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 Chronic kidney disease (CKD) is frequently accompanied by 

hyperphosphatemia. High serum phosphate usually requires dietary 

measures, adequate dialysis prescription and/or phosphate binders. 

Hyperphosphatemia in CKD is assumed to lead to cardiovascular and bone 

complications. The current study aimed to compare between sevelamer 

hydrochloride and calcium-based phosphate binders (CPB) in management 

of hyperphosphatemia in children with end stage renal disease (ESRD) on 

regular hemodialysis (HD). A randomized controlled trial was conducted 

over one year duration. Forty patients with ESRD on HD were enrolled and 

randomly subdivided into two groups either received Sevelamer 

hydrochloride (group A) or CPB (group B). Those patients were followed 

with laboratory data and echocardiography. Both groups had no significant 

differences as regard baseline data, laboratory data and echocardiography 

but group B had significantly higher serum calcium and calcium x 

phosphorus ratio. It was found that parathyroid hormone, systolic blood 

pressure, phosphorus level, calcium level, duration of dialysis, hemoglobin 

level, body surface area and age associated with presence of left ventricular 

hypertrophy. Sevelamer HCL is more effective in management of 

hyperphosphatemia in ERSD but still the main limitation of its use is the 

high cost.   

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Hyperphosphatemia in chronic kidney disease (CKD) becomes more common as the disease progresses, is 

thought to contribute to various complications, particularly cardiovascular and bone complications in 

advanced CKD, and then usually necessitates therapies ranging from dietary counselling to dialysis 

prescription and/or drug therapy [1]. 
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Recent years, CKD-mineral bone disorder (CKD-MBD) is introduced as a new clinical syndrome, in which 

the phosphate is the one of most important biochemical parameter and inducer of vascular calcification. 

Several studies have showed that serum levels of phosphate were linearly and independently associated with 

cardiovascular mortality in dialysis CKD patients [2]. 

 

The use of phosphate binders have been associated with improved survival in HD patients. There are mainly 

two kinds of phosphate binders, calcium-based (CBP) and non-calcium-based binders (NCBP). Calcium-

based binders are inexpensive and effective but lead to hypercalcemia with risk of metastatic calcification 

with subsequent developing vascular calcification and CKD-MBD [3]. 

 

 Several studies demonstrated that taking the NCBPs could reduce progression of vascular calcification and 

improve CKD-MBD status among HD patients [4]. The current study aimed to compare between use of 

sevelamer (as an NCBP) and calcium-based phosphate binders in management of hyperphosphatemia in 

children with end stage renal disease (ESRD) on regular HD. 

 

2. Patients & methods 

 

2.1 Study setting & design 

A prospective randomized control trial was conducted over one year duration (2018-2019) at Pediatric 

Hemodialysis Unit. 

 

The study project was registered on clinical trial under the registration number of NCT03202407. 

 

2.2 Criteria of inclusion and exclusion 

The study enrolled children aged from 6 to 18 years who were known to have ESRD and on regular HD. 

Also, those patients had hyperphosphatemia with serum phosphorus exceeded 4.5 mg/dl. 

 

Any patient with one or more of the following conditions was excluded; severe GIT disorder, known 

hypersensitivity to phosphate binders, normal serum phosphate level, children < 6 years and/or patient's 

(relative's) refusal. 

 

2.3 Sample size calculation 

Using G power program to detect a significant difference between two means of serum phosphate of two 

independent groups under the study with effect size (0-32), power 80%, a total sample size 138 was required. 

Due to financial limitation and rare cases that fulfill the previously mentioned between (expected number of 

new cases is about 4 cases per month). The study was conducted on 20 patients for each group. 

 

Simple randomization technique was performed thorough sequentially numbered opaque envelops using a 

random numbers table (1:1 ratio) where those patients were subdivided into two groups 

 

2.4 Participants 

This study included 40 patients (25 male and15 female). They were divided into two equal groups:  group A 

received the recommended daily dose of the sevelamer HCL as a phosphate binder and group B received 

conventional renal replacement therapy including calcium-based phosphate binders.  Active form of vitamin 

D was given to all patients. 

 

Patients were received hemodialysis 3 times per week for 4 hours each with standard bicarbonate- containing 
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dialysate under standard heparinization by using Fresenius 4008-B machines with polysulfone high flux 

filters, pediatric lines and containing a diasafe device for water pureness. 

 

2.5 Methodology 

All the patients were subjected to meticulous history taking including (name, sex, age, and duration of 

dialysis, etiology of CKD, duration of illness, dose and duration of each therapy). Complete physical 

examination included general and local examination was done. 

 

1. Laboratory investigations 

Complete blood count (CBC) (On CELL-DYN 3700), serum urea and creatinine (on Siemens Dimension RL 

Max) and serum electrolytes as Na, K, Ca and PO4: were analyzed by the COBAS INTEGRA 400 plus 

analyzer (Roche Ltd, Basel, Switzerland) using COBAS packs (Roche Ltd, Basel, Switzerland) as per the 

manufacturer's protocol. 

 

Also, alkaline phosphatase level (by alkaline phosphatase liquicolor (DEA Buffer, DGKC) kit, Human 

Gesellschaft Germany) and parathyroid hormone (PTH) (by an electro chemiluminescent assay using the 

COBAS e411 (Roche Diagnostics GmbH, Mannheim, Germany)) were assessed. 

