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Abstract
Background: Preeclampsia is a form of high
blood pressure manifested during pregnancy;
however, its etiology is unknown. Also, the
status of ionized calcium (Cai) during pregnancy
and its complication preeclampsia have not been
described adequately. In addition to calculation
method described for Cai, the calcium-binding
dye murexide has become a widely-used tool for
measuring changes in the ionized calcium (Cai)
concentration in biological systems.
Objective:to demonstrate the level of Cai during
preeclampsia with respect to normal pregnancy;
and to demonstrate the correlation between
calculated Cai and actual Cai.
Subject and methods: the present study is a
case-control study conducted during the period
from February 2007 until the end of June 2007,
which includes measurement of total, corrected
and ionized calcium (Cai) in 60 patients with
preeclampsia that are classified according to
gestational age into preeclamptics in the second
trimester G1 (n=30) and preeclamptics in the
third trimester G2 (n=30).
The results are compared with 60 apparently
healthy pregnants controls that are classified
according to gestational age into two groups G3
(n=30) and G4 (n=30).

Introduction
Preeclampsia is defined as the onset
of hypertension and the presence of
proteinuria during pregnancy, usually
occurring after the 20th week of
gestation in a previously normotensive
woman and resolving completely by the
sixth week after delivery (1, 2).
The
dynamics
of
calcium
homoeostasis are in fact substantially
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Results: the serum corrected total calcium;
serum calculated ionized Cai and actual Cai are
significantly reduced in preeclamptics in the
third trimester (G1) compared with normal
pregnants (G4) (P<0.001) and even when
compared with preeclamptics in the second
trimester (G2). The same significant reduction in
serum corrected total calcium (P<0.001); but not
in serum ionized Ca (calculated and actual Cai)
is found in preeclamptics in the second trimester
(G2) compared with normal pregnants (G3).
Both calculated Cai and actual Cai are
significantly correlated (r=0.7, P<0.001 in all
study groups apart from preeclamptic in the
second trimester where r=0.5, P<0.001).
Conclusion: all preeclamptics have certain
factors that reduce vasodilation, enhance
vasospasm. This is supported by the finding of
low ionized calcium which is essential for the
synthesis of endothelial-derived NO. A
mathematical equation can be used in clinical
practice for expressing ionized calcium.
Key words: preeclampsia, calculated ionized
calcium, actual ionized calcium.
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altered in pregnancy (3). It is generally
accepted that the ionized calcium (Cai+2)
is the physiologically active form of
calcium in the blood (3). Investigation of
Cai+2changes in various disease states
have been reported, in which it was
measured by ion selective electrod(4), but
a few reports of Cai+2 measurement in
disease are available by EDTA titration
method(5). This paper present data on
calcium homeostasis, correlation of
ionized calcium measured directly with
that calculated from total calcium after
correction to total protein and albumin
for 60 preeclamptic patients as compared
to those of 60 healthy pregnants.
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Subjects & Methods
A case-control study was conducted
during the period from February 2007
until the end of June 2007 on sixty
patients with preeclampsia (PE) who
attending the Obstetric ConsultantClinic, Antenatal Clinic, and Labor
Ward at Al-Kadhimiya Teaching
Hospital, for re-evaluation of newly
diagnosed PE, or for delivery. Inclusion
criteria were hypertension (absolute BP
of 140/90 mmHg twice over 4 hr without
prior comparison) (6) and proteinuria
(21.5 mg of urinary protein per mmol
creatinine) (7).
Depending on the gestational age, the
patients were divided into two groups:
1. Preeclamptics in the second
trimester (G1):
Includes thirty preeclamptics in their
second trimester of pregnancy with an
age range was from 18 to 37 years and a
gestational age of 20 to 28 weeks as seen
in Table 1.
2. Preeclamptics in the third trimester
(G2):
Includes thirty preeclamptics with
an age range was from 18 to 40 years
and a gestational age range from 29 to
40 weeks as seen in Table 1.
Sixty apparently healthy pregnants
attending the Antenatal clinic, and Labor
Ward at Al-Kadhimiya Teaching
Hospital, for re-evaluation of their
pregnancy, or for delivery, matches
preeclamptic groups regarding the age,
gestational age and depending on the
gestational age, the apparently healthy
pregnants were subdivided into two
groups:
3. Control pregnants in the second
trimester (G3):
They were thirty apparently healthy
pregnants in the second trimester of
Iraqi Journal of Medical Sciences

