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Rationale & Objective: The short- and long-term
impact of conversion of dialysate calcium
concentration from either 2.5 or 3.0 mEq/L to
2.75 mEq/L on mineral and bone metabolism
remains unknown in hemodialysis patients.

Study Design: Nonrandomized intervention study.

Setting & Population: 12 hemodialysis patients
treated at baseline with a 2.5-mEq/L dialysate
calcium concentration and another 12
hemodialysis patients treated with a 3.0-mEq/L
dialysate calcium concentration.

Intervention: Use of 2.75-mEq/L dialysate calcium
concentration.

Outcomes: Changes in intradialytic calcium and
phosphate clearance and changes in predialysis
and intradialytic serum and ionized mineral and
biochemical parameters over the 24 weeks
following dialysate calcium conversion.

Results: Conversion of dialysate calcium concen-
tration from 2.5 to 2.75 mEq/L increased intra-
dialytic calcium loading and serum total and ionized
calcium levels, whereas conversion of dialysate
calcium from 3.0 to 2.75 mEq/L decreased intra-
dialytic calcium loading and serum total and ionized
Editorial, p. 238

296
calcium levels. Dialysate calcium concentration
conversion did not affect intradialytic serum para-
thyroid hormone level, intradialytic phosphate
elimination, or predialysis serum calcium, phos-
phate, parathyroid hormone, and fibroblast growth
factor 23 levels. Intradialytic calcium influx was
determined by dialysate calcium concentration and
predialysis serum calcium levels, whereas intra-
dialytic phosphate elimination was determined by
predialysis serum phosphate levels.

Limitations: Small sample size and no control
groups treated with 2.5- and 3.0-mEq/L dialysate
calcium concentrations during the 24 weeks of
the observation period.

Conclusions: Conversion of dialysate calcium
concentration from either 3.0 or 2.5 to 2.75 mEq/L
results in expected changes in calcium loading
based on predialysis calcium concentration. The
dialysate calcium concentration should be
personalized based on clinical factors.

Funding: None.

Trial Registration: University Hospital Medical In-
formation Network, www.umin.ac.jp/english/,
R000040105, UMIN000035184.
Selection of the optimal dialysate calcium concentra-
tion is important in the management of mineral and

bone disorder in hemodialysis patients. Historically, a
variety of dialysate calcium concentrations have been
introduced and compared based on the viewpoint of their
impacts on serum mineral and bone markers, intradialytic
flux of calcium and phosphorus, parathyroid function,
bone metabolism, and cardiovascular function and
structure.1 In 2003, the Kidney Disease Outcomes Quality
Initiative (K/DOQI) guideline recommended use of 2.5-
mEq/L dialysate calcium concentration,2 and since 2009,
the KDIGO (Kidney Disease: Improving Global Out-
comes) guideline has recommended that a dialysate cal-
cium concentration between 2.5 and 3.0 mEq/L be
used.3 These recommendations are based on the general
concept that a higher dialysate calcium concentration
increases intradialytic calcium loading and possibly pro-
motes vascular calcification. It is unclear which dialysate
calcium concentration within this range may be optimal
for hemodialysis patients.4-6

Generally, a 2.5-mEq/L dialysate calcium concentration
enables calcium-based phosphate binders and vitamin D
receptor activators to be used because there is less intra-
dialytic calcium loading and a lower prevalence of hy-
percalcemia compared with a higher dialysate calcium
concentration. However, controlling secondary hyper-
parathyroidism may be challenging in patients treated with
a 2.5-mEq/L dialysate calcium concentration due to po-
tential negative calcium balance and subsequent hypocal-
cemia, with resultant intradialytic serum parathyroid
hormone (PTH) level elevation.5-7 Additionally, a lower
dialysate calcium concentration may increase the risk for
hypotension and arrhythmia.8,9 Conversely, a 3.0-mEq/L
dialysate calcium concentration enables easier control of
serum PTH level and reduces intradialytic hypotension.
However, the daily net calcium balance may be positive,
especially when calcium-based phosphate binders and
vitamin D receptor activators are used.9,10,11 This may be
associated with more vascular calcification.12,13
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A 2.75-mEq/L dialysate calcium concentration may be
more useful than a 2.5- or 3.0-mEq/L dialysate calcium
concentration to manage mass hemodialysis patients,
especially when selecting a dialysate calcium concentration
for an entire facility, with a previous report demonstrating
that net intradialytic calcium balance is neutral in hemo-
dialysis patients treated with a 2.75-mEq/L dialysate cal-
cium concentration.10 In the current study, we determined
the effect of a 2.75-mEq/L dialysate calcium concentration
on chronic kidney disease–mineral bone disorder by pro-
spectively examining serial changes in intradialytic calcium
and phosphorus elimination and serum mineral and bone
turnover markers over 24 weeks after dialysate calcium
conversion from either 2.5- or 3.0-mEq/L to 2.75-mEq/L
dialysate calcium concentration in patients receiving
maintenance hemodialysis.

