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Abstract

______________________________________________________________________________________________________

Uremic vascular calcification is prevalent in 70-80% of end-stage kidney disease (ESRD)
patients and is an independent predictor of cardiovascular morbidity and mortality. In
this study we report our experience with significant transient hypercalcemia during
maintenance hemodialysis (HD) in 105 patients and hemodiafiltration (HDF) in another
44 ones. The studied patients had controlled predialysis levels of calcium, phosphorus, 1,
25 vitamin D and parathyroid hormone. Treatment was associated with high dialysate
calcium and low serum phosphorus without significant changes in parathyroid hormone
levels. Pre-treatment with a single dose of Fosamax; resulted in amelioration of
hypercalcemia indicating its bone etiology. In conclusion; maintenance HD and HDF are
associated with inherent hypercalcemia which may contribute to osteomalacia and
uremic vascular calcification in ESRD patients.
Keywords: Bisphosphonates, HD, HDF,
osteomalacia, vascular calcification, uremia.
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INTRODUCTION
Uremic vascular calcification (VC) was first reported more
than 100 years ago 1. Subsequently, such association was
confirmed in autopsy studies between 1855 and 1945 2. VC
is common in patients with end-stage kidney disease (ESRD)
with a prevalence of 70%–80% 3.
The adjusted
cardiovascular mortality, in this patient population, is 10 to
20 times higher than in the general population and multiple
studies have demonstrated that VC is an independent
predictor of cardiovascular morbidity and mortality 4. VC
occurs in two distinct sites, the intimal and medial layers.
Intimal calcification is associated with atherosclerotic
stenotic plaques and medial calcification with vascular
stiffening and peripheral ischemia 5. Though both forms of
calcification can develop in renal patients; medial one is
more common 2. Traditionally, VC was considered a passive
process associated with advanced age, atherosclerosis,
uncommon genetic diseases and some metabolic alterations
such as diabetes mellitus and ESRD. However, recent studies
have disclosed cellular inflammation induced by VC, in
genetically
predisposed
individuals,
leading
to
transformation of vascular smooth muscle cells (VSMC) into
ostechondrogenic ones 6. The mechanisms of such vascular
calcification include: (a) genetic predisposition to deposition
of bioapatite crystals in VSMC following oversaturation with
calcium (Ca) 7, 8, (b) uremic injury to the matrix vesicles of
VSMC, by bioapatite deposition, leading to local apoptosis9,
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(c) loss of inhibitors of calcification by uremia viz. matrix GLa
protein, fetuin A, osteopontin, osteoprotegerin 10, and finally
(d) induction of uremic calcification-activators leading to
transformation of VSMC to osteoblasts viz. TNF, 25
hydroxycholesterol, cytokines, fibronectin 11. Hence, efforts
aimed at limiting uremic VC may improve survival in
patients’ population. This study was conducted to assess a
potential role of 2 common blood purification therapy (BPT)
viz. maintenance hemodialysis (HD) and hemodiafiltration
(HDF) in induction of hypercalcemia and the benefit of
bisphosphonate in stabilizing this phenomenon.

PATIENTS AND METHODS
The study was conducted at Edelia dialysis unit. The latter is
the main satellite dialysis unit for the capital area of Kuwait
city.
It has adequate laboratory diagnostic as well as
therapeutic facilities to care for ESRD patients with different
modalities of dialysis. Patients were included in the study if
they were; (a) adults, (b) with efficient hemodialysis access,
(c) with stable cardiovascular status, (d) compliant with both
medical and BPT for a minimum of 12 months. Stable
cardiovascular status included lack of recent sepsis, peptic
ulceration, cardiovascular event, chronic debilitating disease
and tumors. All patients were compliant to diet restricted in
protein and phosphorus and on regular treatment with
Calcium carbonate, One alpha and Sevelamer carbonate for
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their renal osteodystrophy. All had normal levels of 1, 25
dihydroxyvitamin D.

Statistical analysis:
SPSS statistical package version 25 was used for data entry
and processing. The p-value <0.05 was used as the cut-off
level for significance. Since the age, duration of prior
hemodialysis were not normally distributed; the median and
(Interquartile Range) were used to express the groups.
Mann-Whitney U test was used to compare groups of gender
and type of renal disease while Wilcoxon Signed Rank test
was to compare laboratory data prior Fosamax therapy with
that subsequent to it.

