moissev,
1. Sanchez-Ortega, A. Srivastava, Y. Atsuta, P. Carpenter, J. Koreth, N. Kroger,
P. Ljungman, K. Page, U. Popat, B.E. Shaw, A. Sureda, R. Soiffer, S. Vasu,
Harmonizing definitions for diagnostic criteria and prognostic assessment of
transplantation-associated thrombotic microangiopathy: a report on behalf of the
European Society for Blood and Marrow Transplantation, American Society for
Transplantation and Cellular Therapy, Asia-Pacific Blood and Marrow
Transplantation Group, and Center for International Blood and Marrow
Transplant Research, Transpl. Cell Ther. 29 (3) (2023) 151-163.

S. Badruddin, S. Rattani, Atypical hemolytic uremic syndrome in tertiary hospital,
Pakistan, Clin. Mother Child Health 13 (1) (2016) 1000229.

M. Lemaire, V. Frémeaux-Bacchi, F. Schaefer, M. Choi, W.H. Tang, M. Le
Quintrec, F. Fakhouri, S. Taque, F. Nobili, F. Martinez, W. Ji, J.D. Overton, S.
M. Mane, G. Niirnberg, J. Altmiiller, H. Thiele, D. Morin, G. Deschenes,

V. Baudouin, B. Llanas, L. Collard, M.A. Majid, E. Simkova, P. Niirnberg,

N. Rioux-Leclerc, G.W. Moeckel, M.C. Gubler, J. Hwa, C. Loirat, R.P. Lifton,
Recessive mutations in DGKE cause atypical hemolytic-uremic syndrome, Nat.
Genet. 45 (5) (2013) 531-536.

G. Ardissino, C. Vignati, C. Masia, V. Capone, R. Colombo, F. Tel, L. Daprai,

S. Testa, A. Dodaro, F. Paglialonga, M. Luini, M. Brigotti, D. Picicco, C. Baldioli,
F. Pagani, R. Ceruti, P. Tommasi, I. Possenti, D. Cresseri, D. Consonni, G. Montini,
M. Arghittu, Bloody diarrhea and Shiga Toxin—producing Escherichia coli
hemolytic uremic syndrome in children: data from the ItalKid-HUS Network,

J. Pedia 237 (2021) 34-40.el.

J. Bhandari, P. Rout, Y.R. Sedhai, Hemolytic uremic syndrome, StatPearls
Publishing, Treasure Island (FL), 2024, p. NBK556038.

B. Koehl, O. Boyer, N. Biebuyck-Gouge, M. Kossorotoff, V. Fremeaux-Bacchi,

N. Boddaert, P. Niaudet, Neurological involvement in a child with atypical
hemolytic uremic syndrome, Pedia Nephrol. 25 (12) (2010) 2539-2542.

G. Zini, G. d’Onofrio, W.N. Erber, S.H. Lee, Y. Nagai, G.W. Basak, J.F. Lesesve,
2021 update of the 2012 ICSH Recommendations for identification, diagnostic
value, and quantitation of schistocytes: Impact and revisions, Int. J. Lab Hematol.
43 (6) (2021) 1264-1271.

N. Miilling, H. Rohn, U. Vogel, H. Claus, B. Wilde, U. Eisenberger, A. Kribben,
O. Witzke, A. Gackler, Low efficacy of vaccination against serogroup B
meningococci in patients with atypical hemolytic uremic syndrome, Biosci. Rep.
40 (3) (2020) BSR20200177.

L.A. McNamara, N. Topaz, X. Wang, S. Hariri, L. Fox, J.R. MacNeil, High risk for
invasive meningococcal disease among patients receiving eculizumab (Soliris)
despite receipt of meningococcal vaccine, MMWR Morb. Mortal. Wkly Rep. 66
(27) (2017) 734-737.

E. Benamu, J.G. Montoya, Infections associated with the use of eculizumab:
recommendations for prevention and prophylaxis, Curr. Opin. Infect. Dis. 29 (4)
(2016) 319-329.

European Medicines Agency, Summary of product characteristics of eculizumab,
2023. (https://www.ema.europa.eu/en/documents/product-information/soliri
s-epar-product-information_en.pdf). (Accessed 28 February 2024).

