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ABSTRACT

Background. Data are lacking on the relative incidence of thrombotic thrombocytopenic purpura (TTP), haemolytic uraemic
syndrome (HUS) caused by Shiga toxin–producing Escherichia coli (STEC) and atypical HUS (aHUS) in patients presenting with
thrombotic microangiopathies (TMAs).

Methods. This was a prospective, cross-sectional, multicentre and non-interventional epidemiological study. Patients
fulfilling criteria for TMAs (platelet consumption, microangiopathic haemolytic anaemia and organ dysfunction) were
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included in the study. The primary objective was to assess the relative incidence of TTP, STEC-HUS, aHUS and ‘other’
physician-defined diagnoses. The secondary objective was to develop an algorithm to predict a severe deficiency in
ADAMTS13 (a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13) activity (�10%) using
routine laboratory parameters. A post hoc classification using the recent Kidney Disease: Improving Global Outcomes
diagnostic criteria was then undertaken to further classify patient groups.

Results. aHUS was diagnosed with a relative incidence of 61%, whereas TTP, STEC-HUS and ‘other’ were diagnosed in 13, 6
and 20% of patients, respectively. In the post hoc analysis, 27% of patients with a TMA were classified as ‘primary aHUS’ and
53% as ‘secondary aHUS’. Multivariate analysis revealed that severe deficiency in ADAMTS13 activity (�10%) was unlikely to
underlie TMA if platelet and serum creatinine were above threshold values of 30 � 109/L and 1.8 mg/dL, respectively
(negative predictive value of 92.3 and 98.1, respectively, if one or both values were above the threshold).

Conclusions. In this study, aHUS was the most common single diagnosis among patients presenting with a TMA. In the
absence of an ADAMTS13 activity result, platelet count and serum creatinine may aid in the differential diagnosis.

Keywords: ADAMTS13, atypical haemolytic uraemic syndrome, haemolytic uraemic syndrome, thrombotic microangiopathy,
thrombotic thrombocytopenic purpura

INTRODUCTION

Thrombotic thrombocytopenic purpura (TTP), haemolytic urae-
mic syndrome (HUS) caused by Shiga toxin–producing
Escherichia coli (STEC) and atypical HUS (aHUS) are rare but seri-
ous clinical conditions. They belong to a group of entities
known as thrombotic microangiopathies (TMAs), which present
with platelet consumption, microangiopathic haemolytic anae-
mia (MAHA) and organ dysfunction resulting from endothelial
damage and microvascular thrombosis [1, 2]. Although these
conditions have similar clinical presentations, the underlying
pathophysiology is different, requiring specific management.
TTP results from a severe deficiency of the von Willebrand fac-
tor (VWF)-cleaving protease ADAMTS13 (a disintegrin and met-
alloproteinase with a thrombospondin type 1 motif, member
13), which causes platelet aggregation in the microvasculature
due to accumulation of ultralarge VWF multimers [3]. The
deficiency of ADAMTS13 activity can be hereditary (Upshaw–
Schulman syndrome) or acquired, as a result of anti-ADAMTS13
autoantibodies [3]. Definitive diagnosis requires an assay to
evaluate plasma ADAMTS13 activity, where a result of �5–10%
denotes TTP [1, 3–8]. Treatment consists of plasmapheresis
combined with immunosuppression [9]. In addition, recently,
caplacizumab, an anti-VWF humanized single-variable domain
immunoglobulin, has been found to be of benefit in the initial
treatment of TTP [10].

STEC-HUS results from a STEC infection and is diagnosed by
detection of Shiga toxin in patient stool samples via a STEC
stool culture and polymerase chain reaction (PCR) assay [2].
Management of STEC-HUS is supportive; currently, plasmaphe-
resis and eculizumab are not recommended and there is debate
over the efficacy of antibiotics [9, 11, 12].

