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Haemolytic-uraemic syndrome (HUS) is an important 
cause of acute kidney injury (AKI) in children, 
leading to significant morbidity and mortality, and 
the effects of which may persist into adulthood.[1,2] 
HUS is characterised by a triad of micro-angiopathic 

haemolytic anaemia, thrombocytopenia and acute renal failure. 
HUS is usually characterised by oligoanuric renal failure similar to 
acute glomerulonephritis, but the outcome is guarded. Based on the 
presence or absence of a diarrhoeal prodrome, HUS may be classified 
as D+ or D-, respectively. 

D- HUS or atypical HUS (aHUS) accounts for <10% of all HUS 
cases encountered. It is a heterogenous and sometimes familial dis-
order with complement dysregulation being the most important 
aetiological factor. The prognosis is worse, with death rates of up to 
25% in the acute phase, and 50% of cases requiring ongoing renal 
replacement therapy.[3] The complement factor H (CFH), membrane 
cofactor protein (MCP) and complement factor I (CFI) genes are most 
commonly involved in familial HUS. Other factors predisposing to 
aHUS are infections (e.g. Streptococcus pneumoniae and HIV), drugs 
(e.g. mitomycin C, cisplatin, quinine, cyclosporin, tacrolimus and oral 
contraceptive pill), pregnancy and systemic diseases (systemic lupus 
erythaematosus, scleroderma, anti-phospholipid syndrome).[4]

Though rare in children, D- HUS is an important disorder in 
paediatric practice due to high mortality and potential for long-term 
renal and non-renal morbidity. The information on this disorder in 
children is very scant, especially from Asia. To enable clearer definition 
of the clinical characteristics of this syndrome, we studied D- HUS 
cases presenting to the paediatric nephrology division of a tertiary care 
teaching hospital in south India.

Methods
In this descriptive study we included patients who presented to the 
Pediatric Nephrology division of the Department of Paediatrics, 
Government Medical College, Thiruvananthapuram, Kerala, India, 
from 2007 to 2010. D- HUS was defined as evidence of AKI in association 
with micro-angiopathic haemolytic anaemia and thrombocytopenia 

(platelet count <100 000 cells/µl) without a prodrome of diarrhoea. 
Children aged ≤12 years were included. The clinical and laboratory 
parameters at presentation and on follow-up were analysed. Hyper-
tension (HT) was classified based on the 2004 Fourth report on high 
blood pressure in children and adolescents from the National High Blood 
Pressure Education Programme.[5] Good renal recovery was defined as 
a glomerular filtration rate (GFR) >80 ml/min on follow-up.

Results
From September 2007 to September 2010, nine children (mean age 7.5 
years; range 2 - 12) were admitted with D- HUS. The mean duration 
of follow-up was 52 months (range 38 - 66). The detailed clinical 
and laboratory profiles of all children are shown in Table 1. There 
was a female preponderance (male:female ratio 1:2). There were no 
identifiable risk factors in any patient except in one who gave a history 
of intake of ayurvedic medicines for chronic cough, the contents of 
which were unknown. At the time of admission, HT was present in 
89%. Renal failure was oliguric in 67% and non-oliguric in 33%. Non-
renal manifestations included seizures in three patients, apnoea in 
one, visual loss in one, left ventricular dysfunction (cardiomyopathy) 
in one and intestinal bleeding in three patients. One child with severe 
renal failure had purple discolouration of the toes, possibly due to 
thrombotic micro-angiopathy (Fig. 1). A Doppler study showed no 
evidence of deep-vein thrombosis (DVT) in the left lower limb. Major 
clinical features at the time of admission are shown in Table 2. 

