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Abstract

Introduction: Disorders in bone metabolism are common in chronic kidney disease (CKD). Secondary hyperparathyroidism is a
common complication of chronic kidney disease and is managed using vitamin D replacement therapy. This condition is caused by
various factors such as calcitriol deficiency, advanced hyperphosphatemia, partial hypocalcemia, and parathyroid hormone resistance

Objectives: Calcitriol oral pulse therapy has been suggested as the treatment of choice for secondary hyperparathyroidism, but its
efficacy and safety are still under discussion. Therefore, in the present study, we compared the effect of calcitriol pulse therapy with
daily oral calcitriol in patients referred to the hemodialysis ward of Dr. Sheikh Hospital.

Patients and Methods: In this cross-sectional descriptive study, patients undergoing hemodialysis who were referred to the
hemodialysis center of Dr. Sheikh Hospital in Mashhad between 2019 and 2020 were studied. Calcitriol tablets were administered orally
0.25 mg daily and pulse therapy twice a week at 0.75 mg for 2 months after dialysis. The serum levels of Ca, P, PTH at the beginning
of the study and 2 months after that were assessed. Demographic information (age and gender), type of underlying renal disease, and
hours and number of dialysis sessions were recorded in information forms for each patient, and the data were analyzed using SPSS
software version 20.0.

Results: During the study, 21 patients with a mean age of 9.18 years in the case group and 10.9 years in the control group were included
in the study, of which 27.3% in the case group and 40% in the control group were boys. The mean dialysis time and session duration
were 2.63 days and 3.4 hours in the case group and 2.7 days and 3.4 hours in the control group, respectively. Regarding the type of
disease, 63.6% in the case group and 60% in the control group had congenital anomalies of kidney and urinary tract (CAKUT). There
was no statistically significant difference between the case and control groups in terms of serum levels of Ca, P, hemoglobin, Kt/V, and
PTH.

Conclusion: Based on the findings of the present study, switching daily calcitriol therapy to twice-weekly calcitriol pulse therapy
seems safe and convenient, especially for hemodialysis
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Introduction

The prevalence of electrolyte disorders in patients with renal insufficiency ~ they are in growing age, and bone metabolism disorder and

and under dialysis, including imbalance in calcium and phosphorus levels,
which usually results in bone deformities, requires an accurate control of
these electrolyte disorders. In pediatric patients, it is more vital because
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hyperparathyroidism critically affect their height growth, thus their social
life and future performance. Moreover, considering the use of various
drugs in this group of patients, different methods in administering drug,
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such as oral pulse therapy as an alternative method of oral daily therapy,
should be taken into account for systemic absorption and effectiveness of
treatment. These alternative methods can reduce long-term treatment
costs by minimizing the number of oral pills taken.

Calcium (Ca) and phosphorus (P) are involved in the regulation of
homeostasis by various hormones that act on the kidney, intestine, and
bone. The most important regulatory hormone is parathyroid
hormone (PTH). The production and secretion of PTH by the parathyroid
glands increase in response to decrease in extracellular Ca concentration.
PTH accelerates the activity of la hydroxylase in proximal tubule to
produce the biologically active form of vitamin D (1.25 dihydroxyvitamin
D) from its precursor, 25 hydroxy vitamin D (1). Therefore, it increases
the intestinal absorption of calcium and phosphorus (2), stimulates the
releases of Ca and P (3), and increases the reabsorption of Ca from the
distal tubule and stimulates the urinary secretion of phosphorus (4).

Chronic increase in PTH level is common in end-stage renal disease
(ESRD) and is associated with parathyroid hyperplasia and excessive
increased secretion of this hormone. The first intervention to solve this
problem is to maintain a normal phosphorus level in diet, to have proper
dialysis, and to use phosphate binders. By controlling serum phosphorus
levels, administration of the active form of vitamin D is necessary to
prevent the occurrence of secondary hyperparathyroidism in patients
undergoing chronic hemodialysis. The active form of vitamin D can shift
the calcium set point in parathyroid glands to left, which decreased PTH
secretion in response to decreased serum calcium levels. The active form
of vitamin D can be administered orally (3) and intravenously during
dialysis.

The past studies showing the effect of daily oral and pulse therapy of
active form of vitamin D have conflicting results (10-13). There is still no

certainty about the optimal method of administering the active form of
vitamin D.

Objectives

Therefore, in the present study, we compared the efficacy and side effects
of oral pulse therapy versus daily oral calcitriol in patients referred to the
hemodialysis ward of Dr. Sheikh Hospital.

