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Reduction of adverse citrate reactions during
autologous large-volume PBPC apheresis by continuous

infusion of calcium-gluconate

 

Christoph Buchta, Maria Macher, Christian Bieglmayer, Paul Höcker, and Markus Dettke

 

BACKGROUND:

 

 Citrate-related side effects are common 
adverse reactions during PBPC apheresis. To reduce the 
incidence of citrate-related reactions, the effect of a 
continuous calcium-gluconate infusion on the appearance 
of hypocalcemic symptoms and on the subjective 
tolerance toward large-volume leukapheresis (LVL) was 
tested.

 

STUDY DESIGN AND METHODS:

 

 A double-blinded, 
placebo-controlled trial was carried out in 50 patients 
undergoing standardized LVL at a median ACD-A ratio of 
1.99 mg per kg and minute. Patients were randomly 
assigned to receive a continuous IV infusion of either 
saline or calcium-gluconate at a dose of 1.8 mmol calcium 
per hour. Subjective tolerance toward LVL was 
determined by standardized rating systems. Further, 
hormonal and electrolyte changes were monitored to 
assess the effect of continuous calcium infusion on 
calcium homeostasis.

 

RESULTS:

 

 Continuous IV administration of calcium-
gluconate throughout LVL reduced the incidence of citrate-
related effects by 65 percent. In patients who developed 
signs of hypocalcemia, the symptoms were weaker, and 
less medical intervention was needed to resolve clinical 
symptoms. The subjective tolerance toward LVL was 
superior in patients receiving calcium support compared 
to control patients. Continuous calcium infusion attenuated 
changes in serum phosphorus compared to patients 
receiving saline. No differences were observed in the 
variation of serum potassium and serum magnesium 
between the control group and the treatment group. The 
administration of calcium was not associated with 
technical problems related to the apheresis procedure, 
neither was any effect of calcium support on the total 
number of CD34

 

+

 

 cells collected observed.

 

CONCLUSION:

 

 These results indicate that continuous 
support of calcium-gluconate during LVL is an effective 
means of reducing the incidence of citrate-related 
symptoms and improving subjective tolerance toward 
LVL, without affecting the technical performance or the 
number of CD34

 

+

 

 cells collected.

 

he collection of PBPCs by automated apheresis
technology is a safe and effective method for
obtaining large quantities of PBPCs required
for hematopoietic transplantation. The clinically

most common adverse effect of PBPC collection is sys-
temic hypocalcemia related to the infusion of citrate
required for anticoagulation. Citrate-related hypocalce-
mia can markedly affect the patients’ tolerance toward the
apheresis setting,

 

1,2

 

 although severe side effects of PBPC
apheresis are rare.

 

3

 

 Hypocalcemia-related side effects can
be particularly a problem when large-volume leukapher-
esis (LVL) is performed. Defined either as the processing
of a minimum of 15 L of peripheral blood

 

4,5

 

 or as processing
more than three times patient’s peripheral blood volume,

 

6

 

the advantage of LVL is the additional intrapheresis recruit-
ment of PBPC.

 

7,8

 

 The higher incidence of adverse reac-
tions related to the increased amount of citrate infused
during LVL can markedly hamper this advantage.

 

9,10

 

There are three approaches to prevent or reduce
citrate-related hypocalcemia during PBPC apheresis. The
first approach is to reduce the blood flow rate, therefore
decreasing the amount of citrate exposure per time. Nev-
ertheless, this will increase total apheresis time and can
even require an additional apheresis setting to obtain a
sufficient number of progenitor cells. The use of heparin

T
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as an additional anticoagulant is a further alternative.

 

11

 

Although the combination of citrate plus heparin reduces
the amount of citrate necessary for effective anticoagula-
tion, one disadvantage of this approach is the risk of
systemic anticoagulation.

 

8,12

 

 Thus, the combination of
heparin plus ACD-A results in a longer activated partial
thromboplastin time, although there is no evidence for
significant bleeding complications in patients undergoing
LVL with the additional use of heparin for anticoagula-
tion.