12

[801]

[81]

[82]

[83]

[84]

[85]

[86]

[871

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

[100]

[101]

[102]

[103]

Pharmacological Research 216 (2025) 107714

European Medicines Agency, Summary of product characteristics of ravulizumab,
2023. (https://www.ema.europa.eu/en/documents/product-information
/ultomiris-epar-product-information_en.pdf). (Accessed 28 February 2024).

D. Uckardes, N. Goknar, N. Kasap, E. Kelesoglu, M. Arga, C. Candan,
Meningococcemia in a vaccinated child receiving eculizumab and review of the
literature, Turk. J. Pedia 65 (1) (2023) 129-134.

G.H. Struijk, A.H.M. Bouts, G.T. Rijkers, E.A.C. Kuin, I.J.M. ten Berge, F.

J. Bemelman, Meningococcal sepsis complicating eculizumab treatment despite
prior vaccination, AJT 13 (3) (2013) 819-820.

S.H. Graciaa, D.S. Graciaa, I. Yildirim, S. Chonat, Risk of disseminated gonococcal
infections with terminal complement blockade, J. Pedia Hematol. Oncol. 44 (2)
(2022) e493-e95.

E. Azoulay, P. Knoebl, J. Garnacho-Montero, K. Rusinova, G. Galstian,

P. Eggimann, F. Abroug, D. Benoit, M. von Bergwelt-Baildon, J. Wendon,

M. Scully, Expert statements on the standard of care in critically ill adult patients
with atypical hemolytic uremic syndrome, Chest 152 (2) (2017) 424-434.

H. Werner, K. Buder, M.A. Landolt, T.J. Neuhaus, G.F. Laube, G. Sparta, Long-
term health-related quality of life and psychological adjustment in children after
haemolytic-uraemic syndrome, Pedia Nephrol. 32 (5) (2017) 869-878.

G. Ariceta, F. Fakhouri, L. Sartz, B. Miller, V. Nikolaou, D. Cohen, A.M. Siedlecki,
G. Ardissino, Eculizumab discontinuation in atypical haemolytic uraemic
syndrome: TMA recurrence risk and renal outcomes, Clin. Kidney J. 14 (9) (2021)
2075-2084.

J. Rathbone, E. Kaltenthaler, A. Richards, P. Tappenden, A. Bessey, A. Cantrell,
A systematic review of eculizumab for atypical haemolytic uraemic syndrome
(aHUS), BMJ Open 3 (11) (2013) e003573.

V. Stefanovic, The extended use of eculizumab in pregnancy and complement
activation-associated diseases affecting maternal, fetal and neonatal kidneys-the
future is now? J. Clin. Med. 8 (3) (2019) 407.

A. Géckler, U. Schonermarck, V. Dobronravov, G. La Manna, A. Denker, P. Liu,
M. Vinogradova, S.-S. Yoon, M. Praga, Efficacy and safety of the long-acting C5
inhibitor ravulizumab in patients with atypical hemolytic uremic syndrome
triggered by pregnancy: a subgroup analysis, BMC Nephrol. 22 (1) (2021) 5.

J. Laurence, Defining treatment duration in atypical hemolytic uremic syndrome
in adults: a clinical and pathological approach, Clin. Adv. Hematol. Oncol. 18 (4)
(2020) 221-230.

J.-i Nishimura, M. Yamamoto, S. Hayashi, K. Ohyashiki, K. Ando, A.L. Brodsky,
H. Noji, K. Kitamura, T. Eto, T. Takahashi, M. Masuko, T. Matsumoto, Y. Wano,
T. Shichishima, H. Shibayama, M. Hase, L. Li, K. Johnson, A. Lazarowski,

P. Tamburini, J. Inazawa, T. Kinoshita, Y. Kanakura, Genetic variants in C5 and
poor response to eculizumab, N. Eng. J. Med. 370 (7) (2014) 632-639.

E. Gurevich, D. Landau, Pharmacological management of atypical hemolytic
uremic syndrome in pediatric patients: current and future, Paediatr. Drugs 25 (2)
(2023) 193-202.