METHODS

Study Design and Informed Consent

This prospective interventional study was conducted at
Japanese Red Cross Fukuoka Hospital and Steel Memorial
Yawata Hospital. The study protocol was approved by
the Local Ethics Committee of Japanese Red Cross
Fukuoka Hospital (2012-181) and Steel Memorial Yawata
Hospital (12-01) and was registered at the University
Hospital Medical Information Network (R000040105,
UMIN000035184). This study was performed in accor-
dance with the Ethics of Clinical Research (Declaration of
Helsinki). Written informed consent was obtained from
each patient before participating in the study.

Until December 2012, a 2.5-mEq/L dialysate calcium
concentration had been used at the Steel Memorial Yawata
Hospital Dialysis Center and a 3.0-mEq/L dialysate calcium
concentration had been used at the Japanese Red Cross
Fukuoka Hospital Dialysis Center for hemodialysis patients.
Since December 2012, a 2.75-mEq/L dialysate calcium
concentration was used in both facilities. When converting
the dialysate calcium of the central dialysate supplier at
each hospital from 2.5- to 2.75-mEq/L and from 3.0 to
2.75-mEq/L dialysate calcium concentration, predialysis
blood tests and a clinical survey were performed at the start
and at 1, 4, and 24 weeks thereafter. To examine intra-
dialytic changes in levels of blood markers, blood and
dialysate were collected during dialysis sessions at the
beginning of this study and at 24 weeks. Kindaly No. 2,
No. 3, and No. 4 solutions (Fuso Pharmaceutical Industry,
Ltd) were used for the 3.0-, 2.75-, and 2.5-mEq/L dial-
ysate calcium concentrations. The summary of the study
protocol is shown in Figure S1.

Blood Samples

Blood sampling was performed at the start of a midweek
dialysis session (Wednesday or Thursday) before dialysate
calcium concentration conversion and at 1, 4, and 24
weeks. Blood tests included serum albumin, calcium,
phosphate, bone-type alkaline phosphatase, tartrate-resistant
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acid phosphatase 5b, fibroblast growth factor 23 (FGF-23),
and ionized calcium levels. These parameters, except for
serum calcium ion, were measured at Bio Medical Labora-
tory Inc (Tokyo, Japan). Serum bone-type alkaline phos-
phatase, tartrate-resistant acid phosphatase 5b, and FGF-23
were measured using commercially available enzyme-linked
immunosorbent assay kits. Ionized calcium measurement
was performed using i-STAT (Abbott) immediately after
blood collection.

Before and at 24 weeks after dialysate calcium conver-
sion, blood was drawn through the dialysate circuit at the
start of a hemodialysis session and after 1 hour, 3 hours,
and at the end of dialysis (4 or 5 hours depending on the
patients’ hemodialysis schedule; Fig S1A). To reduce the
influence of interchange between blood and dialysate,
blood collection was conducted after stopping dialysate
circulation for about 5 minutes.

Dialysate Samples

Samples were collected at the inlet and outlet of
the dialysate circuit located just before and after the
hemodialyzer, soon after starting hemodialysis, and at
1 hour, 3 hours, and the end of the dialysis procedure
(Fig S2A). The concentration gradient at each time point
was calculated as described next using the dialysate
concentration of “mineral X” before the dialyzer (“D-in”
[mg/dL]) and the dialysate concentration after the dia-
lyzer (“D-out” [mg/dL]; Fig S2B). When dialysate flow
rate was 500 mL/min, dialysate flow rate per hour was
30 L/h (or 300 dL/h). We determined the estimated
amount of mineral X removed during each hemodialysis
session using the area under the curve (Fig S2C and D).
The estimated removal of mineral X was done by calcu-
lating the area under the curve using the following
trapezoidal rule: the amount of mineral X removed dur-
ing a hemodialysis session = (a + b) × 300 × 1/2 + (b +
c) × 300 × 2/2 + (c + d) × 300 × 2/2.10,14 Mineral X
included total calcium, calcium ion, and phosphorus. The
a, b, c, and d denote the concentration gradient of
mineral X in dialysate at the start, 1 hour, 3 hours, and
end of the dialysis procedure. Concentration gradient was
“D-out − D-in,” and this gradient can be negative, null,
or positive depending on the predialysis serum calcium
level, dialysate calcium concentration, and other factors,
including serum albumin level. Mineral X removal during
a hemodialysis session was expressed as a negative
number, whereas mineral X gain was expressed as a
positive number. In our estimation of the amount of
intradialytic mineral X transfer, ultrafiltration volume was
not included in our calculation.

