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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical Pharmacokinetics
Calcium gluconate is a mineral supplement of calcium and IV administration of calcium
gluconate increases serum ionized calcium level rapidly and effectively. Pharmacokinetics (PK)
properties are listed below:
Absorption: Bioavailability is 100% since this is an IV administration.
Distribution: Calcium in the body is distributed mainly in skeleton (99%). Only 1% of the total
body calcium is distributed within the extracellular fluids and soft tissues. About the 50% of total
serum calcium is in the ionized form and represents the biologically active part. 8% to10% serum
calcium is bound to organic and inorganic acids (eg. citrate, sulfate and phosphate) and
approximately 40% is protein-bound (80% to albumin and 20% to globulins).
Metabolism: Calcium itself does not undergo direct metabolism.
Elimination: Approximately 80% of orally administered calcium is excreted in the feces as
insoluble salts; urinary excretion accounts for the remaining 20%.

2.2 Dosing and Therapeutic Individualization
2.2.1 General dosing
Dosing recommendations for adults, neonates and pediatrics are shown in Table 1:
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Table 1. Summary of dosing recommendations for patients of all ages.
(b) (4)

2.2.2 Therapeutic individualization
No dose adjustment is required for geriatric population and population with hepatic or renal
impairment.

2.3 Outstanding Issues
None

2.4 Summary of Labeling Recommendations
Summary of labeling recommendation for different sections are listed below:
•

Section 2: The proposed dosing recommendations are acceptable.
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Pharmacokinetics of Calcium Gluconate
Absorption

The sponsor’s calcium gluconate injection is proposed to be used intravenously. Therefore, the
bioavailability of the proposed drug product is 100%.
Distribution

Body calcium exists in two major compartments in which skeleton accounts for 99% of the total
body calcium, and only 1% of the total body calcium is within the extracellular fluids and soft
tissues. About 50% of total serum calcium is in the ionized form and represents the biologically
active part. A further 8–10% is bounded to organic and inorganic acids (eg. citrate, sulfate,
phosphate) and the remaining percentage of serum calcium (~40%) is protein-bound (80% to
albumin, 20% to globulin) (Bozzetti, 2009; Zhou, 2009; Kelly, 2013). Ionized calcium is crucial
for many biochemical processes including blood coagulation, neuromuscular excitability, cell
membrane integrity and function, and cellular enzymatic and secretory activity (Jain, 2010;
Zaloga, 1992). Various factors alter the ratio of ionized calcium to bound calcium, but the most
important factor is the albumin concentration. Medical conditions can cause a decrease in serum
albumin leading to a low total serum calcium level. However, low total serum calcium
concentrations are not necessary hypocalcemia, and the serum calcium levels are needed to be
assessed in relation to reference albumin concentrations (Cooper, 2008). Acidemia releases
calcium from albumin; alkalosis increases binding. A change of 0.1 pH unit may alter the
concentration of ionized calcium by 10% without altering the total calcium concentration (Zhou,
2009).
Metabolism

Calcium gluconate is a mineral supplement of calcium. IV administration of calcium gluconate
increases serum ionized calcium level rapidly and effectively. Calcium itself does not undergo
direct metabolism. Calcium gluconate dissociates to provide ionized calcium in plasma. Both
ionized calcium and gluconate are normal constituents of the body fluids. The release of ionized
calcium from IV administration of calcium gluconate is direct and does not seem to be affected
by the first pass through the liver (Bull, 1980; Heining, 1984; Martin, 1990).
Elimination

A study was conducted on 6 hospitalized males, who convalesced from acute self-limited illness.
The subjects were infused 1 g of calcium ion as of calcium gluconate salt over a 4 hour period.
The results showed that by 1½ and 3½ hour after the beginning of infusion the mean corrected
renal clearance for calcium during the calcium gluconate infusion were 4.68 and 7.41 times,
respectively, that of before calcium infusion. At 1 hour after the calcium infusion (5 hour after
the beginning of infusion), mean calcium renal clearance was 5.89 times that of before calcium
infusion (Bernstein, 1962). These data showed an acute relationship between urinary calcium
excretion and IV administration of calcium gluconate.
In a study with 14 preterm hypocalcemic neonates (defined by serum calcium concentration <
7.0 mg/dL), subjects were administrated an IV bolus or through an umbilical arterial catheter at a
dose of 18 mg/kg of elemental calcium (200 mg/kg calcium gluconate 10%) over a 2-minute
9
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(b)
(4)

infused the dose
every 6 hours thus covering the 800 mg/kg MDD.