Patients and Methods
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This study included patients with chronic renal failure (CRF) on a regular
hemodialysis as well as secondary hyperparathyroidism. In this study,
after a full explanation of the plan for the parents of the patient, informed
consent was obtained. Demographic information (age and gender), type
of underlying renal disease, and hours and number of dialysis sessions
were recorded in information forms for each patient. The 21 patients were
divided into two groups. One group received the calcitriol oral tablet 0.25
mg daily, and the second group had the calcitriol oral pulse therapy two
times a week 0.75 mg in two hemodialysis sessions for eight weeks by a
single nurse. Biochemical and PTH tests and serum levels of Ca and P
were assessed in the beginning of the study and two months after.

The data were analyzed by SPSS software version 20.0. The inclusion
criteria were age < 18 years and CKD patients undergoing hemodialysis
who needed to receive calcitriol for the treatment of secondary
hyperparathyroidism. The exclusion criteria were primary metabolic
disease, intestinal malabsorption, malignancy, underlying endocrine
disease, and underlying liver disease.

Statistical analysis

The collected data were categorized and analyzed in SPSS software
version 20.0. Qualitative data are presented as percentages and
quantitative data with mean and standard deviation (STD). The frequency
distribution of qualitative data categories was compared using chi-square
test. The Smirnov-Kolmogorov test was used to check the normality of
the data. To compare the data groups with normal distribution, the
independent student t-test was used, and for the data with not-normal
distribution, the Mann-Whitney nonparametric test was applied. The
Wilcoxon test was used to compare quantitative variables before and after
the study in each of the two groups (dependent samples). The significance
level of the tests was considered 5%.

Results

A total of 21 patients were enrolled in this study in the form of daily oral
consumption and oral pulse therapy. The mean age of the patients was
9.18 + 2.64 years in the case group and 10.9 + 2.13 years in the control
group, and 72.2% of patients in the case group and 60% in the control
group were female. The mean number of dialysis sessions was 2.63 + 0.5
in the case group and 2.7 + 0.48 in the control group. The mean number
of dialysis hours was 3.4. + 0.47 in the case group and 3.1 + 0.31 in the

Study design control group.
Variable
Group | min | max | mean STD Test statistic P-value
C 6 12 9.18 2.64
Age e t=-163 0.119
(years) Control | 8 14 |109 2.13
Dialysis Case 2 3 2.63 0.5 Mann-Whitney
: _ 0.809
sessions U=32
Control | 2 3 27 0.48
Dialysis Case 3 4 34 047 Mann-Whitney 0.052
hours U=5.51 .
Control | 3 4 31 0.31
Diagnosis | ase |06 |99 [9836 | 1.02 Mann-Whitney
age U=5.15 0.004
(months) _'
Control | 92 | 99 95.6 2.36

Table 1. Comparison of case and control groups in terms of age, dialysis time, dialysis hours, and age of diagnosis.
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As can be seen in Table 1, the case and the control group at the beginning of the study did not have any statistically significant difference in terms of
age, number of dialysis sessions, and dialysis duration. However, the age at the time of diagnosis was statistically different between the two groups,
and the control group were in average younger at diagnosis (P = 0.004).

Number (%) Test statistic

Group | boy girl total Pearson Chi-Square = (.389
Case 3(327) | B{7.72) 11 (100)
Control | 4 (40) 6 (60) 10 (100)

P-value = 0.659|

Table 2. Sex frequency distribution in the case and control groups

We can see in Table 2 that the frequency difference of gender in the case and control groups was not statistically significant. Likewise, the frequency
of kidney diseases between the case and control groups was not statistically different (Table 3).

Disease type | Number (%0) Test statistic
Group CAKUT | GN total Pearson Chi-Square = (0.029
Case T(63.6) |4(364) 11 (100)
P-valuk =1
Control 6 (60) 4 (40) 10 (100)

Table 3. Frequency distribution of kidney disease in the case and control groups

- Ain Mean Test
Variable Group , Max . STD i P-value
(mg/dl) (me/dI) (mg/dl) statistic

case |78 104 9.02 0s2 |Mann-

Calcium Whitney 0.646
control | 7 11.7 9.05 1.24 U=48 5
case 3.6 12.4 .51 225

Phosphorous control | 4.6 g0 6.44 144 t=0.93 0.927
case 44 59 52 0.51

Potassium ~ t=-1.526 0.143
control | 3.7 75 58 131

Hb! case |36 128|932 28] | _ oo | ooss
control [ 7.2 13.5 10.49 19
case 4.4 59 1.54 0.58

Ktv? =-0.231 0.820
control | 127 |2 159 |o20 |
case 2 735 28724 | 28443 | Mann-

PTH? Whitney 0260
control | 36 1000 420.7 28441 | =30

'Hb: hemoglobin

2Kt/V:clearance the amount of urea your dialyzer can remove (liters/minute) t: time the duration of treatment (minutes) V: volume the amount of
body fluid (liters)

3PTH: Parathyroid Hormone

As provided in Table 4, at the beginning of the study, the case and control groups in terms of serum levels of calcium, phosphorus, potassium,
hemoglobin, PTH, and Kt/V were not statistically different.

