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Abstract 

Typical haemolytic uremic syndrome (HUS), caused by the enterohaemorrhagic Escherichia coli (EHEC), is thrombotic 

microangiopathy in which neurological complications often lead to serious long-term sequelae, being also responsible for the 

majority of deaths in paediatric population. We performed a retrospective study of 89 patients with HUS, at the Nephrology 

Department of “Maria Sklodowska Curie” Children's Emergency Hospital, Bucharest, Romania. The aim of this study was to 

determine whether methylprednisolone (mPSL) intravenous pulse therapy could be of clinical benefits in patients diagnosed 

with HUS and neurological complications. Based on the severity of the cases, the patients were grouped into two categories: 

patients with mild-HUS (serum creatinine < 1.5mg/dL), were compared to patients with severe-HUS (creatinine serum > 1.5 

and neurological complications). Administration of mPSL pulse therapy resulted in significant reductions of neurological 

complications, and a positive outcome was noted in 15 of 16 patients with severe-HUS. The mPSL therapy did not cause 

significant adverse effects. Receiver operating characteristic (ROC) curve was constructed to assess the predictive 

performance on laboratory parameters, in group with severe-HUS, after mPSL administration. The product of haemoglobin 

showed an AUC (area under the curve) of 0.8105, and serum creatinine was a predictor of severe vs. mild HUS. Serum 

creatinine showed a good prediction for mPSL administration in severe-HUS group (AUC 0.9453, 95% CI, 0.8577 - 1.00). 

Our data suggest that mPSL pulse therapy in children with neurological complications during the acute phase of HUS was 

associated with significant improvement of neurological, haematological, and renal function. 

 

Rezumat 

Sindromul hemolitic uremic tipic (SHU), cauzat de Escherichia coli enterohemoragică (EHEC), este o microangiopatie 

trombotică în care complicațiile neurologice duc adesea la sechele grave pe termen lung, fiind responsabile de majoritatea 

deceselor în rândul populației pediatrice. Am efectuat un studiu retrospectiv pe 89 de pacienți cu SHU, în cadrul Secției de 

Nefrologie a Spitalului de Urgență pentru Copii „Maria Sklodowska Curie”, București, România. Scopul acestui studiu a fost 

să demonstrăm dacă terapia puls cu metilprednisolon (mPSL), administrat intravenos, ar putea avea beneficii clinice în 

tratamentul pacienților pediatrici diagnosticați cu complicații neurologice asociate SHU. Pe baza gravității cazurilor, pacienții 

au fost grupați în două categorii: pacienții cu SHU forma ușoară (creatinină serică < 1,5 mg/dL), au fost comparați cu 

pacienții cu SHU forma severă (creatinină serică > 1,5 mg/dL și care asociază complicații neurologice). 16 din 89 de pacienți 

au prezentat SHU sever. Administrarea terapiei puls cu mPSL a dus la reducerea semnificativă a manifestărilor neurologice la 

un număr de 15 din 16 pacienți. Terapia cu mPSL nu a provocat efecte adverse semnificative. Analiza ROC a arătat 

performanța predictivă a parametrilor de laborator în grupul cu SHU forma severă (cu complicații neurologice), după 

administrarea mPSL. Valorile hemoglobinei au arătat o AUC (suprafața de sub curbă) de 0,8105, p < 0,0027, iar creatinina 

serică a fost un predictor al SHU sever vs. forma ușoară. Creatinina serică a arătat o predicție bună pentru administrarea 

mPSL în grupul cu HUS sever (AUC 0,9453, intervalul de încredere 95%, 0,8577 – 1,00, p < 0,0001). Datele noastre 

sugerează că utilizarea terapiei cu puls mPSL la copiii cu complicații neurologice în timpul fazei acute a SHU a fost asociată 

cu recuperarea evidentă a funcțiilor neurologice, hematologice și renale. 

 
Keywords: haemolytic uremic syndrome, methylprednisolone, neurological complications, Escherichia coli entero-

haemorrhagic, children 

 

Introduction 

The Haemolytic uremic syndrome (HUS) is a 

complex, multi-systemic disease, defined by the 

triad of micro-angiopathic haemolytic anaemia 

(haemoglobin < 10 g/dL), with schistocytes, 

thrombocytopenia (platelets < 150 * 103/mm3), and 

impaired kidney function (serum creatinine 
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exceeding the standard age-related limit) [1]. HUS 

is a life-threatening disease, and the fatality rate in 

the acute phase is 3 - 5% [2].  