Blood Pressure Measurement and Medications

Predialysis systolic and diastolic blood pressures were
measured at the time of dialysate calcium concentration
conversion, 4 weeks, and 24 weeks. Information for dose
of phosphate binders and vitamin D receptor activators was
collected during the study period.
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Statistical Analysis

Data are presented as mean ± standard deviation, median
and interquartile range, or number and percentage. All
statistical analyses were conducted using R, version 3.5.1
(http://cran.rproject.org) and JMP Pro 13 (SAS Institute).
We used Mann-Whitney U test for unpaired nonparametric
data and Wilcoxon signed rank test for continuous vari-
ables, as appropriate. Dunnett test and Steel test were also
used for multiple comparisons. Mixed-effect models were
also applied to some of the comparisons, setting patients as
random effect and time as fixed effect. P < 0.05 was
considered statistically significant.

RESULTS

Dialysate Calcium Conversion and Intradialytic

Changes in Serum Mineral and Bone Turnover

Markers

Baseline clinical backgrounds of the 2 groups before
dialysate calcium concentration conversion are shown in
Table 1. In the 2.5- to 2.75-mEq/L dialysate calcium
concentration group, before dialysate calcium conversion,
both serum total calcium and calcium ion levels were
stable during a hemodialysis session (Fig 1A and B).
However, at 24 weeks after dialysate calcium concentra-
tion conversion, both serum total calcium and calcium ion
Table 1. Baseline Clinical Characteristics in the 2 Groups Stratifi

Variables
Demographic data
Age, y
Men
Dialysis vintage, mo
Primary kidney disease (DM)
Hemodialysis time per session
4 h
5 h

Serum biochemistries
Albumin, g/dL
Corrected calcium, mg/dL
Phosphorus, mg/dL
Whole PTH, pg/mL
Bone-type alkaline phosphatase, μg/L
Tartrate -resistant acid phosphatase 5b, mU/dL
FGF-23, pg/mL

Medication
Calcium carbonate, mg/d
Sevelamer hydrochloride, mg/d
Lanthanum carbonate, mg/d
Alfacalcidol (oral), μg/d
Maxacalcitol (intravenous), μg/wk
Cinacalcet hydrochloride, mg/d
Note: Data are shown as mean ± standard deviation or number (percentage).
Abbreviations: DCa, dialysate calcium concentration; DM, diabetes mellitus; FGF-2
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levels significantly increased at the end of a hemodialysis
session: serum total calcium, 9.53 ± 0.56 to
9.88 ± 0.37 mg/dL; serum total calcium ion, 1.28 ± 0.07
to 1.33 ± 0.04 mmol/L (Fig 1A and B). Before dialysate
calcium concentration conversion, intradialytic serum
whole PTH levels remained stable during a hemodialysis
session (Fig 1C). At 24 weeks after dialysate calcium
concentration conversion, there was no statistically sig-
nificant change in PTH levels (Fig 1C).

In the 3.0- to 2.75-mEq/L dialysate calcium concentra-
tion group, before dialysate calcium concentration conver-
sion, serum total calcium and calcium ion levels
significantly increased during a hemodialysis session: serum
total calcium, 9.41 ± 0.34 to 10.23 ± 0.33 mg/dL; serum
total calcium ion, 1.25 ± 0.03 to 1.34 ± 0.04 mmol/L (Fig
1D and E). Even after dialysate calcium concentration con-
version, although serum total calcium and calcium ion levels
significantly increased during a hemodialysis session, the
magnitude of an intradialytic increase in serum total calcium
and calcium ion levels was significantly less than when
treated with 3.0-mEq/L dialysate calcium concentration:
serum total calcium, 9.24 ± 0.42 to 9.59 ± 0.29 mg/dL;
serum total calcium ion, 1.22 ± 0.06 to 1.28 ± 0.03 mmol/
L (Fig 1D and E). At 24 weeks after dialysate calcium
concentration conversion, there was no statistically signifi-
cant change in PTH levels (Fig 1F).
ed by Dialysate Calcium Concentration Before Conversion

Dialysate Conversion

2.5 DCa/2.75 DCa
(2.5 DCa group)
(n = 12)

3.0 DCa/2.75 DCa
(3.0 DCa group)
(n = 12)

69 ± 7 69 ± 7
12 (100%) 12 (100%)
129 ± 87 118 ± 94
6 (50%) 6 (50%)

5 (42%) 0 (0%)
7 (58%) 12 (100%)