The term ‘aHUS’ historically defines all patients not
diagnosed with TTP or STEC-HUS. Within this group,
complement-mediated forms (‘primary’) and secondary forms
with defined triggering conditions causing TMA are summa-
rized with clinical and pathophysiological overlap [13]. Primary
aHUS is caused by dysregulation of the complement system,
usually from a genetic predisposition [2]. However, a genetic
mutation in or autoantibodies against parts of the complement
system are identified in only �60–70% of patients with aHUS
tested for complement abnormalities after exclusion of second-
ary causes [13–15]. Thus aHUS is a diagnosis based on clinical
and laboratory features, with a positive genetic test supporting

the diagnosis but a negative genetic test not excluding it. Of
note, 70% of patients with an underlying complement abnor-
mality present with triggering conditions [14]. In the context of
an endogenous predisposition, triggering conditions may lead
to clinical manifestation of TMA [16]. The recommended treat-
ment for primary aHUS is eculizumab [1, 9, 13, 17]; however, its
role in cases where the disease seems to be driven by an exter-
nal trigger is controversial. There is currently no definitive test
for aHUS, therefore diagnosis is made by exclusion of TTP and
STEC-HUS via ADAMTS13 and STEC assays, respectively, and
consideration of other potential causes of TMA, such as malig-
nancy, certain drugs and solid-organ and bone marrow trans-
plant (BMT) [2]. These conditions might either be the root cause
of the TMA manifestation or a triggering condition in the con-
text of an underlying primary aHUS [1]. The treating physician
must carefully consider laboratory parameters and patient pre-
sentation to determine appropriate diagnosis and management.

Because of the overlap in clinical presentation of the differ-
ent TMAs, differential diagnosis can be challenging. Knowing
the relative probability of these conditions is of interest in this
situation. Therefore we conducted this study to evaluate the rel-
ative incidence of TTP, STEC-HUS and aHUS in patients present-
ing with TMA in Germany.

MATERIALS AND METHODS

The Cross-sectional Evaluation of clinical Symptoms And epide-
miologic paRameters in patients with TMA, differentiated by
laboratory parameters (CESAR) study was a prospective, cross-
sectional, multicentre and non-interventional epidemiological
investigation of the relative incidence of TTP, STEC-HUS
and aHUS in clinically suspected cases of TMA. The study
was approved by the ethics committees of the Bayerische
Landesärztekammer and participating centres and followed the
principles of the Declaration of Helsinki. Recruiting centres in-
cluded 10 adult centres in university hospitals, 10 adult centres
in non-university hospitals and 2 paediatric centres in univer-
sity hospitals.

Subjects

All patients provided informed consent prior to inclusion.
Patients were included in the study based on the presence of
platelet consumption, MAHA and organ dysfunction. Platelet
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consumption was defined as a platelet count <150 � 109/L or a
decrease in platelet count >25% within 1 week. MAHA could be
demonstrated by the presence of schistocytes, increased lactate
dehydrogenase, decreased haemoglobin and decreased hapto-
globin. If schistocytes were absent, then the patient could still
be included if the treating physician had a high clinical suspi-
cion of TMA. In addition, patients were required to present with
at least one of the following signs or symptoms of organ dys-
function: neurological symptoms, such as confusion, cerebral
changes, convulsions or spasms, dysarthria, dysphasia, apha-
sia, impaired consciousness or other neurological symptoms
revealed during clinical assessment; renal impairment, such as
increased creatinine, decreased estimated glomerular filtration
rate, increased blood pressure or abnormal urinalysis; or gastro-
intestinal symptoms, such as diarrhoea with or without

blood, nausea or vomiting, abdominal pain or gastroenteritis.
Cardiovascular (any sign possibly indicating heart symptoms
according to clinical assessment), pulmonary and other organ
symptoms did not qualify for inclusion but were recorded.
Plasma therapy prior to blood sampling for ADAMTS13 analysis
was also an exclusion criterion.

STEC testing

STEC testing in stool samples was performed centrally at the
Institute of Hygiene, University Hospital Münster, Münster,
Germany. PCR assays were performed on all available stool
samples following an 18- to 24-h incubation period in an enrich-
ment broth. Samples were analysed for Shiga toxin 1–, Shiga
toxin 2–, intimin– and E. coli O157-antigen–encoding genes using
in-house protocols, as described previously [18, 19]. PCR results
were verified by immunomagnetic separation using paramag-
netic beads coated with anti-E. coli O157, O26, O103, O111 and
O145 antibodies added to the enrichment broth to detect the
appropriate strains or by next-generation sequencing analysis
[20, 21].

