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ABSTRACT
Objective: A subset of typical Hemolytic-uremic syndrome (HUS) patients requires initiation of renal replacement 
therapy (RRT) despite aggressive medical intervention. This study aims to evaluate the clinical and laboratory findings 
of patients diagnosed with typical HUS and efficacy and safety of peritoneal dialysis (PD) and hemodialysis (HD) were 
compared in managing these cases.
Material and Methods: Patients having a diagnosis of typical HUS were retrospectively determined, and assessment 
the effects of RRT modalities on renal survival.
Results: The present study included 49 children with typical HUS, and the mean age was 2.99 ± 1.88 years. Neurological 
involvement was detected in 15 (30.6%) patients. The neutrophil/lymphocyte ratio (NLR) was significantly higher in the 
neurological involvement group [odds ratio (OR) 15.42, 95% CI (3.39-70.1), p = 0.005]. In total, 43 (87.7%) patients 
received RRT and the median time from the first recorded symptom to RRT was six days (range 3-11). While throughout 
RRT, 10.2% of patients required mechanical ventilation. In this study, 26 (53.1%) patients were managed with PD, 
and 17 (34.6%) patients were managed with HD. During follow-up, 10.2% of all patients progressed to chronic kidney 
disease (CKD), proteinuria was detected in 6.1% and hypertension in 4.08%. The risk of CKD was significantly lower in 
the 3-month period in PD patients than in HD patients (odds ratio (OR) 7.69, 95% CI (0.77-76.07), p = 0.04). 
Conclusion: We concluded that PD might be as effective and safer as HD concerning kidney recovery. Clinical features 
and inflammatory markers can predict neurological involvement in typical HUS cases.
Key Words: Children, Biomarkers, Renal replacement therapy, Typical Hemolytic uremic syndrome

ÖZ
Amaç: Tipik hemolitik üremik sendrom (HÜS) hastalarının bazılarında, agresif tıbbi müdahaleye rağmen renal 
replasman tedavisi (RRT) gerekebilir. Bu çalışmanın amacı, tipik HÜS tanısı alan hastaların klinik ve laboratuvar 
bulgularının değerlendirilmesi, HÜS tanılı hastalarda periton diyalizi (PD) ile hemodiyalizin (HD) etkinlik ve güvenilirliğinin 
karşılaştırılmasıdır.
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Maternity and Children’s Health and Diseases Training and 
Research Hospital, Department of Pediatric Nephrology 
between 2005 and 2020, and who were also followed up for 
at least 12 months were assessed in this study. The complete 
triad of HUS is defined as hemolytic anemia characterized by 
a hemoglobin (Hb) level <10 g/dL, detection of schistocytes in 
peripheral blood smear with a negative Coombs test confirming 
microangiopathic hemolysis, thrombocytopenia with a platelet 
count < 150 x109/L, and the presence of acute renal failure. 
Patients with aHUS such as inherited forms of HUS and HUS 
secondary to organisms other than STEC were excluded (1,2).

Nonspecific indications for RRT in the context of AKI were 
applied, the most common being persistent oliguria or 
anuria, clinical manifestations of uremia, hyperkalemia, severe 
metabolic acidosis, persistent and symptomatic hyponatremia 
unresponsive to conservative treatment, whereas these 
indications are nonspecific and the general consensus in our 
center is that RRT should be offered early (12-14).

The new Schwartz formula (K = 0.413) was used to calculate 
the estimated glomerular filtration rate (eGFR) (15). Proteinuria 
was defined when urinary protein creatinine ratio is above 0.2 
mg/mg or 24-h protein excretion was >4 mg/m²/h in at least 
two consecutive evaluations (16). Hypertension was defined as 
a systolic blood pressure and/or diastolic blood pressure ≥ 95th 
percentile, according to age, gender, and height (17).

Neurological involvement was defined as encephalopathy, focal 
neurological deficit, and/or seizure activity (5,7). The groups with 
and without neurological involvement were compared concerning 
inflammatory markers. The neutrophil to lymphocyte ratios and 
platelet to lymphocyte ratio were calculated using the data obtained 
from the hemogram analyses. Systemic immune-inflammation 
index (SII) was calculated from the equation SII = Platelet x 
neutrophil count/lymphocyte count.