 

Lipid profile: By using commercial kits on Siemens Dimension RL Max, total cholesterol and triglyceride 

concentrations were estimated using enzymatic methods (CHOD-PAP and GPO-PAP, respectively; Roche 

Diagnostics, Mannheim, Germany). High density lipoprotein (HDL) cholesterol was determined after 

precipitation with phosphotungstic acid/magnesium chloride. Low-density lipoprotein (LDL) cholesterol was 

measured directly with a commercially available direct LDL-Cassay (LDL-C Plus assay; Roche Diagnostics). 

 

2.  Echocardiography 

Echocardiography was done within 2-24 h after the midweek dialysis session by experienced 

echocardiologist. Two-dimensionally guided M-mode echocardiography by using Philips Envisor HD 

machine was done. Left ventricular internal dimension (LVID) and interventricular septal and posterior wall 

thickness (IVST and PWT) were measured according to the American Society of Echocardiography 

guidelines. 

 

LV mass was calculated by using the Devereux formula from M-mode and indexed to body surface area 

(BSA) [5], [6]. LVMI was calculated by dividing the LVM by the body surface area (BSA) and compared 

with published normal values for age and adjusted to be excessive if above the normal range for age. 

 

Left ventricular hypertrophy (LVH) was defined in boys and girls as LVMI greater than 103 g/m2 and 84 

g/m2, respectively [7], [8]. 

 

Relative wall thickness (RWT) was derived from 

RWT=
𝐈𝐕𝐒𝐓𝐝+ 𝐋𝐕𝐏𝐖𝐓𝐝

𝐋𝐕𝐈𝐃𝐝
 

 

An increased RWT was present if ≥0.45. Abnormal LV geometric types could be eccentric hypertrophy, 

concentric hypertrophy, or concentric remodeling; eccentric LVH presents with high LVMI and low RWT 

(0.45). In this case, wall thickness is increased in the presence of normal internal ventricular diameter. 

Concentric LV remodeling presents with high RWT and normal LVMI [9]. 
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3. Intervention  

Prior to initiation of therapy with phosphate binders all patients underwent two weeks of washout period 

without use of any phosphate binders and then they entered into 12 weeks trial and they were divided 

randomly into 2 groups: 

- Group B received calcium carbonate capsule at dose of 45-65 mg elemental calcium per kilogram 

body weight per day with meal. 

- Group A received sevelamer HCL phosphate binder (Renagel®) and the dose was calculated 

according to the body mass index (BSA) as follow: BSA ≥ 0.75 to < 1.2 m2 received 800 mg /meal while 

BSA ≥ 1.2 m2 received 1600 mg / meal [10]. 

The patients advised to take the drug with meal and to swallow it whole. The dose was titrated every 2 weeks 

as necessary to achieve serum phosphorus level at 3.5 to 5 mg/ dl as following:   

- > 5.5 mg/dl, increase 1 tablet/meal at week interval  

- 3.5-5.5 mg/dl, maintain current dose 

- < 3.5 mg/dl, decrease 1 tablet/ meal  

Compliance was assessed by counting the remaining tablets each follow up visits. A diet with adequate protein 

and calories was advised. The dose of vitamin D replacement therapy was maintained at the original dose 

recorded at the start of the study. 

 

Safety was evaluated on the bases of adverse effects, changes in lab values and changes in physical 

examination. The effect of phosphate binders was assessed for both groups before and after consecutive 3 

months of administration. 

 

2.6 Statistical analysis 

Data entry and data analysis were done using SPSS version 22 (Statistical Package for Social Science). Data 

were presented as number, percentage, mean, standard deviation, median and range. Chi-square test was used 

to compare between qualitative variables. Independent samples t-test was used to compare quantitative 

variables between groups, Paired Samples t-test was done to compare quantitative variables between before 

and after treatment, Pearson correlation was used to measure correlation between quantitative variables in 

case of parametric data. Mann-Whitney test was used to compare quantitative variables between groups, 

Wilcoxon Signed Rank Test was done to compare quantitative variables between before and after treatment, 

Spearman correlation was done to measure correlation between quantitative variables for non-parametric 

data. P-value considered statistically significant when P < 0.05. 

 

3. Results 

This study included 40 patients (25 male and15 female). They were divided into two equal groups:  group A 

received the recommended daily dose of the sevelamer HCL as a phosphate binder and group B received 

conventional renal replacement therapy including calcium-based phosphate binders. 

 

Table 1: Baseline data among studied population 

Baseline data  
Group A 

(n= 20) 

Group B 

(n= 20) 
P-value 

Age: (years)    

Mean ± SD 12.90 ± 3.19 11.88 ± 3.24 0.319 

Range 8.0-18.0 6.0-18.0  

Sex: No. (%)    

Male 11 (55.0%) 14 (70.0%) 0.327 
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Female 9 (45.0%) 6 (30.0%)  

Weight: (kg)    

Mean ± SD 33.80 ± 10.41 34.25 ± 14.16 0.909 

Range 17.0-56.0 17.0-60.0  

Height: (cm)    

Mean ± SD 130.30 ± 15.71 134.10 ± 19.78 0.505 

Range 107.0-157.0 105.0-165.0  

Body surface area: (m2)    

Mean ± SD 1.12 ± 0.24 1.15 ± 0.39 0.727 

Range 0.7-1.6 0.7-2.0  

Duration of dialysis: (years)    

