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ABSTRACT
Complement-amplifying events/conditions associated with thrombotic microangiopathy (TMA) include pregnancy/postpartum 
period, severe hypertension, autoimmune diseases, drug exposures, infections and organ transplantation. Some of these ‘triggers’ 
may exist comorbidly with atypical haemolytic uraemic syndrome (aHUS; a complement-mediated form of TMA), unmask previ-
ously undiagnosed aHUS, or occur secondary to aHUS, thus creating a considerable diagnostic challenge. A major goal in patients 
presenting with TMA is to differentiate complement-mediated aHUS from other causes of TMA such that appropriate targeted 
treatment with complement 5 (C5) inhibitors can be initiated rapidly to avoid irreversible end-organ damage. To this end, neph-
rologists and haematologists from Australia, Hong Kong, Japan, Korea and Taiwan met virtually to discuss the management of 
TMA/aHUS in the presence of trigger conditions, focusing on the role of C5 inhibitors. To assist primary healthcare physicians and 
specialists from other disciplines in identifying and managing aHUS in the presence of triggers, the panel developed diagnostic 
and treatment algorithms as the main meeting output. Individual algorithms are presented for the settings of pregnancy, hyper-
tension, autoimmune diseases, drug exposures, and kidney transplant. The algorithms combine clinical evidence with the panel's 
collective expertise to provide practical steps to differentiate aHUS and can be refined by local experts to reflect respective health-
care systems, approval and reimbursement procedures, resources and access to treatments for aHUS in any Asia-Pacific country.

1   |   Introduction

Atypical haematolytic uraemic syndrome (aHUS), a form of 
thrombotic microangiopathy (TMA) caused by complement 

dysregulation, can manifest in the presence or absence of 
complement-amplifying conditions or events associated with its 
development [1–7]. aHUS is characterised by the triad of micro-
angiopathic haemolytic anaemia (MAHA), thrombocytopenia, 
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and end-organ dysfunction in the form of acute kidney injury 
[8, 9]. Its pathology involves endothelial damage, formation of 
microvascular thrombi, and occlusion of glomerular capillaries 
[1, 2, 8, 9]. Early recognition of aHUS and prompt initiation of 
targeted treatment are essential to prevent evolution to progres-
sive end-organ damage and kidney failure [10].

Atypical HUS arises from genetic or acquired abnormalities that 
can cause uncontrolled activation of the terminal complement 
pathway [8, 9]. Current treatment aims to prevent the formation 
of membrane attack complex and downstream osmotic lysis of en-
dothelial cells, through use of humanised monoclonal antibodies 
that bind to complement factor 5 (C5) [11]. Clinically available C5 
inhibitors approved to treat aHUS include eculizumab [12] and 
ravulizumab [13].

Conditions/events known to be associated with TMA occurrence 
include pregnancy/postpartum period, severe hypertension, au-
toimmune diseases, drug exposures, infections and solid organ 
transplantation [9, 10, 14–17]. These conditions/events can act as 
‘triggers’ that activate the complement system directly, enhance 
coexisting complement activation or independently induce en-
dothelial injury [9]. Triggers can exist comorbidly with aHUS, 
unmask previously undiagnosed aHUS or occur secondary to 
aHUS [15].

A recent practice-changing Global aHUS Registry analysis, 
which evaluated a large population of patients presenting with 
triggers or associated conditions, emphasised the need to con-
sider aHUS as a diagnosis in the presence of trigger conditions 
[7]. Initial management of TMA may therefore need to address 
more than one aetiological factor, including the possibility of 
underlying aHUS. A diagnostic objective is to identify individ-
uals who may benefit from complement inhibition. However, in 
the absence of an objective tool to differentiate aHUS from other 
causes of TMA in the presence of triggers, prompt diagnosis con-
tinues to be a clinical challenge.

To understand diagnostic and management considerations 
unique to the Asia-Pacific (APAC) region, nephrologists and 
haematologists from Australia, Hong Kong, Japan, Korea and 

Taiwan met virtually in 2023 to discuss the management of 
TMA/aHUS, focusing on the role of C5 inhibitors. Meeting ob-
jectives were to identify key challenges in recognising aHUS in 
the presence of acute trigger conditions and to potentially for-
mulate an overall strategy for the APAC region.

2   |   Methods

Source materials for the virtual meeting were extracted inde-
pendently by panel members from a database of published clin-
ical studies and case reports maintained by the sponsor, Alexion, 
AstraZeneca Rare Disease. To identify any additional relevant 
materials, systematic searches were conducted of the PubMed 
database using the search terms ‘atypical haemolytic uraemic 
syndrome’, ‘C5 inhibitor’, ‘real world evidence’, ‘genetic testing’, 
‘clinical practice’ and ‘kidney transplantation’ (and their variants). 
Limits/filters were applied for publication date (last 10 years) and 
language (English). Evidence was tabulated separately for each 
trigger condition and presented at the meeting as the basis for dis-
cussion. Evidence tables are provided in Tables S1–S5.

As the primary meeting output, the expert panel independently 
developed diagnostic and treatment algorithms with the goal 
of assisting primary healthcare physicians and specialists from 
other disciplines to identify and manage TMA/aHUS in the 
presence of triggers. The algorithms combine published clinical 
evidence with the collective expertise of the panel members, and 
present practical steps to determine the possibility of aHUS as 
the diagnosis in patients presenting with TMA, including con-
siderations for genetic testing and use of C5 inhibitors. These ‘ge-
neric’ algorithms can be tailored to reflect respective healthcare 
systems, approval and reimbursement procedures, resources 
and access to treatments for aHUS within the APAC region.

3   |   General Considerations

For definitions of terms used in this publication, see Table 1.

During the meeting, several general considerations emerged with 
respect to a best-practice approach for managing patients who 
present with TMA in the presence of triggers. In practice, treat-
ment decisions are also guided by country-specific guidelines.

A general approach to differentiating TMA in the presence of a 
trigger is to manage the associated condition/event. Clinical fea-
tures and investigations that may raise suspicion of aHUS as the 
diagnosis include the patient's family and personal medical his-
tory of TMA or aHUS, a kidney biopsy showing evidence of TMA, 
and an abnormal complement protein blood test (a low plasma C3 
level/normal C4 level is indicative of potential alternative pathway 
activation). If TMA resolves after appropriate management of the 

TABLE 1    |    Terms and definitions used in this publication.

•	 “TMA” is a clinical syndrome characterised by the triad of MAHA, thrombocytopenia and end-organ dysfunction
•	 “aHUS” is a complement-mediated form of TMA (Note: in some publications aHUS is referred to as “complement-mediated 

TMA” or “CM-TMA”)
•	 A “trigger” is a complement-amplifying condition or event associated with the development of TMA/aHUS

Abbreviations: aHUS, atypical haematolytic uraemic syndrome; MAHA, microangiopathic haemolytic anaemia; TMA, thrombotic microangiopathy.

Summary at a Glance

Atypical haemolytic uraemic syndrome (aHUS) is chal-
lenging to diagnose and manage. Nephrologists and hae-
matologists from the Asia-Pacific region have developed 
diagnostic and treatment algorithms for thrombotic mi-
croangiopathy/aHUS with triggers. These best practice rec-
ommendations, informed by systematic literature review 
and clinical expertise, aim to help primary care physicians 
and specialists identify and manage aHUS with triggers.



3 of 17

trigger, the patient can be monitored and reassessed in the event 
of new manifestations or symptoms, especially if TMA recurs. The 
optimal time to wait for TMA resolution depends on the patient's 
clinical presentation and response to treatment of the precipitat-
ing trigger. If TMA persists despite appropriate management of the 
associated condition(s), a clinical diagnosis of aHUS can be made 
after excluding thrombotic thrombocytopenic purpura (TTP) and 
Shiga-like toxin-producing Escherichia coli haemolytic uraemic 
syndrome (STEC-HUS). The diagnostic hallmark of TTP is severe 
deficiency (< 10%) of A Disintegrin and Metalloproteinase with 
Thrombospondin motifs, member 13 (ADAMTS13) activity [18]. 
As test results may not be immediately available at all centres, 
modified French and modified PLASMIC scoring systems incor-
porating proteinuria (Table 2) can be used for clinical prediction of 
severe ADAMTS13 deficiency [19]. A STEC-HUS diagnosis typi-
cally requires identification of STEC serotypes or toxins by culture 
and non-culture methods such as polymerase chain reaction ± 
serological testing for anti-STEC antibody [20].

As kidney function recovery is superior with a shorter inter-
val between TMA occurrence and treatment start, C5 inhibitor 
therapy should be initiated within 3–5 days or earlier upon sus-
picion of aHUS and immediately upon a clinical diagnosis of 
aHUS. The panel suggests initial treatment for 6 months, fo-
cusing on achieving a stable haematological and kidney re-
sponse. After 6 months, the decision to continue C5 inhibitor 
therapy and treatment duration should take into consideration 
the patient's aHUS individual risk profile (see Section 3.3).

3.1   |   Vaccination Requirements

Inhibition of the terminal complement pathway predisposes in-
dividuals to heightened risk for meningococcal infection with 
encapsulated organisms such as Neisseria meningitidis. Patients 
should be vaccinated at least 2 weeks prior to initiating C5 inhib-
itor therapy. Vaccines against serogroups A, C, Y, W135 (and B 
where available) are strongly recommended. Prophylactic antibi-
otics (typically penicillin) for at least 2 weeks after vaccination are 
strongly recommended for patients commenced on C5 inhibitor 
therapy less than 2 weeks after receiving a meningococcal vaccine 
[21, 22]. Ongoing antimicrobial prophylaxis may also be recom-
mended. Booster vaccines should be considered every 3–5 years, 
according to vaccine type and local label, in patients on long-term 
C5 inhibitor therapy.