 

12

 

 The third, and clinically most common approach
is supplementation of calcium. This can be done either
prophylactically or after the appearance of first clinical
symptoms.

 

13

 

 Nevertheless, there is no common standard
method to reduce citrate-related side effects, and the
intention to treat is not defined.

One possibility to avoid the delayed substitution of
calcium is the continuous IV administration of calcium
throughout the apheresis course.

 

14,15

 

 To our knowledge
only a few studies have been performed to evaluate the
effectiveness of this approach.

 

16-18

 

A randomized, placebo-
controlled, double-blinded trial was performed to assess
the effectiveness of continuous IV administration of
calcium-gluconate during LVL in patients who underwent
autologous PBPC collection.

 

MATERIALS AND METHODS

 

Study population and PBPC apheresis

 

Altogether 50 patients participated in the study. All
patients had malignant disease (40 patients with hema-
tologic diseases and 10 patients with solid tumors) and
were admitted to the department for autologous PBPC
apheresis. All patients underwent routine ECG screening
within 5 to 8 days before PBPC collection. Patients with
signs of an abnormal electrocardiographic conductivity
were excluded from the study. Only patients during their
first apheresis course were included. In all patients the
mobilization protocol consisted of chemotherapy fol-
lowed by the administration of G–CSF (10

 

m

 

g/kg of body
weight, Amgen, Thousand Oaks, CA). Apheresis was

started after the cutoff of 10 

 

¥

 

 10

 

6

 

 CD34

 

+

 

 cells per L of
blood was reached. All patients underwent LVL consist-
ing of the processing of median 3.3

 

¥

 

 patients’ whole-
blood volume (range, 3.2-4.0), with an automatic PBPC
apheresis device (Spectra, Gambro COBE BCT, Inc.,
Lakewood, CO). In 28 of 50 patients (56%), PBPC harvest
was performed via peripheral vein access, and in 22
patients (44%) PBPC collection was performed via a cen-
tral vein catheter. PBPC apheresis was performed at a
median blood flow rate of 65 mL per minute (range, 50-
80 mL/min). Blood flow rates were adjusted to the
highest achievable flow rates, as recommended by the
Spectra device and based on patients’ sex, weight, and
total blood volume. For anticoagulation, ACD-A (Hae-
monetics Corporation, Braintree, MA) was used at a ratio
of 1:12 (range, 1:12 to 1:14), corresponding to a citrate
concentration of median 1.99 mg per kg and minute
(range, 1.5-2.39 mg/kg and mg/min). Detailed patient
characteristics and apheresis-related key data are sum-
marized in Table 1.

 

Study design

 

The study was performed as a randomized, double-
blinded, placebo-controlled trial. The study protocol was
approved by the internal review board, and informed writ-
ten consent was obtained from each participant. The test
group consisted of 25 patients (13 men, 12 women) receiv-
ing a bypass infusion of 8.92 mmol (357.5 mg) calcium
(four ampoules of calcium-gluconate [Calcium-Fresenius,
Fresenius Kabi, Graz, Austria] diluted in 500 mL of saline;
treatment group). Twenty-five patients (12 men, 13
women) represented the control group and received a
placebo infusion (500 mL of saline; placebo group). The
administration of either calcium-gluconate or saline was
randomly selected according to patients’ sex and age. The
study medication was prepared from the Department of
Pharmacy, General Hospital Vienna. The preparation
included sterility testing. The study medication was pre-
pared on demand and was released to the Department of

 

TABLE 1. Patient characteristics and apheresis-related key data

 

Ca-treated group Placebo-treated group
Number of patients (men/women)  25 (13/12)  25 (12/13)
Age (years)*  53 (20-69)  49 (17-66)
TBV (L)*† 4.6 (3.3-6.6) 4.7 (3.2-6.6)
Disease

Hematologic  23  17
Solid tumor  2  8

Number of CD34

 