ADAMTS13 analysis

Blood samples were collected in a citrate buffer prior to any
plasma therapy. ADAMTS13 activity assays were performed
centrally at Medilys Laborgesellschaft, Hamburg, Germany.
Plasma ADAMTS13 activity was assessed using the commer-
cially available Technozyme ELISA (Technoclone, Vienna,
Austria), a chromogenic test, which measures residual recombi-
nant VWF, using a monoclonal anti-N10 antibody, after patient
plasma is added to immobilized VWF fragments [22]. The refer-
ence range and sensitivity of the ADAMTS13 assay were evalu-
ated in the laboratory; the reference range of ADAMTS13
activity was 50–110% of normal and the assay sensitivity for
ADAMTS13 activity in plasma was 0.5% [1, 3].

Diagnoses

Treating physicians diagnosed patients as TTP, STEC-HUS,
aHUS or ‘other’ based on the results of ADAMTS13 activity,
STEC test, clinical presentation and laboratory parameters.
Diagnosis could be revised until the end of the study if addi-
tional information became available. Within the aHUS group,
details of potential triggering conditions were also recorded. For
patients with a diagnosis of ‘other’, the relevant diagnostic in-
formation was entered into the database as free text.

Data analysis and endpoints

Analyses were carried out on an intention-to-diagnose basis.
The primary objective of this study was to evaluate the relative
incidence of TTP, STEC-HUS and aHUS in patients presenting
with TMA. Demographic and baseline characteristics were ana-
lysed descriptively. Continuous parameters including mean
[standard deviation (SD)] and median [interquartile range (IQR)]
were calculated. Qualitative variables were expressed as propor-
tions. Data were stratified by age at enrolment (paediatric
<18 years, adult �18 years).

A secondary exploratory objective was to assess whether
routine laboratory parameters at clinical presentation could be
used to predict or exclude a diagnosis of TTP. To address this
endpoint we developed an algorithm to predict a severe defi-
ciency in ADAMTS13 activity (�10%) in adult patients at clinical
presentation. All available variables were analysed for correla-
tion with the final diagnosis. Threshold values were identified
by maximizing the Youden Index, a measure of the perfor-
mance of diagnostic tests accounting for the proportions of
correctly diagnosed individuals with and without disease (sen-
sitivity þ specificity � 1), [23] and then rounding to the nearest
easy-to-recall value.

Post hoc analysis

After completion of this study, the Kidney Disease: Improving
Global Outcomes (KDIGO) published the results from a contro-
versies conference on aHUS in which they suggested a classifi-
cation of TMAs [13]. To increase objectivity and limit potential
bias, we conducted a post hoc analysis to reclassify adult
patients from aHUS and ‘other’ groups to the KDIGO classifica-
tion [13]. To classify all patients, groups for those presenting
with malignant hypertension (MHT), renal disease and unspeci-
fied TMAs were added to this classification system. Because
many patients presented with more than one trigger, a hierar-
chical algorithm was developed to categorize each patient to
only one group (Supplementary Methodology).

RESULTS
Patient characteristics

From 25 April 2014 to 31 March 2017, 232 patients were enrolled
in 22 German centres, including 19 adult nephrology centres, 2
paediatric nephrology centres and 1 adult haematology centre.
Demographic and clinical data according to differential diagno-
ses are shown in Table 1 (physician-made diagnoses split by age
group), Supplementary data, Table S1 (physician-made diagno-
ses, all patients) and Table 2 (post hoc classification, adult
patients). Overall, the mean age at enrolment was 53.3 years,
219/232 (94%) patients were adults and 125/232 (54%) were
female.