Particularly in children, the most frequent cause of 

Diarrhoea-associated Haemolytic Uremic Syndrome 

(D+HUS) is the Shiga-toxin (Stx)-producing 

Escherichia coli (STEC). Stxs can be divided into 

two types (Stx1 and Stx2) and several subtypes, 

with Stx2 usually leading to more severe symptoms 

[3,4]. Typically, STEC is acquired from 

contaminated food and drinks and cases appear 

sporadically or in the context of epidemics. The 

“typical” form is mediated by Shiga-like toxin-

producing Escherichia coli (STEC-HUS) or, less 

commonly, by Shiga toxin-producing Shigella 

dysenteriae type 1 and Streptococcus pneumoniae 

[5]. 

HUS is one of the most common aetiologies for 

acute kidney injury and a significant cause of 

acquired chronic kidney disease in children [6]. In 

90% of paediatric cases, the disease usually 

develops as a complication of the gastrointestinal 

EHEC infection [7]. An EHEC-HUS case was 

defined as a patient with clinical HUS and evidence 

(by immunological methods) of Stx toxins found in 

enriched stool culture. Among such extrarenal 

complications in children with EHEC-HUS, the 

most threatening involves CNS manifestations with 

an incidence estimated at 17 - 34% [8-14]. How 

exactly CNS damage occurs is still unknown, but it 

may be the result of pathogenetic mechanisms 

similar to those observed in the kidney, toxins 

binding to CNS endothelial cells and neurons, 

blood-brain barrier lesion and induction of various 

inflammatory mediators [15, 16]. Thus, the brain 

oedema brought about by acute Shiga toxin- and 

cytokine-mediated vascular endothelial cell injury 

or higher vascular permeability may be the root 

cause of CNS complications associated with 

EHEC-HUS. CNS involvement in D+HUS is 

associated and usually manifests as irritability and 

seizures; however, in more severe cases, paresis, 

coma, and cerebral oedema may also occur. Such 

CNS manifestations may happen in approximately 

10-50% of cases, and they are the main cause of 

death in children under 5 years of age [5, 6, 17]. 

Until recently, the treatment of HUS has been 

mainly supportive, consisting of fluid therapy, 

dialysis, plasmapheresis/plasma infusion and 

treatment of complications [18-20]. 

Although used for over 40 years in clinical practice 

as conventional high-dose intravenous mPSL pulse 

therapy, little is known generally about 

glucocorticoids mechanism of action and the 

frequency and severity of associated adverse effects 

[21-23]. mPSL availability to bind to the 

glucocorticoid and mineralocorticoid receptors is 

controlled by intracellular metabolism by 11β-

Hydroxisteroid dehydrogenase, while cytochrome 

P450 is the most essential enzyme system acting in 

phase I metabolism [15]. Since the P-glycoprotein 

is also located in the liver and kidney, elimination 

of the metabolites occurs mainly by hepatic 

metabolism and renal excretion. A direct relation 

has been observed between the total mPSL 

clearance and the mPSL unbound fraction. Renal 

excretion of unchanged mPSL occurs 

approximately 11 - 24% after administration. An 

essential role in decisions on specific therapeutic 

regimens such as dosing and treatment duration lies 

with PK parameters (e.g., elimination half-life), and 

PD parameters (e.g., the concentration required for 

the half-maximal effect). These parameters' 

contribution to efficacy may be outlined through 

PK/PD analysis, where endogenous cortisol and T 

helper cell counts may be used as biomarkers for 

mPSL effects [15].  

Adverse effects and toxic impact of glucocorticoids 

depend on treatment duration and the dose used. 

Such events manifest as weight gain, 

hyperglycaemia, hypertension, dyslipidaemia, flaky 

skin, higher risk of fractures, and infections. Most 

foreseeable adverse reactions result from decreased 

pro-inflammatory genes and increased expression 

of anti-inflammatory and regulatory proteins [24]. 

Research into individual genetic factors is also 

needed to elucidate the patient-specific PK and PD 

profile, enabling customisation of glucocorticoid 

therapy and therefore improved patient outcomes 

[25-32].  