+

 

 cells (

 

¥

 

10

 

6

 

/L) at the start of LVL* 68.4 (15-414) 79.5 (11.3-463)
TBV processed (

 

¥

 

 TBV)*† 3.3 (3.16-3.89) 3.3 (3.17-3.98)
Total amount of citrate infused (mg/kg of body wt)* 516.1 (428.1-677.3) 536.1 (429.2-697.3)
Total apheresis time (min)*  258 (237-303)  266 (210-301)

* Data are expressed as median (range).
† TBV 

 

=

 

 total blood volume.
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Transfusion Medicine at the day of LVL. To ensure the
blinding of the observers, the study medication and the
placebo were filled at an identical volume into identical
infusion bags. The infusion of calcium-gluconate or pla-
cebo was administered at a constant flow rate of 100 mL
per hour (resembling 1.8 mmol [71.5 mg] calcium/hr in
the treatment group) and was controlled by an automatic
infusion pump (Infusomat IP 85-2, Sanitas Medizintech-
nik, Salzburg, Austria). This infusion rate corresponded to
the administration of median 0.25 mg of ionized calcium
(Ca

 

2

 

+

 

) per mL of ACD-A (0.53 mmol Ca

 

2

 

+

 

/10 mmol citrate).
To avoid an additional venipuncture, the bypass infusion
was connected via a three-way device to the return line of
the apheresis disposable.

 

16

 

 One patient of the treatment
group received placebo as the result of an operator error.
The patient was retrospectively excluded from the data
analysis.

 

Definition of citrate-related reactions and 
assessment of patients’ tolerance

 

The following conditions were defined as citrate-related
adverse reactions:

 

19

 

 circumoral or general paresthesia,
increased muscle tension, a feeling of heaviness or flutter-
ing in the chest, chills, and overt tetany. The evaluation of
adverse reactions was performed by machine operators
who were also caring for the patients throughout the aph-
eresis procedure. Adverse reactions related to the aphere-
sis setting were documented in an individual study file
and were classified as mild, moderate, or severe reaction.
In case of moderate or severe citrate reactions, patients
repeatedly received IV bolus injections of calcium-
gluconate (Calcium-Fresenius, Fresenius Kabi). Bolus
injection of calcium-gluconate was administered at an
injection rate of 1 mL (0.22 mmol calcium) per minute.
Administration of the bolus injection was triggered by
patients’ individual symptoms and was applied until the
disappearance of the subjective reaction.

After completion of the apheresis course the subjec-
tive tolerance toward the apheresis setting was evaluated
with a standardized questionnaire including an ordinal
rating scale system (with rankings from 1 [

 

=

 

 no discom-
fort] to 6 [

 

=

 

 worst discomfort]). Additionally, individual
discomfort was assessed by a visual analog scale (VAS)
system, in analogy to VAS rating scales used in pain med-
icine.

 

20

 

 VAS rating was recorded with a horizontal mark on
a 10-cm line oriented vertically on a paper. Each VAS was
scaled 0 to 10, with endpoints of 0 (no discomfort) and 10
(worst discomfort). Data obtained by the VAS and the ordi-
nal scale system showed a good correlation (r

 

2

 

 

 

=

 

 0.29, p 

 

=

 

0.0002; data not shown). The questionnaires and the eval-
uation of the discomfort rating systems were performed
by the attending physician responsible for the apheresis
procedure. All observers, e.g., physicians and machine
operators, were informed about the aim of the study and

were repeatedly instructed in the evaluation of the differ-
ent assessments.

