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Abstract
Background Atypical hemolytic uremic syndrome (aHUS) is a chronic disease characterized by thrombotic microangiopathy and
a high risk of end-stage kidney disease. Dysregulation and/or excessive activation of the complement system results in throm-
botic microangiopathy. Interest in extrarenal manifestations of aHUS is increasing. This study aimed to determine the clinical
characteristics of patients with extrarenal manifestations of aHUS in childhood.
Methods This study included 70 children with extrarenal manifestations of HUS from the national Turkish aHUS Registry. The
demographics, clinical characteristics, genetic test results, all treatments, and renal/hematologic status of aHUS patients with
extrarenal involvement were recorded.
Results The most common extrarenal manifestation was neurological system involvement (n = 46 [27.2%]), followed by gas-
trointestinal (n = 20 [11.8%]), cardiovascular (n = 12 [7%]), and respiratory (n = 12 [7%]) involvement. The patients with neu-
rological involvement had a higher mortality rate and a lower estimated glomerular filtration rate (eGFR) than the other patients at
last follow-up. Eculizumab (with or without plasma exchange/plasma infusion) treatment increased the renal and hematologic
recovery rates.
Conclusions The most common and serious extrarenal manifestation of aHUS is neurological involvement and treatment out-
come findings presented herein are important to all relevant clinicians.

Keywords Atypical hemolytic uremic syndrome . Children . Neurological involvement . Extrarenal involvement . Eculizumab

Abbreviations
aHUS Atypical hemolytic uremic syndrome
TMA Thrombotic microangiopathy
DGKE Diacylglycerol kinase-ε
THBD Thrombomodulin
CNS Central nervous system
PRES Posterior reversible encephalopathy syndrome

Introduction

Hemolytic uremic syndrome (HUS) is characterized by the
presence of hemolytic anemia, thrombocytopenia, and acute
renal failure [1]. It is part of the thrombotic microangiopathy
(TMA) spectrum and histologically characterized by thick-
ened arterioles and capillaries, endothelial swelling and de-
tachment, thrombosis, and obstruction of the vessel lumina
[2]. Atypical HUS (aHUS) is characterized by a relapsing
course, a high risk of permanent renal damage, and comple-
ment pathway dysregulation [3]. Mutations in the genes
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encoding complement regulatory proteins (i.e., CFH, CFI,
and MCP (CD46), or CFH-CFHR genomic rearrangements),
and components of the alternative pathway C3 convertase
(i.e., C3 and CFB) or anti-complement factor H autoanti-
bodies occur in 60–70% of patients with aHUS. In addition,
recent studies identified mutations in the diacylglycerol
kinase-ε (DGKE) thrombomodulin (THBD, CD141) genes,
and in plasminogen in patients with thrombotic microangiop-
athies (TMAs), including aHUS [4–7].

Although aHUS primarily targets the kidneys, the central
nervous system (CNS), cardiovascular system, lungs, skin,
retinal vasculature, gastrointestinal, and further organ systems
may be involved [8]. The frequency of extrarenal manifesta-
tions in properly defined aHUS patients (i.e., excluding HUS
secondary to specific infections/conditions) is documented in
a very limited number of series. Approximately extrarenal
manifestations occur in ≤ 50% of aHUS patients [8–10].
Such complicationsmay not only occur during the acute phase
of aHUS, but also can occur after years due to a defective
regulation of the complement system [8]. Early diagnosis
and treatment may have effects on preventing complications
and improving the prognosis. The Turkish aHUSRegistry was
established to collect data on aHUS patients from 26 pediatric
nephrology centers in Turkey [11]. The present study aimed to
determine the frequency of extrarenal manifestations and the
clinical and genetic characteristics, as well as treatment out-
comes, among national aHUS registry patients.