Dialytic management and therapeutic decisions in our children 
were individualized based on the patient’s age, specific 
clinical and hemodynamic status. RRT available in our center 
includes PD, intermittent hemodialysis (IHD), or continuous 
renal replacement therapies. Temporary vascular access was 
established (HD catheter insertion into the internal jugular, 

INTRODUCTION

Hemolytic uremic syndrome (HUS) is one of the most common 
etiologies for acute kidney injury (AKI) and a critical cause of 
acquired chronic kidney disease (CKD) in children. Hemolytic 
uremic syndrome is characterized by microangiopathic 
hemolytic anemia, thrombocytopenia, and acute renal failure 
that is generally classified into two main types: typical and 
atypical (aHUS). Hemolytic-uremic syndrome induced by Shiga-
toxin-producing Escherichia coli (STEC) is the most common 
type of the disease and ordinarily has a good prognosis, but 
aHUS is rare that has a poor prognosis with a relapsing course. 
Extrarenal manifestations may be occured in 25-30% of 
cases, including neurological, gastroenterological, cardiac and 
endocrine involvement (1-4). 

Treatment of STEC-HUS is primarily supportive care consisting 
of volume expansion, antihypertensive therapy, regulation of 
hematological problems and renal replacement therapy (RRT). 
Renal replacement therapy is required in 50%–70% of cases in 
the acute phase of typical HUS. General indications for acute 
RRT in the management of AKI are applied. Oligoanuria, severe 
azotemia, electrolyte abnormalities and progressive metabolic 
acidosis are among the common indications for acute dialysis 
(5-8). There is no clear benefit for a specific type of RRT. The 
center experience, technical facilities and patient age are critical 
factors affecting the choice of RRT for children. End-stage renal 
disease (ESRD) or death occurs in approximately 12% of typical 
HUS cases. Studies evaluating the effects of RRT options on 
prognosis in children with typical HUS are limited (7-11).

The present study aims (1) to evaluate the clinical and laboratory 
findings of patients diagnosed with typical HUS, (2) assessment 
the effects of RRT modalities on prognosis and (3) to determine 
the utility of inflammation markers in predicting neurological 
involvement.

MATERIALS and METHODS 

Forty-nine pediatric patients, aged between 0 and 18 years, 
who had been diagnosed with typical HUS in Dr. Sami Ulus 

Gereç ve Yöntemler: Tipik HÜS tanısı olan hastalar retrospektif olarak belirlendi ve RRT modalitelerinin renal sağ kalım üzerindeki etkisi 
değerlendirildi.
Bulgular: Çalışmaya tipik HÜS tanılı 49 hasta dahil edildi ve ortalama yaşları 2.99 ± 1.88 yıldı. Nörolojik tutulum 15 (%30.6) hastada 
saptandı. Nötrofil/lenfosit oranı nörolojik tutulum olan grupta anlamlı olarak yüksek bulundu [olasılık oranı (OO) 15.42, %95 güven aralığı 
(GA) (3.39-70.1), p = 0.005]. Toplamda 43 (%87.7) hastaya RRT uygulandı ve ilk kaydedilen semptomdan RRT’ye kadar geçen ortanca 
süre 6 gündü (aralık 3-11). RRT boyunca hastaların %10.2’sinde mekanik ventilasyon desteği gerekti. Yirmi altı (%53.1) hastada PD, 17 
(%34.6) hastada HD yapılmıştı. Takipte tüm hastaların %10.2’si kronik böbrek hastalığına (KBH) ilerledi, %6.1’inde proteinüri ve %4.08’inde 
hipertansiyon saptandı. PD yapılan hastalarda 3 aylık dönemde KBH riski HD yapılan hastalara göre anlamlı olarak daha düşüktü [ OO 
7.69, %95 GA (0.77-76.07), p = 0.04].
Sonuç: Böbrek iyileşmesi açısından PD’in HD kadar etkili hatta daha güvenli olabileceği sonucuna vardık. Tipik HÜS vakalarında klinik 
özellikler ve inflamatuar belirteçler sayesinde nörolojik tutulum tahmin edilebilir.
Anahtar Sözcükler: Çocuklar, Biyomarkerlar, Renal replasman tedavisi, Tipik Hemolitik üremik sendrom
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subclavian or femoral vein) or peritoneal access was established 
by placing a double-cuff tunneled Tenckhoff catheter inserted.