 

Determination of serum electrolytes, total protein, 
and serum parathyroid hormone

 

Serum levels of Ca

 

2

 

+

 

, total (“bound”) calcium (Ca), serum
potassium (K

 

+

 

), and total magnesium (Mg) as well as
serum levels of total protein and intact parathyroid hor-
mone (PTH) were determined before start and after com-
pletion of LVL. Serum levels of Ca

 

2

 

+

 

 and serum potassium
were determined by an automatic electrolyte analyzer
(AVL 984-S, Schaffhausen, Switzerland). Serum levels of
total Ca, total Mg, serum phosphorus, and total serum
protein were assessed by o-cresolphthalexone chelates,
the xylidylblue reaction, and the Biuret method, respec-
tively, running on an analyzer (Hitachi modular systems,
Roche Diagnostics, Mannheim, Germany). Serum levels of
PTH were measured by electrochemiluminescent immu-
noassays with an analyzer (Elecsys 2010, Roche Diagnos-
tics). Determination of CD34

 

+

 

 cells in peripheral blood
and within the PBPC product was performed by two-color
FACS analysis, as described previously.

 

21

 

Statistical analysis

 

Data were analyzed with either the Fisher’s exact test, a t
test, or the U test, as appropriate. A p value of less than
0.05 at a power of 0.8 was considered to be significant.

 

RESULTS

 

Effect of continuous calcium support on 
biochemical variables

 

The effects of continuous calcium support during LVL on
biochemical variables are summarized in Fig. 1. Owing
to the marked interindividual variations, all data are
expressed as relative changes compared to levels before
apheresis. Continuous calcium support throughout PBPC
apheresis led to a less pronounced decrease in serum Ca

 

2

 

+

 

(

 

-

 

10.4 

 

±

 

 6.5%) compared to the placebo-treated group
(

 

-

 

26.9 

 

±

 

 10.4 percent; p 

 

<

 

 0.0001). Total Ca levels increased
in the treatment group by 6.9 

 

±

 

 5.4 percent compared to a
decrease of 4.2 

 

±

 

 5.9 percent in the control group receiving
saline (p 

 

<

 

 0.0001). Serum phosphorus decreased by 15.7

 

±

 

 19.2 percent in the test group compared to a decrease of
29.1 

 

±

 

 14.5 percent in the control group (p 

 

<

 

 0.009). In the
calcium-treated group serum PTH increased by 4.7 

 

±

 

 45.5
percent compared to an increase of 102.9 

 

±

 

 137.2 percent
in the placebo-treated group (p 

 

<

 

 0.001). Changes in
serum potassium (treatment group, 

 

-

 

12.4 

 

±

 

 5.5%; vs. con-
trols, 

 

-

 

15.5 

 

±

 

 5.1%), total Mg (treatment group, 

 

-

 

7.9 

 

±

 

 8.7%;
vs. controls, 

 

-

 

10.6 

 

±

 

 8.3%), and total serum proteins (treat-
ment group, 

 

-

 

17.1 

 

±

 

 4.1%; vs. controls, 

 

-

 

17.7 

 

±

 

 4.4%) were
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comparable between patients receiving calcium support
and patients receiving saline.

 

Effect of continuous calcium supplementation on 
the incidence and severity of hypocalcemia-related 
symptoms

 

Continuous administration of calcium-gluconate during
LVL reduced the incidence of hypocalemia-related side
effects by 65 percent. Whereas 4 of 24 patients (17%)
receiving calcium support showed hypocalemia-related

side effects, 12 of 25 patients (48%) in
the control group showed clinical
symptoms of hypocalcemia (p 

 

=

 

 0.03).
In patients receiving calcium-glucon-
ate, adverse effects were weaker and
only consisted of mild circumoral par-
esthesias. The lower severity of adverse
side effects was accompanied by a
reduced need for medical interven-
tion. As assessed by the additional
need of IV bolus injection of calcium-
gluconate, in the treatment group a
total of 4 am-poules of calcium-
gluconate (1 ampoule 

 

=

 

 2.23 mmol Ca)
was needed to resolve citrate related
symptoms compared to a total of 15
ampoules in the control group (p 

 

=

 

0.003).