P.F. Zipfel, T. Wiech, E.D. Stea, C. Skerka, CFHR gene variations provide insights
in the pathogenesis of the kidney diseases atypical hemolytic uremic syndrome
and C3 glomerulopathy, J. Am. Soc. Nephrol. 31 (2) (2020) 241-256.

S. Chaturvedi, N. Dhaliwal, S. Hussain, K. Dane, H. Upreti, E.M. Braunstein,

X. Yuan, C.J. Sperati, A.R. Moliterno, R.A. Brodsky, Outcomes of a clinician-
directed protocol for discontinuation of complement inhibition therapy in
atypical hemolytic uremic syndrome, Blood Adv. 5 (5) (2021) 1504-1512.

M. Cugno, R. Gualtierotti, I. Possenti, S. Testa, F. Tel, S. Griffini, E. Grovetti,

S. Tedeschi, S. Salardi, D. Cresseri, P. Messa, G. Ardissino, Complement functional
tests for monitoring eculizumab treatment in patients with atypical hemolytic
uremic syndrome, J. Thromb. Haemost. 12 (9) (2014) 1440-1448.

7.C. Tang, H. Hui, C. Shi, X. Chen, New findings in preventing recurrence and
improving renal function in AHUS patients after renal transplantation treated
with eculizumab: a systemic review and meta-analyses, Ren. Fail 45 (1) (2023)
2231264.

G. Ardissino, 1. Possenti, F. Tel, S. Testa, S. Salardi, V. Ladisa, Discontinuation of
eculizumab treatment in atypical hemolytic uremic syndrome: an update, AJKD
66 (1) (2015) 172-173.

F. Fakhouri, M. Fila, A. Hummel, D. Ribes, A.L. Sellier-Leclerc, S. Ville, C. Pouteil-
Noble, J.P. Coindre, M. Le Quintrec, E. Rondeau, O. Boyer, F. Provot, D. Djeddi,
W. Hanf, Y. Delmas, F. Louillet, A. Lahoche, G. Favre, V. Chatelet, E.A. Launay,
C. Presne, A. Zaloszyc, S. Caillard, S. Bally, Q. Raimbourg, L. Tricot, C. Mousson,
A. Le Thuaut, C. Loirat, V. Frémeaux-Bacchi, Eculizumab discontinuation in
children and adults with atypical hemolytic-uremic syndrome: a prospective
multicenter study, Blood 137 (18) (2021) 2438-2449.

M. Macia, F. de Alvaro Moreno, T. Dutt, I. Fehrman, K. Hadaya, C. Gasteyger,
N. Heyne, Current evidence on the discontinuation of eculizumab in patients with
atypical haemolytic uraemic syndrome, Clin. Kidney J. 10 (3) (2017) 310-319.
Q. Ducrocq, L. Guedon-Moreau, D. Launay, L. Terriou, S. Morell-Dubois,

H. Maillard, G. Lefevre, V. Sobanski, M. Lambert, C. Yelnik, M.M. Farhat, M.

J. Garcia Fernandez, E. Hachulla, S. Sanges, Activities of clinical expertise and
research in a rare disease referral centre: a place for telemedicine beyond the
covid-19 pandemic? Healthc. (Basel) 11 (17) (2023) 2447.

B. Tumiene, H. Peters, B. Melegh, B. Peterlin, A. Utkus, N. Fatkulina, G. Pfliegler,
H. Graessner, S. Hermanns, M. Scarpa, J.-Y. Blay, S. Ashton, L. McKay,

G. Baynam, Rare disease education in Europe and beyond: time to act, Orphanet
J. Rare Dis. 17 (1) (2022) 441.

State-Regions Conference, Repertoire deed no. 121/CSR, 2023. (https://www.stat
oregioni.it/it/conferenza-stato-regioni/sedute-2023/seduta-del-24052023/atti/r
epertorio-atto-n-121csr/). (Accessed February 26 2024).