Renal impairment was the most common organ manifesta-
tion across all groups. Patients frequently presented with one or
more extrarenal organ involved. Gastrointestinal symptoms
were the most prevalent extrarenal complication in patients
with STEC-HUS (87%), patients with aHUS (51%) and patients
with ‘other’ diagnoses (48%). However, 35% of TTP patients also
developed gastrointestinal symptoms. Of interest, one paediat-
ric and one adult patient with confirmed STEC-HUS did not pre-
sent with gastrointestinal symptoms. Two of the four children
diagnosed with aHUS presented with infectious diarrhoea (non-
STEC), considered to be a triggering condition. Neurological
symptoms were not only the most common extrarenal
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complication for patients with TTP (58%), but were also com-
mon in aHUS (39%) and STEC-HUS (50%). Pulmonary symptoms
occurred less frequently than in other organ systems across
each TMA entity, affecting 32% of patients with aHUS, 13% of
patients with TTP and 7% of patients with STEC-HUS. Patients
with TTP had a lower platelet count (median platelet count 25.0
� 109/L) than patients with STEC-HUS (58.0 � 109/L) or aHUS
(97.0 � 109/L).

A total of 182 triggering conditions were reported by the
treating physicians in 104 (73%) patients diagnosed with aHUS

(Table 3). The most common triggering conditions reported
were solid tumours (22%), use of calcineurin inhibitors (21%),
prior solid-organ transplant (18%), airway infection (12%) and
BMT (8%).

Differential diagnosis

aHUS was the most commonly diagnosed TMA entity
(Supplementary data, Figure S1). The relative incidence of aHUS
was 61% overall (n¼ 142): 63% (n¼ 138) for adult patients and

Table 1. Demographic and clinical characteristics of adult (n¼219) and paediatric patients (n¼13) with TMA of different underlying causes

Characteristic Adult patients Paediatric patients

aHUS
(n¼ 138)

STEC-HUS
(n¼ 6) TTP (n¼ 31)

Other
(n¼ 44)

aHUS
(n¼ 4)

STEC-HUS
(n¼ 9)

Age at enrolment (years), mean (SD) 57.5 (18.7) 55.8 (22.4) 50.5 (16.7) 55.9 (20.6) 4.0 (2.0) 5.3 (5.8)
Gender (female), n (%) 80 (58) 4 (67) 21 (68) 15 (34) 0 (0) 5 (56)
Presenting organ manifestations, n (%)

Renal 128 (93) 6 (100) 22 (71) 41 (93) 4 (100) 9 (100)
Gastrointestinal 68 (49) 5 (83) 11 (35) 21 (48) 4 (100) 8 (89)
Neurological 54 (39) 3 (50) 18 (58) 11 (25) 1 (25) 2 (22)
Cardiovascular 50 (36) 3 (50) 7 (23) 4 (9) 0 (0) 0 (0)
Pulmonary 46 (33) 1 (17) 4 (13) 6 (14) 0 (0) 0 (0)
Other 46 (33) 2 (33) 10 (32) 19 (43) 0 (0) 0 (0)

Platelets (�109/L), median (IQR) 98.0a (47.0–123.0) 51.5 (34.8–99.0) 25.0 (10.5–55.0) 65.0 (28.3–83.5) 54.5 (17.8–95.3) 58.0 (40.0–88.0)
Haemoglobin reduced below LLN, n (%) 130 (94) 6 (100) 26 (84) 40 (91) 4 (100) 8 (89)
Serum creatinine (mg/dL), median (IQR) 2.1a (1.3–3.7) 3.1 (2.6–4.8) 1.1 (0.9–1.4) 2.5b (1.3–4.2) 1.5 (0.9–4.2) 5.0 (3.4–5.3)
Bilirubin (mg/dL), median (IQR) 1.0c (0.6–2.2) 1.4 (0.6–2.3) 2. 1d (1.9–2.8) 1.1e (0.7–2.2) – –

Data presented from an¼137.
bn¼ 43.
cn¼104.
dn¼21.
en¼32 adult patients. There were no cases of TTP or ‘other’ diagnoses in paediatric patients.

aHUS, atypical haemolytic uraemic syndrome; IQR, interquartile range; LLN, lower limit of normal; SD, standard deviation; STEC-HUS, Shiga toxin-producing

Escherichia coli HUS; TTP, thrombotic thrombocytopenic purpura.