 

Patients’ subjective tolerance toward the 
LVL procedure

 

Patients receiving continuous-bypass infusion of cal-
cium-gluconate throughout the PBPC apheresis felt less
discomfort compared to patients receiving placebo (Fig.
2). In both assessments tested, that is, the ordinal rating
and the VAS rating system, the subjective tolerance
toward the apheresis setting was superior in the treat-
ment group compared to the control group. Analysis of
the subjective experience toward LVL showed that contin-
uous calcium support particularly had a beneficial effect
in patients with a total whole-blood volume of 4.5 L
(Fig. 3).

To assess whether the observed differences in the
subjective tolerance were related to differences in the
response of biochemical variables, patients of the control
and treatment groups were grouped according to their
whole-blood volume, and relative changes in biochemical
variables were compared between the subgroups (Table
2). In patients receiving saline, relative changes in serum
Ca

 

2

 

+

 

 were more pronounced in individuals having a
whole-blood volume of 4.5 L compared to those with a
higher blood volume (p 

 

=

 

 0.04). Furthermore, the PTH
response was higher in patients with lower blood volume
compared to those having a blood volume of greater than
4.5 L (p 

 

=

 

 0.01). Continuous calcium supplementation
throughout LVL attenuated these differences. In patients
receiving prophylactic calcium support changes in serum
Ca

 

2

 

+

 

 and PTH were comparable between patients having
a blood volume of 4.5 L and individuals with a blood vol-
ume of greater than 4.5 L. Nevertheless, there was no
relation between changes in total Ca, total Mg, potas-
sium or phosphorus, and blood volume, independent
of whether the patients received calcium-gluconate or
saline (Table 2).

 

Fig. 1.

 

 

 

Effect of calcium support on biological variables, as assessed before and after 

completion of LVL. Data are the mean 

 

±

 

 SEM. An asterisk indicates significant differ-

ences between the two groups (p 

 

<

 

 0.05).

 

Fig. 2.

 

 

 

Ca

 

2+

 

 support increased subjective tolerance towards LVL, 

as assessed by an ordinal scale and the VAS rating system. Data 

are the mean 

 

±

 

 SD and were analysed by t-test.
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Effects of continuous calcium support on the 
technical performance and collection efficacy of 
PBPC apheresis

 

Bypass administration of calcium-gluconate was not asso-
ciated with increased appearance of technical or manual
problems during PBPC apheresis. Neither in the treatment
group nor in the control group was any clot formation
within the venous access or within the PBPC product

observed. Further, continuous calcium support led to
no influence in the collection efficiency of CD34

 

+

 

 cells.
Median collection efficiency in the treatment group was
22.8 

 

¥

 

 10

 

6

 

 CD34

 

+

 

 cells per L processed blood volume com-
pared to 21.4 

 

¥

 

 10

 

6

 

 CD34

 

+

 

 cells per L processed blood
volume in the placebo group (data not shown). This
resulted in the collection of equal transplant doses of
median 4.5 

 

¥

 

 10

 

6

 

 and 5.3 

 

¥

 

 10

 

6

 

 CD34

 

+

 

 cells per kg of
patients’ body weight in the treatment group and the con-
trol group (p 

 

=

 

 0.8).

 

DISCUSSION

 

Hypocalcemia-related side effects are the most common
adverse reactions of peripheral PBPC apheresis. The
present study was performed to evaluate the effectiveness
of continuous IV support of calcium-gluconate on the tol-
erability of LVL in the setting of autologous PBPC collec-
tion. Our results show that continuous IV administration
of calcium is an effective means to reduce the incidence
of hypocalcemic symptoms and to increase patients’
subjective tolerance toward LVL. Supplementation of
calcium-gluconate led to no effects on the technical per-
formance of LVL or the efficacy of PBPC collected, indicat-
ing that continuous IV support of calcium is a clinically
feasible approach to enhance patients’ tolerance toward
LVL.

In this study, 48 percent of patients receiving placebo
exerted hypocalcemic symptoms during LVL. This inci-
dence is higher than the occurrence of hypocalcemic
symptoms in 39 percent of patients reported by Reik and
colleagues.

