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ABSTRACT:
BACKGROUND:
Hypocalcaemia is a commonly encountered problem in critically ill patients, and it has been shown
to correlate with increased ICU stay and mortality.
OBJECTIVE:
This study is to estimate serum ionized calcium level and to evaluate whether calcium adjusted for
albumin accurately predicts ionized calcium concentrations.
PATIENT AND METHOD:
Cross sectional study conducted to 47 randomly selected adult patients admitted in Baghdad
teaching hospital/ ICU from June 2014-october 2014. Ionized Ca level was determined using ionspecific electrode methodology, on heparinised plasma. The total Ca concentration was adjusted
for serum Albumin.
RESULTS:
From total 47 patients, 40 patients were showed low serum calcium level (mean 6.79 mg/dl), and
82 were showed low corrected s.calcium (mean 7.77 mg/dl).
Low serum albumin was independently associated with hypocalcaemia on admission. 30 patients
(63.83%) reported low total S. alb. mean s. albumin where 2.8mmol.
KEY WORDS: Ionized calcium,serum albumin,albumin corrected ratio,hypocalcaemia,hypoalbuminaemia.
INTRODUCTION:
Hypocalcaemia
is
common
electrolyte
disturbance in critically ill patients. The reported
prevalence varies significantly between studies
due to differences in the population studied and
the cut off values used, with published figures
ranging from 15% to 88%(1,2) in adult patients
and prevalence ranges from 12 to 74% in
paediatric population (3,4)
Calcium is a critical intracellular messenger and
regulator of cell function. About 99 % of calcium
exists in skeleton and rest 1 % in extracellular
space. About half of this exists as free ionized
calcium (iCa), essential for important functions
of the body like neuromuscular excitability,
homeostasis, cellular structural integrity and
enzymatic activity (5). Measurement of ionic
calcium is more specific as it is unaffected by
factors like hypalbuminaemia and acid base
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disturbances, unlike total calcium levels. The
relationship between total calcium and ionic
calcium concentration is not always linear and
may lead to false interpretation by measurement
of total calcium levels alone (6,7)
Multiple mechanisms for hypocalcaemia in the
critically ill have been described: precipitation
into tissues, complex formation with citrate from
blood products or lactate. Dilution of plasma
induced by administration of massive amounts of
intravenous fluid in a resuscitative effort is
reported to be an important cause of
hypocalcaemia in trauma patients (8, 9). Decreased
bone resorption, calcium chelation, calcitriol
deficiency, decreased secretion or action of
parathyroid
hormone
with
or
without
hypomagnesaemia, and increased urinary calcium
excretion
contribute
to
drug-induced
hypocalcaemia (10). Spuriously low concentration
of calcium can be detected following the
administration of gadolinium based contrast, as
gadolinium interferes with calorimetric based
calcium assays, while ionized calcium
concentration measurements remain unaffected
(11)
.

247

VOL. 15,NO.2, 2016

IONIZED CALCIUM CONCENTRATION
The consequences of decreased serum ionized
calcium are numerous, since calcium has an
essential role in different cellular functions,
including muscle and myocardial contractility,
vascular tonus, enzyme activation and hormone
release, neurotransmission, membrane potentials
and blood coagulation, and as a critical
intracellular messenger (12, 13,14).
PATIENT AND METHOD:
Single centre Cross sectional study conducted to
47 randomly selected adult patients admitted in
Baghdad teaching hospital ICU for period from
June 2014-october 2014. For all patients admitted
to ICU calculate Acute Physiology and Chronic
Health Evaluation, All blood tests were carried
out as part of routine clinical practice and
consisted of daily serum chemistry, without
tornicate blood sample taken from the patients
and sending the sample by heparinized plasma
method to lab for calculate ionized Ca level
which determined by using ion-specific electrode

methodology. The total Ca concentration was
adjusted to serum Albumin
RESULTS:
47 patients’ data were included in this study, the
mean i.Ca. level 6.7978 mg/dl, 40 patients
(85.11%;tab.2) showed low serum calcium level
(mean 6.79mg/dl, p=0.00001;tab.1), 7 patients
(14.89%;tab.2) were normocalcaemic (mean
7.657 mg/dl;tab2), 28 showed low corrected
s.calcium (mean 7.77mg/dl, p=0.000002;tab.2).
Low serum albumin was independently
associated with hypocalcaemia on admission. 30
patients (63.83%;tab.2) reported low total s.alb,
mean s. albumin where 2.8mmol.
Albumin appeared not truly affecting the level of
calcium.
In
normoalbuminic
group
(36.17%;tab.2) had pre corrected calcium level of
(14.89%;tab.2) and post corrected calcium level
of (40.43%;tab.2) while hypoalbuminic group
(63.83%;tab.2) had a pre corrected calcium level
of (85.11%;tab.2) and a post corrected calcium
level of(59.57%;tab.2) ,this changes nearly same
in normal and low albumin level.