3.2   |   Genetic Testing

Genetic testing panels may include one or more genes known to 
be associated with aHUS: complement factor H (CFH), comple-
ment factor H-related (CFHR) proteins 1–5, complement factor 
I (CFI), CD46 (membrane co-factor protein [MCP]), C3, com-
plement factor B (CFB), thrombomodulin and diacylglycerol 
kinase epsilon [23]. Sequence analysis detects variants that are 
benign, likely benign, variants of unknown significance, likely 
pathogenic, or pathogenic; and may include small intragenic 
deletions/insertions and missense, nonsense, and splice-site 
variants. Gene-targeted analysis detects intragenic deletions or 
duplications. Multiplex ligation-dependent probe amplification 
screens for the CFH hybrid gene and copy number variation 
in CFH and CFHRs. Anti-CFH autoantibody testing detects 
antibodies that bind to the C terminal region of CFH [23]. As 
gene panel test availability and methods vary by country in the 
APAC region, algorithms can be tailored accordingly.

Because up to half of aHUS cases have no identifiable causative 
pathogenic gene variants [23, 24], and turnaround time for ge-
netic or molecular diagnostic studies is typically 1–3 months, 
aHUS remains a clinical diagnosis. Nevertheless, genetic testing 
has several other important contributions to the management of 
aHUS [23–29]:

•	 To establish a definitive diagnosis in the case of a patho-
genic gene variant(s).

•	 To establish the risk of relapse and progression to kidney 
failure.

•	 To inform the treatment plan (including decisions about 
discontinuing C5 inhibitor therapy).

TABLE 2    |    PLASMIC, French and modified PLASMIC and French 
scores to differentiate TTP from aHUS [19].

Item
PLASMIC 

score French score

Creatinine

< 2.0 mg/dL or 
< 177 μmol/L

1 1

< 2.273 mg/dL or 
< 200 μmol/L

Platelet count < 30 g/L 1 1

Haemolysis variablea 1 —

No active cancer 1 —

No history of solid organ 
or stem cell transplant

1 —

MCV < 90 per μm3 1 —

INR < 1.5 1 —

Modified score:

Proteinuria < 1.2 g/g of 
creatinuria

+1 +1

Interpretationb

Unmodified score ≥ 6: high risk
≤ 5: low/

intermediate 
risk

2: high risk
≤ 1: low risk

Modified score ≥ 7: high risk
≤ 6: low/

intermediate 
risk

3: high risk
≤ 2: low risk

Abbreviations: aHUS, atypical haemolytic uraemic syndrome; INR, 
international normalised ratio; MCV, mean corpuscular volume; TTP, 
thrombotic thrombocytopenic purpura.
aReticulocyte count > 2.5%, or haptoglobin undetectable, or indirect bilirubin 
> 2.0 mg/dL.
bRisk for TTP.
Adapted from Fage et al. [19], licensed under CC BY (https://​creat​iveco​mmons.​
org/​licen​ses/​by/4.​0/​).

https://creativecommons.org/licenses/by/4.0/
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•	 To inform decisions to transplant or identify donors (note: 
live-related donors are typically not considered regardless 
of genetic testing results)

•	 To inform genetic counselling for family members (recom-
mended for pregnancy or organ donation only).

Candidates for genetic screening and molecular diagnostics 
include:

•	 All patients with severe TMA or complicated situations 
(e.g., not responding to appropriate and adequate treatment 
of the trigger).

•	 All patients with confirmed aHUS to assess risk for relapse.

•	 All patients being considered for C5 inhibitor treatment (al-
though results are not required for aHUS diagnosis or treat-
ment initiation).

•	 Prior to kidney transplant in all patients with a clinical sus-
picion or history of TMA/aHUS.

•	 In certain situations for patients on the transplant waitlist 
without a known aHUS diagnosis:

○	 A red flag in the patient's medical history (e.g., history of 
malignant hypertension leading to kidney failure).

○	 Kidney failure of uncertain cause in paediatric patients.
○	 Family history of TMA/aHUS.
○	 Evidence of TMA on kidney biopsy without a clear 

aetiology.
○	 Presence of certain types of glomerulonephritides such 

as C3 glomerulonephritis and dense deposit disease.

Interpreting genetic test results is the most complex aspect of the 
diagnostic process. Identifying a complement gene variant does 
not establish its pathogenicity or how it translates to clinical pre-
sentation or subsequent relapse. This is particularly challenging 
in the transplant setting since genetic test results may be used 
to inform kidney transplant waitlists and patient management 
during the peri-transplant period. Where available, the panel rec-
ommends involvement of an experienced geneticist and genetic 
counsellor who specialise in kidney disease as this allows patients 
and families to make informed decisions about whether to pro-
ceed with genetic testing, facilitates cascade testing among family 
members, ensures understanding of the results and disease risk 
(detection of pathogenic variants, variants of unknown signifi-
cance and no variants), and assists with family planning [30].

3.3   |   Duration of C5 Inhibitor Therapy

There is currently no global consensus or guideline for opti-
mal  duration of C5 inhibitor therapy. A general recommen-
dation is a minimum treatment period of 6 months after the 
acute phase of an aHUS diagnosis, irrespective of the nature 
of the triggering episodes, including at least 3 months' treat-
ment after stabilisation or recovery of kidney function [31–33].

Discontinuing C5 inhibitor therapy can be considered after 
6 months' treatment, taking into account the potential for re-
currence according to a patient's individual risk profile. Factors 
to consider are the presence of complement abnormalities, 

including genetic variants (CFH, C3, CFB, CFI and MCP), his-
tory of prior TMA episodes or family history of aHUS, prior dis-
ease relapse, presence of severe extra-kidney manifestations, 
CFH autoantibodies, age at onset, and kidney transplantation. 
Prior to discontinuation, irrespective of the reason, it is neces-
sary to establish the feasibility of rapid re-institution of C5 in-
hibitor therapy and to monitor the patient for signs of relapse. 
Monitoring involves regular evaluation of blood pressure, clini-
cal features, and urinalysis for haemato-proteinuria, and labora-
tory investigations for MAHA (e.g., haemoglobin, platelet count, 
serum lactate dehydrogenase concentrations, haptoglobin and 
reticulocyte count). The frequency of monitoring is not clearly 
established but should be more frequent (weekly to fortnightly) 
in the early phase after treatment discontinuation, then at least 
every 3 months (in higher risk patients based on genetics/clin-
ical risk factors) to 6 months for life. Patients can be advised to 
self-monitor at home using a urine dipstick (to detect haematuria 
and/or proteinuria), and to report any clinical symptoms or signs 
of relapse to clinicians, particularly during potential triggering 
events such as infections, vaccinations, surgery, and pregnancy. 
In the event of clinical relapse, rapid re-institution of C5 inhibi-
tion is essential.

4   |   Pregnancy-Associated TMA/aHUS

4.1   |   Overview of Available Literature

Pregnancy or its complications can trigger TMA and aHUS 
onset, often in patients with a genetic predisposition, but also 
in those without identified complement gene abnormalities 
[34]. The differential diagnosis of pregnancy-associated TMA 
includes TTP, other secondary TMAs, haemolysis, elevated liver 
enzymes, low platelets (HELLP) syndrome, pre-eclampsia/
eclampsia and aHUS [35, 36]. TTP and severe pre-eclampsia/
HELLP are more common in the second and third trimesters 
of pregnancy. TMA that occurs in the peripartum/postpartum 
period is suggestive of complement-mediated aHUS, although 
pregnancy-associated aHUS can occur in any trimester [36, 37]. 
Cohort studies have reported complement gene variants in 41%–
56% of pregnant women with aHUS involving mainly the CFH 
gene [38–40]. Kidney outcomes in pregnancy-associated aHUS 
are better with than without C5 inhibitor therapy (Table  S1) 
[34, 39–44]. Prompt initiation of C5 inhibitor therapy upon clin-
ical suspicion of aHUS (ideally within 24 h) is associated with 
a higher likelihood of kidney recovery [31, 42, 43]. Clinical un-
certainties with pregnancy-associated aHUS include its actual 
incidence, optimal duration of C5 inhibitor therapy (especially 
in patients with identifiable pathogenic gene variants), and risk 
of recurrence with subsequent pregnancies. Although safety 
data for C5 inhibitors in pregnancy are limited, eculizumab is 
generally regarded as safe, with no detection in breast milk and 
no documented adverse effect on complement levels in the new-
born [45].

4.2   |   Diagnosis and Management 
of Pregnancy-Associated TMA

A general algorithm for management of pregnancy-associated 
TMA is shown in Figure 1 [19, 31, 32, 34, 36, 38, 40–44, 46].
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The first step is to exclude other causes of TMA. If appropri-
ate investigations yield negative results or TMA continues post-
delivery in patients with HELLP syndrome or pre-eclampsia/
eclampsia, a diagnosis of aHUS must be considered. Serum lev-
els of soluble fms-like tyrosine kinase receptor-1 (flt-1)/placental 
growth factor (PlGF) ratio may assist in assessing the risk of pre-
eclampsia and differentiating it from aHUS [47].

5   |   Hypertension-Associated TMA

5.1   |   Overview of Available Literature

The prevalence of malignant hypertension reported in aHUS pop-
ulations ranges from 6% to 54% [24, 48–50], which may be an 
overestimation given that aHUS/kidney disease often causes hy-
pertension. Up to half (range: 0%–51.3%) of patients with TMA/
aHUS and malignant hypertension and severe kidney disease 
have complement gene variants [24, 48, 49, 51–53] or other signs 
of complement involvement (e.g., C5b9 deposits in endothelial 
cells) [52, 54, 55]. Kidney outcomes in hypertension-associated 

aHUS are better with eculizumab relative to plasmapheresis or 
no treatment (Table S2) [48–50, 56].

5.2   |   Diagnosis and Management of Hypertensive 
Emergency and TMA

A general algorithm for management of hypertensive emergency 
and TMA is shown in Figure 2 [26, 31, 32, 48–56].