3.5 ± 0.3 3.7 ± 0.3
9.5 ± 0.5 9.3 ± 0.5
4.0 ± 0.7 3.9 ± 0.8
117 ± 96 70 ± 45
20.8 ± 12.6 11.6 ± 4.0
655 ± 467 340 ± 191
4,210 ± 8,059 3,514 ± 5,335

1,250 ± 1,031 1,909 ± 1,663
1,313 ± 1,987 205 ± 462
313 ± 480 432 ± 512
0.15 ± 0.1 0.09 ± 0.12
8.8 ± 6.8 4.1 ± 6.7
18.8 ± 27.2 4.5 ± 14.4

3, fibroblast growth factor 23; PTH, parathyroid hormone.
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Figure 1. Changes in serum mineral markers during a single hemodialysis session before dialysate calcium (DCa) concentration
conversion (open circle: B) and at 24 weeks after DCa conversion (closed circle: C) in the 2.5 DCa/2.75 DCa and 3.0
DCa/2.75 DCa groups. Serum levels of (A) corrected calcium, (B) calcium ion (Ca2+), and (C) whole parathyroid hormone
(PTH) in the DCa 2.5-mEq/L group. Serum levels of (D) calcium, (E) Ca2+, and (F) whole PTH in the DCa 3.0-mEq/L group. Serum
PTH values were determined using whole PTH assays, which exclusively detects the 1-84 PTH fragment and not the 7-84 PHT frag-
ment. Data are presented as mean ± standard deviation. *P < 0.05 versus “values at the start.” # P <0.05 versus “before DCa con-
version at the same blood sampling timing.”
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Conversion of Dialysate Calcium and Predialysis

Serum Calcium and Bone Turnover Marker Levels

During the 24-week observation period, serum calcium,
whole PTH, bone-type alkaline phosphatase, and tartrate-
resistant acid phosphatase 5b levels did not change
significantly in either the 2.5- to 2.75-mEq/L or 3.0- to
2.75-mEq/L dialysate calcium concentration groups,
although serum whole PTH and bone-type alkaline phos-
phatase levels appeared to decrease at the end of the
observation period in the 2.5- to 2.75-mEq/L dialysate
calcium concentration group (Fig 2A to D).

Conversion of Dialysate Calcium and Intradialytic

Total Calcium Loading

In the 2.5- to 2.75-mEq/L dialysate calcium group, before
dialysate calcium concentration conversion, median total
calcium influx was 60 (interquartile range [IQR]. −45,
195) mg per hemodialysis session. After dialysate calcium
concentration conversion, mean total calcium influx value
Kidney Med Vol 1 | Iss 5 | September/October 2019
gradually increased, reaching 0 (IQR, −255, 210) mg per
hemodialysis session after 24 weeks (Fig 3A). In the 3.0-
to 2.75-mEq/L dialysate calcium concentration group,
before dialysate calcium concentration conversion, the
median of the intradialytic total calcium removal was −210
(IQR, −375, 0) mg per hemodialysis session. However,
after dialysate calcium concentration conversion, the me-
dian of the intradialytic total calcium removal value
gradually decreased, reaching −45 (IQR, −345, 225) mg
per hemodialysis session at 24 weeks (Fig 3A).

When a mixed-effect model was applied, a significant
change was observed in the intradialytic calcium transfer
only at week 4 compared with that before dialysate cal-
cium concentration conversion (2.5- to 2.75-mEq/L
dialysate calcium concentration group). By contrast, in the
3.0- to 2.75-mEq/L dialysate calcium concentration
group, there were significant changes in the intradialytic
total calcium transfer at 1, 4, and 24 weeks compared with
before conversion.
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Figure 2. Changes in serum mineral and bone turnover markers before and after dialysate calcium (DCa) concentration conversion
in the 2.5 DCa/2.75 DCa group (closed triangle: :) and 3.0 DCa/2.75 DCa group (open square: ,). Serum levels of (A) cor-
rected calcium (Ca), (B) whole parathyroid hormone (PTH), (C) bone-specific alkaline phosphatase (BAP), and (D) tartrate-resistant
acid phosphatase-5b (TRACP-5b). Data are presented as mean ± standard deviation.
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When intradialytic influx of total calcium was compared
among the 3 dialysate calcium concentrations, the median
of the intradialytic inflow of total calcium was negative for
2.5 mEq/L of dialysate calcium (−60 [IQR, −195, 45]
mg/session), almost zero for 2.75 mEq/L of dialysate
calcium (15 [IQR, −225, 340] mg/session), and positive
for 3.0 mEq/L of dialysate calcium (210 [IQR, 0, 375]
mg/session; Fig 3B). In addition, intradialytic total cal-
cium influx was negatively correlated with predialysis
serum calcium level in the 2.75- and 3.0-mEq/L dialysate
calcium concentration groups (R2 = 0.303; P < 0.05 and
R2 = 0.772; P < 0.05, respectively), but not in the 2.5-
mEq/L dialysate calcium concentration group (R2 =
0.140; P = 0.23; Fig 3C-E).