Material and methods

The clinical features of aHUS patients were recorded via a
Web-based, national registry system, known as the Turkish
aHUS Registry, which was established in 2013 (www.
ahusnet.org). Diagnosis of aHUS was based on Coombs-
negative hemolytic anemia, thrombocytopenia, and acute re-
nal injury. Individuals with evidence of Shiga toxin-producing
bacterial infection or with reduced ADAMTS13 activity (i.e.,
≤ 5%) were excluded from the registry. Also, patients with co-
existing diseases or drug-related HUS were excluded. A pedi-
atric nephrology specialist at each participating center
uploaded their patients’ data to the aHUS Registry. All pa-
tients in the registry were evaluated annually by a joint com-
mittee composed of pediatric nephrology experts. Patients
considered not to have aHUS by the joint committee were
removed from the registry. The objectives of the aHUS
Registry are as follows: (1) to assess the clinical and genetic
characteristics, treatment modalities, associated extrarenal
findings, and treatment outcomes in aHUS patients at initial
hospital admission; (2) to evaluate long-term prognosis ac-
cording to disease management strategies. Follow-up data,
including hematologic and renal parameters, current therapies,
and relapses are entered into the registry every 3 months.

The present study includes pediatric aHUS patients with
extrarenal involvements that are in the aHUS registry.
Neurologic, gastrointestinal, cardiovascular, and respiratory
involvements were recorded in detail. Cranial magnetic reso-
nance imaging (MRI) findings were collected from all partic-
ipating centers. We differentiated neurologic findings second-
ary to TMA or PRES according to MRI findings. MRI find-
ings as vasogenic edema, parenchymal infarctions, and hem-
orrhages in parietal and occipital regions were defined as sec-
ondary to PRES. MRI findings in basal ganglia, thalamus,
brain stem, and cerebellum were defined as secondary to
TMA [12]. Cardiac findings as left ventricular hypertrophy
was suggested to be related to hypertension and intracardiac
thrombosis was suggested to be related to TMA. Ischemic
hepatitis is defined as an acute reversible elevation in either
the serum alanine or aspartate aminotransferase level of at
least 20 times the upper limit of normal, excluding known
causes of acute hepatitis or hepatocellular injury.
Multisystem involvement is defined as involvement of more
than one extrarenal system.

Anemia is defined as hemoglobin < 10 g/dL with signs of
red cell fragmentation. Thrombocytopenia is defined as plate-
let levels less than ≤ 150 × 103/mm3. Hematologic remission
is defined as platelet count ≥ 150 × 103/mm3 and lactate dehy-
drogenase levels ≤ upper limits of normal for ≥ 2 consecutive
measurements taken ≥ 4 weeks apart, and cessation of hemo-
lysis. Acute kidney injury is defined as proteinuria, hematuria,
and/or creatinine above the age-dependent normal range.

ADAMTS13 values are detected by the ADAMTS-13
Activity Kit (Technozym™). Shiga toxin-producing E. coli
(STEC) was investigated in a nationalized centralized refer-
ence laboratory, and STEC-positive patients were excluded.
Hypocomplementemia is defined as complement C3 and C4
levels below the lower limit of the normal range of each
center.

Genetic analysis

Genetic testing was not a prerequisite for patient registration;
however, if genetic data was available, their registration was
also requested. Mutation analysis of the coding regions of the
CFH, CFI, MCP, CFB, C3, DGKE, and CHFR5 genes was
performed via Sanger sequencing in 44 patients (24%) at the
Hacettepe University Nephrogenetics Laboratory, Ankara.
Thirty-one patients with extrarenal involvement (44.2%) had
genetic test results. CFHR1-3 deletion in patients with anti-
CFH autoantibodies was evaluated using multiplex ligation-
dependent probe amplification (MLPA) analysis. Screening
for anticomplement factor H autoantibody was performed
using the CFH IgG ELISA Kit (Abnova), according to the
manufacturer’s instructions; the kit has a detection limit of
0.6 AU/mL.
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Statistical analysis

Descriptive statistical analysis was used to evaluate demo-
graphic and clinical data. The mean, median, standard devia-
tion, and IQR (interquartile range) were calculated for numer-
ic variables. Frequency tables were used to describe categor-
ical data. Comparison between groups was performed using
Mann-Whitney U test. Categorical data were evaluated using
the chi-square test. Kruskal-Wallis test was used for compar-
ison of nonnormally distributed data. All data was analyzed
using IBM SPSS Statistics for Windows v.21 (IBM Corp.,
Armonk, NY). p value < 0.5 was accepted as statistically
significant.