The priority in patients presenting with TMA and hyperten-
sion is to control the blood pressure. An aHUS diagnosis can 
be suspected in patients with refractory hypertension or those 
with well-controlled blood pressure but persistent TMA. If in-
vestigations have excluded other causes of TMA, hypertension-
associated aHUS can be diagnosed. In hypertensive emergencies 
where adequate control of blood pressure is difficult to achieve, 
especially in the presence of severe end-organ manifestations, 
concurrent use of a C5 inhibitor with escalation of antihyperten-
sive treatment can be considered to reduce the risk of irreversible 
end-organ damage.

FIGURE 1    |    Management of pregnancy-associated TMA [19, 31, 32, 34, 36, 38, 40–44, 46]. †Low C3 and/or low factor H or I plasma levels are 
suggestive of complement-mediated aHUS. ‡Kidney biopsy may be considered in cases with acceptable risk to confirm diagnosis (e.g., IgA-associated 
TMA, C3 glomerulopathy). #An aHUS genetic panel should be considered. ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin 
type 1 motif, member 13; Ag, antigen; aHUS, atypical haemolytic uraemic syndrome; ANA, antinuclear antibody; anti-dsDNA, anti-double-stranded 
DNA; anti-ENA, anti-extractable nuclear antigen; C3, complement 3; C4, complement 4; C5, complement 5; DIC, disseminated intravascular coagu-
lopathy; flt-1/PlGF, fms-like tyrosine kinase 1/placental growth factor; GPI, glycoprotein I; HELLP, haemolysis, elevated liver enzymes, low platelets; 
IgA, immunoglobulin A; MMA, methylmalonic acidaemia; PE, plasma exchange; STEC, Shiga toxin-producing Escherichia coli; TMA, thrombotic 
microangiopathy; TTP, thrombotic thrombocytopenic purpura.
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6   |   Autoimmune Disease-Associated TMA

6.1   |   Overview of Available Literature

Precipitating factors for autoimmune-associated TMA/aHUS in-
clude catastrophic presentations of antiphospholipid syndrome 
(APS), systemic lupus erythematosus (SLE)/lupus nephritis, 
scleroderma and others [10, 14, 15, 57]. Autoimmune conditions 
refractory to conventional treatment may have an underlying 
pathophysiology of complement dysregulation [58]. Retrospective 
studies or systematic reviews of eculizumab in this setting have 
reported favourable outcomes in most patients (Table S3) [58–62]. 
However, the findings must be interpreted with caution as C5 
inhibitor was used as add-on/rescue treatment in patients with 
autoimmune disease complicated by TMA and, as such, does not 
allow for direct comparisons of efficacy between C5 inhibitor 
therapy and other treatments such as plasma exchange.

6.2   |   Diagnosis and Management 
of Autoimmune-Associated TMA

A general algorithm for management of autoimmune-associated 
TMA is shown in Figure 3 [1, 19, 31, 58–64].

A diagnosis of aHUS triggered by an autoimmune disease 
can be considered when other causes of TMA have been ex-
cluded and TMA persists despite conventional treatment of 
the autoimmune condition. The timeframe to initiate C5 in-
hibitor therapy depends on the type and severity of autoim-
mune disease at presentation and its response to treatment, 
although typically it is less than 1 week after initial presenta-
tion. Specific clinical examples for use of C5 inhibitor therapy 
include:

•	 Add-on treatment in patients with catastrophic APS who have 
not responded to plasma exchange and immunosuppression.

•	 Add-on treatment in patients presenting with SLE/lupus 
nephritis who have not responded to immunosuppressive 
therapy after 72–120 h, particularly those with evidence of 
central nervous system or cardiac involvement.

•	 Adjunctive treatment in patients with scleroderma who 
have failed frontline angiotensin-converting enzyme in-
hibitor therapy and have evidence of progressive kidney 
failure.

C5 inhibitor therapy in autoimmune-associated TMA should 
be continued at least until clinical and laboratory manifesta-
tions of TMA/MAHA have resolved. Continued administra-
tion of C5 inhibitor therapy should be considered carefully in 
patients for whom pathogenic gene variant(s) are identified.

7   |   Drug-Induced TMA

7.1   |   Overview of Available Literature

Drugs reported to induce TMA/aHUS include calcineurin 
inhibitors (tacrolimus, cyclosporin), mammalian target of 
rapamycin inhibitors (sirolimus, everolimus) and anti-cancer 

therapies such as carfilzomib, docetaxel + doxorubicin, gem-
citabine, mitomycin and angiogenesis inhibitors (e.g., bevaci-
zumab). As the patient population with drug-induced TMA is 
more heterogeneous relative to other trigger conditions, esti-
mates of the true prevalence of aHUS and outcomes following 
C5 inhibitor therapy remain poorly defined. As per available 
literature, pathogenic gene mutations were identified in some 
patients with drug-induced TMA; however, in most cases, 
genetic studies were not reported or performed (Table  S4) 
[59, 65–73].

7.2   |   Diagnosis and Management 
of Drug-Induced TMA

A general algorithm for management of drug-induced TMA is 
shown in Figure 4 [15, 59, 65–73].

Initial management of drug-induced TMA involves withdraw-
ing the offending agent and managing any underlying concur-
rent trigger (if present). If TMA persists despite withdrawal 
of the suspected drug (for at least 1–2 weeks or 3–5 drug half-
lives) and exclusion of other causes of TMA, a diagnosis of 
aHUS can be considered. Although most patients with drug-
induced aHUS respond to C5 inhibitor therapy, treatment 
should be considered only when TMA persists despite drug 
withdrawal.

8   |   Infection-Triggered TMA

8.1   |   Overview of Available Literature

As a result of immune system activation, TMA can be in-
duced by various bacteria and viruses, including COVID-19. 
Infection-triggered TMA is more common in paediatric popu-
lations. Although severe infections can damage the endothe-
lium directly, infection-triggered aHUS is more likely to occur 
in susceptible patients with complement gene abnormalities. 
In the setting of severe systemic infection, infection-related 
disseminated intravascular coagulation must be ruled out 
since it has a similar presentation but a different pathogenesis 
to aHUS [74]. Single-patient case studies have reported benefit 
with eculizumab in many, but not all, patients with infection-
triggered aHUS. Genetic abnormalities in complement-related 
factors that predispose to aHUS were identified in about half 
of cases reported in the literature (Table S5) [75–86].

8.2   |   Diagnosis and Management 
of Infection-Triggered TMA

Infection-triggered TMA is managed by treating the underly-
ing infection and monitoring the patient for persistent TMA 
activity. An aHUS diagnosis can be considered in cases with 
recurrent TMA, especially following resolution of infective 
episodes; genetic analysis might be performed for these cases. 
C5 inhibitor therapy is generally not considered necessary 
for infection-triggered TMA since evidence for its efficacy is 
limited, although it needs to be considered in patients with 
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FIGURE 2    |    Management of hypertensive emergency and TMA [26, 31, 32, 48–56]. #An aHUS genetic panel should be considered. ACEI, angio-
tensin converting enzyme inhibitor; aHUS, atypical haemolytic uraemic syndrome; ARB, angiotensin II receptor blocker; C3, complement 3; C5, 
complement 5; STEC, Shiga toxin-producing Escherichia coli; TMA, thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura.
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FIGURE 3    |    Management of autoimmune disease-associated TMA [1, 19, 31, 58–64]. #An aHUS genetic panel should be considered. ACEI, angio-
tensin converting enzyme inhibitor; ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; aHUS, atyp-
ical haemolytic uraemic syndrome; CAPS, catastrophic antiphospholipid syndrome; C5, complement 5; SLE, systemic lupus erythematosus; STEC, 
Shiga toxin-producing Escherichia coli; TMA, thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura.
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persistent or recurrent TMA despite resolution of the infective 
event. Even though STEC-HUS must be excluded to establish 
the diagnosis of aHUS, there are reports that STEC can trigger 
the presentation of aHUS [86]. In certain countries (e.g., Korea) 
evidence of infection is an exclusion criterion for prescribing 
C5 inhibitor therapy.

9   |   Kidney Transplant-Associated TMA

9.1   |   Overview of Available Literature

TMA that occurs after kidney transplant may be disease recur-
rence in a patient whose primary condition is aHUS, or new 
onset and previously unrecognised aHUS, or post-transplant 
TMA associated with organ transplant. Transplant-specific 
factors such as ischaemia/reperfusion injury, acute rejection, 
infection, and immunosuppressive drugs can trigger an acute 
TMA event or disease recurrence in patients with known 
aHUS. Pathogenic variants are common (60%–80%) in the 

kidney transplant population [87–90]. Mutations in CFH, CFI 
and CFB genes are particularly associated with poor kidney 
transplant survival [91, 92]. Graft survival rates of 65%–100% 
were reported when eculizumab was used therapeutically for 
post-transplant aHUS recurrence [88, 93, 94].

9.2   |   Management of Kidney 
Transplant-Associated TMA

A general algorithm for management of kidney transplant-
associated TMA is shown in Figure 5 [1, 64, 91–96].

Patients with known aHUS under consideration for kidney 
transplantation should undergo mandatory genetic profiling 
to establish risk for post-transplant TMA recurrence. Those at 
moderate or high risk of recurrence (e.g., mutations in CFH/I/B 
genes or prior allograft failure from recurrence) should receive 
C5 inhibitor therapy up to and including the day of surgery 
or an initial dose prior to reperfusion. Lifelong C5 inhibitor 

FIGURE 4    |    Management of drug-induced TMA [15, 59, 65–73]. #An aHUS genetic panel should be considered. aHUS, atypical haemolytic urae-
mic syndrome; C5, complement 5; TMA, thrombotic microangiopathy.
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therapy after transplantation is generally advised for patients 
with pathogenic gene mutations known to cause recurrence 
and those who have experienced life-threatening disease or 
prior allograft failure from recurrent aHUS. Irrespective of 
the perceived risk for disease recurrence, post-transplant mon-
itoring for TMA should be undertaken. Although the ideal 
frequency of clinical and self-monitoring remains uncertain, 
monitoring is especially critical if a decision has been taken to 
discontinue C5 inhibitor treatment or the patient experiences 
episode(s) of trigger events such as acute rejection or infections 
(even in patients maintained on a C5 inhibitor).