 

22

 

 Nevertheless, Reik and coworkers as well as
most other authors

 

8,12

 

 used a combination of ACD-A plus
heparin for anticoagulation during LVL instead of solely
the administration of ACD-A used in the present study.
Because the amount of ACD-A per kg of body weight
infused is proportional to the appearance of hypocalce-
mic symptoms,

 

23

 

 the higher incidence of adverse reactions
observed in our control group can be related to the higher
amount of ACD-A infused.

 

TABLE 2. Changes in biochemical markers grouped according to treatment and patients’ whole-blood volume

 

*

 

Saline Calcium support 
Blood volume (L) Blood volume (L) 

4.5

 

>

 

4.5 p value 4.5

 

>

 

4.5 p value
Number of patients 12 13 10 14
Change in

Ionized Ca

 

2

 

+

 

-

 

25.1 (

 

-

 

14.7 to 

 

-

 

45.0)

 

-

 

17.7 (

 

-

 

12.2 to 

 

-

 

39.7) 0.04†

 

-

 

7.3 (

 

-

 

24.3 to 3.6)

 

-

 

10.0 (

 

-17.6 to -5.9) 0.74
PTH 100.9 (26.7 to 279.0) 57.3 (16.8 to 110.3) 0.01† -9.8 (-31.1 to 82.1) -17.2 (-45.7 to 76.7) 0.63
Total Ca -6.5 (-9.1 to -1.7) -7.6 (-15.3 to 3.8) 0.36 10.8 (0.5 to 22.2) 9.2 (-2.9 to 23.9) 0.42
Total Mg -12.3 (-20.3 to 4.6) -10.3 (-21.7 to 5.8) 0.76 -9.6 (-25.0 to 12.2) -11.5 (-61.0 to 6.5) 0.45
Potassium -20.4 (-25.0 to -14.5) -15.9 (-23.6 to -4.6) 0.1 -9.2 (-17.6 to -6.9) -11.0 (-18.5 to 5.1) 0.47
Phosphorus -26.4 (-62.1 to -3.9) -29.9 (-52.2 to -9.3) 0.96 -18.2 (-53.6 to 12.5) -16.2 (-47.2 to 20.8) 0.54

* Data are expressed as relative changes in serum markers compared to baseline. Data shown represent the median (range) and were analyzed 
by unpaired t test.

† Significant at p < 0.05.

Fig. 3. Association between whole blood volume and subjective 

tolerance towards LVL. Patients were grouped according to 

their whole blood volume, and the effect of calcium support on 

the subjective tolerance towards apheresis was compared 

between the groups using the VAS system as a read-out param-

eter. The effect of calcium support on subjective tolerance was 

most pronounced in patients with a whole blood volume of 

<4.5 L. Data are the mean ± SEM. *p < 0.05 compared to pla-

cebo-treated patients (t-test).
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Continuous IV administration of calcium-gluconate
at a dose of 1.8 mmol per hour reduced the occur-
rence of hypocalcemic symptoms by 65 percent. Further,
in patients receiving calcium-gluconate the severity of
hypocalcemic symptoms were weaker and patients
required less medical intervention. Consequently, the
subjective tolerability of LVL was superior in patients
receiving calcium support compared to placebo. These
data are in agreement with most recent findings of Bolan
et al.,17 although Bolan and associates observed a
decrease in clinically significant paresthesias in 96 per-
cent of patients receiving continuous calcium support.
Apart from differences in the total blood volume pro-
cessed, the considerably higher response rate observed
by Bolan et al.17 most likely is related to the twofold
higher doses of calcium administered, for example,
1 mmol Ca2+ versus 0.5 mmol Ca2+ per 10 mmol citrate we
used in the present trial. To determine the optimal dose
of calcium support, further studies with different doses
of Ca2+ as well as the testing of different calcium formu-
lations are necessary.17 This may also involve an aphere-
sis-adapted dose regime with the administration of
higher doses of calcium during the second half of the
LVL course.