When the same analyses were conducted using calcium
ion, results obtained using a mixed-effect model
showed that intradialytic calcium ion influx significantly
increased at all time points in the 2.5- to 2.75-mEq/L
dialysate calcium concentration group, whereas intra-
dialytic calcium ion influx decreased at all timepoints in
the 3.0- to 2.75-mEq/L dialysate calcium concentration
group (Fig S3A). When the amount of intradialytic cal-
cium ion influx was compared across dialysate calcium
300
concentrations, 2.5 mEq/L of dialysate calcium was
significantly lower, whereas 3.0 mEq/L of dialysate cal-
cium was significantly higher than 2.75 mEq/L of dialysate
calcium (Fig S3B). Intradialytic calcium ion influx was
negatively correlated with predialysis serum calcium ion
level in all dialysate calcium concentration groups (Fig
S3C-E).

Conversion of Dialysate Calcium, Intradialytic

Phosphate Elimination, and Predialysis Serum

Phosphate Levels

In the 2.5- to 2.75-mEq/L dialysate calcium concentration
group, serum phosphate levels significantly decreased
during a hemodialysis session before dialysate calcium
concentration conversion and at 24 weeks after
dialysate calcium concentration conversion: before dialy-
sate calcium conversion, 4.0 ± 0.7 mg/dL (at start) versus
2.1 ± 0.3 mg/dL (at end), P < 0.05; 24 weeks after dial-
ysate calcium conversion, 3.7 ± 0.7 (at start) versus
2.0 ± 0.3 mg/dL (at end), P < 0.05 (Fig 4A).

In the 3.0- to 2.75-mEq/L dialysate calcium concen-
tration group, serum phosphate levels significantly
decreased during a hemodialysis session before dialysate
Kidney Med Vol 1 | Iss 5 | September/October 2019



Figure 3. Changes in intradialytic total calcium influx in 2 hemodialysis sessions in the 2.5 dialysis calcium (DCa)/2.75 DCa group
(closed triangle::) and 3.0 DCa/2.75 DCa group (open square:,). (A) Intradialytic total calcium influx in 1 hemodialysis session.
(B) The impact of DCa type on intradialytic total calcium influx in 1 hemodialysis session. Correlation between predialysis corrected
serum calcium level and intradialytic total calcium influx in the (C) 2.5-mEq/L DCa (n = 12), (D) 2.75-mEq/L DCa (n = 24), and (E)
3.0-mEq/L DCa (n = 12) groups. Data are presented as mean ± standard deviation. Pearson correlation coefficients were used for
the analyses. Dunnett test was used for multiple comparisons. P < 0.05 was considered statistically significant. *P < 0.05 versus
“before DCa conversion”; #P < 0.05 versus “2.75 DCa.”
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calcium concentration conversion and at 24 weeks after
dialysate calcium concentration conversion: before dialy-
sate calcium concentration conversion; 4.2 ± 1.1 (at start)
versus 2.0 ± 0.5 mg/dL (at end), P < 0.05; 24 weeks after
dialysate calcium conversion, 4.1 ± 0.8 (at start) versus
1.9 ± 0.4 mg/dL (at end), P < 0.05 (Fig 4B). Predialysis
serum phosphate level did not change during the 24-week
observation period except for at 4 weeks in the 2.5- to
2.75-mEq/L dialysate calcium concentration group:
4.0 ± 0.7 (before) versus 3.3 ± 0.7 mg/dL (at 4 week),
P < 0.05 (Fig 4C).

Next, we calculated the amount of intradialytic
phosphate elimination. Total intradialytic phosphate elimi-
nation did not change over 24 weeks in the 3.0- to 2.75-
mEq/L dialysate calcium concentration group (Fig 4D). In
the 2.5- to 2.75-mEq/L dialysate calcium concentration
group, intradialytic phosphate elimination appeared to
gradually decrease, and the change was statistically signifi-
cant at 4 weeks: 840 (IQR, 575, 1,170) mg/session (before
Kidney Med Vol 1 | Iss 5 | September/October 2019
dialysate calcium conversion) versus 683 (IQR, 510, 855)
mg/session (at 4 weeks), P < 0.05 (Fig 4D). When a
mixed-effect model was applied by setting patients as
random effects and time as a fixed effect, there was a sig-
nificant change in intradialytic phosphate elimination at
weeks 4 and 24 compared with before conversion (2.5- to
2.75-mEq/L dialysate calcium concentration group). By
contrast, in the 3.0- to 2.75-mEq/L dialysate calcium con-
centration group, there were no significant changes in the
intradialytic total phosphate elimination at any timepoint
compared with that measured before dialysate calcium
concentration conversion (Fig 4D).