This study has aimed to investigate the role of high 

dose intravenous mPSL pulse therapy in paediatric 

patients with neurological complications diagnosed 

with HUS and to determine whether steroids may 

be of clinical benefits for treating CNS 

complications during the acute phase of the disease. 

The research has been based on the premise that 

mPSL treatment administered intravenously in the 

acute phase of neurological complications in 

paediatric patients with HUS may improve the 

disease's course and reduce complications. 

 

Materials and Methods 

Study design 

This is a retrospective study developed in the 

Nephrology Department of the “Maria Sklodowska-

Curie” Children's Hospital Bucharest, Romania. 

The study was conducted in accordance with the 

Declaration of Helsinki and the Good Clinical Practice 

guidelines. The study protocol was approved by the 

Ethics Committee from “Marie Sklodowska-Curie” 

Hospital, Bucharest, Romania.  

Population 

In this study, the electronic hospital records of 89 

paediatric patients with Diarrhoea-associated HUS, 
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who were admitted from January 2015 to December 

2020, were analysed retrospectively. The clinical 

definitions for the two groups were applied as 

follow: severe-HUS: serum creatinine ≥ 1.5 mg/dL 

associated neurological symptoms, mild-HUS: serum 

creatinine < 1.5 mg/dL and absence of neurological 

symptoms. Neurological involvement was defined 

as encephalopathy, focal neurological deficit and/or 

seizure activity. No patients were excluded from 

this study. 

Data collection  

All the information on cases of HUS diagnosed in 

our hospital was obtained from electronic medical 

records. Written informed consent was obtained 

from the children’s parents or legal guardians.  

Laboratory methods 

Biochemical indicators, including: glucose, urea, 

creatinine, total and direct bilirubin, uric acid, 

triglycerides, total cholesterol, HDL (high-density 

lipoprotein) and LDL (low-denstiy lipoprotein) 

cholesterol), enzymes (amylase, alkaline phosphatase 

(AP), alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), lactate dehydrogenase (LDH) 

and lipase), electrolytes (sodium, potassium, chloride, 

magnesium), proteins (total protein, albumin), were 

obtained by an auto-analyser Roche Cobas 6000, 

Roche Diagnostics. 

 Regarding the microbiological criteria used in this 

study, the kit was CerTest (Biotec, Bioscience SL, 

Zaragoza, Spain) - EHEC Stx1 + Stx2, based on the 

principle of a qualitative immunochromatographic 

assay employing monoclonal antibodies for direct 

detection of Stx1 and Stx2 produced by STEC in 

stool samples. The manufacturer reported both 

sensitivity and specificity of ~ 99% for the CerTest 

E. coli O157 + Stx1 + Stx2. A presumptive STEC-

associated HUS was inferred from a Stx1 and/or 

Stx2 PCR-positive stool culture whereas the 

recovery of the STEC strain confirmed the STEC 

infection. In addition, for 11 culture-negative 

patients the presumption of STEC infection was 

based on seropositivity for the E. coli O157 or O26 

lipopolysaccharide. 

Pulse therapy is defined as discontinuous 

intravenous administration of very high doses of 

corticosteroids over a short period. The aim of 

pulse mPSL therapy is to achieve faster response 

and stronger efficacy. For all patients with 

neurological complications, methylprednisolone 

500 mg a dose of 30 mg/kg/day for three 

consecutive days was intravenous administered 

under the supervision of the physician in the 

Intensive Care Unit (ICU) of the same clinic.  To 

observe mPSL pulse efficiency in HUS paediatric 

patients with neurological complications, they were 

monitored as shown by laboratory test outcomes. 

For neurological evaluation after mPSL pulse 

therapy, physical examination and cerebral 

computer tomography was conducted. Brain CTs 

were performed using a GE BrightSpeed 8 Slice 

device 2008 provided with Volume Viewer 4.0 

software. 

Statistical analysis 

Demographic and disease parameters were 

compared between the 2 groups (mild-HUS and 

severe-HUS) of subjects. Median with inter-quartile 

range was calculated and t test and Wilcoxon test 

was used to compare medians. 