10   |   Summary Tables

Table 3 summarises access to and turnaround times for essential 
diagnostic assays and genetic testing, and reimbursement criteria 
for C5 inhibitor therapy, in APAC countries where C5 inhibitors 
are in use.

Table  4 summarises characteristics and outcomes of aHUS in 
the presence of triggers, based on clinical studies/case reports 
presented in Tables S1–S5, the kidney transplant literature [87–
90, 93, 94], and the collective expertise of the panel members.

FIGURE 5    |    Management of kidney-transplant-associated TMA [1, 64, 91–96]. †In South Korea, TMA that occurs in kidney transplant recipients 
with aHUS or CKD of unknown origin is an indication for C5 inhibitors in the absence of other causes. ‡In the APAC region, the feasibility of C5 
inhibitor prophylaxis depends on country-specific approval procedures and whether prophylactic use is funded. §Discontinuation requires extreme 
caution in patients with CKD stages G3b–G5 and kidney transplant recipients. aHUS, atypical haemolytic uraemic syndrome; APAC, Asia-Pacific; 
C5, complement 5; CFI, complement factor I; CKD, chronic kidney disease; CNI, calcineurin inhibitor; ESKD, end stage kidney disease; FH, factor 
H; TMA, thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura.
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11   |   Discussion

Substantial progress in understanding the pathophysiology of 
aHUS has led to improved identification and diagnosis of pa-
tients with aHUS, including in the APAC region. The availabil-
ity of complement inhibitors has dramatically improved patient 
outcomes by preventing or slowing progression to kidney fail-
ure and improving survival. Wider availability of genetic testing 
for pathogenic variants, alongside greater characterisation and 
understanding of the underlying predisposition to aHUS, and 
the role of triggering events in the development of TMA/aHUS, 
is a cornerstone of personalised medicine for patients present-
ing with TMA. Nevertheless, knowledge gaps remain (e.g., 
validated biomarkers to predict disease recurrence); and some 
APAC countries face the ongoing challenge of gaining timely ac-
cess to C5 inhibitor therapy.

Due to the rarity of aHUS and associated diagnostic challenges, 
many clinicians have minimal experience managing patients 
with this disease. Our aim was to provide a clinically relevant and 
practical framework, including the role of C5 inhibitor therapy, 
that primary healthcare providers and clinicians in other spe-
cialties can apply when managing patients presenting with TMA 
in the context of various triggers. The diagnostic and treatment 
algorithms present best clinical practice across the APAC region 
as informed by published clinical evidence and the expertise of 
panel members. The algorithms are not designed to be a defini-
tive treatment plan but are clinical guides that can be refined to 
reflect country-specific variations in patient presentation, man-
agement approaches, and prescription of C5 inhibitor therapy.

Author Contributions

All authors contributed to manuscript preparation, accept responsibil-
ity for the entire content of this manuscript, have consented to its sub-
mission to the journal and reviewed the results and approved the final 
version of the manuscript.

Acknowledgements

Medical writing assistance was provided by Kerry Dechant, ISMPP 
CMPP, on behalf of Content Ed Net and by Andy Baker of Cognite, with 
funding from Alexion, AstraZeneca Rare Disease. The review of exist-
ing aHUS literature and efficacy of treatment options, and the discus-
sion and recommendations that arose from the advisory board meeting, 
were made independently of Alexion. Alexion was not involved in the 
selection or interpretation of publications, or in the recommendations of 
the expert panel. Alexion sponsored medical writing for the manuscript 
and provided a courtesy review of the manuscript prior to submission; 
however, the authors maintained complete control over the manu-
script content, including the choice of journal. Open access publish-
ing facilitated by Edith Cowan University, as part of the Wiley - Edith 
Cowan University agreement via the Council of Australian University 
Librarians.

Conflicts of Interest

H.G.K. has received grants from Amgen, Apellis Pharmaceuticals, 
AstraZeneca, Bayer, Boehringer Ingelheim and Kyowa Kirin out-
side the submitted work; has received consulting fees from Bayer and 
Kyowa Kirin outside the submitted work; has received honoraria from 
Alexion, AstraZeneca, Handok and Kyowa Kirin outside the submitted 
work and has participated on an Advisory Board for Bayer outside the 
submitted work. D.H. has received speaker's fees and fees for advisory 

boards from Alexion, AstraZeneca, Novartis and Sobi outside the sub-
mitted work. N.K. and W.H.L. have received honoraria from Alexion. 
J.S.K. has received honoraria from AstraZeneca, Handok and Novartis 
outside the submitted work; has received fees for advisory boards from 
AstraZeneca, Handok, Novartis and Roche outside the submitted work. 
M.O. and M.-H.T. have received honoraria and advisory role fees from 
Alexion. K.-H.T. and D.Y.H.Y. have no conflicts of interest to declare.

Data Availability Statement

The source materials (published clinical studies and case reports) pre-
sented during the meeting and used to develop diagnostic and treatment 
algorithms are available in Tables S1–S5.

References

1. T. H. Goodship, H. T. Cook, F. Fakhouri, et al., “Atypical Hemolytic 
Uremic Syndrome and C3 Glomerulopathy: Conclusions From a “Kid-
ney Disease: Improving Global Outcomes” (KDIGO) Controversies 
Conference,” Kidney International 91, no. 3 (2017): 539–551, https://​doi.​
org/​10.​1016/j.​kint.​2016.​10.​005.

2. R. Raina, V. Krishnappa, T. Blaha, et al., “Atypical Hemolytic-Uremic 
Syndrome: An Update on Pathophysiology, Diagnosis, and Treatment,” 
Therapeutic Apheresis and Dialysis 23, no. 1 (2019): 4–21, https://​doi.​
org/​10.​1111/​1744-​9987.​12763​.

3. B. E. Berger, “Atypical Hemolytic Uremic Syndrome: A Syndrome 
in Need of Clarity,” Clinical Kidney Journal 12, no. 3 (2018): 338–347, 
https://​doi.​org/​10.​1093/​ckj/​sfy066.

4. J. Willows, M. Brown, and N. S. Sheerin, “The Role of Complement in 
Kidney Disease,” Clinical Medicine (London, England) 20, no. 2 (2020): 
156–160, https://​doi.​org/​10.​7861/​clinm​ed.​2019-​0452.

5. K. Zhang, Y. Lu, K. T. Harley, and M. H. Tran, “Atypical Hemolytic 
Uremic Syndrome: A Brief Review,” Hematology Reports 9, no. 2 (2017): 
7053, https://​doi.​org/​10.​4081/​hr.​2017.​7053.

6. Y. Yoshida, H. Kato, Y. Ikeda, and M. Nangaku, “Pathogenesis of Atyp-
ical Hemolytic Uremic Syndrome,” Journal of Atherosclerosis and Throm-
bosis 26, no. 2 (2019): 99–110, https://​doi.​org/​10.​5551/​jat.​RV17026.

7. C. Licht, I. Al-Dakkak, K. Anokhina, et al., “Characterization of Pa-
tients With aHUS and Associated Triggers or Clinical Conditions: A 
Global aHUS Registry Analysis,” Nephrology (Carlton, Vic.) 29, no. 8 
(2024): 519–527, https://​doi.​org/​10.​1111/​nep.​14304​.

8. D. Kavanagh, T. H. Goodship, and A. Richards, “Atypical Hemolytic 
Uremic Syndrome,” Seminars in Nephrology 33, no. 6 (2013): 508–530, 
https://​doi.​org/​10.​1016/j.​semne​phrol.​2013.​08.​003.

9. T. S. Jokiranta, “HUS and Atypical HUS,” Blood 129, no. 21 (2017): 
2847–2856, https://​doi.​org/​10.​1182/​blood​-​2016-​11-​709865.

10. V. Brocklebank, K. M. Wood, and D. Kavanagh, “Thrombotic Micro-
angiopathy and the Kidney,” Clinical Journal of the American Society of 
Nephrology 13, no. 2 (2018): 300–317, https://​doi.​org/​10.​2215/​cjn.​00620117.

11. R. Cofiell, A. Kukreja, K. Bedard, et al., “Eculizumab Reduces Com-
plement Activation, Inflammation, Endothelial Damage, Thrombosis, 
and Renal Injury Markers in aHUS,” Blood 125, no. 21 (2015): 3253–
3262, https://​doi.​org/​10.​1182/​blood​-​2014-​09-​600411.

12. G. M. Keating, “Eculizumab: A Review of Its Use in Atypical 
Haemolytic Uraemic Syndrome,” Drugs 73, no. 18 (2013): 2053–2066, 
https://​doi.​org/​10.​1007/​s4026​5-​013-​0147-​7.

13. Y. Y. Syed, “Ravulizumab: A Review in Atypical Haemolytic Urae-
mic Syndrome,” Drugs 81, no. 5 (2021): 587–594, https://​doi.​org/​10.​1007/​
s4026​5-​021-​01481​-​6.