Notably, these trends for intradialytic phosphate elim-
ination during the 24-week observation period were
consistent with trends in the predialysis serum phosphate
level. Furthermore, the amount of intradialytic phosphate
elimination was closely correlated with predialysis serum
phosphate level (R2 = 0.561; P < 0.01; Fig 4E). There was
no statistically significant difference when mean
301



Figure 4. Changes in serum phosphorus (P) level and total phosphorus elimination during a hemodialysis session before and after
dialysate calcium (DCa) concentration conversion. Intradialytic serum phosphorus level in the (A) 2.5 DCa/2.75 DCa group and (B)
3.0 DCa/2.75 DCa group before DCa concentration conversion (open circle: B) and at 24 weeks after DCa concentration con-
version (closed circle:C). (C) Predialysis serum phosphorus level during the observation period in the 2.5-mEq/L DCa group (closed
triangle: :) and 3.0 DCa group (open square:,). (D) Intradialytic total phosphorus elimination in the 2.5-mEq/L DCa group (closed
triangle: :) and 3.0-mEq/L DCa group (open square: ,) during the observation period. (E) Correlation between serum phosphorus
level and intradialytic total phosphorus elimination in the 2.5-mEq/L DCa group (closed triangle::) and 3.0-mEq/L DCa group (open
square: ,). (F) Comparison of intradialytic total phosphorus elimination among 3 different DCas. Data are presented as mean ±
standard deviation. Pearson correlation coefficient was used for correlation analysis. P < 0.05 was considered to be statistically sig-
nificant. *P < 0.05 versus “at start.”
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intradialytic phosphate elimination value was compared
across 3 types of dialysate calcium concentrations (Fig 4F).

Dialysate Calcium Conversion and Serum FGF-23

Levels

When intradialytic serum FGF-23 level at baseline was
monitored during a hemodialysis session, no significant
changes were observed in the 2.5- to 2.75-mEq/L and
3.0- to 2.75-mEq/L dialysate calcium concentration
groups (Fig 5A). There was no significant difference in
predialysis serum FGF-23 levels during the 24-week
observation period in the 2.5- to 2.75-mEq/L and 3.0-
to 2.75-mEq/L dialysate calcium concentration groups
(Fig 5B).

To identify the determinants of predialysis serum FGF-
23 level, correlations between log serum FGF-23 and
corrected serum calcium, serum phosphate, and corrected
302
serum calcium-phosphate product levels were assessed.
The log serum FGF-23 level was significantly (P < 0.05)
and positively correlated with predialysis serum phosphate
(R2 = 0.405; P < 0.05) and predialysis corrected serum
calcium-phosphate product levels (R2 = 0.425; P < 0.05;
Fig 5C and D), but not with predialysis serum calcium
level.

Dialysate Calcium Conversion and Chronic Kidney

Disease–Mineral and Bone–Related Medications

We also investigated whether there were changes in doses
of phosphate binders, vitamin D receptor activators, and
cinacalcet hydrochloride after dialysate calcium concen-
tration conversion. Although the dose of some of the drugs
was decreased in response to dialysate calcium concen-
tration conversion, no significant changes were observed
in doses of drugs in the 2.5- to 2.75-mEq/L and 3.0- to
Kidney Med Vol 1 | Iss 5 | September/October 2019



Figure 5. Serial changes in intradialytic serum fibroblast growth factor 23 (FGF-23) levels and predialysis serum FGF-23 levels. (A)
Changes in the intradialytic serum FGF-23 level in the 2.5 dialysate calcium concentration (DCa)/2.75 DCa group (closed triangle:
:) and 3.0 DCa/2.75 DCa group (open square: ,) before DCa conversion. (B) Changes in predialysis serum FGF-23 level in the
2.5 DCa/2.75 DCa group (closed triangle: :) and 3.0 DCa/2.75 DCa group (open square: ,) before DCa conversion at 24
weeks after DCa conversion. (C) Correlation between predialysis serum phosphorus (P) level and log serum FGF-23 level (n = 24).
(D) Correlation between corrected serum calcium level or serum phosphorus level and log serum FGF-23 level (n = 24). Data are
presented as mean ± standard deviation. Pearson correlation coefficients were used for the correlation analyses. P < 0.05 was
considered statistically significant.
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2.75-mEq/L dialysate calcium concentration groups (Fig
S4; Table S1).