The average hospital stay was 45 days (range 14 - 120). Treatment 
regimens and outcomes are shown in Table 3. All patients received fresh 
plasma transfusions. Plasmapheresis was performed in two children. 
Six children (67%) had severe renal failure requiring dialysis. The mode 
of dialysis included acute peritoneal dialysis (PD) in two, acute PD 
followed by haemodialysis (HD) in three, and continuous venovenous 
HD (CVVHD) in one patient. Three children had severe, prolonged 
renal failure and were maintained on continuous ambulatory PD 
(CAPD); of these, two showed an improvement in renal function and 
were off dialysis after 6 months. One patient expired in the acute phase, 
despite plasmapheresis and CVVHD (11% mortality). He had severe 
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Fig. 1. Purple toes due to digital thrombosis in a 
child with HUS.
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Table 2. Major clinical features at the 
time of admission

Clinical feature
Patients
n (%)

HT  8 (88)

Stage II HT  6 (67)

Oliguric renal failure  6 (67)

Non-oliguric renal failure  3 (34)

Renal failure requiring dialysis  6 (67)

CNS symptoms  3 (33)

Intestinal involvement  2 (22)

Digital thrombosis  1 (11)

D- HUS = haemolytic-uraemic syndrome occurring 
without a diarrhoeal prodrome; HT = hypertension; 
CNS = central nervous system.

Fig. 2. Light microscopy H&E stain showing thrombo-
tic microangiopathy.

Fig. 3. Light microscopy H&E stain showing cortical 
necrosis with ghost-like glomeruli.
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involvement of the myocardium, intestinal 
bleeding and severe oligoanuric renal failure. 

Low component 3 (C3) complement, 
indi ca ting alternate complement pathway 
activation, was seen in 88%. Consent for renal 
biopsy was obtained in six patients, showing 
thrombotic microangiopathy in three (Fig. 2). 
Glomerular changes included focal seg mental 
glomerulosclerosis (one patient), membrano-
proliferative glomerulo nephritis and focal 
proliferative glomerulonephritis (two patients 
each). One patient had severe cortical necrosis 
with ghost-like glomeruli and intra-arteriolar 
thrombosis (Fig. 3).

At follow-up, 44% had good renal recovery 
with a GFR >80 ml/min at 3 months. Two 
months after the onset of HUS, one child 
developed dilated cardiomyopathy with cardiac 
failure. She did not recover from kidney failure 
and is maintained on CAPD. Forty-four per 
cent of the series had persistent HT requiring 
the use of one or more anti-hypertensive 
drugs. The child with severe cortical necrosis 
had stage 3 chronic kidney disease (CKD) on 
follow-up. Recurrence of HUS was observed 
in one child, and was managed conservatively 
with plasma infusions (PIs), ACE inhibitors 
(ACEIs) and anti-hypertensives, with good 
renal recovery at 4 years of follow-up.

Discussion
HUS, first described by Gasser et al.  in 1955,[6] 
is the most common cause of acute renal 

failure in children and is characterised by 
the triad of micro-angiopathic haemolytic 
anaemia, thrombocytopenia and acute 
renal failure. D+ HUS is the classic form, 
accounting for 95% of cases in children. It is 
preceded by a prodrome of diarrhoea, most 
commonly caused by an infection by shiga-
toxin-producing Escherichia coli. D- HUS 
accounts for the remaining 5% of HUS cases 
and its aetiology, age at onset, and clinical 
presentations are far more varied. Unlike 
D+ HUS, D- HUS is not  preceded by an 
identifiable gastrointestinal infection. 

Clinically, D- HUS has been associated 
with various non-enteric bacterial and 
viral infections. Infection by S. pneumoniae 
has been linked to 40% of cases. Drugs, 
malignancies, transplantation, pregnancy, and 
other underlying medical conditions such as 
scleroderma and antiphospholipid syndrome 
have also been associated. Categories of 
drugs that have been most frequently 
associated with D- HUS include anti-cancer 
molecules (mitomycin, cisplatin, bleomycin, 
and gemcitabine), immunotherapeutics 
(cyclosporine, tacrolimus, OKT3, IFN and 
quinidine) and antiplatelet agents (ticlopidine 
and clopidogrel). 

