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ABSTRACT
Introduction : Nephrotic syndrome (NS) is biologically defined by hypoalbuminemia below 30 g/L and proteinuria above 50 mg/kg/day or above 200 g/mol of urinary creatinine in a sample. It is one of the most common glomerular nephropathies occurring in children between the ages of 2 and 7, often following an infectious or allergic trigger. Materials and methods. We conducted a cross-sectional study over a 30-month period from January 1, 2018, to June 30, 2020, among children aged 0 to 15 years admitted to the pediatric department of the Gabriel TOURE University Hospital for nephrotic syndrome. Results. Over the 30-month period, we collected 65 files that met the inclusion criteria out of a total of 19,047 hospitalizations, representing a hospitalization rate of 0.34%. The average age was 7.15 ± 3.92, with extremes ranging from 1 to 14 years. The sex ratio was 2.82. Twenty-four-hour proteinuria was between 100 and 200 mg/kg/day in 64.6% of cases, and 4.7% had proteinuria greater than 300 mg/kg/day. All children received corticosteroid therapy. Conclusion. NS is the most common kidney disease in children. Early treatment with corticosteroids and rigorous follow-up are essential, but remain difficult to implement in resource-limited settings.
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Introduction
Nephrotic syndrome (NS) is biologically defined by hypoalbuminemia below 30 g/L and proteinuria above 50 mg/kg/day or above 200 g/mol of urinary creatinine in a sample [1]. It is one of the most common glomerular nephropathies occurring in children between the ages of 2 and 7, often following an infectious or allergic trigger [2].
It reflects an abnormality in glomerular permeability that may be primary or secondary to infections, sometimes congenital, diabetes, systemic lupus erythematosus, human immunodeficiency virus (HIV) nephropathy, neoplasms, certain medications, and genetic abnormalities, among other causes [2].
The annual incidence of NS is 1 to 4 per 100,000 children and varies according to gender, age, ethnicity, and place of residence [2,3]. It affects boys more frequently, with a sex ratio of 3 boys to 1 girl. Children of Asian origin are more affected, suggesting a genetic determinant, and urban centers compared to rural areas, suggesting the role of environmental factors [4,5].
It can occur at any age, but most often begins between the ages of 2 and 7 [6]. Its pathophysiology is still poorly understood, but it appears to result from an immunological disorder involving the production of a circulating factor known as glomerular permeability, the nature, exact origin (immune cells?), mechanism of action, and physicochemical properties of which remain unclear. Corticosteroid therapy is the first-line treatment for NS in children [7].
The aim of this study was to investigate the therapeutic and evolutionary aspects of nephrotic syndrome in children in the paediatric department of the Gabriel Touré University Hospital in Bamako.
Methods
Study type
This was a descriptive cross-sectional study conducted over a 30-month period from January 1, 2018, to June 30, 2020, among children aged 0 to 15 years admitted to the pediatric department of the CHU GT for nephrotic syndrome.
Choice of study location :This work was carried out in the pediatric department of the Gabriel TOURE University Hospital, a tertiary referral hospital located in the center of the Bamako district, which is easily accessible and receives the largest number of hospitalized children.
Inclusion and exclusion criteria : All children hospitalized in the pediatric department or followed up in consultation at the time of the study for biologically confirmed nephrotic syndrome (24-hour proteinuria greater than 50 mg/kg/day associated with albuminemia less than 30 g/L) were included. 
All children who did not undergo 24-hour proteinuria testing, children with 24-hour proteinuria less than 50 mg/kg/day, and those whose parents refused to participate in the study were excluded.
Data collection : data were collected from individual questionnaires completed by mothers and from clinical examinations of infants. The variables studied were qualitative and quantitative.
Data analysis and interpretation : data were entered into SPSS 2021 and processed using Microsoft Word 2016 software.
Study authorization : The study was authorized by the ethics committee of the Gabriel TOURE University Hospital Center under number 001118/GT/CE.
Results