Dialysate Calcium Conversion and Predialysis

Blood Pressure Levels

No significant changes were observed in predialysis
systolic and diastolic blood pressure levels in the 2.5- to
2.75-mEq/L and 3.0- to 2.75-mEq/L dialysate calcium
concentration groups (Fig S5).
DISCUSSION

In the present study, during 6 months of study period,
intradialytic calcium loading increased as dialysate calcium
concentration increased. On average, intradialytic calcium
had a negative balance when using 2.5-mEq/L dialysate
calcium concentration, a near-even balance in 2.75-mEq/L
dialysate calcium concentration, and positive balance in
3.0-mEq/L dialysate calcium concentration. Intradialytic
calcium transfer was affected by predialysis serum calcium
level. The amount of intradialytic phosphate elimination
was comparable among 3 different dialysate calcium
concentrations. Dialysate calcium concentration conver-
sion did not induce statistically significant changes in
Kidney Med Vol 1 | Iss 5 | September/October 2019
intradialytic serum PTH level, intradialytic phosphate
elimination, and predialysis serum calcium, phosphate,
PTH, and FGF-23 levels.

Because the intradialytic total calcium flux in patients
treated with 2.75 mEq/L of dialysate calcium was almost
zero, this dialysate concentration may be useful for man-
aging hemodialysis patients who are treated with the
central dialysate supply system. However, as shown in
Figure 3D, when we examined intradialytic calcium bal-
ance in patients treated with 2.75 mEq/L of dialysate
calcium, a predialysis serum total calcium level of 9.5 mg/
dL was the critical threshold that determined intradialytic
calcium balance.

These results suggest that even when dialysate calcium
concentration of 2.75 mEq/L is used, patients with a
predialysis serum total calcium level < 9.5 mg/dL may be
at increased risk for an intradialytic negative calcium bal-
ance and bone loss, and conversely, patients with a pre-
dialysis serum total calcium level > 9.5 mg/dL may be
placed at increased risk for an intradialytic positive calcium
balance and vascular calcification. Thus, when choosing
2.75 mEq/L of dialysate calcium, a predialysis serum total
level should be used as an indicator for each patient’s
intradialytic calcium balance, and the dose and type of
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phosphate binders, vitamin D receptor activators, and
calcimimetics should be optimized to minimize the risk for
bone loss and vascular calcification.

Generally, conversion from a lower to a higher dialysate
calcium concentration suppressed the intradialytic serum
PTH level increase, which occasionally led to reduced bone
turnover.15 These changes are likely achieved because of a
positive intradialytic calcium influx and an increase in
serum calcium levels. Thus, selecting a higher dialysate
calcium concentration usually provides the benefit of
better secondary hyperparathyroidism control, but places
hemodialysis patients at increased risk for low bone
turnover and adynamic bone, followed by heightened risk
for vascular calcification. Although predialysis serum
whole PTH and bone turnover marker levels seemed to
decrease during the 24 weeks when dialysate calcium
concentration was increased from 2.5 to 2.75 mEq/L,
those changes were not statistically significant. This might
be caused by the relatively small sample size.

In patients initially treated with 3.0 mEq/L of dialysate
calcium, intradialytic total calcium influx into the body
significantly decreased after dialysate calcium concentra-
tion conversion to 2.75 mEq/L of dialysate calcium.
However, there was no statistically significant change in
intradialytic serum PTH level. Predialysis serum PTH levels
remained suppressed during the 24-week treatment even
after dialysate calcium conversion. Additionally, there was
no significant change in corrected serum calcium level
after dialysate calcium conversion in the 3.0-mEq/L dial-
ysate calcium group, potentially reflecting the relatively
small sample size of our study.

As we and others have reported previously, conversion
from 3.0 to 2.75 mEq/L of dialysate calcium increased the
predialysis serum PTH level and required an increased dose
of vitamin D receptor activators.16,17 Thus, it is important
to be aware of the potential aggravation of secondary
hyperparathyroidism when dialysate calcium concentra-
tion is lowered, although other interventions, including
vitamin D receptor activators and calcimimetics, may be
available to manage this.18

It is an ongoing subject of debate whether intradialytic
calcium transfer should be positive, negative, or even.4,5,19

Although the mean or median value of intradialytic total
calcium transfer was near zero in patients treated with 2.75
mEq/L of dialysate calcium in our study, the amount of
intradialytic total calcium transfer was positive or negative
depending on the predialysis serum calcium level. Because
predialysis serum calcium level is influenced by the status
of parathyroid and bone and comedications, although
mean intradialytic total calcium transfer was near zero, our
data suggest that 2.75 mEq/L of dialysate calcium could
provide either a positive or negative balance and the
optimal dialysate calcium concentration should be
personalized depending on patients’ medical conditions.