14. J. N. George and C. M. Nester, “Syndromes of Thrombotic Microan-
giopathy,” New England Journal of Medicine 371, no. 7 (2014): 654–666, 
https://​doi.​org/​10.​1056/​NEJMr​a1312353.

https://doi.org/10.1016/j.kint.2016.10.005
https://doi.org/10.1016/j.kint.2016.10.005
https://doi.org/10.1111/1744-9987.12763
https://doi.org/10.1111/1744-9987.12763
https://doi.org/10.1093/ckj/sfy066
https://doi.org/10.7861/clinmed.2019-0452
https://doi.org/10.4081/hr.2017.7053
https://doi.org/10.5551/jat.RV17026
https://doi.org/10.1111/nep.14304
https://doi.org/10.1016/j.semnephrol.2013.08.003
https://doi.org/10.1182/blood-2016-11-709865
https://doi.org/10.2215/cjn.00620117
https://doi.org/10.1182/blood-2014-09-600411
https://doi.org/10.1007/s40265-013-0147-7
https://doi.org/10.1007/s40265-021-01481-6
https://doi.org/10.1007/s40265-021-01481-6
https://doi.org/10.1056/NEJMra1312353


15 of 17

15. A. Asif, A. Nayer, and C. S. Haas, “Atypical Hemolytic Uremic Syn-
drome in the Setting of Complement-Amplifying Conditions: Case Re-
ports and a Review of the Evidence for Treatment With Eculizumab,” 
Journal of Nephrology 30, no. 3 (2017): 347–362, https://​doi.​org/​10.​1007/​
s4062​0-​016-​0357-​7.

16. P. A. McFarlane, M. Bitzan, C. Broome, et al., “Making the Correct 
Diagnosis in Thrombotic Microangiopathy: A Narrative Review,” Cana-
dian Journal of Kidney Health and Disease 8 (2021): 20543581211008707, 
https://​doi.​org/​10.​1177/​20543​58121​1008707.

17. S. Timmermans and P. van Paassen, “The Syndromes of Thrombotic 
Microangiopathy: A Critical Appraisal on Complement Dysregulation,” 
Journal of Clinical Medicine 10, no. 14 (2021): 3034, https://​doi.​org/​10.​
3390/​jcm10​143034.

18. B. Lämmle, J. A. Kremer Hovinga, and J. N. George, “Acquired 
Thrombotic Thrombocytopenic Purpura: ADAMTS13 Activity, Anti-
ADAMTS13 Autoantibodies and Risk of Recurrent Disease,” Haemato-
logica 93, no. 2 (2008): 172–177, https://​doi.​org/​10.​3324/​haema​tol.​12701​.

19. N. Fage, C. Orvain, N. Henry, et  al., “Proteinuria Increases the 
PLASMIC and French Scores Performance to Predict Thrombotic 
Thrombocytopenic Purpura in Patients With Thrombotic Microangiop-
athy Syndrome,” Kidney International Reports 7, no. 2 (2022): 221–231, 
https://​doi.​org/​10.​1016/j.​ekir.​2021.​11.​009.

20. C. Jenkins, L. Byrne, B. Vishram, et  al., “Shiga Toxin-Producing 
Escherichia coli Haemolytic Uraemic Syndrome (STEC-HUS): Diagno-
sis, Surveillance and Public-Health Management in England,” Journal 
of Medical Microbiology 69, no. 7 (2020): 1034–1036, https://​doi.​org/​10.​
1099/​jmm.0.​001215.

21. European Medicines Agency, “Soliris. Summary of Product Char-
acteristics,” 2025, https://​www.​ema.​europa.​eu/​en/​docum​ents/​produ​ct-​
infor​mation/​solir​is-​epar-​produ​ct-​infor​mation_​en.​pdf.

22. European Medicines Agency, “Ultomiris. Summary of Product 
Characteristics,” 2025, http://​ema.​europa.​eu/​en/​docum​ents/​produ​ct-​
infor​mation/​ultom​iris-​epar-​produ​ct-​infor​mation_​en.​pdf.

23. M. Noris, E. Bresin, C. Mele, et  al., “Genetic Atypical Hemolytic-
Uremic Syndrome,” in GeneReviews, ed. M. P. Adam, J. Feldman, G. 
M. Mirzaa, R. A. Pagon, S. E. Wallace, and A. Amemiya (University of 
Washington, Seattle, 2007).

24. M. Noris, J. Caprioli, E. Bresin, et al., “Relative Role of Genetic Com-
plement Abnormalities in Sporadic and Familial aHUS and Their Im-
pact on Clinical Phenotype,” Clinical Journal of the American Society 
of Nephrology 5, no. 10 (2010): 1844–1859, https://​doi.​org/​10.​2215/​cjn.​
02210310.

25. F. Fakhouri, M. Fila, F. Provôt, et al., “Pathogenic Variants in Com-
plement Genes and Risk of Atypical Hemolytic Uremic Syndrome 
Relapse After Eculizumab Discontinuation,” Clinical Journal of the 
American Society of Nephrology 12, no. 1 (2017): 50–59, https://​doi.​org/​
10.​2215/​cjn.​06440616.

26. F. Fakhouri and V. Frémeaux-Bacchi, “Thrombotic Microangiopa-
thy in aHUS and Beyond: Clinical Clues From Complement Genetics,” 
Nature Reviews. Nephrology 17, no. 8 (2021): 543–553, https://​doi.​org/​10.​
1038/​s4158​1-​021-​00424​-​4.

27. V. Afshar-Kharghan, “Atypical Hemolytic Uremic Syndrome,” He-
matology 2016, no. 1 (2016): 217–225, https://​doi.​org/​10.​1182/​ashed​ucati​
on-​2016.1.​217.

28. C. Loirat, F. Fakhouri, G. Ariceta, et al., “An International Consen-
sus Approach to the Management of Atypical Hemolytic Uremic Syn-
drome in Children,” Pediatric Nephrology 31, no. 1 (2016): 15–39, https://​
doi.​org/​10.​1007/​s0046​7-​015-​3076-​8.

29. E. Azoulay, P. Knoebl, J. Garnacho-Montero, et al., “Expert State-
ments on the Standard of Care in Critically Ill Adult Patients With Atyp-
ical Hemolytic Uremic Syndrome,” Chest 152, no. 2 (2017): 424–434, 
https://​doi.​org/​10.​1016/j.​chest.​2017.​03.​055.

30. Q. Stein, M. Westemeyer, T. Darwish, et al., “Genetic Counseling in 
Kidney Disease: A Perspective,” Kidney Medicine 5, no. 7 (2023): 100668, 
https://​doi.​org/​10.​1016/j.​xkme.​2023.​100668.

31. A. Ávila, M. Cao, M. Espinosa, et  al., “Recommendations for the 
Individualised Management of Atypical Hemolytic Uremic Syndrome 
in Adults,” Frontiers in Medicine 10 (2023): 1264310, https://​doi.​org/​10.​
3389/​fmed.​2023.​1264310.

32. F. Fakhouri, N. Schwotzer, and V. Frémeaux-Bacchi, “How I Diag-
nose and Treat Atypical Hemolytic Uremic Syndrome,” Blood 141, no. 9 
(2023): 984–995, https://​doi.​org/​10.​1182/​blood.​20220​17860​.

33. H. Lee, E. Kang, H. G. Kang, et al., “Consensus Regarding Diagno-
sis and Management of Atypical Hemolytic Uremic Syndrome,” Korean 
Journal of Internal Medicine 35, no. 1 (2020): 25–40, https://​doi.​org/​10.​
3904/​kjim.​2019.​388.

34. A. Gäckler, U. Schönermarck, V. Dobronravov, et al., “Efficacy and 
Safety of the Long-Acting C5 Inhibitor Ravulizumab in Patients With 
Atypical Hemolytic Uremic Syndrome Triggered by Pregnancy: A Sub-
group Analysis,” BMC Nephrology 22, no. 1 (2021): 5, https://​doi.​org/​10.​
1186/​s1288​2-​020-​02190​-​0.

35. M. Gupta, B. B. Feinberg, and R. M. Burwick, “Thrombotic Mi-
croangiopathies of Pregnancy: Differential Diagnosis,” Pregnancy 
Hypertension 12 (2018): 29–34, https://​doi.​org/​10.​1016/j.​preghy.​2018.​
02.​007.

36. F. Fakhouri, M. Scully, F. Provôt, et al., “Management of Thrombotic 
Microangiopathy in Pregnancy and Postpartum: Report From an Inter-
national Working Group,” Blood 136, no. 19 (2020): 2103–2117, https://​
doi.​org/​10.​1182/​blood.​20200​05221​.

37. Health and Labour Sciences Research Grants (Intractable Disease 
Policy Research Project) Study Group on Blood Coagulation Disorders, 
etc, “Guideline Revision Committee for Atypical Hemolytic Uremic 
Syndrome (aHUS),” in Clinical Guide for Atypical Hemolytic Uremic 
Syndrome (aHUS) (Japanese Society of Nephrology, 2023).

38. A. Bruel, D. Kavanagh, M. Noris, et  al., “Hemolytic Uremic Syn-
drome in Pregnancy and Postpartum,” Clinical Journal of the Ameri-
can Society of Nephrology 12, no. 8 (2017): 1237–1247, https://​doi.​org/​10.​
2215/​cjn.​00280117.

39. F. Fakhouri, M. Scully, G. Ardissino, I. al-Dakkak, B. Miller, and E. 
Rondeau, “Pregnancy-Triggered Atypical Hemolytic Uremic Syndrome 
(aHUS): A Global aHUS Registry Analysis,” Journal of Nephrology 34, 
no. 5 (2021): 1581–1590, https://​doi.​org/​10.​1007/​s4062​0-​021-​01025​-​x.

40. A. Huerta, E. Arjona, J. Portoles, et al., “A Retrospective Study of 
Pregnancy-Associated Atypical Hemolytic Uremic Syndrome,” Kidney 
International 93, no. 2 (2018): 450–459, https://​doi.​org/​10.​1016/j.​kint.​
2017.​06.​022.

41. M. Vinogradova, T. Kirsanova, and R. Shmakov, “Thrombotic Mi-
croangiopathies Associated With Pregnancy: Diagnostic and Therapeu-
tic Challenges,” Blood 132, no. Supplement 1 (2018): 4810, https://​doi.​
org/​10.​1182/​blood​-​2018-​99-​115220.