The pathogenesis of D- HUS has been the 
focus of current research and has, thus far, been 
associated with complement dysregulation in 
30 - 50% of patients, with 14 - 33% having 
abnormalities in the CFH gene, 10 - 15% in 

the MCP gene and 2 - 13% in the CFI gene.[7-10] 
Mutations in these genes lead to unregulated 
amplification of the alternative pathway 
and deposition of activated complement on 
the surface of invading bacteria or damaged 
self-tissue, like apoptosed or inflamed renal 
endothelial cells.[11,12] The majority of these genes 
are situated in a cluster of complement regula-
tory genes on chromosome 1q32. The mutations 
are generally heterozygous, with patients 
having reduced (but not absent) activity of the 
factor, with autosomal dominant inheritance 
and 50% penetration. Homozygous and com-
pound heterozygous mutations have also been 
described, usually with a more fulminant 
course.[13] The autosomal recessive ADAMTS13 
deficiency, a familial form of the disease usually 
seen in children, is rare (2 - 3%). Acquired forms 
of ADAMTS13 deficiency, often associated with 
the presence of anti-ADAMTS13 antibodies, 
are more common in adults and older children. 

Our study was aimed at describing the 
clinical profile and outcome of D- HUS. 
Unfortunately, mutational analyses to detect 
defects in complement regulatory genes could 
not be performed. The demographic profile 
of our series showed a greater incidence of 
D- HUS in girls, in concordance with the 
observations in diarrhoeal HUS.[14] Whether 
or not girls are more prone to develop HUS 
requires further investigation. Children 
with severe illness characterised by severe 
haemolysis (haemoglobin <5 g/dl, lactate 

Table 4. Morbidity and mortality data according to age

Age (years) Patients, n Deaths, n (%) Persistent proteinuria, n (%) Persistent HT, n (%)
≤3 1 0 (0) 1 (100) 1 (100)

4 - 6 2 0 (0) 0 (0) 1 (50)

7 – 9 4 0 (0) 2 (50) 2 (50)

≥10 2 1 (5) 0 (0) 0 (0)
HT = hypertension.

Table 3. Treatment regimens and outcomes for D- HUS
Case 
no. PI Plasmapheresis Dialysis

Survival 
outcome

Duration of follow-
up (months)

Outcome/
eGFR (ml/min)

Persistent
proteinuria

Persistent 
HT

1 Yes No No Survived 60 90 No Yes

2 Yes No No Survived 54 58 Yes; recurrent HUS No

3 Yes No No Survived 52 88 No No

4 Yes No PD, HD, CAPD Survived 56 64 Yes Yes

5 Yes Yes CVVHDF Death - - - -

6 Yes No PD, HD Survived 40 84 No No

7 Yes No PD, CAPD Survived 38 ESKD on CAPD No Yes

8 Yes Yes PD, HD, CAPD Survived 35 80 No No

9 Yes No PD Survived 32 40 Yes Yes
D- HUS = haemolytic-uraemic syndrome without a diarrhoeal prodrome; PI = plasma infusion; eGFR = estimated glomerular �ltration rate; HT = hypertension; PD = peritoneal 
dialysis; HD = haemodialysis; CAPD = continuous ambulatory peritoneal dialysis; CVVHDF = continuous venovenous haemodialysis; ESKD = end-stage kidney disease.
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dehydrogenase >2  500 IU), leukocytosis and severe renal failure at 
presentation, had a poorer outcome. Low C3 complement indicating 
alternate complement pathway activation was seen in 88% of the 
series. Forms of aHUS, especially those with mutations involving 
alternate complement pathway and decreased ADAMTS13 activity, 
are associated with signs of complement consumption. Thus, finding 
decreased C3 complement is a promising diagnostic parameter with  
good sensitivity for this form of HUS.[15] 