(b) (4)

Scott et al. administered 200 mg/kg dose

In summary, the dosing recommendations in the neonate population are well covered by the
published literature.

3.3.3 Is an alternative dosing regimen and/or management strategy required for
subpopulations based on intrinsic factors?
No, there is no need for dosage adjustment for renal and hepatic impaired subpopulation and in
the geriatric patients. See below for the literature evidence submitted by the sponsor and
reviewer’s comment.

Patients with Hepatic Impairment
It is known that the ionized calcium value may be normal when the total calcium value is high or
low, depending on serum albumin concentrations (Zhou, 2009). The effects of hepatic function
on calcium gluconate have been investigated in the anhepatic stage of liver transplantation; data
have shown that the availability of ionized calcium after calcium gluconate IV administration
was not affected by the absence of hepatic function (Bull, 1980; Cote', 1987; Heining, 1984;
(b) (4)
It was noted that, in patients with preascitic cirrhosis patients, a dose of 2 g
calcium gluconate (~ 20 mL of FK USA’s calcium gluconate injection, USP 10%) infusion over
60 minutes was well tolerated and no unexpected AEs were noted (Sansoe, 2007). Therefore,
dosing adjustment of calcium gluconate in hepatic impaired patients may not be necessary.
However, the total dose is dependent upon the serum calcium levels of patients.
Reviewer’s comment:
In a study by Sansoe et al. 10 patients with preascitic cirrhosis and 9 age-matched control
volunteers (with no history of liver, renal or cardiac diseases) were given 60 min infusion of 33
mg/min calcium gluconate diluted in 100 ml of 5% glucose solution (Sansoe, 2007). IV infusion
of calcium significantly increased the serum calcium concentrations in both patients with
cirrhosis and in controls (respectively, from 2.0 (0.1) to 2.4 (0.2) mmol/L, and from 2.1 (0.4) to
2.5 (0.1) mmol/L) and 3 h urinary calcium excretion rate by 0.26 and 0.15 mmol/h in control and
cirrhosis group respectively. Bull, 1980; Cote’, 1987 and Henning 1984 studies do not the
support sponsor’s claim as the study was not aimed to study calcium gluconate in hepatic
impairment.
(b) (4)
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4. APPENDICES
4.1 Summary of Bioanalytical Method Validation and Performance
The summary of bioanalytical method used for the pivotal studies is listed in Table 3. In most
cases an ionized calcium analyzer (ICA) was used. The instrument measures pH and calcium ion
concentration and makes an adjustment of the latter with respect to the actual pH (to pH 7.4)
according to a built-in algorithm in the interval pH 7.2-7.6. This simultaneous measurement of
the ionized calcium and pH is advantageous as it eliminates the routine problem of pH dependent
binding of calcium to albumin. Serum is pumped through the electrode to make contact with a
porous membrane impregnated with a liquid ion-exchanger. This ion-exchanger selectively
binds calcium and is normally saturated with that ion. A potential difference is set up between
the ionized calcium of the serum and that of the liquid ion-exchanger. Since the calcium
concentration of the saturated ion-exchanger is constant, the potential difference established is
dependent only on the ionized calcium concentration of the serum. This technique is generally
considered to have good precision (within batch CV% of 0.6% and between batch CV% of
2.11%) with linear over a linear range of 0.35 to 2.90 mmol/L and with little interference from
other cations (Smith, 1983).