Table 2. Demographic and clinical characteristics of adult (n¼219) patients with clinical suspicion of TMA: post hoc classification

Characteristic Primary aHUS
(n¼ 51)

Trigger-associated aHUS
(n¼ 98)

STEC-HUS
(n¼ 6)

TTP
(n¼ 31)

No TMA
(n¼ 33)

Age at enrolment (years), mean (SD) 57.9 (12.6) 56.3 (17.5) 55.8 (22.4) 50.5 (16.7) 58.3 (19.6)
Gender (female), n (%) 27 (53) 57 (58) 4 (67) 21 (68) 11 (33)
Presenting organ manifestations, n (%)

Renal 43 (84) 96 (98) 6 (100) 22 (71) 30 (100)
Gastrointestinal 30 (59) 43 (44) 5 (83) 11 (35) 16 (48)
Neurological 22 (43) 35 (36) 3 (50) 18 (58) 8 (24)
Cardiovascular 25 (49) 25 (26) 3 (50) 7 (23) 4 (12)
Pulmonary 21 (41) 25 (26) 1 (17) 4 (13) 6 (18)
Other 8 (16) 44 (45) 2 (33) 10 (32) 13 (39)

Platelets (�109/L), median (IQR) 108.0 (71.0–136.0) 74.0 (38.0–121.0) 51.5 (34.8–99.0) 25.0 (10.5–55.0) 66.0 (22.0–87.0)
Haemoglobin reduced below LLN, n (%) 49 (96) 92 (94) 6 (100) 26 (84) 29 (88)
Serum creatinine (mg/dL), median (IQR) 1.67 (1.3–3.7) 2.3 (1.7–3.7) 3.1 (2.6–4.8) 1.1 (0.9–1.4) 2.10a (0.9–4.2)
Bilirubin (mg/dL), median (IQR) 1.0b (0.6–4.3) 1.0c (0.7–5.6) 1.4 (0.6–2.3) 2.1d(1.9–2.8) 1.1e (0.7–2.2)

Data presented from an¼23.
bn¼ 35.
cn¼78.
dn¼21.
en¼23 adult patients.

aHUS, atypical haemolytic uraemic syndrome; IQR, interquartile range; LLN, lower limit of normal; SD, standard deviation; STEC-HUS, Shiga toxin-producing

Escherichia coli HUS; TTP, thrombotic thrombocytopenic purpura.
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31% (n¼ 4) for paediatric patients. STEC-HUS was infrequently
observed in adult patients [n¼ 6 (3%)] but accounted for 69%
(n¼ 9) of paediatric patients in this cohort. Paediatric patients
were only diagnosed with aHUS or STEC-HUS; there were no
TTP or ‘other’ diagnoses recorded for this group. TTP was diag-
nosed in 14% (n¼ 31) of adults. Overall, 20% (n¼ 44) of adult
patients were diagnosed as ‘other’ (Table 4). Septicaemia was
the most common single ‘other’ diagnosis (n¼ 11). Eight
patients were classified as ‘secondary TMA’ by the investigator,
of which solid tumour (n¼ 2), drugs (n¼ 2) and infection (n¼ 2)
were the most common causes.

The investigators diagnosed TTP only in patients with se-
vere deficiency in ADAMTS13 activity (�10%; Supplementary
data, Figure S2). These patients had a median ADAMTS13 ac-
tivity of 0.4% (IQR 0.3–1.1). Patients with STEC-HUS, aHUS and
‘other’ diagnoses had median ADAMTS13 activity levels
>65%. A total of 25 (18%) patients with aHUS, 1 (7%) patient
with STEC-HUS and 13 (30%) patients with an ‘other’ diagno-
sis had ADAMTS13 activity levels below the lower reference
range boundary of 50%, but in each of these cases,
ADAMTS13 activity was >10%.

Post hoc analysis

Results from the post hoc analysis, conducted in adult patients
with TMA, are shown in Figure 1 and Supplementary data,
Figure S3. Primary aHUS was the most common single diagno-
sis, with 27% of patients presenting with a TMA categorized

to this group, followed by TTP (17%). Trigger-associated aHUS
accounted for 53% of all diagnoses. Of these, post-transplant
aHUS and solid tumour aHUS were the most common, with
12 and 11% of patients, respectively, categorized to these
groups.