Results

The study included 70 aHUS patients (24 male and 46 female)
with extrarenal manifestations out of 169 aHUS patients from
26 pediatric nephrology centers across Turkey. Demographic
and clinical characteristics of the patients are given in Table 1.
Median age at the time of aHUS diagnosis was 3.7 years
(range 2 months–17 years). Median duration of follow-up
was 2.4 years (3 months–8.7 years).

All of the extrarenal symptoms were present at the initial
presentation. The most common type of extrarenal involve-
ment of aHUS was neurological system involvement (n = 46
[27.2%]) followed by gastrointestinal (n = 20 [11.8%]), car-
diovascular (n = 12 [7%]), and respiratory (n = 12 [7%]) in-
volvement. One patient had a gangrenous fingertip lesion and
the finger was amputated. Fifty percent of cases with CNS
involvement and 65% of cases with cardiovascular involve-
ment had hypertension. Among the 46 patients with CNS
involvement, 11 also had other extrarenal system
involvement.

The most common neurological system manifestation was
seizure (n = 35). The cranial MRI, which was performed in 34
of these patients, showed that 18 had abnormal MRI findings.
These included increased signal intensity and/or limited diffu-
sion (n = 10), signal changes secondary to hypertension (n =
5), increased intensity and hypoxic changes (n = 1), and focal
changes (n = 2). MRI findings secondary to PRES were pres-
ent in five children. Vasogenic edema, parenchymal infarc-
tions, and hemorrhages in parietal and occipital regions in
MRI were defined as secondary to PRES. MRI findings sec-
ondary to TMA was present in 13 children. Pathologic find-
ings inMRI as bilateral and symmetrical hyper intensity of the
basal ganglia, cerebral peduncles, caudate nuclei, putamen,
thalami, hippocampi, insulae, brainstem, and deep white mat-
ter lesions were defined as secondary to TMA [8, 12].

Respiratory findings were respiratory failure, acute respira-
tory distress syndrome (ARDS), pulmonary edema, and infil-
tration in lung parenchyma. All respiratory involvements were

presented before plasma treatment. Thus, we excluded trans-
fusion related acute lung injury.

Among the patients with CNS involvement, 4 (2.17%) died
during the acute phase. The causes of death in children with
CNS involvement were respiratory failure (n = 1), severe sep-
sis (n = 2), and cardiac failure (n = 1).

The clinical and laboratory findings in the patients with
extrarenal involvement of aHUS (neurological, respiratory,
gastrointestinal, and cardiac involvement) are summarized in
Table 2. Among all patients, 19/169 (11.2%) had multisystem
involvement. One patient with neurological-respiratory in-
volvement and one patient with gastrointestinal-cardiac-
neurological involvement died during the acute stage of
disease.

In patients with extrarenal involvement; 62% received re-
nal replacement therapy and 78% received eculizumab treat-
ment. The percentages of patients treated with plasma and
eculizumab, only plasma and only eculizumab were 52
(74%), 9 (12%), and 3(4%), respectively. Plasma and/or
eculizumab treatments were given due to severe extrarenal
manifestations. We compared the laboratory and clinical find-
ings of children with and without eculizumab (±

Table 1 Demographics, clinical, and laboratory characteristics of the
study population

n = 70 (%)

Females, n (%) 46 (65)

Males, n (%) 24 (35)

Age at diagnosis (years)

Median (IQR) 3.6 (1.3–5.9)

Age at the time of diagnosis, n (%)

< 2 years 24 (34)

2 to < 5 years 19 (27)

5 to < 12 years 25 (35)

> 12 2 (2)

Duration of follow-up (years)

Median (IQR) 1.9 (1.2–3.8)

Consanguinity, n (%) 21 (30)

Family history of aHUS, n (%) 3 (4.3)

Anuria at admission, n (%) 22 (31.4)

Duration of anuria (days)

Mean ± SD 8.36 ± 4.6

Median (IQR) 10 (4.5–13)

Oliguria at admission, n (%) 31 (44)

Duration of oliguria (days)

Mean ± SD 13.6 ± 27

Median (IQR) 3 (1.2–9.2)

eGFR < 90 mL/min/1.73 m2 at admission, n (%) 69 (98.5)