Patients were followed up closely for 30 days after beginning RRT. 
Dialysis was interrupted when there was partial renal function 
recovery, defined as the restoration of diuresis associated with 
a progressive fall in serum values for creatinine and urea. At 
the 3-month follow-up, we categorized all surviving patients as 
per the Kidney Disease: Improving Global Outcomes (KDIGO) 
Chronic Kidney Disease (CKD) classification (18). 

Patients medical records, including such clinical and demographic 
characteristics as age, gender, physical examination findings, 
including blood pressure, and such laboratory findings as 
routine blood and urine test, complement C3, C4, Coombs 
test, DIC (disseminated intravascular coagulation), blood and 
specific stool culture test, lactate dehydrogenase (LDH) level 
and C-reactive protein (CRP), were retrospectively reviewed. 
Data on respective RRT therapies, procedure complications, 
the necessity for mechanical ventilation, and their prognosis 
were reviewed retrospectively through patient files.

The protocol for this study was approved by the Dr. Sami 
Ulus Maternity and Child Health and Diseases Training and 
Research Hospital Ethics Committee (Number: E-21/03-119-
04.03.2021).

Statistical analyses

Statistical analysis was performed using IBM SPSS Statistics 
for Windows v.22.0 (IBM Corp., Armonk, NY, USA). The 
Kolmogorov-Smirnov test was used to determine the normality 
of the distribution of the study variables. Parametric variables 
were shown as mean ± SD, and nonparametric variables were 
shown as median (range). Categorical variables were presented 
as numbers and percentages. The student’s t-test was used 
to compare parametric variables and the Mann-Whitney U test 
was used to compare nonparametric variables. The χ2test or 
Fisher’s exact test was used to compare categorical variables. 
Kaplan–Meier survival analysis was performed and the renal 
survival probability was compared between the study arms 
using log-rank test. A value of p < 0.05 was accepted as being 
statistically significant.

RESULTS

The present study included 49 children with typical HUS, and 
the mean age was 2.99 ± 1.88 years. The male-to-female ratio 
was 1:1.2. At presentation, 43/49 (87.7%) children had diarrhea, 
of whom 9/49 (18.3%) had bloody diarrhea. At admission, 24 
(49%) patients had oliguria, and 20 (40.8%) patients had anuria. 
Other main clinical manifestations included edema, vomiting, 
and dehydration (87.7%, 48.9%, 10.2%, respectively). At the 
presentation time, the mean serum creatinine level was 3.9 
± 1.93 mg/dL, and the mean eGFR was 20.37 ± 19.11 mL/

min/1.73 m2. C3 complement was low in 12.2% of the patients, 
C4 complement was low in 10.2%. All patients had high LDH 
levels. Thirty (61.2%) patients were hypertensive at admission or 
during hospitalization. Concomitant hematuria and proteinuria 
were detected in 23 (46.9%) of the patients (Table I).

Neurological involvement was detected in 15 (30.6%) 
patients. The most common presentation was seizures 
and encephalopathy for neurological involvement. 
Electroencephalogram and neuroimaging were performed in all 
these children during the acute illness for diagnosis. Patients 
with neurological involvement required significantly more 
mechanical ventilation (p = 0.01). The neutrophil/lymphocyte 
ratio (NLR) was significantly higher in the neurological 
involvement group [odds ratio (OR) 15.42, 95% CI (3.39-70.1), 
p = 0.005], whereas white blood cell count (WBC), neutrophil, 
platelet counts, platelet/lymphocyte ratio (PLR) and SII values 
were not significantly different between the groups. Lactate 
dehydrogenase concentration was no significant difference 
in the groups (p > 0.05) (Table II). Of the 15 children with 
neurological involvement, 14 (93.3%) achieved a complete 
neurological recovery.