Over the 30-month period, we collected 65 files that met the inclusion criteria out of a total of 19,047 hospitalizations, representing a hospitalization rate of 0.34%. The average age was 7.15 ± 3.92, with extremes between 1 and 14 years. Children came for consultation between 2 and 4 weeks after the onset of symptoms. 93.8% had no history of nephropathy, 44% had genital infiltration, 67.7% had edema on admission, and 33.8% had oliguria. Twenty-four-hour proteinuria was between 100 and 200 mg/kg/day in 64.6%, and 4.7% had proteinuria greater than 300 mg/kg/day (Table I). Albuminuria was less than 10 g/L in 20% of cases, between 10 and 20 g/L in 70.8% of cases, and between 20 and 30 g/L in 9.8% of cases.
Hemoglobin levels were low in 74.6% of patients, with an average of 9.57g/dl. Uric acid and creatinine levels were elevated in 28.8% and 9.3% of children, respectively.
Urinalysis was performed in 57/65 patients, and 37/65 underwent cytological and bacteriological examination of urine (ECBU). Leukocyturia was found in 23/57 (40,3%), nitrites in 19/57 (33,33%), and the ECBU was positive in 32,4% (12/37) of the cases sampled. Escherichia coli was found in 50% of patients with a positive ECBU (Table II).
Nephrotic syndrome was pure in 67.7% of patients and impure in 32.3%. Hypertensive encephalopathy was found in 7.7% of patients, and 4.6% were malnourished. Symptomatic treatment consisted mainly of: a low-sodium diet and deworming in 100% of cases, diuretics in 89.2%, fresh frozen plasma transfusion in 49.2%, and albumin infusion in 7.7% of cases.
All children received corticosteroid therapy: 73.9% were corticosteroid-responsive, 3.1% were corticosteroid-resistant, 21.5% discontinued treatment. After starting corticosteroid therapy, 4.6% of patients experienced confusion and insomnia, and 3.1% lost weight. The average length of hospital stay was 45 days, with averages ranging from 4 to 8 weeks.
Following treatment: 3.1% of patients were declared cured, 29.2% were in partial remission, 6.2% were corticosteroid-resistant, 7.7% were corticosteroid-dependent, 21.5% were lost to follow-up, and 9.2% had died.
Discussion :
Difficulties:
The inadequacy of the technical facilities meant that Renal Biopsy Puncture (RBP) was not performed when indicated (cortico-resistance, cortico-dependence). 
Lack of financial resources prevented the performance of certain tests required for aetiological diagnosis (screening for sickle cell disease, hepatitis B, syphilis, HIV, lupus ......).
NS is the leading kidney disease in children, with an estimated global incidence of 2 to 7 per 100,000 children per year [8]. During our study, we collected 65 cases of nephrotic syndrome out of a total of 19,047 hospitalized children, representing a frequency of 0.34%. Keita Y et al, Ndongo AA et al, and Ernould S et al reported hospital frequencies of 1.5%, 0.27%, and 2.1%, respectively [9, 10, 11]. Our results differ from those of Keita and Ernould, perhaps due to the recruitment method, but are comparable to those of Ndongo AA. NS is the most common renal disease in children, particularly between the ages of 2 and 6 [12].  
In our study, the 6-10 age group was the most affected with 41.5%, and the average age was 7.15 years with extremes ranging from 1 to 14 years, as in other African studies. Keita Y et al and Ndongo AA et al reported average ages of 7.11 and 7.41 years, respectively [9,11], but higher than those of Ernould S and Deschenes G in France, who found average ages of 3.6 and 4 years. This difference could be explained by the age of onset of NS in sub-Saharan Africa in the literature compared to the West [11].
In most studies, the sex ratio is approximately two boys for every girl. However, there is unexpected variability in the sex ratio depending on geographical location, ranging from 1 (no male preponderance) to 3.8 (overwhelming majority of boys) [13]. The male preponderance also tends to disappear as adolescence approaches. All these epidemiological factors, combined with the existence of a few familial cases [14], suggest that the disease is polygenic, and the imbalance in the sex ratio suggests the involvement of one or more genes carried by the X chromosome [13].
Our sample consisted of 73.8% males and 26.2% females, with a sex ratio of 2.82.
In our study, more than half of the children consulted between 2 and 4 weeks, i.e., 84.6%, with an average delay of 23 days. This explains the symptoms of the patients. This delay in seeking medical attention could be due to the impact of socio-cultural beliefs (such as witchcraft and the concept of the devil), illiteracy, and ignorance among the population, but also to the treatment method chosen by patients (traditional healers, community health centers, clinics, etc.) before arriving at the hospital.