Table 1: Prevalence of hypocalcaemia before and after correction.
One-Sample Statistics
N
Serum Calcium (mg/dl) 47
Corrected Serum Calcium 47
Serum Albumin
47

Mean Std. Deviation
6.7978 .90591
7.7738 .89535
2.7800 .53112

Std. Error Mean
.13505
.13347
.07918

P value
0.00001
0.000002

Degree of freedom
44
44

Table 2: Incidence of hypocalcaemia before and after correction.
Normal
14.89%
40.43%
36.17%

PreCorrection S.Ca+2
PostCorrection S.Ca+2
s.alb

DISCUSSION:
Our study showed that hypocalcaemia is very
common in critically ill patients (as high as
59.5% in our cohort). No specific Risk factors
for hypocalcaemia had been seen. Chernow et
al., had identified sepsis, renal failure and
postabdominal surgery as risk factors for
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Low
85.11%
59.57%
63.83%

High
0
0
0

hypocalcaemia. Zaloga et al., found ionized
hypocalcaemia in 30% of cases of Gram-negative
sepsis and in none of those cases of sepsis caused
by Gram-positive bacteria(15). In a study by
Vivien B (2005) hypocalcaemia is frequently
seen in severe trauma patients, and colloid-
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induced haemodilution, severe shock and
reperfusion ischaemia appear to be important
causative factors(14).
As a secondary finding, this study confirmed that
a low adjusted calcium concentration is relatively
a poor surrogate for identifying critically ill
patients with low ionized calcium concentrations,
despite its widespread use for this purpose. The
adjustment of total calcium is based on a formula
incorporating the relationship between total
calcium and albumin(16,17), derived from the linear
regression equation and the difference of the
patient’s albumin from the population average
(18,19)
. There are a number of plausible
physiological explanations for adjusted calcium
being a poor predictor for ionized calcium in
critically ill patients. They include alterations in
pH affecting calcium-albumin binding, deranged
serum concentrations of phosphate, which
chelates calcium, or changes in blood
concentrations of citrate and fatty acids(20, 21, 22)
As to start administration of calcium gluconate
early to patients with hypocalcaemia and critical
presentation show better prognosis(23,24),
multicentre cohort studies with early calcium
administration (at first four days ) and try to
normalize the level show good result in surviving
of the patients(25,26).
CONCLUSION:
Hypocalcaemia is a common problem in critical
ICU patients, and this may lead to increase
periods of ICU stay with higher mortality rates, at
all there is no specific Risk factors for
hypocalcaemia
had been seen. However,
patients severely hypocalcaemic on admission
whose calcium failed to rebound to normal
having a higher mortality and may be targeted for
more intervention.
REFERENCE:
1. Zaloga GP: Hypocalcemia in critically ill
patients. Crit Care Med 1992;20:251-62.
2. Zivin JR, Gooley T, Zager RA, Ryan
MJ: Hypocalcemia: A pervasive metabolic
abnormality in the critically ill. 2001;37:68998.
3. Broner CW, Stidham GL, Westenkirchner DF,
Tolley
EA.
Hypomagnesemia
and
hypocalcemia as predictors of high mortality in
critically ill paediatric patients. Crit Care Med
1990;18: 921-28.
4. Baines PB, Thomson APJ, FraserWD, Hart
CA. Hypocalcaemia in severe meningococcal
infections. Arch Dis Child 2000;83:510-3.
5. Banasiak KJ, Carpenter TO. Disorders of
calcium, magnesium and phosphate. In: Dalton
HJ, Carcillo JA, Ackerman AD, Nichols DG,
Rogers MC, editors. Rogers’ textbook of
pediatric intensive care. 4th ed. Philadelphia:
Lippincott Williams & Wilkins; 2008.
THE IRAQI POSTGRADUATE MEDICAL JOURNAL