Hypocomplementemia, n (%) 36 (51.4)

aHUS atypical hemolytic uremic syndrome, eGFR estimated glomerular
filtration rate
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plasmapheresis/plasma infusion). The initial platelet, lactate
dehydrogenase (LDH), and glomerular filtration rates
(eGFRs) were similar in both groups. The hematologic remis-
sion rate in the acute phase was 79.6% in the eculizumab (+)
patients, versus 73.3% in the eculizumab (−) patients (p =
0.418). At discharge 5.6% of eculizumab (+) patients and
13.3% of eculizumab (−) patients were on renal replacement
treatment (RRT) (p = 0.297). We also analyzed the effect of
eculizumab on hematologic and renal remission in children
with neurologic involvement. The hematologic remission rate

in the acute phase was 93.1% in the eculizumab (+) patients,
versus 63.6% in the eculizumab (−) patients (p = 0.054). At
discharge 0% of eculizumab (+) patients and 18.2% of
eculizumab (−) patients were on renal replacement treatment
(RRT) (p = 0.043).

Genetic analysis was performed in 31 aHUS patients with
extrarenal involvement and a mutation was detected in 11
(35%); CFH mutation (n = 4), DGKE mutation (n = 3), C3
mutation (n = 2), CFI mutation (n = 1), and CFB mutation
(n = 1). None of the patients tested had the MCP mutation.

Table 2 Patient clinical features
according to specific organ
involvement

System Clinical features Turkish aHUS
Registry, n (%)

European aHUS
registry, n (%)

Number 169 71

Central nervous
system (n = 46)

Seizure 35 (20.7%) 8 (11.3%)

Loss of vision 4 (2.3%)

Hemiparesis 2 (1.1%)

Unconsciousness 2 (1.1%) 6 (8.5%)

Headache 1 (0.6%)

Hallucination 1 (0.6%)

Encephalopathy 1 (0.6%)

Stroke 0 (0%) 1 (1.4%)

Irrıtability 0 (0%) 1 (1.4%)

Gastrointestinal
system (n = 20)

Hemorrhage 5 (3%) 1 (1.4%)

Epigastric pain 4 (2.3%)

Pancreatitis 3 (1.7%) 6 (8.5%)

Elevated transaminases 2 (1.1%) 6 (8.5%)

Vomiting 2 (1.1%)

Invagination 1 (0.5%)

Ischemic hepatitis 1 (0.5%)

Cholelithiasis 1 (0.5%) 2 (2.8%)

Abdominal pain/significant
feeding difficulties

0 (0%) 5 (7%)

Intestinal perforation 0 (0%) 2 (2.8%)

Respiratory System
(n = 12)

Respiratory failure 4 (2.3%) 15 (21%)

ARDS 3 (1.7%)

Pulmonary edema 3 (1.7%)

Infiltration in lung parenchyma 1 (0.5%)

Pleural effusion 1 (0.5%)

Cardiovascular
System (n = 12)

Dilated cardiomyopathy 3 (1.7%) 3 (4.2%)
Hypertrophic cardiomyopathy 2 (1.1%)

Intracardiac thrombus 1 (0.5%)

Elevated CK-MB 1 (0.5%)

Aortic valve insufficiency 1 (0.5%)

Left ventricular hypertrophy 1 (0.5%)

Tachycardia 1 (0.5%)

Gangrenous fingertap lesions 1 (0.5%)

Mitral and tricuspid valve
insufficiency, papillary ischemia

1 (0.5%)

Pericardial effusion 0 (0%) 1 (1.4%)

aHUS atypical hemolytic uremic syndrome, ARDS acute respiratory distress syndrome
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Case number 107 carries a heterozygote mutation of DGKE
with unknown significance. Among patients with CNS in-
volvement that underwent genetic analysis (37%), 3 had
CFH mutation, 2 had DGKE mutation, and 1 had CFI muta-
tion. Clinical and laboratory findings in the patients with CNS
involvement, those with CNS and other extrarenal system
involvement, and those with isolated extrarenal involvement
were compared (Table 3). The hemoglobin, platelet, and LDH
levels, and the hypocomplementemia ratio were similar in
these three groups, but the eGFR was lower in the patients
with CNS involvement than in those with isolated other
extrarenal involvement. Genetic variants of the patients with
extrarenal findings are given in Table 4.