Mean ± SD 3.84 ± 2.80 3.26 ± 0.77 0.683 

Median (Range) 2.5 (0.5-9.0) 3.0 (2.2-5.0)  

SBP: (mmHg)    

Mean ± SD 125.05 ± 15.61 128.25 ± 15.51 0.519 

Range 100.0-155.0 105.0-160.0  

DBP: (mmHg)    

Mean ± SD 82.80 ± 15.30 86.30 ± 12.77 0.437 

Range 60.0-110.0 65.0-115.0  

Hypertension: No. (%)    

Normotensive 6 (30.0%) 5 (25.0%) 0.723 

Hypertensive 14 (70.0%) 15 (75.0%)  

Controlled 7 (50.0%) 7 (46.7%) 0.858 

Uncontrolled 7 (50.0%) 8 (53.3%)  

PH:    

Mean ± SD 7.36 ± 0.10 7.32 ± 0.11 0.304 

Range 7.2-7.5 7.2-7.5  

HCO3
-:    

Mean ± SD 19.90 ± 4.93 19.00 ± 4.99 0.570 

Range 10.0-27.0 10.0-27.0  

PCO2: (mmHg)    

Mean ± SD 31.20 ± 11.05 28.00 ± 10.85 0.361 

Range 10.0-45.0 10.0-46.0  

Data expressed as mean (SD), range. P value was significant if < 0.05 (P-value1 compared between both 

groups while P-value2 compared between data before and after treatment in the same group).  WBC: white 

blood cell, Hb: hemoglobin 

Both groups had insignificant differences regarding baseline data (p> 0.05). It was found that a total of 29 

(72.5%) patients were hypertensive. 

 

Table 2: Complete blood count before and after treatment among studied population 

Laboratory  

parameters 

 Group A 

(n= 20) 

Group B 

(n= 20) 

P-

value1 

WBC 

(103/ul) 

Before treatment: 

Mean ± SD 

Range 

 

6.60 ± 1.99 

3.6-11.1 

 

7.34 ± 2.46 

4.5-14.0 

0.303 
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After treatment: 

Mean ± SD 

Range 

 

6.08 ± 1.50 

3.4-9.0 

 

6.88 ± 1.67 

4.4-9.5 

0.118 

P-value2 0.238 0.426 

Hb (g/dL) Before treatment: 

Mean ± SD 

Range 

 

10.29 ± 1.80 

7.0-13.5 

 

9.62 ± 1.19 

8.0-12.0 

0.175 

After treatment: 

Mean ± SD 

Range 

 

9.30 ± 1.84 

6.6-13.2 

 

9.83 ± 1.33 

7.3-12.0 

0.302 

P-value2 0.016* 0.657 

Platelets 

(103/ul) 

Before treatment: 

Mean ± SD 

Range 

 

255.25 ± 84.68 

140.0-463.0 

 

259.45 ± 70.53 

157.0-400.0 

0.866 

After treatment: 

Mean ± SD 

Range 

 

251.50 ± 89.00 

124.0-402.0 

 

271.00 ± 87.49 

103.0-457.0 

0.489 

P-value2 0.887 0.485 

Urea 

( mg/dL) 

Before treatment 

Mean ± SD 

Median (Range) 

 

103.39 ± 44.48 

100.0 (33.0-185.0) 

 

123.67 ± 27.33 

127.5 (68.0-160.0) 

0.136 

After treatment: 
Mean ± SD 

Median (Range) 

P-value2 

 

116.46 ± 50.47 

139.0 (25.0-205.0) 

0.507 

 

126.38 ± 53.00 

116.0 (15.0-260.0) 

0.837 

0.860 

Creatinine 

( mg/dL) 

Before treatment: 

Mean ± SD 

Median (Range) 

 

7.93 ± 2.91 

7.7 (3.0-13.0) 

 

7.53 ± 3.17 

6.6 (4.0-14.9) 

0.499 

After treatment: 

Mean ± SD 

Median (range) 

P-value2 

 

6.87 ± 1.93 

6.9 (3.0-10.0) 

0.057 

 

7.31 ± 2.49 

7.1 (3.8-13.0) 

0.627 

0.626 

Data expressed as mean (SD), range. P value was significant if < 0.05 (P-value1 compared between both 

groups while P-value2 compared between data before and after treatment in the same group).  WBC: white 

blood cell, Hb: hemoglobin 

Both groups had insignificant differences regarding CBC and kidney functions. Hemoglobin level showed 

significant reduction in group A after therapy. 

 

Table 3: Baseline Echocardiographic findings among studied population 

 Group A 

(n= 20) 

Group B 

(n= 20) 

P-value 

LVM: (g) 0.479 

Mean ± SD 105.25 ± 27.68 111.05 ± 23.43 

Range 51.0-168.0 74.0-173.0 

LVMI: (g/m2) 0.318 
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Mean ± SD 99.05 ± 37.36 111.85 ± 42.46 

Range 46.0-233.0 48.0-208.0 

FS: (%) 0.491 

Mean ± SD 38.74 ± 4.46 39.64 ± 3.74 

Range 31.0-44.8 31.2-45.1 

RWT:  0.853 

Mean ± SD 0.30 ± 0.06 0.31 ± 0.07 

Range 0.19-0.45 0.20-0.46 

LVH 

Before treatment  

After treatment 

 

13 (65%) 

11 (55%) 

 

12 (60%) 

15 (75%) 

 

0.185 

0.744 

Data expressed as frequency (percentage), mean (SD), range. P value was significant if < 0.05. LVM: left 

ventricular mass, LVMI: left ventricular mass index, FS: Fractional shortening, RWT: Relative wall 

thickness; LVH: left ventricular hypertrophy  

 

Both groups had insignificant differences regarding echocardiographic findings (p> 0.05). Also, both groups 

had insignificant differences as regard frequency of LVH. 