Univariable and multivariable logistic regression 

were used to assess the role of adequate treatment 

of mPSL pulse therapy during HUS in predicting a 

favourable course. The sensitivity and specificity 

were calculated for the factor which was found to 

independently predict a frequently relapsing or 

steroid dependent course. ROC curve was also 

constructed to evaluate the performance of the 

predictive factor. All analyses were done by 

GraphPad Prism statistical software (GraphPad 

Software, 9.0.0 version, San Diego CA, USA) and 

significance was taken at a p-value of 0.05. 

 

Results and Discussion 

A total of 89 patients with HUS were included in 

this study, with the number of girls slightly 

exceeding the number of boys included (52 girls - 

58.43% vs. 37 boys - 41.57%), the median age 

being 12 months, (range: 6 - 72 months). The main 

demographic and clinical data of the two groups 

divided into disease severity, are presented in Table I. 

Table I 

Demographic and clinical characteristics of patients 

Total  

N = 89 

Mild HUS 

(N = 73) 

Severe HUS 

(N = 16) 

Gender (%)   

Male*** 42.5% 37.5% 

Females*** 57.5% 62.5% 

Age groups -years N (%)  

 0-1  39 (53.42%) 9 (56.25%) 

2-4  27(36.98%) 5 (31.25%) 

5-9 6 (8.22%) 2 (12.5%) 

10-14 1 (1.37%) 0 

Clinical data   

Diarrhoea *** 73 (100%) 16 (100%) 

Bloody stool ** 35 (47.94%) 14 (87.5%) 

Pallor *** 73 (100%) 16 (100%) 

Oedema ** 12 (16.44%) 14 (87.5%) 

Fever ** 21 (28.77%) 12 (75%) 
**p ≤ 0.01, ***p ≤ 0.001) 

 

The median time from admission was one day, 

(IQR: 0.0 - 1.4). Among 16 patients, neurological 

complications included seizures (43.75%), alteration 

of consciousness (12.5%), hyperexcitability (31.25%), 

remitted strabismus (18.75%), lethargy (12.5%), 

convergent cranial nerve palsy (nerve -VI) 6.25%, 

and hyperreactivity-associated drowsiness in 6.25%. 
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Serum urea and creatinine levels and LDH were 

increased in group with severe HUS, (p ≤ 0.05, 

Wilcoxon signed rank test). Hb concentration were 

higher in group with mild HUS, (p < 0.001). The 

maximum increase in serum creatinine and serum 

urea preceded the onset of neurological symptoms, 

whereas creatinine and serum urea levels decreased 

progressively over the days following mPSL pulse 

therapy administration (Figures 5 and 6). A 

statistical correlation was noted between the 

haematocrit and haemoglobin values on one hand 

and the onset of neurological symptoms, on the 

other hand. All the parameters are presented in 

Table II. 

Table II 

Laboratory parameters of patients with mild HUS and severe HUS, at admission 

Parameter   Mild HUS (N = 73) Severe HUS (N = 16) 

Hb (g/dL)*** 8.7 (6.7 - 9.6) 7.95 (7.18 - 9.3) 

PTL (x103/mm3)** 89 (55 - 107.5) 95 (64.3 - 123.3) 

sUrea(mg/dL)* 55 (35.5 - 89) 94 (43.8 - 121) 

sCr (mg/dL)* 2.15 (1.025 - 3.625) 3.85(2.275 - 4.357) 

sLDH (IU/L)*** 3.067 (2.129 - 4.079) 4.125 (2.645 - 4.635) 

sNa(mEq/L)*** 132 (120 - 132) 122 (102 - 122.5) 

Dialysis (Days)*** 8 (4 - 12.5) 20 (13 - 33) 

Data are presented as the median with the interquartile range (IQR 25-75%). Creatinine serum (sCr), haemoglobin (Hb), urea serum (sUrea), 

PTL-platelet, serum lactate dehydrogenase (sLDH), serum Sodium (sNa). *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). 

 

In the total group, 71.91% required dialysis. 

Significantly more patients in the severe-HUS 

group needed dialysis than in the mild-HUS group 

(89% vs. 67.9%, p < 0.001). The most common was 

peritoneal dialysis (PD) (88.7%) or haemodialysis 

(HD).  