DGKE mutation was present in three children. First case
was 4.5-year-old boy and he received plasma infusion and
eculizumab. Despite intensive treatment he had progressed
to end-stage kidney disease and anti-complement treatments
were stopped. At the end of 3 years, he had en bloc cadaveric
kidney transplantation. Second case was 1.5-year-old boy and
he experienced two TMA attacks. He received eculizumab
treatment for 1 year, and after, the diagnosis of DGKE muta-
tion eculizumab was stopped. On the last visit, he had normal
creatinine values (0.5 mg/dL) and nonnephrotic proteinuria.
Third patient was 11-month-old boy and he experienced two
TMA attacks. He was treated with plasmapheresis and
eculizumab in first and second attacks, respectively. Despite
treatment he died due to gastrointestinal and pulmonary hem-
orrhage and cardiac failure.

Discussion

The extrarenal involvement of aHUS causes significant mor-
tality and morbidity. The literature includes many reports on
renal outcomes in patients with aHUS, but only limited data
on extrarenal involvement in pediatric aHUS patients is avail-
able [10, 17, 18]. The initial results of national aHUS registry
have been reported recently [11]. The present study collected

data on extrarenal manifestations of aHUS patients from this
registry.

Central nervous system involvement is the most common
extrarenal manifestation of aHUS. It is estimated that 10–48%
of patients with aHUS have neurological involvement [9, 19,
20]. Johnson et al. [9] performed an audit analysis of the
European Paediatric Study Group for Hemolytic Uraemic
Syndrome in 2013. They evaluated 72 children with aHUS
and reported that 19.7% had neurological involvement, of
which 11.3% had seizures and 8.7% had an altered level of
consciousness (Table 2). In the present study, 28% (n = 46) of
the aHUS patients had neurological involvement; the most
common clinical presentation was seizure. The other symp-
toms were headache, unconsciousness, encephalopathy, corti-
cal blindness, and hemiparesis. The pathogenesis of these
symptoms is thought to be associated with multifocal TMA,
metabolic consequences of renal failure (uremia, electrolyte
imbalance), and/or elevated blood pressure. As clinical symp-
toms and MRI findings are similar, inclusion of PRES (poste-
rior reversible encephalopathy syndrome) in the differential
diagnosis of TMA is important [8, 12, 21]. PRES-related le-
sions are caused by vasogenic edema and characterized with
posterior white matter hyperintensity. TMA related lesions
occur with unknown mechanism and characterized with bilat-
eral and symmetrical thalami, brainstem, and deep white mat-
ter involvement. But TMA and PRES may be interrelated in
aHUS and increased vascular permeability in TMA can exac-
erbate edema [12, 19]. In the present study, cranial MRI re-
vealed pathologic findings in 50% of the patients and in 13 of
the patients with abnormal MRI; these findings were second-
ary to TMA (Fig. 1).

It is well known that eculizumab treatment is effective in
aHUS patients, including those with neurological involve-
ment and patients respond very well to early initiation of
eculizumab treatment [19, 22–24]. In the present study,
eculizumab treatment was used in 78% of the patients. The
present findings show that aHUS patients with neurological
involvement that were treated with eculizumab (with or with-
out plasmapheresis/plasma infusion) had a higher rate of renal

Table 3 Laboratory and clinical findings according to extrarenal system involvement of aHUS

CNS (n = 46), min–max CNS (+) other extrarenal
system (n = 11), min–max

CNS (−) other extrarenal
system (n = 23), min–max

p value
(Kruskal-Wallis)

Hb 8.3 (4.3–10.6) 7.6 (6.6–9.4) 7.9 (6.9–8.6) 0.65

Plt 85,195 (22,000–99,500) 63,000 (38,250–104,750) 63,000 (34,000–109,000) 0.77

LDH 1794 (1269–2781) 2648 (2539–3090) 1645 (1102–2609) 0.21

eGFR 15 (10–22) 16 (12–23) 27 (15–46) 0.03

Hypocomplementemia (n) 16 2 8 0.32

Mortality, n (%) 4 (8.6%) 0 1 (4.3%) –

aHUS atypical hemolytic uremic syndrome, eGFR estimated glomerular filtration rate, LDH lactate dehydrogenase, CNS central nervous system Hb
hemoglobin, Plt platelet
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and hematologic recovery than those that did not receive
eculizumab (with or without plasmapheresis/plasma infusion).