HD technique:
Using Gambro 200 Ultra S machines; sessions were done for
4 hours 3 times/week using cuprophan low-flux hemofilters
with ultrafiltration coefficient at 5.5 ml/hour/mmHg. Blood
and dialysate flow rates were 200 ml/min and 350 ml/min,
respectively.
HDF technique:
Using Fresenius 5008 machines; sessions were done for 4
hours 3 times/week using Nephral 400 ST high-flux filters
(AN69 ST membrane with ultrafiltration coefficient at 50
ml/hour/mmHg). Blood speed was set at 200 ml/minute
and dialysate flow at 500 ml/minute.

RESULTS

Initial assessment:

In the HD group a total of 105 patients were included. Their
age was 50(9) years. In this group; males were 52 (49.5%),
diabetics 57 (54.3%) and they had received maintenance
therapy for 23(10) months. In the HDF group a total of 44
patients were included. Their age was 51(6) years. In this
group; males were 22 (50%), diabetics 23 (52.3%) and they
had received maintenance therapy for 17(4) months.

Two groups of patients were studied viz. those on
maintenance HD and HDF.
Demographical data:

Included laboratory testing for corrected serum Ca, ionized
Ca (iCa), P, bicarbonate (HCO) before starting BPT (time 0)
then at the end of the session 4 hours later (time 4) then 4
hours after termination of BPT session (time 8). Intact
parathyroid hormone (PTH) was tested at time 0 and time 8.
From the previous results; CaXP was calculated at times 0, 4
and 8 hours.

Changes in serum electrolytes during HD and HDF:

Subsequent testing:

Serum electrolytes and PTH levels at (4 hours and 8 hours)
are summarized in Table 1. Levels of (serum Ca, iCa, HCO)
had increased and levels of (serum P, CaXP) had decreased
by 4 hours then, by 8 hours, such changes were less but did
not reach their starting levels (p < 0.001). PTH levels did not
change significantly. Pretreatment with Fosamax resulted in
milder changes yet not in P levels. The results were not
different with respect to gender and type of renal disease.

All patients had received 1 tablet of Fosamax (Alendronate
sodium) 70 mg at early morning on empty stomach and with
½ cup of water before and after. For ½ hour; patients were
instructed to avoid lying down. Subsequently, patients had
BPT every other day X 3 and on the 6 th day (3rd hemodialysis
session); all the initial tests and calculations were repeated.

Table 1. Electrolytes
changes
during
hemodialysis and hemodiafilteration
before and after Fosamax
Table 1: Electrolytes
changes
during
hemodialysis
and hemodiafilteration
beforetreatment.
and after Fosamax treatment.
Hemodialysis group (n= 105):
Ca 0
2.3(0.1)

A- Before Fosamax:
Ca 4
2.7(0.2)

Ca 8
2.5(0.1)

Ca 0
2.3(0.1)

B- After Fosamax:
Ca 4
2.6(0.2)

Ca 8
2.4(0.2)

iCa 0
1.15(0.05)

iCa 4
1.35(0.1)

iCa 8
1.25(0.05)

iCa 0
1.15(0.05)

iCa 4
1.3(0.08)

iCa 8
1.2(0.1)

P0
1.6(0.5)

P4
1(0.4)

P8
1.3(0.4)

P0
1.6(0.5)

P4
1(0.4)

P8
1.2(0.3)

Ca X P 0
3.5(1.24)

Ca X P 4
2.8(0.98)

Ca X P 8
3.2(1.1)

Ca X P 0
3.5(1)

Ca X P 4
2.6(1)

Ca X P 8
3(0.6)

HCO 0
18(2)

HCO 4
27(2)

HCO 8
26(1)

HCO 0
18(3)

HCO 4
27(2)

HCO 8
26(1)

PTH:
28(3)

PTH:
28(5)

PTH:
28(4)

PTH:
28(4)

Hemodiafilteration group (n= 44):
Ca 0
2.3(0.1)

A- Before Fosamax:
Ca 4
2.6(0.1)

Ca 8
2.5(0.1)

Ca 0
2.3(0.1)

B- After Fosamax:
Ca 4
2.5(0.1)