42. Y. V. Korotchaeva, N. Kozlovskaya, K. Demyanova, and M. Akaeva, 
“The Role of Pregnancy Complications in the Development of Obstetric 
aHUS,” Nephrology, Dialysis, Transplantation 34 (2019): gfz106.FP20, 
https://​doi.​org/​10.​1093/​ndt/​gfz106.​FP120​.

43. N. L. Kozlovskaya, Y. V. Korotchaeva, and L. A. Bobrova, “Adverse 
Outcomes in Obstetric-Atypical Haemolytic Uraemic Syndrome: A Case 
Series Analysis,” Journal of Maternal-Fetal and Neonatal Medicine 32, no. 
17 (2019): 2853–2859, https://​doi.​org/​10.​1080/​14767​058.​2018.​1450381.

44. M. Gupta, S. Govindappagari, and R. M. Burwick, “Pregnancy-
Associated Atypical Hemolytic Uremic Syndrome: A Systematic Re-
view,” Obstetrics and Gynecology 135, no. 1 (2020): 46–58, https://​doi.​
org/​10.​1097/​aog.​00000​00000​003554.

45. L. Sarno, A. Tufano, G. M. Maruotti, P. Martinelli, M. M. Balletta, 
and D. Russo, “Eculizumab in Pregnancy: A Narrative Overview,” 

https://doi.org/10.1007/s40620-016-0357-7
https://doi.org/10.1007/s40620-016-0357-7
https://doi.org/10.1177/20543581211008707
https://doi.org/10.3390/jcm10143034
https://doi.org/10.3390/jcm10143034
https://doi.org/10.3324/haematol.12701
https://doi.org/10.1016/j.ekir.2021.11.009
https://doi.org/10.1099/jmm.0.001215
https://doi.org/10.1099/jmm.0.001215
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
http://ema.europa.eu/en/documents/product-information/ultomiris-epar-product-information_en.pdf
http://ema.europa.eu/en/documents/product-information/ultomiris-epar-product-information_en.pdf
https://doi.org/10.2215/cjn.02210310
https://doi.org/10.2215/cjn.02210310
https://doi.org/10.2215/cjn.06440616
https://doi.org/10.2215/cjn.06440616
https://doi.org/10.1038/s41581-021-00424-4
https://doi.org/10.1038/s41581-021-00424-4
https://doi.org/10.1182/asheducation-2016.1.217
https://doi.org/10.1182/asheducation-2016.1.217
https://doi.org/10.1007/s00467-015-3076-8
https://doi.org/10.1007/s00467-015-3076-8
https://doi.org/10.1016/j.chest.2017.03.055
https://doi.org/10.1016/j.xkme.2023.100668
https://doi.org/10.3389/fmed.2023.1264310
https://doi.org/10.3389/fmed.2023.1264310
https://doi.org/10.1182/blood.2022017860
https://doi.org/10.3904/kjim.2019.388
https://doi.org/10.3904/kjim.2019.388
https://doi.org/10.1186/s12882-020-02190-0
https://doi.org/10.1186/s12882-020-02190-0
https://doi.org/10.1016/j.preghy.2018.02.007
https://doi.org/10.1016/j.preghy.2018.02.007
https://doi.org/10.1182/blood.2020005221
https://doi.org/10.1182/blood.2020005221
https://doi.org/10.2215/cjn.00280117
https://doi.org/10.2215/cjn.00280117
https://doi.org/10.1007/s40620-021-01025-x
https://doi.org/10.1016/j.kint.2017.06.022
https://doi.org/10.1016/j.kint.2017.06.022
https://doi.org/10.1182/blood-2018-99-115220
https://doi.org/10.1182/blood-2018-99-115220
https://doi.org/10.1093/ndt/gfz106.FP120
https://doi.org/10.1080/14767058.2018.1450381
https://doi.org/10.1097/aog.0000000000003554
https://doi.org/10.1097/aog.0000000000003554


16 of 17 Nephrology, 2025

Journal of Nephrology 32, no. 1 (2019): 17–25, https://​doi.​org/​10.​1007/​
s4062​0-​018-​0517-​z.

46. P. Ramos Mayordomo, M. Capilla Díez, D. A. Ticona Espinoza, et al., 
“Thrombotic Microangiopathy (TMA) Associated With Pregnancy: 
Role of the Clinical Laboratory in Differential Diagnosis,” Advances in 
Laboratory Medicine 5, no. 3 (2024): 340–344, https://​doi.​org/​10.​1515/​
almed​-​2024-​0053.

47. H. Stepan, I. Herraiz, D. Schlembach, et  al., “Implementation of 
the sFlt-1/PlGF Ratio for Prediction and Diagnosis of Pre-Eclampsia in 
Singleton Pregnancy: Implications for Clinical Practice,” Ultrasound in 
Obstetrics and Gynecology 45, no. 3 (2015): 241–246, https://​doi.​org/​10.​
1002/​uog.​14799​.

48. T. Cavero, E. Arjona, K. Soto, et  al., “Severe and Malignant Hy-
pertension Are Common in Primary Atypical Hemolytic Uremic Syn-
drome,” Kidney International 96, no. 4 (2019): 995–1004, https://​doi.​org/​
10.​1016/j.​kint.​2019.​05.​014.

49. K. El Karoui, I. Boudhabhay, F. Petitprez, et al., “Impact of Hyper-
tensive Emergency and Rare Complement Variants on the Presentation 
and Outcome of Atypical Hemolytic Uremic Syndrome,” Haematologica 
104, no. 12 (2019): 2501–2511, https://​doi.​org/​10.​3324/​haema​tol.​2019.​
216903.

50. J. M. Halimi, I. Al-Dakkak, K. Anokhina, et al., “Clinical Charac-
teristics and Outcomes of a Patient Population With Atypical Hemolytic 
Uremic Syndrome and Malignant Hypertension: Analysis From the 
Global aHUS Registry,” Journal of Nephrology 36, no. 3 (2023): 817–828, 
https://​doi.​org/​10.​1007/​s4062​0-​022-​01465​-​z.

51. C. P. Larsen, J. D. Wilson, A. Best-Rocha, M. L. Beggs, and R. A. 
Hennigar, “Genetic Testing of Complement and Coagulation Pathways 
in Patients With Severe Hypertension and Renal Microangiopathy,” 
Modern Pathology 31, no. 3 (2018): 488–494, https://​doi.​org/​10.​1038/​
modpa​thol.​2017.​154.

52. S. Timmermans, M. A. Abdul-Hamid, J. Potjewijd, et  al., “C5b9 
Formation on Endothelial Cells Reflects Complement Defects Among 
Patients With Renal Thrombotic Microangiopathy and Severe Hyper-
tension,” Journal of the American Society of Nephrology 29, no. 8 (2018): 
2234–2243, https://​doi.​org/​10.​1681/​asn.​20180​20184​.

53. X. Chen, X. Zhang, Y. Wang, S. Wang, and M. Zhao, “Genetic, Clin-
ical, and Pathological Study of Patients With Severe Hypertension-
Associated Renal Microangiopathy,” Journal of Nephrology 36, no. 9 
(2023): 2477–2490, https://​doi.​org/​10.​1007/​s4062​0-​023-​01644​-​6.

54. S. Timmermans, A. Wérion, J. Damoiseaux, et al., “Diagnostic and 
Risk Factors for Complement Defects in Hypertensive Emergency and 
Thrombotic Microangiopathy,” Hypertension 75, no. 2 (2020): 422–430, 
https://​doi.​org/​10.​1161/​hyper​tensi​onaha.​119.​13714​.

55. Y. Zhang, C. Yang, X. Zhou, et al., “Association Between Thrombotic 
Microangiopathy and Activated Alternative Complement Pathway in 
Malignant Nephrosclerosis,” Nephrology, Dialysis, Transplantation 36, 
no. 7 (2020): 1222–1233, https://​doi.​org/​10.​1093/​ndt/​gfaa280.

56. T. Cavero, P. Auñón, F. Caravaca-Fontán, et  al., “Thrombotic Mi-
croangiopathy in Patients With Malignant Hypertension,” Nephrology, 
Dialysis, Transplantation 38, no. 5 (2023): 1217–1226, https://​doi.​org/​10.​
1093/​ndt/​gfac248.

57. L. Farrukh, V. D. Steen, L. Shapiro, et al., “Studying the Role of C5-
Inhibition Therapy in Scleroderma Renal Crisis-Induced Thrombotic 
Microangiopathy–A Review of Literature,” Seminars in Arthritis and 
Rheumatism 63 (2023): 152256, https://​doi.​org/​10.​1016/j.​semar​thrit.​
2023.​152256.

58. M. H. Park, N. Caselman, S. Ulmer, and I. C. Weitz, “Complement-
Mediated Thrombotic Microangiopathy Associated With Lupus Ne-
phritis,” Blood Advances 2, no. 16 (2018): 2090–2094, https://​doi.​org/​10.​
1182/​blood​advan​ces.​20180​19596​.

59. T. Cavero, C. Rabasco, A. López, et  al., “Eculizumab in Second-
ary Atypical Haemolytic Uraemic Syndrome,” Nephrology, Dialysis, 

Transplantation 32, no. 3 (2017): 466–474, https://​doi.​org/​10.​1093/​ndt/​
gfw453.

60. N. Kello, L. E. Khoury, G. Marder, R. Furie, E. Zapantis, and D. L. 
Horowitz, “Secondary Thrombotic Microangiopathy in Systemic Lupus 
Erythematosus and Antiphospholipid Syndrome, the Role of Comple-
ment and Use of Eculizumab: Case Series and Review of Literature,” 
Seminars in Arthritis and Rheumatism 49, no. 1 (2019): 74–83, https://​
doi.​org/​10.​1016/j.​semar​thrit.​2018.​11.​005.