Table 3. Summary of bioanalytical assay used in the six pivotal studies.
Pivotal
studies

Bioanalytical
(b) (4)

Scott, 1984

Ionized calcium concentrations (Orion SS·20 ionized calcium analyzer) and pH
(Radiometcr E5021) were measured within 20 min of sampling using whole blood
obtained from an umbilical artery catheter in a syringe into which l ml heparin had
been drawn and then totally expelled.
(b) (4)

Broner, 1990

Blood for ionized calcium levels was obtained, placed in heparinized containers
(Radiometer A/S, Copenhagen, Denmark) on ice water, and evaluated
immediately. All samples were analyzed on the Radiometer ICA IE Ionized
Calcium Analyzer within 5 min of time of collection.

Buchta, 2003

Serum levels of ionized calcium were determined by an automatic electrolyte
analyzer (AVL 984-S, Schaffhausen, Switzerland).
(b) (4)
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4.2 Summary of the six pivotal studies
(b) (4)

Study Synopsis:

(b) (4)

24
Reference ID: 4055037
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Study Synopsis: Effect of calcium therapy in the sick premature infant with early neonatal
hypocalcemia
Study Title: Effect of calcium therapy in the sick premature infant with early neonatal
hypocalcemia (Scott, 1984)
Location

USA (St. Louis Children Children’s Hospital)

Study Design

Randomized controlled

Population
Demographics

•

18 neonates with early neonatal hypocalcemia

•

Subjects were randomized to 1 of 3 groups (n = 9/group): placebo,
calcium gluconate IV bolus or calcium gluconate IV drip. However, if
ionized calcium < 2.5 mg/mL the subjects were randomized to either
IV bolus or IV drip group:

•

Exclusion criteria: not reported

Hypocalcemia

Hypocalcemia definition: Total serum calcium < 6.0 mg/dL (1.5 mmol/L).
Symptomatic hypocalcemia: 1 patient had ionized calcium < 2.5 mg/mL.
The patient was symptomatic (jitteriness)

Treatment (per
arm)

•

IV bolus treatment arm: IV bolus dose of 200 mg/kg/dose (2 mL/kg of
calcium gluconate 10%) at a rate of 100 mg/minutes every 6 hours. If
the ionized calcium > 3.5 mg/dL, the subjects were removed from
treatment and observed every 6 hours until a total of 24 hours of
treatment or sampling has been completed.

•

IV infusion arm (drip): continuous IV infusion of 400 mg/kg/day. If
the ionized calcium > 3.5 mg/dL, the subjects were removed from
treatment and observed every 6 hours until a total of 24 hours of
treatment or sampling has been completed.

•

Controlled arm: no calcium was provided

Assessment

Serum total, ionized calcium and hypocalcemic sign were assessed before
the treatment and every 6 hours following the administration of calcium
gluconate or placebo.

Endpoints and
related definitions

Endpoints were the changes in total and ionized serum calcium, correction
of symptom-related hypocalcemia (irritability, jitteriness, and twitching)
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Study Title: Effect of calcium therapy in the sick premature infant with early neonatal
hypocalcemia (Scott, 1984)
Efficacy results
related to calcium
gluconate

Safety Data

•

Mean ionized calcium from the bolus and drip groups were
significantly increased at times 6 and 24 hours, compared to time zero.
However, mean ionized calcium from the bolus group was greater than
that of drip at time 24 hours.

•

Mean ionized calcium from the control group was only significantly
increased at time 24 hours compared to time zero.

•

By 24 hours, in all groups, total calcium had increased to greater than
6.0 mg/dL (bolus 6.5 ± 1.1, drip 7.0 ± 0.4, control 6.6 ± 0.4) and
ionized calcium to greater than 3.5 mg/dL (bolus 3.9 ± 0.3, drip 3.6 ±
0.6, control 3.6 ± 0.3).

•

There was 1 hypocalcemic subject with symptoms, and the symptoms
as well as low ionized calcium level (< 2.5 mg/dL) of this subject were
successfully treated with an IV bolus dose of calcium gluconate.