Ca 8
2.4(0.1)

iCa 0
1.2(0.05)

iCa 4
1.3(0.05)

iCa 8
1.25(0.05)

iCa 0
1.2(0.05)

iCa 4
1.25(0.05)

iCa 8
1.2(0.05)

P0
1.5(0.1)

P4
0.8(0.2)

P8
1.1(0.1)

P0
1.5(0.2)

P4
0.8(0.2)

P8
1.2(0.1)

Ca X P 0
3.5(0.4)

Ca X P 4
2.2(0.5)

Ca X P 8
2.8(0.4)

Ca X P 0
3.5(0.3)

Ca X P 4
2(0.5)

Ca X P 8
2.8(0.4)

HCO 0
18(1)

HCO 4
26(2)

HCO 8
25(2)

HCO 0
18(1)

HCO 4
26(1)

HCO 8
25(1)

PTH:
26(3)

PTH:
26(5)

PTH:
26(2)

PTH:
26(4)

Abbreviations: corrected serum calcium (Ca), ionized calcium (iCa), phosphorus (P), bicarbonate (HCO), parathyroid hormone (PTH).
Time of testing with regards dialytic therapy: at start (0), 4 hours later (4), 8 hours later (8)
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Changes in composition of electrolytes in dialysate fluid during
HD and HDF:
The changes in iCa, P and HCO at start of therapy and by 4
hours are summarized in Table 2. As expected; P content
had increased significantly yet iCa had increased also. Again;
changes were less after pretreatment with Fosamax and
were not different with respect to gender and type of renal
disease.
Table 2: Changes in dialysate electrolytes before and after
Fosamax therapy

Table 2. Changes in dialysate electrolytes before and after Fosamax therapy
A- Hemodialysis group (n= 105):
Before Fosamax
iCa 0
iCa4
1.75
1.82(0.1)

iCa 0
1.75

After Fosamax
iCa4
1.75 (0.4)

P0
0

P4
0.6(0.2)

P0
0

P4
0.5(0.4)

HCO 0
32

HCO 4
27 (2)

HCO 0
32

HCO 4
27 (2)

B- Hemodialfilteration group (n= 44):
Before Fosamax
iCa 0
iCa4
1.75
1.8 (0.8)

iCa 0
1.7

After Fosamax
iCa4
1.7(0.6)

P0
0

P4
0.4(0.4)

P0
0

P4
0.3(0.2)

HCO 0
32

HCO 4
26 (2)

HCO 0
32

HCO 4
26 (2)

Abbreviations: ionized calcium (iCa), phosphorus (P), bicarbonate (HCO).
Time of testing with regards dialytic therapy: at start (0), 4 hours later (4), 8 hours later (8)

DISCUSSION
In our study, hypercalcemia developed during the 4 hours of
both BPT then decrease subsequently yet remained
significantly high 4 hours later. During BPT, serum Ca level
was more than that in the initial dialysate fluid. Moreover,
it’s concentration in the final dialysate was higher than that
in the dialysate bags indicating Ca leak in dialysate during
BPT. The only plausible source for such hypercalcemia is the
patients’ bones. Confirmation of our theory came with
repeating the investigations after treatment with Fosamax in
an attempt to decrease the osteoclastic activity. After a
single tablet of it; previous hypercalcemia was ameliorated.
Unfortunately,
Bisphosphonate
therapy
is
not
recommended, in patients with GFR < 30%, since renally
excreted with potential risk for adynamic bone disease 12.
However, some researchers have used Bisphosphonates
successfully, at lower doses, to prevent hip fractures in this
patient population 13. Moreover, Bisphosphonates have
been shown to reduce vascular calcification via inhibition of
the expression of TNF-α, which promotes osteoblastic
differentiation, as well as calcium deposition in
atheromatous lesions of rabbit aorta 14. The stimulus for
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bone resorption is intriguing yet is BPT-induced
hypophosphatemia was the only plausible culprit. A recent
study has shown an association between post-dialysis
hypophosphatemia and low bone mineral density in chronic
dialysis patients 15.
In conclusion: significant transient hypercalcemia has been
observed during BPT and is associated with Ca loss in the
dialysate fluid. Measures to assess and correct its long-term
sequelae on vascular calcification and renal osteodystrophy
are indicated.
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