61. R. D. Wright, F. Bannerman, M. W. Beresford, and L. Oni, “A 
Systematic Review of the Role of Eculizumab in Systemic Lupus 
Erythematosus-Associated Thrombotic Microangiopathy,” BMC Ne-
phrology 21, no. 1 (2020): 245, https://​doi.​org/​10.​1186/​s1288​2-​020-​
01888​-​5.

62. A. Gouin, D. Ribes, M. Colombat, et al., “Role of C5 Inhibition in 
Idiopathic Inflammatory Myopathies and Scleroderma Renal Crisis-
Induced Thrombotic Microangiopathies,” Kidney International Reports 
6, no. 4 (2021): 1015–1021, https://​doi.​org/​10.​1016/j.​ekir.​2021.​01.​021.

63. M. H. Tseng, W. L. Fan, H. Liu, et al., “Complement Factor I Muta-
tion May Contribute to Development of Thrombotic Microangiopathy 
in Lupus Nephritis,” Frontiers in Medicine (Lausanne) 7 (2020): 621609, 
https://​doi.​org/​10.​3389/​fmed.​2020.​621609.

64. M. Vivarelli, J. Barratt, L. H. Beck, Jr., et  al., “The Role of Com-
plement in Kidney Disease: Conclusions From a Kidney Disease: Im-
proving Global Outcomes (KDIGO) Controversies Conference,” Kidney 
International 106, no. 3 (2024): 369–391, https://​doi.​org/​10.​1016/j.​kint.​
2024.​05.​015.

65. J. Merola, P. S. Yoo, J. Schaub, et al., “Belatacept and Eculizumab 
for Treatment of Calcineurin Inhibitor-Induced Thrombotic Microan-
giopathy After Kidney Transplantation: Case Report,” Transplantation 
Proceedings 48, no. 9 (2016): 3106–3108, https://​doi.​org/​10.​1016/j.​trans​
proce​ed.​2016.​04.​005.

66. R. Gosain, A. Gill, J. Fuqua, et al., “Gemcitabine and Carfilzomib 
Induced Thrombotic Microangiopathy: Eculizumab as a Life-Saving 
Treatment,” Clinical Case Reports 5, no. 12 (2017): 1926–1930, https://​
doi.​org/​10.​1002/​ccr3.​1214.

67. V. Krishnappa, M. Gupta, H. Shah, et al., “The Use of Eculizumab in 
Gemcitabine Induced Thrombotic Microangiopathy,” BMC Nephrology 
19, no. 1 (2018): 9, https://​doi.​org/​10.​1186/​s1288​2-​018-​0812-​x.

68. A. J. Portuguese and B. Lipe, “Carfilzomib-Induced aHUS Re-
sponds to Early Eculizumab and May be Associated With Heterozygous 
CFHR3-CFHR1 Deletion,” Blood Advances 2, no. 23 (2018): 3443–3446, 
https://​doi.​org/​10.​1182/​blood​advan​ces.​20180​27532​.

69. M. Hausberg, H. Felten, and S. Pfeffer, “Treatment of Chemotherapy-
Induced Thrombotic Microangiopathy With Eculizumab in a Patient 
With Metastatic Breast Cancer,” Case Reports in Oncology 12, no. 1 
(2019): 1–6, https://​doi.​org/​10.​1159/​00049​5031.

70. C. Moliz, E. Gutiérrez, T. Cavero, B. Redondo, and M. Praga, “Ecu-
lizumab as a Treatment for Atypical Hemolytic Syndrome Secondary 
to Carfilzomib,” Nefrología 39, no. 1 (2019): 86–88, https://​doi.​org/​10.​
1016/j.​nefro.​2018.​02.​005.

71. A. Vakiti, D. Singh, R. Pilla, M. Alhaj-Moustafa, and K. W. Fitzpat-
rick, “Bevacizumab-Induced Atypical Hemolytic Uremic Syndrome and 
Treatment With Eculizumab,” Journal of Oncology Pharmacy Practice 
25, no. 4 (2019): 1011–1015, https://​doi.​org/​10.​1177/​10781​55218​774895.

72. L. Schulte-Kemna, B. Reister, L. Bettac, et  al., “Eculizumab in 
Chemotherapy-Induced Thrombotic Microangiopathy,” Clinical Ne-
phrology. Case Studies 8 (2020): 25–32, https://​doi.​org/​10.​5414/​cncs1​
09836​.

73. C. W. Freyer, E. M. Bange, S. Skuli, et  al., “Carfilzomib-Induced 
Atypical Hemolytic Uremic Syndrome in a Patient With Heterozygous 
CFHR3/CFHR1 Deletion Treated With Eculizumab,” Clinical Lym-
phoma, Myeloma and Leukemia 21, no. 11 (2021): e845–e849, https://​
doi.​org/​10.​1016/j.​clml.​2021.​06.​019.

https://doi.org/10.1007/s40620-018-0517-z
https://doi.org/10.1007/s40620-018-0517-z
https://doi.org/10.1515/almed-2024-0053
https://doi.org/10.1515/almed-2024-0053
https://doi.org/10.1002/uog.14799
https://doi.org/10.1002/uog.14799
https://doi.org/10.1016/j.kint.2019.05.014
https://doi.org/10.1016/j.kint.2019.05.014
https://doi.org/10.3324/haematol.2019.216903
https://doi.org/10.3324/haematol.2019.216903
https://doi.org/10.1007/s40620-022-01465-z
https://doi.org/10.1038/modpathol.2017.154
https://doi.org/10.1038/modpathol.2017.154
https://doi.org/10.1681/asn.2018020184
https://doi.org/10.1007/s40620-023-01644-6
https://doi.org/10.1161/hypertensionaha.119.13714
https://doi.org/10.1093/ndt/gfaa280
https://doi.org/10.1093/ndt/gfac248
https://doi.org/10.1093/ndt/gfac248
https://doi.org/10.1016/j.semarthrit.2023.152256
https://doi.org/10.1016/j.semarthrit.2023.152256
https://doi.org/10.1182/bloodadvances.2018019596
https://doi.org/10.1182/bloodadvances.2018019596
https://doi.org/10.1093/ndt/gfw453
https://doi.org/10.1093/ndt/gfw453
https://doi.org/10.1016/j.semarthrit.2018.11.005
https://doi.org/10.1016/j.semarthrit.2018.11.005
https://doi.org/10.1186/s12882-020-01888-5
https://doi.org/10.1186/s12882-020-01888-5
https://doi.org/10.1016/j.ekir.2021.01.021
https://doi.org/10.3389/fmed.2020.621609
https://doi.org/10.1016/j.kint.2024.05.015
https://doi.org/10.1016/j.kint.2024.05.015
https://doi.org/10.1016/j.transproceed.2016.04.005
https://doi.org/10.1016/j.transproceed.2016.04.005
https://doi.org/10.1002/ccr3.1214
https://doi.org/10.1002/ccr3.1214
https://doi.org/10.1186/s12882-018-0812-x
https://doi.org/10.1182/bloodadvances.2018027532
https://doi.org/10.1159/000495031
https://doi.org/10.1016/j.nefro.2018.02.005
https://doi.org/10.1016/j.nefro.2018.02.005
https://doi.org/10.1177/1078155218774895
https://doi.org/10.5414/cncs109836
https://doi.org/10.5414/cncs109836
https://doi.org/10.1016/j.clml.2021.06.019
https://doi.org/10.1016/j.clml.2021.06.019


17 of 17

74. T. Iba, E. Watanabe, Y. Umemura, et al., “Sepsis-Associated Dissemi-
nated Intravascular Coagulation and Its Differential Diagnoses,” Journal 
of Intensive Care 7 (2019): 32, https://​doi.​org/​10.​1186/​s4056​0-​019-​0387-​z.

75. A. Kakajiwala, T. Bhatti, B. S. Kaplan, R. L. Ruebner, and L. Co-
pelovitch, “Post-Streptococcal Glomerulonephritis Associated With 
Atypical Hemolytic Uremic Syndrome: To Treat or Not to Treat With 
Eculizumab?,” Clinical Kidney Journal 9, no. 1 (2016): 90–96, https://​
doi.​org/​10.​1093/​ckj/​sfv119.

76. T. Omura, E. Watanabe, Y. Otsuka, et al., “Complete Remission of 
Thrombotic Microangiopathy After Treatment With Eculizumab in a 
Patient With Non-Shiga Toxin-Associated Bacterial Enteritis: A Case 
Report,” Medicine (Baltimore) 95, no. 27 (2016): e4104, https://​doi.​org/​
10.​1097/​md.​00000​00000​004104.

77. H. Toyoda, H. Wada, T. Miyata, et  al., “Disease Recurrence After 
Early Discontinuation of Eculizumab in a Patient With Atypical He-
molytic Uremic Syndrome With Complement C3 I1157T Mutation,” 
Journal of Pediatric Hematology/Oncology 38, no. 3 (2016): e137–e139, 
https://​doi.​org/​10.​1097/​mph.​00000​00000​000505.

78. G. M. Fraga-Rodriguez, S. Brió-Sanagustin, E. Turón-Viñas, B. P. 
Dixon, and E. Carreras-González, “Eculizumab in a Child With Atypi-
cal Haemolytic Uraemic Syndrome and Haemophagocytic Lymphohis-
tiocytosis Triggered by Cytomegalovirus Infection,” BMJ Case Reports 
2017 (2017): bcr2016219065, https://​doi.​org/​10.​1136/​bcr-​2016-​219065.

79. J. M. Inglis, J. A. Barbara, R. Juneja, C. Milton, G. Passaris, and J. 
Y. Z. Li, “Atypical Haemolytic Uraemic Syndrome Associated With 
Clostridium Difficile Infection Successfully Treated With Eculizumab,” 
Case Reports in Nephrology 2018 (2018): 1759138, https://​doi.​org/​10.​
1155/​2018/​1759138.