Previous studies reported that CFH, CHI, C3, CFB muta-
tions, and anti-CFH antibody were associated with neurolog-
ical involvement [4, 25]. In our study, we detected CFH (n =
4), CFI (n = 1), and DGKE (n = 2) mutations among aHUS
patients with neurological involvement. Comparison of clini-
cal and laboratory findings between the present study’s aHUS
patients with CNS involvement, CNS and other extrarenal
system involvement, and those with isolated other extrarenal
involvement showed that only the eGFR was lower in those
with CNS involvement (Table 3). Moreover, the mortality rate
was higher in the patients with CNS involvement (n = 4
[8.6%]) than in those with CNS and other extrarenal system
involvement (n = 0 [0%]) and those with isolated extrarenal
system involvement (n = 1 [4.3%]).

Gastrointestinal involvement is another extrarenal manifesta-
tion of aHUS. Pancreatic involvement is reported frequently and
is suggested to contribute to abdominal pain, which is a common
symptom of aHUS [8, 9, 25]. Intestinal bleeding and ischemic
colitis were reported in cases of life-threatening multivisceral

failure due to diffuse TMA [8]. The European Pediatric Study
Group for HUS [9] reported that 8.5% of aHUS patients had
gastrointestinal system involvement. The present findings show
that the prevalence of gastrointestinal system involvement was
12% in patients in the national aHUS registry. Furthermore,
three patients in the present study had pancreatitis and five had
gastrointestinal bleeding. Genetic analysis in two of these chil-
dren showed CFB and C3 mutations.

Cardiovascular complications were reported in 3–10% of
aHUS patients and included cardiomyopathy, myocardial in-
farction, myocarditis, and heart failure, as well as steno-
occlusive coronary lesions [26, 27]. Differentiation between
TMA-associated defects and secondary phenomena due to
volume overload or arterial hypertension is essential, but not
always possible. The European Pediatric Study Group for
HUS [9] reported that 4.2% of cases had cardiomyopathy. In
the present study, cardiovascular involvement was noted in
7% of the aHUS patients, of which five had cardiomyopathy.

Data on pulmonary manifestations of aHUS is limited. The
European Pediatric Study Group for HUS [9] reported that
21% of patients with aHUS required mechanical ventilation

Table 4 Genetic variants of the patients with extrarenal findings (variations and predicted amino acid changes were named according to the guidelines
of the Human Genome Variation Society, using Mutalyzer software (http://mutalyzer.nl))

Patient’s ID Mutated gene Mutation Extrarenal involvement Reference

8 CFH Exon 9: c.1204C>T (p.Tyr402His) (Hom) Gastrointestinal system [13]

33 CFI Exon 4: c.608C>T (p.Thr203Ile)(Het) Central nervous system [14]

CFB Exon13: c.1697A>C (p.Glu566Ala)(Het) [15]

38 C3 Exon 5: c. 537_539del (p.Leu180del) (Het) Gastrointestinal system [11]

47 C3 Exon 1: c. 1-5delG (Het) 5‘UTR variation Central nervous system This study

62 CFH Exon 14: c. 2127_2129del (p.Tyr711del) (Het) Central nervous system [11]

69 DGKE Exon 5: c. 1009C>T (p.Arg337Stop)(Hom) Central nervous system in dbSNP (rs762576212)

70 DGKE Exon 1:c.263_264insGGGCGCCA
(p.Asp88Glufs*84) (Het)

Exon 1: c.76del (p.Thr26Argfs*143)(Het)
Mutation taster: Disease causing (1)
PolyPhen: N/A
SIFT: N/A

Central nervous system [11]
This study

76 C3 Exon 24: c.3125G>T (p.Arg1042Leu)(Het) Central nervous system,
gastrointestinal system,
cardiovascular system

[16]

88 CFH Exon 22: c.3644G>A (p.Arg1215Gln)(Het) Central nervous system [13]

CFB Exon 8: c.1135C>T (p.Arg379Cys) (Het) [11]