 

Table 4: Electrolytes level at 0th, 6th and 12th week among studied population 

 Group A 

(n= 20) 

Group B 

(n= 20) 

P-value1 

Sodium (mEq/mL) 

W0: 

Mean ± SD 

Range 

 

 

135.51 ± 3.83 

126.7-144.0 

 

 

137.19 ± 2.69 

132.0-142.0 

 

0.117 

W12  

Mean ± SD 

Range 

P-value2 

 

136.30 ± 2.68 

133.0-145.0 

0.446 

 

137.55 ± 3.55 

133.0-145.0 

0.675 

0.216 

Potassium (mEq/mL) 

W0: 

Mean ± SD 

Range 

 

 

5.19 ± 0.87 

3.7-6.5 

 

 

4.81 ± 0.84 

2.4-5.8 

 

0.164 

 

W12  

Mean ± SD 

Range 

P-value2 

 

5.22 ± 0.91 

3.4-6.9 

0.891 

 

4.76 ± 0.58 

3.5-6.0 

0.803 

 

0.064 

Calcium (mg/dl) 

W0: 

Mean ± SD 

Range 

 

 

7.14 ± 2.39 

4.5-13.6 

 

 

8.10 ± 1.37 

6.0-11.3 

0.128 
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W6: 

Mean ± SD 

Range 

P-value2 

 

7.70 ± 1.11 

6.5-9.5 

0.239 

 

8.30 ± 1.00 

6.5-9.7 

0.274 

 

0.088 

W12: 

Mean ± SD 

Range 

    P-value3 

 

7.82 ± 1.13 

6.0-10.5 

0.337 

 

8.80 ± 1.49 

5.4-11.5 

0.044* 

 

0.024* 

Phosphorous (mg/dl) 

W0: 

Mean ± SD 

Range 

 

 

7.76 ± 2.28 

5.9-14.3 

 

 

8.41 ± 1.72 

5.8-12.0 

 

0.316 

W6: 
Mean ± SD 

Range 

P-value2 

 

7.57 ± 1.21 

5.5-10.0 

0.004* 

 

7.00 ± 1.31 

5.3-9.9 

0.001* 

 

0.006* 

W12: 

Mean ± SD 

Range 

P-value3 

 

5.75 ± 1.12 

4.5-9.5 

0.000* 

 

7.03 ± 1.48 

4.7-10.5 

0.000* 

0.004* 

Calcium x phosphorus ratio  

0 week: 

Mean ± SD 

Range 

 

 

55.87 ± 24.09 

56.8 (28.1-104.0) 

 

 

68.36 ± 18.70 

69.3 (39.7-102.0) 

0.055 

6 weeks: 
Mean ± SD 

Range 

P-value2 

 

51.69 ± 12.80 

48.7 (35.4-79.7) 

0.494 

 

64.65 ± 14.50 

67.0 (38.2-97.0) 

0.033* 

0.005* 

12 weeks: 

Mean ± SD 

Range 

P-value3 

 

44.83 ± 10.77 

43.8 (32.2-80.8) 

0.062 

 

62.48 ± 19.22 

62.9 (25.4-115.5) 

0.073 

0.001* 

Data expressed as mean (SD), range. P value was significant if < 0.05 (P-value1 compared between both 

groups while P-value2 compared between data before and 6th weeks in the same group, P-value3 compared 

between data before and 12th weeks in the same group). 

 

W0: before treatment, W6: after 6 weeks of treatment, W12: after 12 weeks of treatment 

 

It was found that group B had significantly higher serum calcium at 12th week and Ca x phosphorus ratio at 

6th and 12th weeks while group A had significantly higher phosphorus at 6th week after therapy.  

 

In both groups, there was significant reduction in phosphorus at 6th and 12th week of therapy while only in 

group B, there was significant increase in serum calcium at 12th week and decrease in Ca x phosphorus ratio 

at 6th week of therapy. All other comparisons were insignificant. 

 

Table 5: Lipid profile, ALP and PTH among studied groups 

 
Group A 

(n= 20) 

Group B 

(n= 20) 
P-value1 
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Alkaline phosphatase (IU/L) 

Before treatment: 

Mean ± SD 

Median (Range) 

423.95 ± 432.89 

195.0 (120.0-1451.0) 

384.00 ± 286.48 

302.0 (119.0-1340.0) 

 

0.337 

After treatment: 

Mean ± SD 

Median (Range) 

P-value2 

 

268.00 ± 146.37 

260.0 (77.0-580.0) 

0.042* 

 

376.45 ± 341.96 

263.0 (87.0-1278.0) 

0.059 

0.200 

Parathyroid hormone (Pg/mL) 

Before treatment: 

Mean ± SD 

Median (Range) 
656.13 ± 496.39 

448.3 (227.0-1758.0) 