In total, 43 (87.7%) patients received RRT. While throughout 
RRT, 10.2% of patients required mechanical ventilation. The 
median time from the first recorded symptom to RRT was six 

Table I: Baseline characteristics of children with typical 
HUS.
Female gender,* 27 (55.1)
Patient age, years,† 2.99±1.88
Mechanical ventilation,* 5 (10.2)
Anuria,* 20 (40.8)
Baseline hemoglobin (g/dl),† 8.02±1.7
Baseline platelet count (x109/L),† 63.81±39.19
Baseline white blood count was (x109/L),† 14.56±7.65
Baseline lactate dehydrogenase (U/L),† 2322.2±712.64
Baseline serum BUN (mg/dl),† 85.27±38.76
Baseline serum creatinine (mg/dl),† 3.9±1.93
Baseline eGFR (ml/min/1.73 m2),† 20.37±19.11
Baseline serum sodium (mEq/L),† 131.14±4.13
Baseline serum potassium (mEq/L),† 4.94±1.08
Baseline blood pH,† 7.32±0.05
Baseline HCO3-,† 15.76±3.33
Dialysis indication,*

Oligouria-anuria
Electrolyte imbalances
Others

43 (87.7)
36 (83.7)

5 (11.6)
2 (4.7)

Time to start of RRT (days), median, (range) 6 (3-11)
Renal insufficiency,*  5 (10.2)
Hypertension in survivors,* 2 (4.1)
Proteinuria in survivors,* 3 (6.1)

* n(%),† mean ± SD
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with PD. Catheter occlusion (11.7%) was the most common 
complication during IHD; resolved with catheter replacement, 
catheter infection was detected in 5.88% of the patients. 
Peritonitis occurred in four patients with PD (15.3%) and the PD 
effluent turned sterile in all cases with intraperitoneal antibiotic 
therapy. Catheter leak and migration were the main mechanical 
complications in PD, resolved by catheter repositioning 
and reducing the volume of dialysate per cycle. Mechanical 
complications occurred with similar frequency in both treatment 
modalities (PD 11.5% vs. IHD 11.7%).

Renal function returned to normal in 24.4% of the patients 
after two weeks, in 67.3% of the patients at the end of the 
first month. The rate of patients with complete kidney recovery 
(eGFR> 90 ml/min/1.73 m2) was 89.7% in the third month. 
Except for patients who developed CKD, the need for dialysis 
continued for a median of 9 days (range 3-35), and renal failure 
continued for a median of 22 days (range 7-84). During the 
follow-up, hypertension was detected in 4.08% and proteinuria 
was present in 6.1% of all patients. Albeit the follow-up of the 
patients is still carried on in our department, there was one 
patient (2.04%) with ESRD, and four patients (8.16%) were 
assessed as stage 2 or stage 3 CKD. 

In the HD group, the renal function returned to normal in 23.5% 
of the patients after two weeks and in 58.8% of the patients 
after first month. In the PD group, the renal function returned 
to normal in 15.3% of the patients after two weeks and in 
65.3% of the patients after the first month. When two groups 
were compared, no significant difference was found between 
normalization of renal function at the end of two weeks and first 
month (p = 0.3, p = 0.4, respectively). The mean biochemical 
indices of renal function were better in patients who received 
PD at three months than those who received HD (p = 0.04). The 
choice of RRT modality (PD vs. HD) significantly affected CKD 

days (range 3-11). Twenty-six (53.1%) patients were managed 
with PD, and 17 (34.6%) patients were managed with HD. 
Continuous venovenous hemodialysis (CVVHD) was started at 
admission in six patients who were septic and hemodynamically 
unstable and then continued with IHD. The internal jugular vein 
is the most common vascular access site for extracorporeal 
dialysis in 76.4% of the centers, followed by the femoral vein 
(23.5%). Peritoneal access was established by placement 
of a double-cuff tunneled Tenckhoff catheter inserted. The 
characteristics of the two cohorts were not different, except 
that children selected for PD were significantly younger than 
those recruited for IHD (p = 0.01). The main indications for 
dialysis were oliguria and anuria in both groups.