Prediction of TTP from routine laboratory parameters

All available variables were analysed for correlation with TTP
diagnosis. Platelet count and serum creatinine concentration
both significantly correlated with TTP diagnosis (P< 0.01) and
were selected for the prediction algorithm. Using the Youden
Index as a reference, threshold values were identified
(platelet count 30 � 109/L, serum creatinine 1.8 mg/dL; Table 5).
Using these values, a multivariate analysis (Table 6 and
Supplementary data, Table S2) revealed that if platelet and se-
rum creatinine levels were above threshold values, severe defi-
ciency in ADAMTS13 activity (�10%) was almost certainly not
the cause of the TMA, with a negative predictive value of 98.1
and 92.3 for one or both values above threshold, respectively. Of
note, the maximum platelet count recorded in TTP was 55 �
109/L.

DISCUSSION

TMA is a rare medical condition with various causes. However,
the relative incidence of TTP, STEC-HUS and aHUS remains
unclear. This is the first study to prospectively evaluate the rela-
tive frequency of TTP, STEC-HUS and aHUS in Germany. We
found that aHUS was the most common physician-made diag-
nosis in patients presenting with clinically suspected TMA de-
fined by platelet consumption, MAHA and organ dysfunction,
accounting for 61% of cases. In children, STEC-HUS was more

Table 3. Triggering conditions identified among 142 patients diag-
nosed with aHUS (according to physician’s assessment)

Triggering condition n (%)

Solid tumour 31 (22)
Calcineurin inhibitors 30 (21)
Solid-organ transplant 25 (18)
Airway infections 17 (12)
Bone marrow transplantation 12 (8)
Infection, other 10 (7)
Malignant arterial hypertension 7 (5)
Pregnancy 7 (5)
Gemcitabine, mitomycin 7 (5)
Organ rejection 4 (3)
Vasculitides 4 (3)
IgA nephropathy 3 (2)
Infectious diarrhoea (other than STEC) 3 (2)
Systemic lupus erythematosus 3 (2)
Vaccination 3 (2)
C3 glomerulopathy 2 (1)
Hepatitis C or D 2 (1)
Inflammatory bowel disease 2 (1)
mTOR inhibitors 2 (1)
VEGF inhibitors 2 (1)
Radiotherapy 2 (1)
Interferon 1 (1)
Oral contraceptives 1 (1)
Varicella-zoster virus 1 (1)
BK virus 1 (1)
HIV 1 (1)
No triggering condition recorded 38 (27)

Patients may present with one or more triggering condition.

HIV, human immunodeficiency virus; IgA, immunoglobulin A; mTOR, mecha-

nistic target of rapamycin; VEGF, vascular endothelial growth factor.

Table 4. All ‘other’ investigator-made diagnoses (N¼44)

Other diagnoses n (%)

Septicaemia/infection 11 (25)
Secondary TMA 8 (18)

Drugs 2 (5)
Infection 2 (5)
Solid tumour 2 (5)
Malignant arterial hypertension 1 (2)
Other 1 (2)

Haematological disease/bone marrow failure 4 (9)
Liver failure 4 (9)
Unclear TMA 3 (7)
Haemolysis resulting from a mechanical valve 2 (5)
Idiopathic thrombocytopenic purpura 2 (5)
Renal disease 2 (5)
Allergy to dialysis filter 1 (2)
Autoimmune haemolytic anaemia 1 (2)
Haemolysis, elevated liver enzymes, low platelet

count
1 (2)

Intermittent leucopenia, anaemia and
thrombocytopenia

1 (2)

Malignant nephrosclerosis with Coombs-negative
haemolytic anaemia and schistocytes

1 (2)

Thromboembolic disease (secondary to dilated ca-
rotid sinus)

1 (2)

Unclear haemolysis and thrombocytopenia 1 (2)
Unclear pain syndrome 1 (2)

Patients in this table were classified by the investigator as ‘other’. Diagnosis was

entered as free text.
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common than aHUS, accounting for 69% of TMA cases, which is
less frequent than in previous works, which report an 81–89%
relative incidence of STEC-HUS within paediatric HUS diagnoses
[24–26]. None of the children in our study were diagnosed with
TTP, but this should be interpreted with caution due to the
small cohort (n¼ 13).