We found that patients in the severe-HUS group 

had longer hospital stays, lower platelet and 

haemoglobin counts, and higher serum creatinine 

and urea levels before administration of pulse 

therapy with methylprednisolone. This medication 

induces both haematological and renal remission 

especially if it is started early. As seen in figure 1-

2, serum creatinine and urea decreased during the 

three days of mPSL administration, while the 

platelets and haemoglobin levels (Figures 3 and 4) 

increased, and no significance adverse reaction 

have been observed. The characteristics of children 

according to mPSL response are shown below, in 

Figures 1-4. 
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Figure 1. 

Serum creatinine levels 

before and after mPSL 

administration 
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Figure 2. 

Serum urea levels, before 

and after mPSL 

administration 
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Figure 3. 

Haemoglobin levels, 

before and after mPSL 

administration 
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Figure 4. 

Platelets levels before 

and after mPSL pulse 

therapy administratio 

 

Serum creatinine levels (mg/dL), in the group with 

severe-HUS, before mPSL administration, was 

significantly higher (3.983, ± 1.196), than after 

mPSL administration, day 3, (1.729 ± 0.9220), p ≤ 

0.001. There was statistically significance on serum 

urea levels, within administration of mPSL. Mean 

value before mPSL was 98.27 ± 40.73 mg/dL, and 

decreased to 47.33 ± 15.31 mg/dL (p ≤ 0.001), after 

3 days of mPSL administration. Haemoglobin level 

(g/dL), in group with severe-HUS, has been rising 

gradually, from 7.663 ± 1.414, before mPSL, to 

9.444 ± 1.646 (p < 0.001) after consecutively 3 days 

of mPSL administration. The function of platelets 

significantly differs between mPSL administration. 

In the severe-HUS group, the platelets level was 

lower before mPSL, mean value 79 ± 33.3 x103/mm3 

than after 3 days of pulse therapy administration of 

mPSL 129.5 ± 36.2 x103/mm3, (p < 0.05). Mean 

platelet count followed a tendency to recover by 7 - 

10 days during hospitalization. 

ROC curve was constructed to assess the predictive 

performance of mPSL treatment in the severe-HUS 

group. It was seen that administration of intravenous 

pulse therapy of mPSL was associated with laboratory 

parameters as predictors for steroids course (Figure 

5 and Figure 6). 
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Figure 5. 

ROC curve of Hb and platelets in group with severe-HUS, after mPSL (A: Haemoglobin, B: Platelets) 
 

ROC curve analysis was carried out to assess the 

performance of mPSL in the assessment of severe-

HUS group. Logistic regression analysis revealed 

an AUC of 0.8105 (Figure 5-A), with a 95% 

confidence interval of 0.6611 - 0.9600, for Hb. 

Among the patients with severe-HUS, figure 5-B 

shows significantly better hematological outcomes 

for PLT, p < 0.0181 and AUC = 0.8776, after 

mPSL administration. 

 

 
Figure 6. 

ROC curves of serum creatinine and serum urea levels of the patients with severe-HUS, who underwent mPSL 

pulse therapy (C: Serum creatinine, D: Serum urea) 

AUC of creatinine serum of 0.9453, (95% CI, 0.8577 - 1.000), and 0.8939 (95% CI, 0.7552 - 1.000) respectively 

 
This single center study explored the association 

between mPSL administration and disease activity 

in the group with severe-HUS. To analyse both 

groups of mild-HUS and severe-HUS, we defined 

kidney involvement in mild-HUS cases by a 

creatinine cut-off < 1.5mg/dL, and in the severe-

HUS group cut-off of serum creatinine was 

>1.5mg/dL and associated with neurological 

complications. The reported rate of neurological 

involvement in children with HUS was 17.98%, 

based on seizures, encephalopathy, irritability or 

lethargy, or focal neurological deficit. Seizure 

(43.75%) was the most common presentation of 

neurological involvement. Children in the severe-

HUS group had a significantly need for dialysis 

(median 20 vs. 8 days, p < 0.0001) and a longer 

length of hospital stay 33 (23 - 46) vs. 11 (14 - 20)], 

p < 0.000, reflecting the more severe course of 

illness in the severe-HUS group. CT in children 

with severe-HUS is focused on the changes which 
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show reversible lesions in children with good 