pregnancy with an age of 15 to 38 years
and a gestational age range of 20 to 28
weeks as seen in Table 1.
4. Control pregnants during the third
trimester (G4):
They were thirty pregnants in the
third trimester of pregnancy with an age
range of 18 to 35 year and a gestational
age range of 29 to 40 weeks as seen in
Table 1.
Any patients with other medical
illnesses that may have an effect on the
measured parameters were excluded
from the study, such medical illnesses
are
cardiac,
hepatic,
endocrine,
metabolic diseases, smoking and
alcoholism.
Ten milliliters of venous blood were
withdrawn into plane test tube from each
patient and control, in supine position,
without application of tourniquet. The
samples were left to clot at room
temperature, centrifuged, and the
separated sera were transferred into
Eppendrof tube and stored at
–20o C
until analysis of calcium, which was
done
within
one
month
after
collection(5).
The total serum calcium levels were
measured using atomic absorption
spectrophotometer5. The Corrected
serum calcium was calculated according
to
the
formula
described
by
Gowenlock(8):
Adjusted calcium (mmol/L) = Measured
calcium concentration (mmol/L) + 0.02
[40 – albumin concentration (g/L)].
Instead of obtaining a crude
correction for measured calcium, the
same data can be used to calculate the
ionized calcium according to the formula
described by Gowenlock (8):
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Ionized calcium (mmol/L) =
measured calcium (mmol/L) – K'/12 x 60
K'+60
where
total protein (g/L) + ×K' = 0.19
albumin (g/L).
The actual ionized calcium was
determined by EDTA compleximetric
titration method using murexide as an
indicator that was employed by
Gowenlock(8).
Results
The serum total corrected and
ionized calcium concentrations (actual
and calculated) were significantly
lowered in the preeclamptic women in
third trimester G2 group as compared to
healthy controls in the third trimester G4
[P<0.001] and even when compared to
the preeclamptic in the second trimester

G1 [P<0.001] as seen in Table 2. The
same significant reduction in corrected
but not ionized calcium was noticed in
the second trimester group G1 when
compared to the healthy pregnants in the
second trimester group G3 [P<0.001 for
corrected calcium but greater than 0.05
for ionized calcium] as seen in Table 2.
There was no significant difference in
corrected and ionized serum calcium
values between healthy pregnants in
each group [P > 0.05].
Correlation between calculated Cai
and actual Cai:
A significant positive correlation
between actual and calculated serum
ionized calcium was noticed in different
studied groups, in preeclamptics G1
(r=0.7, P < 0.001); and G2 (r=0.5, P <
0.001) also in pregnant control groups
G3 and G4 (r=0.7, P < 0.001for both)
respectively as in Figures 1, 2, 3, and 4.

Table 1: Demography of different preeclamptics and healthy pregnants groups.
Group
G1
G2
G3
G4
30
30
30
30
No
26.1 +
25.1 +
24.6 +
24.8 +
Age / year (Mean + SD)
6.4
6.9
4.5
4.6
(18-37)
(18-40)
(15-38)
(18-35)
Age range
(years)
26.3 +
35.6 +
25.5 +
34.6 +
Gestational age / week
1.5
1.9
1.8
2.1
(Mean + SD)
(20-28)
(29-40)
(20-28)
(29-40)
Gestational age range
(years)
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Table 2: The mean value & standard deviation of calcium (total, corrected Ca+2,
actual ionized Ca+2, calculated ionized Ca+2) in the sera of different preeclamptic
and pregnant control groups.
Variable
G1
Total
serum
calcium
2.5
0.05
(mmol/L)
Corrected total serum
2.3
calcium (mmol/L)
0.05**
Actual serum ionized
1.9
calcium (mmol/L)
0.05
Calculated serum ionized
1.2
calcium (mmol/L)
0.08

G2
2.4

+

G3
2.5

+

0.09

+

0.1

+

2.2
0.09*§
+
1.8
*§
0.12
+
1.1
*§
0.05

+

2.6

+

2.6

+

2

+

1.2

+

0.1
1.9

+

1.2

+

0.14
+

+

0.1

0.1
+

G4
2.5

0.04

0.05

0.05

G1 & G2: Preeclamptics in the second & third semesters of pregnancy.
G3 & G4: normal pregnants in the second & third semesters of pregnancy.