Previous studies used the presence of diarrhoea as the dis-
criminating factor between aHUS and STEC-HUS [24, 26].
However, it has become clear that diarrhoea is not unique to
STEC-HUS, as 30–40% of aHUS patients also present with gastro-
intestinal symptoms [27–29]. Misclassification of aHUS patients
as STEC-HUS due to the presence of diarrhoea could have previ-
ously led to an overestimation of STEC-HUS. A recent Japanese
study of 258 paediatric patients with TMA, which did not rely on
the presence of diarrhoea for a diagnosis, found a relative inci-
dence of STEC-HUS of 64%, remarkably close to our result [30].
In our small paediatric sample, 100% of patients with aHUS and
89% of patients with STEC-HUS suffered gastrointestinal symp-
toms, highlighting the limitations of symptomatology in differ-
ential diagnosis. Furthermore, there are strong regional
differences in STEC-HUS incidence [2]. Our paediatric patients
all came from two large city-based university hospitals in north-
ern Germany with catchment areas including large rural areas
with cattle agriculture. Conversely, the low relative incidence of
STEC-HUS of 3% in adult patients in our study was expected
given that, excluding outbreaks, STEC-HUS is rare in adults [2].

In this study we found a strong overlap in the clinical pre-
sentation of patients with renal, neurological and gastrointesti-
nal symptoms presenting at a high frequency in each of the
three TMA entities. Thus clinical signs and symptoms of TMA
are not sufficient in isolation to diagnose underlying disease.
This reinforces the importance of additional tests such as STEC
PCR and ADAMTS13 activity assays for correct diagnosis.

Classification of aHUS is currently a matter of debate and is
continually evolving. Of note, during the course of this study,
from inception (2013), recruitment (2014–17), analysis (2017) and
even writing of this article (2018), various suggestions for termi-
nology were made by different authors [1, 2, 13, 31, 32]. Over the
course of the past 5 years or so there has been increasing con-
sensus that, in the majority of patients, a combination of endog-
enous predisposition (genetic mutation, complement factor H
autoantibodies, risk polymorphisms or other unknown or
unidentified factors) and a triggering condition (e.g. autoim-
mune disease, transplant, pregnancy, infections, drugs, trauma,
vaccinations and MHT) is required [15, 16, 31, 32]. Mutations in
complement regulatory genes have been found in patients with
MHT [33], pregnancy-related TMA [34], systemic lupus erythe-
matosus [35], STEC-HUS [36] and kidney transplant–associated
TMA [37]. Variants in complement regulatory genes were found
in patients with BMT-associated TMA [38]. Conversely, only 60–
70% of patients with aHUS have identified complement abnor-
malities [14, 15]. Recently it has been suggested that there is a
continuum between ‘complement-mediated’ and ‘secondary’
aHUS [32].

During this study we did not predefine diagnostic criteria
but left the diagnosis to the investigators’ clinical judgement af-
ter assessment of STEC and ADAMTS13-activity and consider-
ation of clinical presentation, including evaluation of possible
secondary causes. It is possible that based on the clinical pre-
sentation of patients, some physicians might have differing
opinions on diagnosis; for example, some physicians may diag-
nose a patient presenting with MHT as ‘secondary TMA’,

FIGURE 1: Post hoc analysis of adult patients presenting with TMA according to the KDIGO classification [13]. Note that groups for MHT, renal disease and unspecified

TMA have been added to this classification.

Table 5. Calculation of threshold platelet and serum creatinine val-
ues using the Youden Index

Parameter AUROC Youden Index Threshold

Platelet count (� 109/L) 0.83 34.5 30.0
Serum creatinine (mg/dL) 0.79 1.82 1.8

AUROC, area under the receiver operator characteristic curve.
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whereas others may classify the same patient as ‘aHUS with a
triggering condition’.