neurological recovery, and routine follow up imaging 

is not required unless abnormal neurological 

examination was found. Serum level of creatinine 

was the best predictor of a poor outcome, with 

AUC = 0.9453. The highest values for LDH, serum 

creatinine and urea, occurred in patients with severe-

HUS. We showed that a dose of 30 mg/kg/day, for 

three consecutive days improve neurological 

manifestations and additionally promotes a protective, 

anti-inflammatory response. In 15 paediatric 

population of 16, there was beneficial effects in 

imagistic, clinical and laboratory parameters after 

mPSL pulse therapy. The main causes of 

neurological complications are local microangiopathy, 

hypertension hyponatremia and local toxic effect of 

the bacterial toxin. In our study, hyponatremia, as 

the main metabolic cause of cerebral oedema, was 

present in severe-HUS. Brain CT was performed, 

which showed no pathological changes in 15 

patients during hospitalization. Dynamically, 4 days 

from the onset of the first neurological 

manifestations, 1 patient presented deviation of the 

eyeballs to the left, horizontal nystagmus, low 

responds to verbal stimuli, and hypertension 

myoclonus. After mPSL administration, the cerebral 

CT scan was repeated, which revealed cerebral 

ischemia lesions in the occipital area, and had long-

term neurologic sequelae. The cerebral CT evaluation 

showed only slight cerebral oedema in 3 patients 

(18.75%), 1 patient (6.25%) had minimal cerebral 

atrophy, whereas cerebral CT scans were routine 

for 11 children (68.75%). Overall, 15 children of 

the 16 found with neurological complications had a 

remarkable response to high dose mPSL therapy 

and recovered within the first week.  

Studies based on cohorts of children with HUS and 

CNS involvement before 2010 had a median 

mortality rate of 16.9% (IQR: 7.0 - 44.6%) [13, 33]. 

More recent studies (cohorts after 2010), have 

better outcomes with lower mortality,13.9% 

(IQR:12.5 - 22%)] [34]. Over the past two decades, 

high-dose intravenous mPSL pulse therapy (an 

approach already used to treat several neurological 

syndromes) has been used in various studies in the 

field of HUS to avoid the development of side 

effects and maintain long-term efficacy [22, 35-38, 

43]. In a previous study, a 14-year-old girl was 

successfully treated of STEC-HUS and acute 

encephalopathy with high-dose steroid pulse 

therapy (two courses of IV methylprednisolone 

500 mg/day for 3 days) in association with plasma 

exchange, obtaining full recovery [37]. 

Administered according to different regimens 

(dosage 30 mg/kg/day for three days), it has been 

shown to be successful in different disorders 

(absence seizures, infantile spasms, encephalopathies 

in general) [35, 39-45]. 

Our study provides an in-depth description of 16 

patients with neurological complications of HUS 

infection among 89 children in total diagnosed with 

HUS at the “Maria Sklodowska Curie” Children's 

Emergency Hospital - Bucharest, Romania, between 

2015 and 2020. To date, management is still 

supportive mainly, and while specific therapy for 

HUS extrarenal complications is missing, our 

therapeutic decision was to give high dose 

intravenous mPSL as the treatment of choice for 

such neurological complications. This decision was 

based on several factors, including clinical features 

of the neurological manifestations during HUS, 

particularly based on the severity of the attack as 

the most significant factor, laboratory parameters 

measured during HUS progression and evolution, 

neurological symptoms and CT findings such as the 

presence/absence of CNS site where the 

symptoms/signs were localised. Neurological 

symptoms such as seizures significantly improved 

during and after the administration of iv mPSL 

treatment as presented in the results of studies 

conducted in other centres [39-45]. 

A better understanding of the pathophysiology 

underlying STEC HUS in paediatric patients is 

essential if targeted therapy for this condition is to 

be established. Our study limitations result from its 

retrospective character and a small group of 

patients with neurological complications. However, 

the sample size is reasonably large to draw 

significant conclusions on a descriptive basis [40, 

46]. 

 

Conclusions 

Our study shows that intravenous mPSL pulse 

therapy was associated with decreased neurological 

clinical manifestations and measurable 

improvement in biological evidence. More 

extensive, consistent, and systematic study and 

prospective randomized clinical trials are needed to 

confirm and assess the safety of this therapy and 

further study the mid-term and long-term outcomes 

after discharge. 
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