Actual Ionized Ca
mmol/L

* T-test; G2 versus G4, P < 0.001
§ T-test; G2 versus G1, P < 0.001
* * t-test; G1 versus G3, P < 0.001

2.5
2
1.5
1
0.5
0

G1; n=30; y=3.8268x - 5.2688
R²=0.5333; r=0.7; p<0.001
1.8

1.85

1.9

1.95

Calculated Ionized Ca mmol/L

Figure 1: Correlation between actual and calculated serum ionized calcium in
second trimester preeclamptics.
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2.5
2
1.5

G2; n=30; y=1.0234x + 0.4441
R² = 0.3017; r=0.5; p<0.001

1
0.5
0

1.1

1.2

1.3

1.4

1.5

Calculated Ionized Ca mmol/L

Actual Ionized Ca
mmol/L

Figure 2: Correlation between actual and calculated serum ionized calcium in
third trimester preeclamptics.
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2
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G3; n=30; y=1.3461x - 0.571;
R² = 0.5479G; r=0.7; p<0.001

1
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0
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1.9

2

2.1

Calculated Ionized Ca mmol/L

Figure 3: Correlation between actual and calculated serum ionized calcium in
second trimester pregnant controls.

Iraqi Journal of Medical Sciences

48

Actual Ionized Ca
mmol/L

Calcium ion in PE...Faisal Gh. Al-Rubaye
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2.1
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Figure 4: Correlation between actual and calculated serum ionized calcium in third
trimester pregnant controls.
Discussion
Regarding the ionized fraction of
calcium which is crucial for the
synthesis of vasoactive substances in the
endothelium as prostacyclin and nitric
oxide (9). The finding of significant
reduction in this fraction, as seen in
Table 2 is consistent with those reported
by Seely et al (10), who revealed that a
low level of active vitamin D (1, 25(OH) 2 D) in preeclamptics, may
contribute to suboptimal intestinal
absorption of calcium during a time of
increased calcium demand resulting in
lower ionized calcium, increased
parathyroid hormone (PTH), and
hypocalciuria
in
preeclampsia(11).
Abnormalities in calcium homeostasis
may contribute to the increased vascular
sensitivity documented in preeclampsia.
In contradiction to the reported
difference in ionized calcium between
normal and preeclamptic patients, other
authors like Sanders et al (12), Siddiqui &
Rana(13), Richards et al(14) found no
difference in serum ionized calcium.
The question of which-actual
ionized calcium or calculated ionized
calcium-should be reported to the
physician is unresolved, and there is no
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international recommendation. Bowers
et al(15) advocate the use of corrected
ionized calcium, because of pH values in
venous samples that fell outside the
reference limits (loss of CO2 during
sample handling lowering the calcium
ion concentration in vitro from what it
was in vivo), whereas others(16) have
question the use of corrected value for
ionized calcium, both analytically and
clinically.
We have found a close relationship
between calculated ionized calcium and
the actual values for ionized calcium in
patients with preeclampsia. From
theoretical and clinical point of view, we
expect actual ionized calcium values to
be superior to measurement of the
calculated ionized calcium because of
parathyrin-induced increases in the renal
excretion of bicarbonate, thus giving rise
to values for pH and ionized calcium
different from those at pH 7.4(17). Our
study shows that calculated ionized
calcium provides the same clinical
information as actual ionized calcium,
even in preeclampsia.
In conclusion, biochemical changes
in preeclampsia appear to involve
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calcium metabolism leading to the
appearance of the typical pattern which
may cause vasospasm of eclampsia.
These changes would include low serum
ionized calcium. We also conclude that
calculated ionized calcium for a sample
is as useful as actual ionized calcium in
the evaluation of patients with disorder
of calcium metabolism. Clinical
superiority of actual ionized calcium is
expected only in patients with severe
acid-base derrangement. Calculated
ionized calcium appears to be a good
choice for establishing reference values
for healthy adults; however, due to the
lack of gold standard method for
measuring ionized calcium (ion selective
electrode) in Iraqi laboratories; the
accuracy (sensitivity and specificity) of
compleximetric
method
for
measurement of ionized calcium cannot
be determined in this study. Further
study of intracellular calcium and
calcium pumps to explore their potential
role in the pathogenesis of preeclampsia
is required for future work.
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