Table 4. Comparison of the studied parameters in case and control groups before the intervention
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. Min Max Mean . e )
Variable Group (mg/dl) | (mg/dl) | (mg/d) STD Test statistic | P-value
case 84 10.8 240 0.85 Mann-

Calcium Whitney 0.459

— U=445
control [ 7.5 10.7 8.90 1.02
case 2.2 135 6.10 3.4 t=0.675
_ 0.508
Phosphorus | control | 3.8 6.8 537 0.87
case 432 82 5.90 135
Potassium | control | 4.4 6.4 5.07 0.63 t=1.748 0.097
72 13.7 10.58 2
Hb! case t=2.370 0.020
control [ 6.8 10.4 885 1.19
5 Mann-
=
Ktv2 case 1.13 246 1.57 0.42 Whitney 0324
control | 1.32 231 1.65 04 U=41
Mann-
0 730 321.09 [ 20068
PTH? case Whitney 0.673
control | 34 1000 | 37010 |27040 | U=49

'Hb: hemoglobin

2Kt/V:clearance the amount of urea your dialyzer can remove (liters/minute) t: time the duration of treatment (minutes) V: volume the amount of body

fluid (liters)
3PTH: Parathyroid Hormone

Table 5. Comparison of the studied parameters in case and control group after the intervention (mg/dl)

As can be seen in the Table 5, at the end of the study, the case and control
group did not have a statistically significant difference in serum level of
calcium, phosphorus, potassium, Kt/V, and PTH. Only serum hemoglobin

level in two groups had a significant difference and was higher in the case
group after the intervention (P = 0.029).

. Min Max Mean .

Group time (mg/dl) (mg/dl) (mg/dl) STD Test statistic P-value
Pre intervention 2 755 287.24 284.43 ; ;

Case \FIQVII?(OXOP %I%g%d 0.894
Post intervention 9 730 321.09 299.68 anks z= -0.
Pre intervention 2 755 287.24 284.43 ; i

Control \F/2V|Ic|:(ox02 S(;gggeg 0.374
Post intervention 34 1000 370.10 279.40 anks z = -0.

Table 6. Comparison of serum PTH level before and after the study in the case and control group

As can be seen in Table 6, there was no statistically significant difference
in serum PTH level before and after the study, in neither of the groups.

Discussion

This clinical trial study demonstrated that intermittent (pulse) calcitriol
therapy did not have any significant advantage in comparison with oral
daily administration in controlling intact PTH (iPTH) level in children
with CRF prior to dialysis. Calcitriol is an important regulator of PTH
secretion. It decreases PTH synthesis by genomic actions on PTH mRNA.
In this study, examining two methods of oral administration, not
significant difference was found in Ca and PTH levels. In contrast, in the
study of Myriam (2014) et al., the effect of intermittent oral alfacalcidol
versus intravenous injection on the control of PTH was investigated. They
showed that oral administration of alfacalcidol three times a week is more
effective than intravenous injection. Oral administration of alfacalcidol is
associated with increased in serum Ca level and lower level of PTH and
alkaline phosphatase (ALKP) (2).
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One of the factors that can affect the response to active vitamin D
treatment is the severity of secondary hyperparathyroidism compared to
the prescribed vitamin D method (9-11). As well, the patient’s
collaboration in treatment with oral active vitamin D affects the
effectiveness of treatment (12). The other benefit is that oral therapy is
less costly than the injection method, in terms of therapeutic cost (13). For
better control of secondary hyperparathyroidism, it is necessary to start
the treatment with active vitamin D as soon as possible, which is more
available and cheaper when taken orally, saving on additional costs and
ancillary care, including nursing services.

In Ardissino’s study, similar to our study, calcitriol was used in two
methods of pulse therapy and daily consumption (3). No advantage was
seen between the two methods. However, that study was conducted with
a different dose of calcitriol in patients who were not undergoing
hemodialysis in renal failure, which may have affected the
unresponsiveness to calcitriol. One of the key observations in the study
by Ardissino et al was the lack of correlation between the decrease in PTH
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level at the end of the study and the initial serum PTH level, which was
also observed in our study. Furthermore, the incidence of hypercalcemia
and hyperphosphatemia in that study was low, which could be due to low
administration dose of calcitriol (70 ng/kg per week). Another reason
could be that the children who were not on hemodialysis were included in
their study (3).