Edema was present in all patients (100%) and was generalized in 75.4%. The main local signs found on physical examination were: facial swelling (96.9%), ascites (86.2%), edema of the lower limbs (84.6%), and infiltration of the external genital organs (44.6%). The predominance of the edematous-ascitic syndrome has been reported in the literature [10,15]. This could be explained by delays in consultation or diagnosis.
The presence of high blood pressure in the NS is a sign of its severe nature, and the most serious complication is hypertensive encephalopathy, which was found in 21.5% of cases in our study. This complication was found in Ndongo A et al and Keita Y et al in Senegal, who reported 15% and 5% respectively [9,10]. This difference could be explained by the existence of several factors involved in the onset of high blood pressure in our context (salt consumption, family history of high blood pressure, obesity, sedentary lifestyle). Nephrotic syndrome was pure in 44 children (67.7%) and impure in 21 (32.3%). High blood pressure and/or hematuria and/or renal failure and/or non-selective proteinuria associated with nephrotic syndrome defines the impure nature of the condition. A study conducted in Marrakech in 2010 by Ktiri K reported 85.3% pure nephrotic syndrome and 14.7% impure nephrotic syndrome, while Ernould et al reported 89% pure nephrotic syndrome [15,16].
The literature shows that in NS, increased urinary excretion of transferrin can lead to refractory hypochromic microcytic anemia [17].  We found microcytic and normochromic anemia in 74.6% of children. Ktiri K. in Marrakech in 2010 reported 32.2% of cases of microcytic hypochromic anemia [15]. This difference can be explained by the existence of several cofactors responsible for anemia in our context. Hypoproteinemia and hypoalbuminemia were found in 100% of cases with respective averages of 35.07 ± 15.67g/l (3.12–57g/l) and 13.84 ± 4.44g/l (2–26.8g/l). This hypoproteinemia and hypoalbuminemia has been reported in the literature and is due to the massive nature of proteinuria [18].
The urine dipstick test was abnormal in 100% of cases, with 44 patients (67.7%) having at least three protein crosses at the time of diagnosis. As found by Ktiri K in 2010 in Marrakech, where the majority had at least three protein crosses, and similarly by Keita Y et al in 2017 in Senegal, where 100% had significant proteinuria at urine dipstick test [9,15].
A cytological and bacteriological examination of urine was performed in 37 patients, of whom 12 (32.4%) had a urinary tract infection. Escherichia coli was the most commonly found bacterium, accounting for 50% (6/12) of cases. According to Savadogo H et al in 2019 in Ouagadougou: 19 patients underwent a urine culture, representing 46.3%, and 8 patients had a urinary tract infection, representing 42.1%, with Escherichia coli being the most common pathogen (n=3), representing 7.31%. Keita Y et al. in 2017 in Senegal reported a positive urine culture in 7.7% (n=3) of patients. Escherichia coli was the most common pathogen (n=3), accounting for 7.31%. Keita Y et al. in 2017 in Senegal reported a positive urine culture in 7.7% (n=3) of patients, with Escherichia coli being the most common pathogen [9.18]. Susceptibility to infections results in part from the immunological disturbances observed during NS, compounded by the effect of immunosuppressants. The most common causative agents are Streptococcus pneumoniae and Escherichia coli [19].
The majority of patients had 24-hour proteinuria between 100 and 200 mg/kg/day, i.e., 64.6% with an average of 137.78 ± 76.78 mg/kg/day. According to Ktiri K in 2010 in Marrakech, 26% of cases had proteinuria between 100 and 200 mg/kg/24 hours, Ndongo A et al. in 2016 in Senegal and Savadogo H et al in 2019 in Ouagadougou reported respective averages of 113.73 ± 65.42 mg/kg/24h and 177.7 ± 146.1mg/kg/24h [5,10,15]. This massive proteinuria has been reported by other African authors [20]. The massive nature of the proteinuria could be explained by a delay in seeking medical advice.