Renal biopsy in our series showed thrombotic micro-angiopathy 
in three out of six patients. Fibrin thrombi in glomerular capillary 
loops are seen in glomerular HUS, while similar findings in arterioles 
suggest arteriolar HUS, which portends a poor prognosis. The 
evidence of thrombotic micro-angiopathy will be seen only in renal 
biopsies done in the acute phase of the illness. Glomerular changes 
that we encountered after the acute illness included focal segmental 
glomerulosclerosis, membranoproliferative glomerulonephritis and 
focal proliferative glomerulonephritis. These lesions indicate the 
response of glomeruli to ischaemic damage secondary to thrombotic 
occlusion of glomerular arterioles or capillaries. The progressive disease 
occurring in 40% of children with D- HUS is due to hyperfiltration 
damage occurring in surviving glomeruli and the impact of ongoing 
HT and proteinuria. The more frequent chronic renal lesion is 
characterised by the hyperfunction of nephrons remaining after the 
acute necrotising lesion, which leads to progressive scarring, and not 
by persistence or recurrence of the micro-angiopathic process.[16] 

The patients in this series were managed by PIs with or without 
plasmapheresis and dialysis. Plasmatherapy has empirically become 
first-line treatment in aHUS, although no prospective, controlled 
trials have been conducted. Patients with mutations that induce 
complete or partial CFH quantitative deficiency may be controlled 
by PIs, but plasma exchanges appear to be more efficient in patients 
with mutations that result in a mutant dysfunctional CFH in the 
circulation. [17] Early treatment is crucial.

There are scarce data about the long-term renal outcome following an 
episode of thrombotic micro-angiopathy. Three forms of progression 
to end-stage renal failure have been described. Children with most 
severe forms do not recover from acute renal failure and enter directly 
into a dialysis and transplantation programme. A second group 
recovers renal function partially, but continues to have persistent 
proteinuria and frequent HT, and progresses to end-stage renal failure 
in 2 - 5 years. In the third group, serum creatinine and creatinine 
clearance will become normal, but proteinuria persists; they are at risk 
of progressing to chronic renal failure and end-stage renal disease after 
>5 years, and sometimes as late as 20 years, after the acute disease.[16]

Reports suggest that up to 25% patients die in the acute phase, 
and 50% progress to end-stage renal failure in non-infection-related 
HUS.[8] The advent of plasma therapy has significantly improved the 
outcome of HUS due to ADAMTS13 deficiency, with mortality figures 
dropping from 80 - 90% to 10 - 20%.[18,19] In a large meta-analysis, it 
was found that death or end-stage renal disease occurs in about 12% 
of patients with diarrhoea-associated HUS, and 25% of survivors 
demonstrate long-term renal sequelae.[20] In a study on D- HUS 
from India, 38% of patients had relapses, 11% progressed to end-
stage kidney disease, complete renal recovery was observed in 83% 
and 6% died.[21] In our study, good renal recovery, defined as a GFR 
>80 ml/ min on follow-up, was found in 44% patients. Poor outcome, 
defined as a GFR <80 ml/min at 3 months, was seen in 44% with stage 
5 CKD in one patient, stage 3 CKD in two patients and stage 2 CKD in 
one patient. The mortality in our series was 11%. One patient suffered 
multiple relapses and was managed by PIs during relapse. After the 
fourth relapse she was given prophylactic PIs monthly for 12 months. 
She did not have further relapses and is currently in stage 3 CKD on 
follow-up. Long-term, prophylactic plasmatherapy appears to be more 
efficient in preventing end-stage renal disease than plasmatherapy only 
during relapses.[17] We could not assess the prognostic implications of 

age on the final morbidity and mortality due to the small number of 
patients in our series, but there appears to be a trend towards persistent 
proteinuria in children aged <6 years (Table 4).

Conclusion
Prompt diagnosis and management of childhood D- HUS is a challenge 
for paediatricians and paediatric nephrologists alike. It is still difficult to 
understand the prognosis of this heterogeneous condition. It is highly 
possible that patients may still develop progressive renal disease after 
apparent renal recovery from D- HUS, especially with more children 
surviving severe disease. Hence, continued surveillance of these children 
is essential. There is evidence that early, comprehensive management 
improves the outcome and decreases the mortality and short-term 
morbidity; however, long-term follow-up and further studies with 
larger series are needed to understand this intriguing condition further, 
especially its management and prognostic determinants. 
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