825.04 ± 531.10 

833.1 (220.0-1700.0) 

0.534 

After treatment: 

Mean ± SD 

Median (Range) 

P-value2 

312.07 ± 109.24 

283.2 (200.0-627.7) 

0.001* 

700.16 ± 549.36 

352.5 (209.8-1727.0) 

0.100 

0.048* 

HDL (mg/dl) 

Before treatment: 

Mean ± SD 

Range 
35.07 ± 9.65 

15.0-59.0 

34.18 ± 10.92 

13.2-48.6 

 

0.786 

After treatment: 

Mean ± SD 

Range 

P-value2 

38.90 ± 10.86 

18.8-59.8 

0.068 

36.09 ± 12.17 

15.0-60.9 

0.083 

0.445 

LDL (mg/dl) 

Before treatment: 

Mean ± SD 

Median (Range) 
83.38 ± 26.34 

76.8 (43.0-146.0) 

71.41 ± 30.56 

74.4 (35.0-150.0) 

0.234 

After treatment: 

Mean ± SD 

Median (Range) 

P-value2 

50.89 ± 14.55 

48.2 (34.8-87.0) 

0.001* 

77.60 ± 43.07 

70.8 (31.0-200.0) 

0.287 

0.047* 

Cholesterol (mg/dl) 

Before treatment: 

Mean ± SD 

Range 
168.15 ± 39.02 

125.0-254.0 

172.80 ± 28.64 

140.0-240.0 

0.670 

After treatment: 

Mean ± SD 

Range 

P-value2 

147.73 ± 31.27 

104.0-228.0 

0.018* 

157.73 ± 26.14 

122.4-207.0 

0.103 

0.279 

Triglyceride (mg/dl) 

Before treatment: 

Mean ± SD 

Range 
204.20 ± 104.06 

46.0-463.0 

179.36 ± 76.16 

70.0-297.0 

0.394 

After treatment: 

Mean ± SD 

Range 

P-value2 

158.80 ± 57.12 

70.0-300.0 

0.028* 

176.33 ± 71.75 

65.0-287.0 

0.687 

0.398 
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Data expressed as mean (SD), range. P value was significant if < 0.05 (P-value1 compared between both 

groups while P-value2 compared between data before and after in the same group) 

 

ALP: alkaline phosphatase, PTH: parathyroid hormone, LDL: low density lipoprotein, HDL: high density 

lipoproteins 

 

It was found that group A had significant reduction in LDL, cholesterol, triglycerides, ALP and PTH after 

therapy. Also, after therapy group A had significantly lower PTH and LDL in comparison to group B.  

 

Table 6: Baseline and follow up echocardiographic findings among studied groups 

 Group A 

(n= 20) 

Group B 

(n= 20) 

P-value1 

IVS 

Before treatment: 

Mean ± SD 

Range 

 

 

7.29 ± 0.77 

6.0-8.5 

 

 

7.60 ± 0.89 

6.4-9.0 

 

0.253 

After treatment: 

Mean ± SD 

Range 

P-value2 

 

6.83 ± 0.63 

5.9-8.3 

0.008* 

 

7.35 ± 0.93 

6.1-8.7 

0.000* 

0.047* 

LVEDD 

Before treatment: 

Mean ± SD 

Range 

 

 

47.10 ± 3.35 

43.5-55.0 

 

 

48.86 ± 3.61 

43.5-55.0 

 

0.117 

After treatment: 

Mean ± SD 

Range 

P-value2 

 

46.12 ± 3.66 

39.5-56.0 

0.153 

 

48.27 ± 3.71 

43.5-53.9 

0.080 

 

0.073 

LVESD 

Before treatment: 

Mean ± SD 

Range 

 

 

28.96 ± 1.82 

27.0-35.0 

 

 

30.07 ± 1.86 

27.0-33.8 

 

0.064 

After treatment: 

Mean ± SD 

Range 

P-value2 

 

27.56 ± 2.31 

22.5-33.0 

0.020* 

 

29.22 ± 1.52 

27.0-32.1 

0.016* 

 

0.010* 

LVPW 

Before treatment: 

Mean ± SD 

Range 

 

 

6.75 ± 0.99 

5.5-8.7 

 

 

7.14 ± 1.03 

5.5-9.0 

 

0.234 

After treatment: 

Mean ± SD 

Range 

P-value2 

 

6.40 ± 1.12 

4.5-9.0 

0.246 

 

6.82 ± 0.97 

5.5-8.6 

0.030* 

 

0.213 

LVM 

Before treatment: 

Mean ± SD 

Range 

 

 

105.25 ± 27.68 

51.0-168.0 

 

 

111.05 ± 23.43 

74.0-173.0 

 

0.479 
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After treatment: 

Mean ± SD 

Range 

P-value2 

 

102.90 ± 23.34 

68.0-161.0 

0.447 

 

110.05 ± 23.13 

71.0-173.0 

0.198 

 

0.337 

LVMI 

Before treatment: 

Mean ± SD 

Range 

 

 

99.05 ± 37.36 

46.0-233.0 

 

 

111.85 ± 42.46 

48.0-208.0 

 

0.318 

After treatment: 

Mean ± SD 

Range 

P-value2 

 

101.70 ± 34.31 

65.0-212.0 

0.667 

 

109.05 ± 41.94 

48.0-208.0 

0.071 

 

0.548 

Data expressed as mean (SD), range. P value was significant if < 0.05 (P-value1 compared between both 

groups while P-value2 compared between data before and after in the same group) 

 

LVM: left ventricular mass, LVMI: left ventricular mass index, IVS: interventricular septum, LVEDD: left 

ventricular end-diastolic diameter, LVESD: left ventricular end-systolic diameter, LVPW: left ventricular 

posterior wall 

 

It was found that group B had significant higher IVS and LVESD after therapy. Both groups also, showed 

significant reduction in IVS, and LVESD. Also, group B showed significant reduction in LVPW. All other 

comparisons showed no significant value. 