Due to the role of calcitriol in suppressing the parathyroid receptors and
controlling hyperparathyroidism, the use of calcitriol pulse therapy can
provide better control in secondary hyperparathyroidism by creating the
peak effect faster and saturating parathyroid receptors [3,17,18)].
Injectable calcitriol may be considered superior, but Bacchini's study
showed that injectable therapy was not superior to oral paracetamol
suppressants and had more side effects, such as hypercalcemia and
hyperphosphatemia (9). In addition, a crossover study by Moe et al. in
children undergoing hemodialysis showed that intestinal absorption of
calcium did not increase by injection in comparison to oral consumption

(71

In the study of Herrmann et al., which was performed on adults
undergoing hemodialysis, there was no difference between the levels of
PTH with the same dose of calcitriol given as pulse therapy and daily oral
administration, in agreement with our results (17). This study was
performed over two weeks. No benefits or side effects were seen in pulse
therapy with calcitriol. The study also showed that the best suppressor in
PTH level occurs within four to eight weeks from the start of the treatment
(17); in our study, the duration of eight weeks was considered as the
duration of treatment.

Some in vitro studies have shown that calcitriol has a biphasic effect on
cell proliferation. At low doses in the range of 10'°nm it inhibits the cell
proliferation in cells of various organs, but at high doses in the range of
10%2 nm, it stimulates cell proliferation (18). In the study of Kuizon et al.,
it was shown that daily consumption of oral calcitriol was superior to
calcitriol pulse therapy in stimulating growth plate and mineralization.
Assuming these findings are conclusive, in vitro use of calcitriol pulse
therapy for the treatment of secondary parathyroidism in bone growth
should be replaced with calcitriol daily (15). In our study, the effect of
calcitriol pulse therapy on growth retardation was not investigated. Due
to the vulnerability of children to growth disorders and the effect of
calcitriol pulse therapy on the induction of low turnover bone disease,
perhaps the safety of this treatment can be examined more closely in
future studies.

In Moe et al. study(7), similar to our study, the sample size was small, but
the compliance of drug use was guaranteed, considering the
administration in hemodialysis unit in a controlled manner. The results
were thus more reliable. In our study, the results were reliable in the group
undergoing pulse therapy due to the tight control of drug administration
in the hemodialysis ward. However, in the group who received daily oral
treatment, the results have been affected by the lack of proper compliance
of children taking oral medications. Another point in Samantha et al.
study like ours was the short duration of treatment, which was six weeks.
In our study, it was eight weeks and perhaps by extending the treatment
period, different results can be obtained.

The use of Alphacalcidole for three months had a similar clinical effect
on serum PTH level after three months (8). As secondary
hyperparathyroidism is a chronic disease, it is not clear whether rapid
PTH suppression is necessary to prevent complications. Therefore, future
studies are needed to evaluate the effect on clinical manifestations after a
long period of treatment.

It seems that more interaction between the care team and patients,
accurate knowledge on how to use the drugs in children, and better
information from family members, especially mothers who are
traditionally more involved in drug consumption of children, can mitigate
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the bone problems that these patients suffer from. One of the positive and
strong points in the study was the assurance of drug administration in
pulse therapy, controlled by the hemodialysis nurse.

Moreover, this study was conducted in a special center for children, and
the results are expected to be more accurate than in other studies
conducted in not specialized centers for children. Future studies in a larger
statistical population and by separating the subjects into different age and
sex groups could provide further statistical insights and achieve different
results. In addition, in collaboration with other centers and use of other
forms of active vitamin D, including the injectable forms, the study can
be broadened to different geographical areas and by examining different
forms of the drug. Providing a variety of incentive methods and preparing
accurate charts to record the use of oral medications at home will help to
accurately control the medications consumption and their impact on
improving clinical symptoms.

Conclusion

Overall, the results of the present study showed that the administrations
of oral calcitriol as pulse therapy or daily oral administration have no
difference in the control of secondary hyperparathyroidism in patients
undergoing hemodialysis. In term of parents and children cooperation in
use of medications and acceptance of pulse therapy treatment, there was
often acceptable cooperation. The most important limitation was the
patients who received daily oral treatment at home, and we did not have
accurate information about the quality and regularity of drug use.

In our study, most factors such as hemodialysis time, number of
hemodialysis sessions, Kt/V and anemia in patients,were not significantly
different between the two groups. It can be concluded that the duration
and the number of hemodialysis sessions has no significant role in
secondary hyperparathyroidism. Children with ESRD on hemodialysis
are one of the most vulnerable groups of chronic patients with underlying
problems. Considering the relationship between the serum level of
different electrolytes and secondary hyperparathyroidism and height
growth disorders in children, the efficient interaction and communication
among the nephrologist, endocrinologist, and the pediatric orthopedist
can be very helpful.

In recent decades, the importance of using oral and injectable forms of
drugs used by patients undergoing hemodialysis has increased, and in
various studies, different forms of drugs have been used for hemodialysis
patients, including for anemia and hyperparathyroidism, to find the
effective treatment in this group of patients. It is necessary that in future
studies with a larger sample size, various forms of treatment are
investigated to provide further findings.
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