107 DGKE Exon 4: c.791G>C (p.C264S) (Het) Pulmonary involvement This study

Mutation taster: Disease causing; P

PolyPhen2: Possibly damaging (score: 0.888)

c.888 + 70dupAT (Het) (variant of unknown significance) This study

119 CFB Exon 13: c.1697A>C (p.Glu566Ala) (Het) Cardiovascular system [15]

157 CFH Exon 18: c.2808 G>T (p.Glu936Asp) (Hom) Central nervous system [13]

Transcript numbers are the following: CFH, NM_000186.3; CFI, NM_000204.3; CFB, NM_001710; C3, NM_000064; DGKE, NM_003647. The
references were reports that the same mutations were previously reported in that literature

Het heterozygous, Hom homozygous, N/A not available
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and 1.4% had pulmonary effusion. Severe pulmonary involve-
ment, such as pulmonary hemorrhage and hypertension, is
only anecdotally reported in the literature and is primarily
observed in patients with severe and fulminant complement-
mediated TMA [9, 28]. In the present study, 7% of aHUS
patients had pulmonary involvement; such lesions were pri-
marily lung parenchyma infiltration and respiratory insuffi-
ciency. None of the present study’s patients had pulmonary
hypertension, but one patient died due to pulmonary
hemorrhage.

Gangrenous lesions of the fingers and toes are rare compli-
cations of aHUS [9, 29], and in the present study, one patient
presented with such a lesion, which necessitated amputation
of a fingertip.

Approximately 5% of patients with aHUS present with
multiorgan failure due to diffuse TMA, including cardiac is-
chemic events, CNS complications, pancreatitis, intestinal
bleeding, hepatic cytolysis, rhabdomyolysis, and pulmonary
hemorrhage and failure [8]. In the present study, 19 (11%) of

the patients had more than one system involvement, 2 of
which died during the acute stage of aHUS.

Patients with DGKE mutation generally present with
proteinuria, hematuria, hypertension, and progress to
chronic kidney disease. Recommended therapies that target
the complement cascade, such as eculizumab and plasma
treatments, are likely to be ineffective in patients with
DGKE mutation [5]. DGKE mutation was present in three
children with ages of 11 months, 1.5 years, and 4.5 years
old. All patients had proteinuria, renal failure, and throm-
botic microangiopathy. Eculizumab treatment was given to
all patients at initial presentation, and there was no response
to treatment. On the follow-up, one child died, one received
kidney transplantation, and other has normal creatinine val-
ue with sequela proteinuria.

Data on eculizumab treatment for extrarenal manifestations
of aHUS is also limited; the literature includes many case
reports [19, 20]. In the present study, most of the aHUS pa-
tients with extrarenal involvement were treated with

Fig. 1 FLAIR (a) and T2-
weighted (b) cranial magnetic
resonance imaging (MRI) in the
axial plane show edema in the
occipital and posterior parietal ar-
ea secondary to thrombotic mi-
croangiopathy (TMA)
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eculizumab and/or plasmapheresis/plasma infusion. Many pe-
diatric nephrologists preferred anti-complement strategies for
the treatment of aHUS patients with extrarenal manifestations.

The present study has some limitations that commonly oc-
cur in registries, including retrospective data and the possibil-
ity of incomplete data. Also, the differentiation of cardiac/
pulmonary manifestations related to acute kidney injury or
hypertension is unclear similar to all registries. This registry
includes data of extrarenal manifestations of aHUS with a
median follow-up time of 2.5 years. In present study, we
aimed to evaluate only the extrarenal symptoms of aHUS
patients at presentation. We did not evaluate the treatment
options of different centers and also did not evaluate the re-
sults of different treatment options of these patients after a
short follow up period. This study is the first time that
extrarenal manifestations of a large pediatric aHUS patients
were analyzed specifically. The analyzed data shows not only
the presentation of disease, but also treatment modalities, lab-
oratory and genetic analysis.

In conclusion, we present findings related to extrarenal
manifestations of aHUS in patients from a national aHUS
registry. Neurological system involvement was the most fre-
quent type of extrarenal involvement and multisystem in-
volvement indicated a poor prognosis. The present findings
might improve clinicians’ understanding of the extrarenal
manifestations of aHUS and improve their ability to diagnose
and initiate early treatment of such manifestations.
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