 

Table 7: Characteristics of studied patients based on presence of LVH 

 
Left ventricular hypertrophy  

P-value 
Absent Present 

Age: (years) 13.70 ± 2.68 11.60 ± 3.29 0.044* 

Body surface area: 1.34 ± 0.34 1.01 ± 0.23 0.001* 

Hemoglobin (g/dl) 10.44 ± 1.70 8.37 ± 1.22 0.012* 

Duration of dialysis: (years) 3.20 ± 1.45 5.56 ± 2.33 0.023* 

Urea 124.55 ± 33.31 106.92 ± 39.51 0.183 

Creatinine 8.04 ± 2.70 7.54 ± 3.22 0.476 

High density lipoprotein  32.46 ± 8.99 35.92 ± 10.80 0.304 

Low density lipoprotein 72.58 ± 34.93 80.28 ± 24.77 0.420 

Cholesterol 191.53 ± 46.88 172.64 ± 36.45 0.162 

Triglyceride 204.74 ± 70.73 184.00 ± 101.66 0.492 

Calcium  6.67 ± 1.99 8.79 ± 2.02 0.005* 

Phosphorus  6.82 ± 2.27 9.77 ± 1.83 0.010* 

Systolic blood pressure  121.40 ± 13.91 128.60 ± 16.48 0.028* 

Diastolic blood pressure  86.20 ± 14.23 83.56 ± 14.09 0.571 

Parathermone  656.13 ± 496.39 825.04 ± 531.10 0.034* 

Data expressed as mean (SD). P value was significant if < 0.05.LVH: left ventricular hypertrophy  

 

Among risk factors that can be associate with increasing the prevalence of LVH, our results confirm a 

significant difference with parathyroid hormone, systolic blood pressure, phosphorus level, calcium level, 

duration of dialysis, hemoglobin level, body surface area and age. 
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Table 8: Correlations of different data with LVMI among studied population 

 
LVMI 

r-value P-value 

Age (years) -0.587 0.000* 

Body surface area -0.650 0.000* 

Leucocytes  -0.055 0.735 

Hemoglobin  -0.457 0.002* 

Platelets  0.132 0.417 

Duration of dialysis (years)  0.581 0.005* 

Urea 0.023 0.888 

Creatinine -0.280 0.081 

High density lipoprotein  0.177 0.275 

Low density lipoprotein 0.064 0.695 

Cholesterol -0.162 0.319 

Triglyceride -0.054 0.743 

Calcium  0.465 0.008* 

Phosphorous  0.344 0.016* 

Parathermone  0.242 0.035* 

Systolic blood pressure  0.339 0.013* 

Diastolic blood pressure  0.226 0.160 

PH 0.147 0.366 

HCO3 0.086 0.597 

PCO2 0.111 0.496 

 

The results also reported age, body surface area, and hemoglobin level, duration of dialysis, Po4 level, calcium 

level, parathyroid hormone level and systolic blood pressure suggested to be significant risk factors that can 

associate with increasing the prevalence of LVMI. 

 

Table 9: Side effect of the treatment among studied population 

symptoms Group A (n= 20) Group B (n= 20) P value 

GIT Intolerance  

( Nausea And Vomiting) 

2 (10%) 3 (15%) 0.63 

Constipation 1 (5%) 2 (10%) 0.54 

Metabolic Acidosis 3 (15%) 1 (5%) 0.29 
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Hypercalcemia 0 3 (15%) 0.05 

 

After the end of the treatment, in Group A there was two patients suffered from GIT intolerance, one patient 

suffered from constipation and three of them developed metabolic acidosis. Where in group B there were 3 

patients suffered from gastrointestinal (GIT) intolerance, two patients suffered from constipation and another 

three of them developed hypercalcemia and had to stop treatment and one patient developed metabolic 

acidosis. 

 

There is no significant difference between both groups as regard the side effects of the treatment. 

 

4. Discussion 

In pediatric patients with chronic kidney disease (CKD), disordered regulation of bone and mineral 

metabolism may be especially detrimental, resulting in fractures, skeletal deformities, and, most pertinently, 

poor growth. Such disordered regulation are characterized by abnormalities in phosphate, calcium and 

parathyroid hormone [11]. 

 

The study enrolled forty children who were randomly subdivided into two groups to compare calcium-based 

phosphate binders and non-calcium-based phosphate binders (sevelamer HCL) in management of 

hyperphosphatemia in children with ESRD on regular HD. To our knowledge this is the first study that 

compares between two phosphate binders in pediatric groups in Middle East. 

 

Both groups had insignificant differences as regard baseline demographic and laboratory data. Also, the 

current study revealed that both groups had insignificant differences as regard serum creatinine, blood urea 

and complete blood count. However, patients who received sevelamer HCL reported significant reduction in 

hemoglobin level during follow up after three months. 