80. R. Tagle, G. Rivera, B. Walbaum, and R. A. Sepúlveda, “Atypical 
Hemolytic Uremic Syndrome. Report of Two Cases Treated With Eculi-
zumab,” Revista Médica de Chile 146, no. 2 (2018): 254–259, https://​doi.​
org/​10.​4067/​s0034​-​98872​01800​0200254.

81. G. Jeantet, V. Pernin, V. Brunot, et al., “Successful Treatment of a 
Streptococcus pneumoniae-Associated Haemolytic Uraemic Syndrome 
by Eculizumab,” Clinical Kidney Journal 12, no. 1 (2019): 106–109, 
https://​doi.​org/​10.​1093/​ckj/​sfy019.

82. D. Saito, E. Watanabe, A. Ashida, et al., “Atypical Hemolytic Ure-
mic Syndrome With the p.Ile1157Thr C3 Mutation Successfully Treated 
With Plasma Exchange and Eculizumab: A Case Report,” Critical Care 
Explorations 1, no. 4 (2019): e0008, https://​doi.​org/​10.​1097/​cce.​00000​
00000​000008.

83. M. N. Moulton, C. L. Kay, J. T. Romain, B. D. Morrow, and G. M. 
Bobele, “Clostridioides Difficile-Associated Atypical Hemolytic-Uremic 
Syndrome Successfully Treated With Eculizumab: A Case Report and 
Literature Review,” Critical Care Explorations 3, no. 7 (2021): e0475, 
https://​doi.​org/​10.​1097/​cce.​00000​00000​000475.

84. J. Gill, C. A. Hebert, and G. B. Colbert, “COVID-19-Associated 
Atypical Hemolytic Uremic Syndrome and Use of Eculizumab Ther-
apy,” Journal of Nephrology 35, no. 1 (2022): 317–321, https://​doi.​org/​10.​
1007/​s4062​0-​021-​01125​-​8.

85. V. F. Leone, A. Imeraj, S. Gastoldi, et al., “Case Report: Tackling 
Complement Hyperactivation With Eculizumab in Atypical Hemo-
lytic Uremic Syndrome Triggered by COVID-19,” Frontiers in Phar-
macology 13 (2022): 842473, https://​doi.​org/​10.​3389/​fphar.​2022.​
842473.

86. G. Mortari, C. Bigatti, G. P. Gaffi, et  al., “Shiga Toxin-Producing 
Escherichia coli Infection as a Precipitating Factor for Atypical 
Hemolytic-Uremic Syndrome,” Pediatric Nephrology 40, no. 2 (2025): 
449–461, https://​doi.​org/​10.​1007/​s0046​7-​024-​06480​-​9.

87. J. Zuber, M. Le Quintrec, S. Krid, et al., “Eculizumab for Atypical 
Hemolytic Uremic Syndrome Recurrence in Renal Transplantation,” 
American Journal of Transplantation 12, no. 12 (2012): 3337–3354, 
https://​doi.​org10.​1111/j.​1600-​6143.​2012.​04252.​x.

88. C. M. Legendre, J. M. Campistol, T. Feldkamp, et  al., “Outcomes 
of Patients With Atypical Haemolytic Uraemic Syndrome With Native 
and Transplanted Kidneys Treated With Eculizumab: A Pooled Post 
Hoc Analysis,” Transplant International 30, no. 12 (2017): 1275–1283, 
https://​doi.​org10.​1111/​tri.​13022​.

89. J. Zuber, M. Frimat, S. Caillard, et al., “Use of Highly Individualized 
Complement Blockade Has Revolutionized Clinical Outcomes After 
Kidney Transplantation and Renal Epidemiology of Atypical Hemolytic 
Uremic Syndrome,” Journal of the American Society of Nephrology 30, 
no. 12 (2019): 2449–2463, https://​doi.​org/​10.​1681/​ASN.​20190​40331​.

90. J. Portoles, A. Huerta, E. Arjona, et al., “Characteristics, Manage-
ment and Outcomes of Atypical Haemolytic Uraemic Syndrome in 
Kidney Transplant Patients: A Retrospective National Study,” Clinical 
Kidney Journal 14, no. 4 (2020): 1173–1180, https://​doi.​org/​10.​1093/​ckj/​
sfaa096.

91. M. Le Quintrec, J. Zuber, B. Moulin, et  al., “Complement Genes 
Strongly Predict Recurrence and Graft Outcome in Adult Renal Trans-
plant Recipients With Atypical Hemolytic and Uremic Syndrome,” 
American Journal of Transplantation 13, no. 3 (2013): 663–675, https://​
doi.​org/​10.​1111/​ajt.​12077​.

92. M. Noris and G. Remuzzi, “Managing and Preventing Atypical He-
molytic Uremic Syndrome Recurrence After Kidney Transplantation,” 
Current Opinion in Nephrology and Hypertension 22, no. 6 (2013): 704–
712, https://​doi.​org/​10.​1097/​MNH.​0b013​e3283​65b3fe.

93. A. M. Siedlecki, N. Isbel, J. Vande Walle, et al., “Eculizumab Use for 
Kidney Transplantation in Patients With a Diagnosis of Atypical Hemo-
lytic Uremic Syndrome,” Kidney International Reports 4, no. 3 (2019): 
434–446, https://​doi.​org/​10.​1016/j.​ekir.​2018.​11.​010.

94. M. L. Gonzalez Suarez, C. Thongprayoon, M. A. Mao, N. Leeaphorn, 
T. Bathini, and W. Cheungpasitporn, “Outcomes of Kidney Transplant 
Patients With Atypical Hemolytic Uremic Syndrome Treated With Ec-
ulizumab: A Systematic Review and Meta-Analysis,” Journal of Clinical 
Medicine 8, no. 7 (2019): 919, https://​doi.​org/​10.​3390/​jcm80​70919​.

95. H. S. Nga, L. M. P. Palma, M. Ernandes Neto, et al., “Thrombotic 
Microangiopathy After Kidney Transplantation: Analysis of the Brazil-
ian Atypical Hemolytic Uremic Syndrome Cohort,” PLoS One 16, no. 11 
(2021): e0258319, https://​doi.​org/​10.​1371/​journ​al.​pone.​0258319.

96. E. K. Glover, K. Smith-Jackson, V. Brocklebank, et al., “Assessing the 
Impact of Prophylactic Eculizumab on Renal Graft Survival in Atypical 
Hemolytic Uremic Syndrome,” Transplantation 107, no. 4 (2023): 994–
1003, https://​doi.​org/​10.​1097/​tp.​00000​00000​004355.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1: nep70116-sup-0001-Supinfo.
docx. 

https://doi.org/10.1186/s40560-019-0387-z
https://doi.org/10.1093/ckj/sfv119
https://doi.org/10.1093/ckj/sfv119
https://doi.org/10.1097/md.0000000000004104
https://doi.org/10.1097/md.0000000000004104
https://doi.org/10.1097/mph.0000000000000505
https://doi.org/10.1136/bcr-2016-219065
https://doi.org/10.1155/2018/1759138
https://doi.org/10.1155/2018/1759138
https://doi.org/10.4067/s0034-98872018000200254
https://doi.org/10.4067/s0034-98872018000200254
https://doi.org/10.1093/ckj/sfy019
https://doi.org/10.1097/cce.0000000000000008
https://doi.org/10.1097/cce.0000000000000008
https://doi.org/10.1097/cce.0000000000000475
https://doi.org/10.1007/s40620-021-01125-8
https://doi.org/10.1007/s40620-021-01125-8
https://doi.org/10.3389/fphar.2022.842473
https://doi.org/10.3389/fphar.2022.842473
https://doi.org/10.1007/s00467-024-06480-9
https://doi.org/10.1111/j.1600-6143.2012.04252.x
https://doi.org/10.1111/tri.13022
https://doi.org/10.1681/ASN.2019040331
https://doi.org/10.1093/ckj/sfaa096
https://doi.org/10.1093/ckj/sfaa096
https://doi.org/10.1111/ajt.12077
https://doi.org/10.1111/ajt.12077
https://doi.org/10.1097/MNH.0b013e328365b3fe
https://doi.org/10.1016/j.ekir.2018.11.010
https://doi.org/10.3390/jcm8070919
https://doi.org/10.1371/journal.pone.0258319
https://doi.org/10.1097/tp.0000000000004355

	Management of Atypical Haemolytic Uraemic Syndrome With Triggers: Diagnostic and Treatment Algorithms From an Asia-Pacific Perspective
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	3   |   General Considerations
	3.1   |   Vaccination Requirements
	3.2   |   Genetic Testing
	3.3   |   Duration of C5 Inhibitor Therapy

	4   |   Pregnancy-Associated TMA/aHUS
	4.1   |   Overview of Available Literature
	4.2   |   Diagnosis and Management of Pregnancy-Associated TMA

	5   |   Hypertension-Associated TMA
	5.1   |   Overview of Available Literature
	5.2   |   Diagnosis and Management of Hypertensive Emergency and TMA

	6   |   Autoimmune Disease-Associated TMA
	6.1   |   Overview of Available Literature
	6.2   |   Diagnosis and Management of Autoimmune-Associated TMA

	7   |   Drug-Induced TMA
	7.1   |   Overview of Available Literature
	7.2   |   Diagnosis and Management of Drug-Induced TMA

	8   |   Infection-Triggered TMA
	8.1   |   Overview of Available Literature
	8.2   |   Diagnosis and Management of Infection-Triggered TMA

	9   |   Kidney Transplant-Associated TMA
	9.1   |   Overview of Available Literature
	9.2   |   Management of Kidney Transplant-Associated TMA

	10   |   Summary Tables
	11   |   Discussion
	Author Contributions
	Acknowledgements
	Conflicts of Interest
	Data Availability Statement
	References