R. El-Kareh, O. Hasan, G.D. Schiff, Use of health information technology to reduce
diagnostic errors, Suppl 2, BMJ Qual. Saf. 22 (2) (2013) ii40-ii51.


http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref54
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref54
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref54
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref55
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref55
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref55
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref55
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref55
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref56
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref56
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref57
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref57
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref57
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref58
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref58
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref58
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref58
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref59
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref59
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref59
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref60
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref60
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref60
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref61
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref61
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref61
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref61
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref61
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref62
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref62
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref62
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref63
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref63
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref63
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref63
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref64
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref64
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref64
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref64
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref65
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref66
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref66
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref67
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref67
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref67
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref67
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref67
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref67
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref67
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref68
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref68
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref68
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref68
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref68
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref68
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref69
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref69
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref70
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref70
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref70
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref71
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref71
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref71
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref71
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref72
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref72
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref72
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref72
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref73
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref73
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref73
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref73
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref74
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref74
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref74
https://www.ema.europa.eu/en/documents/product-information/soliris-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/soliris-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/ultomiris-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/ultomiris-epar-product-information_en.pdf
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref75
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref75
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref75
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref76
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref76
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref76
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref77
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref77
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref77
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref78
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref78
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref78
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref78
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref79
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref79
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref79
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref80
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref80
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref80
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref80
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref81
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref81
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref81
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref82
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref82
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref82
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref83
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref83
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref83
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref83
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref84
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref84
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref84
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref85
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref85
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref85
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref85
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref85
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref86
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref86
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref86
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref87
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref87
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref87
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref88
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref88
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref88
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref88
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref89
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref89
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref89
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref89
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref90
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref90
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref90
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref90
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref91
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref91
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref91
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref92
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref92
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref92
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref92
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref92
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref92
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref92
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref93
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref93
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref93
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref94
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref94
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref94
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref94
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref94
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref95
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref95
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref95
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref95
https://www.statoregioni.it/it/conferenza-stato-regioni/sedute-2023/seduta-del-24052023/atti/repertorio-atto-n-121csr/
https://www.statoregioni.it/it/conferenza-stato-regioni/sedute-2023/seduta-del-24052023/atti/repertorio-atto-n-121csr/
https://www.statoregioni.it/it/conferenza-stato-regioni/sedute-2023/seduta-del-24052023/atti/repertorio-atto-n-121csr/
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref96
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref96

E.D. Stea et al. Pharmacological Research 216 (2025) 107714

[104] G. Brunori, G. Reboldi, F. Aucella, Lessons learnt during the COVID-19 pandemic: [106] M. Mazzucato, C. Minichiello, A. Vianello, L. Visona Dalla Pozza, E. Toto,
for patients with end-stage renal disease, we should prioritize home-based P. Facchin, Real-world use of orphan medicinal products (OMPs) in rare disease
treatment and telemedicine, Kidney Blood Press Res. 46 (1) (2021) 11-16. (RD) patients: A population-based registry study, Front. Pharmacol. 13 (2022)
[105] Italian Ministry of Health, National Plan for Rare Diseases 2023-2026, 2022. 940010.

https://www.malattierare.gov.it/normativa/download/792/
PIANONAZIONALEMALATTIERARE2023(1).pdf. (Accessed 28 February 2024).

13


http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref97
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref97
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref97
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref98
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref98
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref98
http://refhub.elsevier.com/S1043-6618(25)00139-2/sbref98

	Multidisciplinary consensus on the diagnosis and management of patients with atypical Hemolytic Uremic Syndrome (complement ...
	1 Introduction
	2 Methods
	3 Results
	3.1 Definition of aHUS
	3.2 Diagnosis
	3.2.1 Genetic factors
	3.2.2 Transplantation
	3.2.3 aHUS in children


	4 Symptoms and laboratory data
	5 Prevention of infectious complications
	6 Treatment of aHUS
	7 Patient management
	8 Awareness of aHUS
	9 Conclusions
	CRediT authorship contribution statement
	Funding
	Declaration of Competing Interest
	Acknowledgments
	Author contributions
	Appendix A Supporting information
	Data availability
	References