Accumulating evidence suggests that FGF-23 causes
various adverse outcomes, including cardiac hypertrophy,
and FGF-23 level elevation increases the risk for death in
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hemodialysis patients.20-26 Calcium metabolism is an
important factor among the variety of potential factors that
regulate FGF-23 synthesis and secretion.27 However,
serum FGF-23 levels did not change after dialysate calcium
concentration conversion. Log serum FGF-23 level was not
correlated with serum calcium levels, but it was associated
with predialysis serum phosphate level and intradialytic
phosphate elimination. These results suggest that neither
the intradialytic calcium change nor the dialysate calcium
concentration affect serum FGF-23 level, and the pre-
dialytic serum phosphate level mainly determines intra-
dialytic phosphate elimination, as shown in Figure 4.

The major limitation in the current study is small
sample size. The reason for the relatively small sample size
was that the current study design required frequent
collection of dialysate and blood samples, which were
time-consuming and required extra cost and human re-
sources. Additionally, conducting this research at 1 facility
for the purpose of matching the background for treatment
would have been ideal. However, because most dialysis
facilities in Japan use a central dialysate supply system, it is
particularly challenging to provide different dialysate cal-
cium concentrations to different patients. Thus, when we
designed the current study, we selected 2 dialysis facilities
from the dialysis facilities that intended to change dialysate
calcium concentrations. Another potential limitation is that
the current study did not have control groups because
patients who remained treated with 2.5 and 3.0 mEq/L of
dialysate calcium for 24 weeks were not included. Thus,
we cannot truly confirm that the changes observed in the
present study were induced by dialysate calcium concen-
tration conversion.

Third, it is plausible to think that the differences in
baseline backgrounds between the 2 dialysate calcium
concentration groups may have influenced the results,
especially when we compared the 2 different dialysate
calcium concentration groups. However, our main pur-
pose was to examine serial changes within groups. Hence,
our observation should be cautiously interpreted when we
focus on the differences between groups.

Fourth, in the current study, we did not take ultrafil-
tration volume into account when we calculated the
amount of intradialytic calcium transfer. In this regard, we
inaccurately estimated the amount of intradialytic calcium
transfer. However, as we described, the contribution of
intradialytic ultrafiltration volume was as high as 5%, and
the estimation of intradialytic calcium transfer in the cur-
rent study would not had been greatly affected.

Fifth, in the current study, we had no data for the
impact of dialysate calcium concentration conversion on
vascular function, including endothelial function.

Sixth, dialysate calcium concentration conversion from
a lower to a higher level enables the use of a lower dose of
vitamin D receptor activators and calcium-based phosphate
binders to maintain calcium balance. However, not all
patients in the 3.0- to 2.75-mEq/L dialysate calcium
concentration group had a decreased dose of calcium-
Kidney Med Vol 1 | Iss 5 | September/October 2019
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based phosphate binders. This was because our study
protocol did not force physicians to lower the doses of
calcium-based phosphate binders and vitamin D receptor
activators in response to dialysate calcium concentration
conversion. In this regard, our data should be interpreted
as such and show some aspect of the real-world practice
after dialysate calcium concentration conversion.

In conclusion, intradialytic calcium transfer after dial-
ysate calcium concentration conversion to 2.75-mEq/L
was almost zero. From the viewpoint of prevention of
vascular calcification, conversion of dialysate calcium
concentration from 3.0 to 2.75 mEq/L may be a better
therapeutic option to manage hemodialysis patients
receiving a 3.0-mEq/L dialysate calcium concentration,
whereas for patients treated with 2.5 dialysate calcium,
conversion to 2.75-mEq/L dialysate calcium concentration
may not be beneficial. However, we cannot conclude that a
2.75-mEq/L dialysate calcium concentration is the optimal
dialysate calcium concentration for hemodialysis patients.
This is because the impact of dialysate calcium concen-
tration is diverse and intradialytic calcium transfer is not
the sole purpose of dialysate calciumconcentration selec-
tion. Furthermore, intradialytic calcium transfer is affected
by a variety of factors and calcium mass balance in he-
modialysis patients is very complex. In this regard, any
dialysate calcium concentration can be wisely used as long
as medications and medical conditions are coordinated.
However, the optimal dialysate calcium concentration
should be personalized depending on the patients’ clinical
background, including comedications, serum levels of
bone and mineral metabolism markers, parathyroid func-
tion, bone turnover, and history of cardiovascular diseases.
Further studies are necessary to determine the multifaceted
impact of 2.75 mEq/L of dialysate calcium on bone and
mineral metabolism in hemodialysis patients.
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