6. Spahn DR: Hypocalcemia in trauma: frequent
but frequently undetected and underestimated.
Crit Care Med 2005;33:2124-25.
7. Liamis G, Milionis HJ, Elisaf M. A review of
drug-induced hypocalcemia. J Bone Miner
Metab. 2009;27:635–42.
8. Buckley MS, Leblanc JM, Cawley MJ:
Electrolyte disturbances associated with
commonly prescribed medications in the
intensive care unit. Crit Care Med
2010;38(Suppl):S253-64.
9. Williams SF, Meek SE, Moraghan TJ:
Spurious hypocalcemia after gadodiamide
administration. Mayo Clin Proc 2005;80:165557.
10. Zaloga GP, Chernow B, Cook D, Snyder R,
Clapper M, O’Brian JT. Assessment of
calcium homeostasis in the critically ill. The
diagnostic pitfalls of the McLean-Hastings
nomogram. Ann Surg 1985;202: 587-94.
11. Auffant RA, Downs JB, Amick R. Ionized
calcium concentration and cardiovascular
function after cardiopulmonary bypass. Arch
Surg 1981;116:1072-76.
12. Drop LJ. Ionized calcium, the heart, and
hemodynamic function. Anesth Analg
1985;64: 432-51.
13. Zaloga GP, Chernow B. Hypocalcemia in
critical illness. JAMA 1986;256:1924-29.
14. Pittinger C. Chang PM. Faulkner W. serum
ionized calcium: some factors influencing its
lenel . south Med J 1971;64:1211-15.
15. Cooper MS, Gittoes NJ. Diagnosis and
management
of
hypocalcemia.
BMJ.2008;336:1298–1302.
16. Aderka D, Schwartz D, Dan M, et al:
Bacteraemic hypocalcaemia. A comparison
between the calcium levels of bacteraemic
and nonbacteraemic patients with infection.
Arch Intern Med 1987; 147:232–36.
17. Holick MF, Binkley NC, Bischoff-Ferrari
HA, et al. Evaluation, treatment, and
prevention of vitamin D deficiency: An
Endocrine
Society
clinical
practice
guideline. J Clin Endocrinol Metab.
2011a;96:1911–30.
18. Ariyan CE, Sosa JA. Assessment and
management of patients with abnormal
calcium. Crit Care Med. 2004; 32(suppl
4):S146–S154.
19. Bunker JP, Bendixen HH, Murphy AJ,
heamodynaemic effect of intravenously
administered sodium citrate, N Engl J Med
1962;266;372-77.
20. Knaus WA, Draper EA, Wagner DP, et al:
APACHE II: A severity of disease
classification system. Crit Care Med
1985;13:818–29.

249

VOL. 15,NO.2, 2016

IONIZED CALCIUM CONCENTRATION

21. Oberleithner H, Greger R, Lang F: The
effect of respiratory and metabolic acid-base
changes on ionized calcium concentration: In
vivo and in vitro experiments in man and rat.
Eur J Clin Invest 1982;12:451–55.
22. Ward RT, Colton DM, Meade PC, et al:
Serum levels of calcium and albumin in
survivors versus nonsurvivors after critical
injury. J Crit Care 2004;19:54–64.
23. Forsythe RM, Wessel CB, Billiar TR, Angus
DC, Rosengart MR: Parenteral calcium for
intensive care unit patients. Cochrane
Database Syst Rev 2008, 4:CD006163.
24. Drop LJ, Laver MB: Low plasma ionized
calcium and response to calcium therapy in
critically
ill
man.
Anesthesiology
1975;43:300-6.
25. Slomp J, van der Voort PH, Gerritsen RT,
Berk JA, Bakker AJ. Albumin-adjusted
calcium is not suitable for diagnosis of hyper
and hypocalcaemia in the critically ill. Crit
Care Med 2003;31: 1389-93.
26. Hästbacka J, Pettilä V. Prevalence and
predictive value of ionized hypocalcaemia
among critically ill patients. Acta
Anaesthesiol Scand 2003;47:1264-69.

THE IRAQI POSTGRADUATE MEDICAL JOURNAL

250

VOL. 15,NO.2, 2016