The median number of IHD sessions was seven (range 3-35); 
the mean session duration was 137.70 ± 16.37 min. The post/
pre-BUN ratio was 0.58 in the first IHD session. Bicarbonate, 
potassium, and sodium dialysate concentrations were adjusted 
according to individual requirements. The fluid extraction 
requirement was specified as 10-15 ml/kg/h per dialysis 
session, and the weight loss did not exceed 5% of the patient’s 
body weight. The mean blood flow rate was 5.71 ± 1.16 ml/kg/
min, and the mean dialysate flow rate was 500 ml/min. Low-
molecular-weight heparin (LMWH) was used for anticoagulation 
in 59.1% of IHD sessions. The median duration of PD was four 
(range 10-25) days. The mean holding volume was 676.92 ± 
89.70 ml/m2. PD solution containing 1.36, 2.27, and 3.86% 
glucose was used in 76.92%, 26.92% and 3.84% of children, 
respectively. 

Although blood volume was monitored during IHD sessions, 
three patients (17.6%) had transient hypotensive episodes, 
and two patients (11.7%) had transient hypertensive episodes 
during or within one hour of IHD sessions. In contrast, there 
were no transient hypertensive or hypotensive episodes 

Table II: Clinical characteristics and laboratory parameters of patients with and without neurological involvement.
Patients with Neurological 

involvement
(n = 15)

Patients without Neurological 
involvement

(n = 34)
p

Sex (F/M)
Age, mean, years

8/7
4.08±2.68

19/15
2.51±1.16

0.800
0.006

WBC, mean x 109/L 14.31±7.71 14.67±7.74 0.800
ANC, mean x 109/L 10.22±6.65 8.26±5.59 0.200
Platelet, mean x 109/L 60.46±30.57 65.29±42.78 0.600
NLR 4.81±4.62 2.09±1.83 0.005
PLR 28.01±22.94 19.83±26.34 0.300
SII, mean x 109/L
CRP, mean, mg/L
LDH, mean, U/L

199.44±161.18
37.9±35.23

2398.87±578.46

124.26±113.60
27.92±23.85

2288.38±770

0.060
0.200
0.600

Creatinine, mean, mg/dl 3.97±1.32 3.87±2.16 0.800
eGFR, mean, ml/min/1.73 m2 14.48±8.7 22.97±21.82 0.100

WBC: white blood cell count, ANC: absolute neutrophil count, NLR: neutrophil/lymphocyte ratio, PLR: platelet/lymphocyte ratio, SII: Systemic 
immune-inflammation index, CRP: C-reactive protein, LDH: lactate dehydrogenase, eGFR: estimated glomerular filtration rate
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diarrhea. At the time of admission, 20 (40.8%) patients had 
anuria. C3 complement was low in 12.2% of the patients. 
Thirty (61.2%) patients were hypertensive at admission or 
during hospitalization. Concomitant hematuria and proteinuria 
were detected in 23 (46.9%) of the patients.

Typical HUS is not specific for indications for initiating RRT 
in children, management of oliguria, metabolic acidosis, and 
electrolyte abnormalities. However, there is a common consensus 
that RRT should correct any biochemical abnormalities while 
maintaining adequate fluid and electrolyte balance to ensure 
organ function and functional recovery. Dialytic management 
of these patients is challenging because of multiple organ 
dysfunction and associated hemodynamic instability. The 
most appropriate RRT choice for children with typical HUS is 
based on the patient’s age, characteristics, dialytic modality 
performance, and institutional resources and local practice 
(7,8,23,24). In this study, RRT management and treatment 
decisions in our children were individualized according to the 
patient’s age, specific clinical and hemodynamic status. In this 
study, 43 (87.7%) patients received RRT. Twenty-six (53.1%) 
patients were managed with PD, and 17 (34.6%) patients were 
managed with HD. Continuous venovenous hemodialysis 
was started at admission in six patients who were septic 
and hemodynamically unstable and then continued with IHD. 
The most common indication for dialysis was oliguria-anuria 
(88.3%) and electrolyte disturbances (11.6%).