 

Previously reported meta-analysis about effectiveness of phosphate binders in patients with chronic kidney 

disease and enrolled 28 trials and revealed that both group had insignificant differences in follow data of 

kidney function tests and complete blood picture. Discrepancy as regard change in hemoglobin level in our 

study may be attributed to selection bias, relatively small sample size and nature of the study [12]. 

 

The current study revealed that both groups had insignificant differences regard serum sodium, potassium 

and calcium with exception of significant increase in serum calcium in patients received calcium based 

phosphate binders during third month of follow up. 

 

 Although both groups showed significant reduction at phosphorus level but sevelamer HCL had significantly 

lower phosphorus level than calcium based binders. 

 

In the work of [13] sevelamer treated patients showed an increase of the serum potassium levels only but not 

with patients treated with CaCO3 and/or Al(OH)3 phosphate binders. 

 

Both groups showed significant reduction in calcium/phosphorus ratio at third month of follow up. However, 

sevelamer HCL group had significantly lower ratio either at 6th or 12th weeks of follow up. Also, percentage 

of reduction among sevelamer HCL was significantly higher (20% vs. 8.8%) in comparison to calcium based 

binders. 
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It was reported that reduction of mean Ca × P was found to be 4.56 mg2/dL2, 3.04 mg2/dL2, 15.09 mg2/dL2 

and 11.57 mg2/dL2 with calcium acetate, calcium carbonate, sevelamer hydrochloride and lanthanum 

carbonate treatment, respectively, after 12 weeks. Sevelamer hydrochloride decreased the highest percentage 

of mean Ca × P at 24.51%, while calcium carbonate decreased the lowest percentage of mean Ca × P at 5.21% 

[14]. 

 

[15] stated that sevelamer was frequently prescribed for controlling hyperphosphatemia, with approximately 

20% of patients on calcium-based phosphate binders being subsequently treated with sevelamer either as a 

switch or as an add on therapy. 

 

Among patients who were treated with calcium-based phosphate binders, the initiation of sevelamer led to 

reductions in serum phosphorus levels and was associated with a survival advantage compared with treatment 

without sevelamer. These data suggest a potential benefit of prescribing sevelamer in patients on maintenance 

hemodialysis currently receiving calcium based phosphate binder treatment [15]. 

 

[16] investigated the effect of sevelamer on serum levels of calcium and magnesium in patients with ESRD 

on dialysis. The authors concluded that this drug had significant effect on magnesium and calcium levels in 

dialysis patients. Therefore, sevelamer can be a suitable treatment for hyperphosphatemia. 

 

In contrast to our work, [17] showed that the administration of sevelamer substantiates serum phosphorus 

levels. This is inconsistent with the findings of this study where sevelamer insignificantly reduced serum 

phosphorus levels. This can be attributed to the smaller size of the study population, the use of different 

laboratory methods and kits, different phosphate-containing diets followed by patients, and the ways 

phosphate binders were taken by them. 

 

In the current study, no significant difference between both groups as regard ALP, but sevelamer HCL group 

showed significant reduction in ALP during follow up. 

 

In line with these results, [14] reduction of mean serum alkaline phosphatase was found to be 93.9 IU/L, 

86.57 IU/L, 107.37 IU/L and 104.33 IU/L with calcium acetate, calcium carbonate, sevelamer hydrochloride 

and lanthanum carbonate treatment, respectively, after 12 weeks. 

 

In addition, our results revealed that no significant difference before treatment between both groups as regard 

PTH level, but sevelamer HCL group showed significant lower PTH in comparison to the other group during 

follow up. Similar results were also observed Sevelamer hydrochloride showed the maximum decrease of 

intact parathyroid hormone levels, while calcium carbonate showed the lowest reduction among all phosphate 

binders studied [18]. 

 

Also, [14] reported that the reduction of mean intact parathyroid hormone was found to be 55.36 pg/mL, 46.8 

pg/mL, 102.2 pg/mL and 73.96 pg/mL with calcium acetate, calcium carbonate, sevelamer hydrochloride and 

lanthanum carbonate, respectively. Sevelamer hydrochloride decreased the highest percentage of mean intact 

parathyroid hormone at 29.18%, while calcium carbonate decreased the lowest percentage of mean intact 

parathyroid hormone at 13.41%. 

 

Regarding lipid profile, sevelamer HCL group had significantly lower LDL level in comparison to calcium-

based phosphate binders. Also, sevelamer HCL group had significant reduction in LDL, cholesterol and 

triglyceride during follow up and these findings were absent in the other group. 
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Recent study stated significant difference in the LDL-cholesterol changes from baseline between the patients 

treated with sevelamer and calcium carbonate. At the 24-week follow-up, the sevelamer group had a 

significant reduction of their LDL-cholesterol levels from baseline, whereas there were no significant changes 

in the serum LDL-cholesterol levels after receiving calcium carbonate [19]. 

 

The total prevalence of LVH among studied population was 62.5% at base line before beginning of treatment. 

In agreement of the current study, it was reported that the prevalence of LVH is estimated to be between 16 

and 31% in individuals with a GFR >30 ml/min; it increases to 60–75% prior to starting renal replacement 

therapy, and rises to 90% after the initiation of dialysis [19]. 