The response to corticosteroid therapy depends on the type of NS. In our series, we were able to assess the response to corticosteroid therapy in 57 patients. It appears that 73.8% were corticosteroid-sensitive, 7.7% were corticosteroid-dependent, and 6.2% of patients were corticosteroid-resistant. Savadogo H et al. in 2019 in Ouagadougou reported 40% (n=12) corticosteroid sensitivity, 3.3% (n=1) corticosteroid dependence, and 56.7% (n=17) corticosteroid resistance [18]. This response to corticosteroid therapy usually determines the prognosis. In cases of corticosteroid resistance, other molecules may be prescribed, either in combination with corticosteroids (prednisone) or alone, and the prognosis remains poor in 50% of cases, with side effects such as stunted growth. Among the children included, 48 cases (73.8%) were treated with corticosteroid therapy in combination with adjuvant treatments. Ten (10) patients received boluses of methylprednisolone and seven patients received neither corticosteroid therapy nor boluses of methylprednisolone. No patients received immunosuppressive treatment in our study. According to Ktiri K in 2010 in Marrakech, all patients were placed on corticosteroid therapy (prednisone), and 13% of patients received methylprednisolone boluses [15].
Thrombosis is an increased complication of SN [21,22]; no cases of thrombosis were reported in our series or in Ndongo A et al., whereas Ernould et al. [16] reported two cases in their study. This could be explained by the fact that latent forms of thrombosis are more common than symptomatic forms [22], and that it would not have been investigated in the absence of warning signs. We found Twelve
 cases of urinary tract infections, five cases of hypertensive encephalopathy, and three cases of malnutrition. Ktiri K in Marrakech in 2010 [15] reported ten cases of urinary tract infection, 25 cases of tonsillitis, and 12 cases of otitis. Ernould et al. recorded 9 cases of infectious complications, 1 case of hemodynamic shock, 2 cases of psychiatric disorders, 1 case of unexplained intracranial hypertension, and 1 case of hypothyroidism [16].
During corticosteroid therapy, we recorded three cases of confusion, three cases of insomnia, and two cases of weight gain. Ktiri K in 2010 in Marrakech [15] reported 26 cases of growth retardation and anxious behavior in five patients. Ermould found in his study that 3 patients (7%) had osteoporosis defined by a Z-score of less than -2.5, including one child who had suffered a fracture. Ophthalmological examinations performed on 45 corticosteroid-dependent patients (88%) revealed cataracts in two patients and glaucoma in one patient. Seven patients with corticosteroid-sensitive nephrotic syndrome and three patients with corticosteroid-resistant nephrotic syndrome received antihypertensive treatment at some point during follow-up. Two corticosteroid-dependent patients developed transient steroid-induced diabetes. There was a tendency toward a decrease in these iatrogenic complications during the study period according to Ernould S et al [16].
A large proportion of patients (21.5%) abandoned treatment; this figure is alarming and calls into question our follow-up procedures. We will need to consider, where possible, home visits and/or telemedicine to address this rate.
Conclusion
Nephrotic syndrome is common in children and easy to diagnose. Early treatment with corticosteroids and rigorous follow-up are essential, but remain difficult to implement in resource-limited settings. Duration, complications, and resistance to corticosteroids are factors contributing to loss of sight. We recommend improving access to kidney biopsies and social protection mechanisms, and suggest follow-up through home visits and telemedicine to reduce these loss to follow-up rates.
Ethical Approval And Consent : The ethics committee of the Gabriel TOURE University Hospital Center under number 001118/GT/CE.The purpose and principle of the study were explained to the parents of the patients, along with the potential benefits and risks associated with the study. Confidentiality was guaranteed and all infants were included in the study with the informed consent of their parents.
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Table I: Distribution of children according to 24-hour proteinuria
	Proteinuria in 
mg/kg/day
	Number (n)
	percentage (%) 

	50 to 100 
100 to 200 
200 to 300 
Greater than 300 
Total 
	16 
42 
4 
3 
65 
	24,6 
64,6 
6,2 
4,7 
100 











Table II: Distribution of children according to urine profile at admission
	Urine tests
	    number (n)
	Percentage (%)

	



Urine strip
	
Leucocytes
	Positive
	23
	57
	40,3
	100

	
	
	Negative
	34
	
	59,6
	

	
	
Nitrites
	Positive
	19
	57
	33,33
	100

	
	
	Negative
	38
	
	66,66
	

	
	Proteins
	Positive
	56
	56
	100
	100

	
	
Red cells
	None
	45
	57
	79
	100

	
	
	Positive
	12
	
	21
	

	cytobacteriological examination of urine

	Positive
	12
	37
	32,4
	100

	
	Negative
	25
	
	67,6
	

	Most common germ
	escherichia coli
	6
	6
	100
	100