In typical HUS, all tissues and organs may be affected due 
to thrombotic microangiopathy, and signs of neurological 
involvement can be seen in 25-30% of cases. Lethargy, 
irritability and seizure are the most common findings. In studies 
conducted so far, markers to predict neurological involvement 
in patients have not been determined; some clinical scorings 
have been used. Rapid treatment of neurological involvement 
in typical HUS provides recovery without sequelae (25,26). In 

risk at the end of the three months (odds ratio (OR) 7.69, 95% 
CI (0.77-76.07), p = 0.04) (Figure 1). The need for mechanical 
ventilation was significantly higher in the CKD group (p = 0.04) 
(Table III).

DISCUSSION

A subset of typical HUS patients requires initiation of RRT 
despite aggressive medical intervention. Based on data from 
observational studies and comparative clinical studies, there 
is no consensus on the best dialysis technique and optimal 
dialysis dose in HUS (8-10). In this study, we analyzed the 
efficacy and safety of PD and HD were compared in managing 
typical pediatric HUS. The CKD rate was significantly higher 
in the HD group than in the PD group (p = 0.04). In addition, 
we determined the utility of inflammation markers in predicting 
neurological involvement, which is one of the most severe 
complications of typical HUS. The neutrophil/lymphocyte ratio 
(NLR) was significantly higher in the neurological involvement 
group [odds ratio (OR) 15.42, 95% CI (3.39-70.1), p = 0.005].

The present study evaluated the clinical and laboratory findings 
of patients diagnosed with typical HUS. In the literature, the 
male-to-female ratio was 1.7-1.4, and the median age was 
17 months (range 10-108) of typical HUS. The most common 
complaints of the cases were diarrhea (30-60%) and bloody 
diarrhea (25-40%). Anuria development rate was 40-80% 
(19,20). Hypertension was found in 40-50% and proteinuria 
in 50% of the cases. Proteinuria persisted for a long time 
in 4-10% of cases (19-21). Zhao et al. (22) showed a 20% 
decrease in C3. Our study included 49 children with typical 
HUS, and the mean age was 2.99±1.88 years. The male-
to-female ratio was 1:1.2. At presentation, 43/49 (87.7%) 
patients had diarrhea, of whom 9/49 (18.3%) had bloody 

Table III: Comparison of clinical and laboratory characteristics of patients received hemodialysis and peritoneal dialysis.
Peritoneal diyalisis

(n=26) 
Hemodiyalisis

(n=17) p

Female gender,* 18 (69.2) 9 (52.9) 0.200
Patient age, years, mean ± SD 2.45 ± 1.04 4.05 ± 2.62 0.008
Mechanical ventilation,* 1 (3.8) 4 (23.5) 0.040
Anuria,* 11 (42.3) 9 (52.9) 0.300
Time to start of RRT (days), median, (range) 6.5 (4-11) 6 (3-11) 0.500
Serum creatinine (mg/dl), median, (range) 4.13 ± 2.09 4.44 ± 1.2 0.500
eGFR (ml/min/1.73 m2), median, (range) 17.93 ± 16.29 11.58 ± 16.29 0.100
Hemoglobin (g/dl), mean ± SD 7.5 ± 1.33 8.35 ± 2.01 0.100
Platelet count (x109/L), mean ± SD 68.8 ± 46.21 55.82 ± 30.17 0.300
Lactate dehydrogenase (U/L), mean ± SD 2350.88 ± 540.96 2547.06 ± 775.11 0.300
Renal insufficiency,* 1 (3.8) 4 (23.5) 0.040
Hypertension,* 1 (3.8) 1 (5.8) 0.700
Proteinuria,* 1 (3.8) 2 (11.7) 0.300

RRT: renal replacement threapy, eGFR: estimated glomerular filtration rate, * n (%)
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biochemical indices of renal function that were better in patients 
who received PD at three months than those who received HD. 
Hence, we concluded that PD might be as effective and safer 
as HD concerning kidney recovery. The use of clinical features 
and inflammatory markers to predict neurological involvement 
in typical HUS cases can be developed in further studies.
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