 

Also, [20] followed 596 incident hemodialysis patients with no prior history of cardiac disease to investigate 

whether the incidence of LVH correlates with the duration of dialysis. After 18 months of dialysis, the author 

reported that 62% of the patients had an increased LV mass volume index and that 49% of them developed 

overt LV failure. 

 

The current result illustrated insignificant differences between both groups as regard prevalence of LVH 

either before or after therapy. Sevelamer HCL group had insignificant decrease in prevalence of LVH after 

12th week (65% vs. 55%) but in case of calcium based binders showed insignificant increase in the prevalence 

of LVH (60% vs. 75%).  

 

As in children prior to transplantation, most pediatric studies indicate that LVH remains common post-

transplant (48–82%). In contrast, a significantly lower frequency of LVH was found in a study by [21], who 

reported the results of a longitudinal analysis of children receiving renal transplants 10–20 years ago. 

 

The authors stated that of 53 children who received a renal transplant between 1981 and 1991, 47 survived 

and were observed for 10 to 20 years. At the 10-year follow-up, echocardiography showed minor LVH in 

only two children with hypertension. No child without hypertension at 10 years post-transplant had LVH 

[21]. 

 

In the current study, among risk factors that can be associate with increasing the prevalence of LVH, our 

results confirm a significant difference between those who had LVH and those without as regard parathyroid 

hormone, systolic blood pressure, PO4 level, Ca level, duration of dialysis, hemoglobin level, body surface 

area and age. 

 

The factors associated with cardiac hypertrophy in children are similar to those in adults with CKD. As in 

adults, most pediatric studies of patients with pre-terminal, terminal renal failure and post-transplant found 

significant relationships between low hemoglobin and an increased LVM index [22- 24]. 

 

However, recent adult studies in mild to moderate CKD or in chronic dialysis determined that correction of 

anemia was not associated with regression of LVH. Authors suggested that relationships between anemia and 

LVH might not be causal. Of note, these studies enrolled subjects with relatively mild degrees of baseline 

anemia and could not answer the question whether treatment of patients with initially significantly decreased 

hemoglobin levels might lead to a reduction of LVM [20], [25]. 

 

Detailed cross-sectional analysis of BP characteristics by ambulatory blood pressure monitoring (ABPM) in 

children from the ESCAPE trial did not demonstrate any relationship between office BP or ABPM parameters 

and LVM, suggesting only a minor role of hypertension in the pathogenesis of LVH in early CRI [26]. 
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In contrast, analysis of longitudinal data suggests that ABPM might be an important tool to assess the risk of 

development of LVH in children with CKD. In this study, authors determined that an increase in the nighttime 

systolic BP load (number of BP measurements above the 95th percentile BP value) were independently 

associated with the increase in the LVM index over time, arguing that persistent and chronic elevation of BP 

might be more important in the development of LVH [23]. 

 

In our study there were three patients suffered from GIT intolerance in calcium binders group, two patients 

suffered from constipation and another three patients developed hypercalcemia and had to stop treatment. In 

case of sevelamer HCL, two patients suffered from GIT intolerance, one patient suffered from constipation 

and another three patients developed metabolic acidosis. Both groups had insignificant difference as regard 

different adverse events. 

 

After evaluating the adverse event profile of all the phosphate binders in [14] study, calcium acetate was 

observed to be better tolerated than any other phosphate binders, while calcium carbonate produced a higher 

rate of adverse events such as gastrointestinal intolerance and constipation. 

 

[19] reported that one modest gastrointestinal side effect was reported in a patient receiving sevelamer. None 

of the patients had hypophosphatemia or hypercalcemia in either group. 

 

In the current study, we found that three patients from those received sevelamer HCL developed metabolic 

acidosis and one patient in the other group developed such complication with insignificant differences 

between both groups. [27] reported that sevelamer hydrochloride exacerbated metabolic acidosis in 

hemodialysis patients, depending on the dosage [27]. 

 

It is pointed out that sevelamer hydrochloride reduces the serum bicarbonate (HCO3
–) level. Since metabolic 

acidosis is an important risk factor for the prognosis of dialysis patients, special care should be taken during 

treatment. Nevertheless, the causal relationship of sevelamer hydrochloride itself and metabolic acidosis has 

not been well documented [28]. 

 

On the other hand, reported a hypothetical mechanism underlying the theory that treatment with sevelamer 

hydrochloride may be a possible acid loading. They pointed out a potential mechanism that sevelamer 

hydrochloride may adsorb not only phosphate and bile acid, but also bicarbonate within the small intestine 

and emit chlorine [29]. 

 

Under such situations, it was reported that treatment with sevelamer hydrochloride for 3 months exacerbated 

metabolic acidosis and induced hyperkalemia in hemodialysis patients [30]. 

 

The main limitations of the current study include; 1) relatively small sample size, 2) short term of follow up, 

and 3) conducted in only one center. But the study had many point of strengths included being randomized 

trial and first conducted trail that assessed such issue in our locality. Also, the study assessed effect of both 

types of therapy in many laboratory data and also, on echocardiographic data. 

 

In conclusion, as our results reported the effectiveness of using sevelamer than using other Ca-based 

phosphate binder, we can consider sevelamer an important therapeutic advance in management of CDK 

patients especially in those with hyperphosphatemia or hypercalcemia. 
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