ECG findings were not related to total and ionized calcium levels. Lack of
relation between QT segment, serum albumin and pH to ionized calcium

27
Reference ID: 4055037

(b) (4)
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Study Synopsis: Reduction of adverse citrate reactions during autologous large-volume
PBPC apheresis by continuous infusion of calcium-gluconate
Study Title: Reduction of adverse citrate reactions during autologous large-volume PBPC
apheresis by continuous infusion of calcium-gluconate (Buchta, 2003)
Location

Austria (University Hospital of Vienna)

Study Design

Randomized, double blinded, placebo controlled

Population
Demographics

•

25 adults with malignant diseases and autologous large volume
peripheral blood progenitor cells apheresis

•

Subjects were randomized to treatment (n=25) or placebo (n = 25)
groups

•

Exclusion criteria: Patients with signs of an abnormal
electrocardiographic conductivity were excluded from the study. Only
patients during their first apheresis course were included

Hypocalcemia

Hypocalcemia was expected during autologous large volume peripheral
blood progenitor cells apheresis due to citrate

Treatment (per
arm)

•

Treatment arm: infusion of ~ 4000 mg of calcium gluconate diluted in
500 mL of saline at a rate of 100 mL/hour (~760 mg calcium
gluconate/hour)

•

Placebo arm: infusion of 500 mL saline

Assessment

Serum total calcium, potassium, phosphorus were assessed before and
after the treatment

Endpoints and
related definitions

Assessment of the effectiveness of continuous IV administration of
calcium gluconate during autologous large volume peripheral blood
progenitor cells (PBPC) collection

Efficacy results
related to calcium
gluconate

•

Continuous calcium support throughout PBPC apheresis led to a less
pronounced decrease in serum calcium (-10.4 ± 6.5%) compared to the
placebo-treated group (-26.9 ± 10.4%; p<0.0001).

•

Total calcium levels increased in the treatment group by 6.9 ± 5.4 %
compared to a decrease of 4.2 ± 5.9 % in the control group receiving
saline (p < 0.0001).

•

Continuous administration of calcium gluconate reduced the incidence
of symptomatic hypokalemia by 65 % (4/24 patients in calcium groups
vs 12/25 patients in control group)

Safety Data

The administration of calcium was not associated with technical problems
related to the apheresis procedure and number of CD34+ cells
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Study Synopsis: A prospective, randomized, double-blind comparison of calcium chloride
and calcium gluconate therapies for hypocalcemia in critically ill children
Study Title: A prospective, randomized, double-blind comparison of calcium chloride and
calcium gluconate therapies for hypocalcemia in critically ill children (Broner, 1990)
Location

USA (Le Bonheur Children's Medical Center)

Study Design

Randomized, active controlled

Population
Demographics

•

20 critically ill children (aged 1 day – 17 years) in the intensive care
unit.

•

Subjects were randomized to 2 groups: calcium gluconate (n = 20) or
calcium chloride (n=17):

•

Exclusion criteria: not reported

Hypocalcemia

Hypocalcemia: Ionized calcium: 1.03 ± 0.14 vs 1.07 ± 0.12 mmol/L for
calcium chloride vs calcium gluconate group, respectively

Treatment (per
arm)

•

Calcium gluconate arm: a single dose of elemental calcium 0.136
mEq/kg (~ 29 mg/kg calcium gluconate 10%)

•

Calcium chloride arm: a single dose of elemental calcium 0.136
mEq/kg

Assessment

Serum ionized calcium levels were assessed before and 30 minutes after
the treatment
Arterial pH levels, renal and hepatic functions, and serum electrolytes
were obtained on admission or within 12 hours after initial ionized
calcium measurements

Endpoints and
related definitions

Endpoints were the changes in ionized serum calcium and severity of
illness.

Efficacy results
related to calcium
gluconate

•

A single dose of 29 mg/kg/dose of calcium gluconate 10% produced a
significant increase in the mean serum ionized calcium level compared
with the pretreatment level (p < 0.05).

•

The mean increase in ionized calcium levels was 0.19 mmol/L for the
chloride group and 0.09 mmol/L for the gluconate group (p <0.05).

Safety Data

There was no significant change in the mean pH or in heart rate after
treatment with either salt.
An increase in mean arterial pressure of nearly 6 mm Hg was observed in
calcium chloride treated group (p <0.05). No change in blood pressure was
seen in the group receiving calcium gluconate.
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