The administration of calcium-gluconate was partic-
ularly beneficial in patients with a whole-blood volume of
4.5 L. This group of patients predominately consisted of
female patients (85%). This beneficial effect of calcium
support in patients with lower WBV might be explained by
modification in the response of biochemical variables.
Prophylactic administration of calcium-gluconate attenu-
ated the differences in relative changes of serum Ca2+ and
PTH response observed between patients with different
whole-blood volume. Although this might explain the
higher effectiveness of continuous calcium administra-
tion in patients with lower blood volume, the dominant
role for the sex in the sensitivity toward citrate-induced
Ca2+ depletion remains to be assessed. Possible reasons
may include sex-specific differences in the total plasma
volume or a lower cation reserve in women compared to
men.17,18

PTH is involved in calcium homeostasis and reflects
a sensitive and quick biologic response to altered serum
Ca2+.24 Determination of PTH either before start or after
completion of LVL showed no association to the appear-
ance of hypocalcemic symptoms, although continuous
calcium supplementation markedly reduced the PTH
response compared to the infusion of saline. In response
to calcium depletion, PTH is released from the parathy-
roid gland as an initial bolus followed by tonic secretion.25

During plateletpheresis, peak levels of PTH are reached
within the first 30 minutes after start of apheresis and
decline to a lower plateau despite further decrease in
serum Ca2+.23,24 One possibility for the observed lack of
association between serum PTH and the appearance of

hypocalcemic symptoms might therefore be related to the
discontinuous secretion of PTH during the apheresis
course.

Apart from the decrease in serum Ca2+, PBPC aphere-
sis resulted in changes of other electrolytes, namely serum
potassium, serum Mg, and serum phosphorus. Continu-
ous calcium substitution showed no effect on the decrease
in serum magnesium and serum potassium, although cal-
cium administration diminished the observed decrease in
serum phosphorus. Decrease in ionized Mg (Mg2+) is
involved in citrate-related reactions.17,26 This led to the
consideration of substitution of Mg during LVL.12 Never-
theless, a decrease in serum Mg might be related to the
formation of magnesium-citrate complexes.27 Because
increased levels of Ca2+ may competitively reduce the for-
mation of magnesium-citrate complexes in favor of
calcium-citrate complexes, calcium administration can be
one approach to stabilizing magnesium levels. In this
study continuous calcium administration showed no
effect on the stabilization of serum magnesium levels, in
contrast to recent findings reported by Bolan and col-
leagues.17 This discrepancy can be related to the 50 per-
cent lower dose of Ca2+ administered in our trial compared
to the study performed by Bolan and coworkers.17 Never-
theless, administration of calcium-gluconate led to a
marked stabilization of serum phosphorus compared to
the infusion of saline. The reason for this effect remains
unknown, but may be related to the modification of the
PTH response or changes in citrate metabolism, as already
suggested previously.17,23

Despite the effectiveness of continuous calcium
supplementation on the reduction of citrate-related
reactions during LVL, potential side effects of the admin-
istration of calcium-gluconate should be concerned. This
includes vasodilatation with an increased risk of hypov-
olemic shock symptoms, but also the risk for cardiac
arrhythmias. Patients with a history of heart attack,
arrhythmias, or patients with heart insufficiency (partic-
ularly when treated with digitalis) should therefore be
excluded from calcium support. However, we did not
observe any electrocardiographic changes in myocardial
conductivity in this study, even in patients where LVL
was performed via central vein assess. In any case, a
careful individual risk-to-benefit analysis is recom-
mended. This should include an electrocardiographic
screening test to identify patients with abnormal heart
conductivity who should be excluded from supportive
treatment. Nevertheless, ideal candidates for the admin-
istration of a continuous calcium support during LVL are
female patients with a low whole-blood volume or, more
generally, patients with a whole-blood volume of less
than 4.5 L. In this group of patients, the IV administration
of calcium-gluconate at a doses of 1.8 mmol per hour is
an effective means to enhance the individual tolerance
toward LVL.
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