After completion of data collection for our study, the KDIGO
published the results from a controversies conference on aHUS
in which they suggest a classification of TMAs based on disease
triggers [13]. We adopted this classification in adults with
physician-made diagnoses of aHUS and ‘other’ as a post hoc
analysis for further objectivity and limitation of bias. Primary
aHUS was the most common single diagnosis in this analysis,
affecting 27% (n¼ 51) of patients considered to have a TMA
(n¼ 186), followed by TTP [17% (n¼ 31)]. The majority of patients
(53%) fell into the category of aHUS presenting with a triggering
condition, the most common of which was post-transplant
aHUS [11% (n¼ 23)]. The post hoc analysis sheds further light on
how patients could have been diagnosed and classified based
on presentation, and we would consider this classification more
appropriate than the pre-KDIGO classification system used as
our primary endpoint.

As noted in the KDIGO Controversies Conference on aHUS,
‘additional work is required to define the impact of complement
risk factors in these subgroups’ [13]. When there is a robust con-
sensus, further studies are warranted to clearly define the rela-
tive incidence of the various subtypes of TMAs. Until then this
study reflects current clinical practice in Germany.

TTP is a syndrome of a severe deficiency in ADAMTS13 activ-
ity, with a level of <5–10% firmly establishing the diagnosis [1,
3, 13]. However, as the assay has a considerable turnaround
time, previous studies have reported methods of using labora-
tory and clinical characteristics to predict a diagnosis of TTP [39,
40]. We confirmed that a platelet count �30 � 109/L and a serum
creatinine �1.8 mg/dL correlate with the diagnosis of TTP in
adults, in agreement with others [39, 40]. If both criteria are ful-
filled, then the specificity for TTP is >90%. However, due to its
rarity, the positive predictive value is still only 50%, limiting the
utility to confirm TTP based on these criteria. Conversely, if one
or both of these criteria are not fulfilled, severe deficiency in
ADAMTS13 activity (<5–10%) is highly unlikely, with a negative
predictive value of 92 and 98%, respectively. In any case, confir-
mation of diagnosis through ADAMTS13 testing is warranted.

Our study has several limitations. Paediatric patients were
underrepresented (n¼ 13), limiting conclusions that can be
drawn from this group. A Japanese study found a relative inci-
dence of 6% for TTP [30], indicating that our sample may have
been too small to expect any cases of paediatric TTP. Also, the
underrepresentation of paediatric centres in our study could
have led to underestimation of STEC-HUS. As the hallmark fea-
tures of TMA—platelet consumption, MAHA and organ dysfunc-
tion—were inclusion criteria for this study, patients with

incomplete presentations of TMA, such as aHUS with mild hae-
matological changes [41], could have been overlooked. Finally,
as 21/22 recruiting centres were nephrology departments, some
degree of selection bias could have occurred. A higher propor-
tion of haematology centres may have resulted in a higher pro-
portion of diagnosed TTP cases. The influence of this imbalance
is unknown. However, in contrast to other countries, in
Germany most nephrology departments and some haematology
departments offer plasmapheresis and thus manage TTP
patients. Similarly, inclusion of obstetrics centres may have in-
creased the number of patients with pregnancy-associated
aHUS.

While this study was not designed to assess the absolute in-
cidence of TMAs in relation to the general population, we spe-
cifically evaluated the relative incidence of TTP, STEC-HUS and
aHUS within the context of patients presenting with TMA and
present a post hoc classification of patients based on the KDIGO
classification [13]. The relative incidence is relevant for treating
physicians as it informs them of the pretest probability of the
respective clinical entities when managing a patient. The post
hoc classification system further shows how patients could po-
tentially be classified, based on presentation, and may provide
further information on how patients with aHUS are likely to
present, that is, the majority present with concomitant trigger-
ing conditions, which could be useful in clinical practice.

We found that primary aHUS was the most common single
diagnosis, most patients presented with renal impairment, clin-
ical signs and symptoms are not useful in determining the un-
derlying cause of TMA, triggering conditions are common in
patients with aHUS and platelet count and serum creatinine
profiles can aid in ruling out TTP.
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