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The APACHE II Score and Mortality  
in Relation to Hypocalcaemia  
in Critically Ill Patients 
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ABSTRACT
Background: Electrolyte imbalance is commonly seen in the 
intensive care unit (ICU) patients. Hypocalcaemia is one of the 
most common electrolyte deficiencies found in these patients. 

Methods: This study was conducted on 110 critically ill patients 
who were admitted to the ICU (71 males and 39 females). The 
patients were classified into two groups, group I (patients expired) 
and group II (patients completely recovered). We further sub-
classified the patients, based on the APACHE II score into three 
groups as group A (APACHE II score <15), group B (APACHE II 
score 15-25) and group C (APACHE II score >25). The serum 
calcium, magnesium and albumin levels were determined by 

using a clinical chemistry auto analyzer. Corrected calcium was 
calculated by using formula. 

Type of study: Prospective/Retrospective

Results: There was a significant decrease in the calcium and the 
corrected calcium levels in the group I patients as compared to 
those in group II (p<0.05). There was significant hypocalcaemia 
in the group C patients as compared to the group A and group B 
patients (p<0.01). The calcium levels correlated negatively with 
the APACHE II score. 

 Conclusions: There is a direct correlation between hypocalcaemia 
and mortality in the critically ill patients. Hypocalcaemia and the 
APACHE II score were negatively correlated. 
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InTRoduCTIon
Electrolytes play a major role in most of the physiological processes, 
from maintaining electrical properties across the membranes to the 
release of many hormones and muscle contraction. Small elec-
trolyte imbalances are very harmful to the human systems and have 
to be monitored very carefully in the patients. The assessment of 
the serum electrolyte values is of vital importance in caring for the 
critically ill patients [1, 2]. 

Hypocalcaemia is a common finding in the critically ill patients who 
are admitted to the adult as well as the paediatric intensive care 
units (ICU) [3-9] and in patients who are admitted with trauma 
[10, 11]. Critically ill surgical patients and leukaemic patients with 
infections have been shown to present with hypocalcaemia [12, 
13]. The ionized and total calcium levels were also found to be 
lower in children with meningococcal infections and were found to 
be well related to the severity of the disease [14]. There are only few 
studies on the correlation between hypocalcaemia and mortality 
[6, 15]. 

In the current study, we determined the calcium, magnesium and 
albumin levels in all the critically ill patients who were admitted to 
the ICU, to find the correlation between these biomolecules and 
the mortality in these patients. 

MATeRIAlS And MeThodS
A prospective study was conducted on 110 critically ill patients 
who were admitted in the ICU at the Kasturba Hospital, Manipal, 
India. The subjects included 71 males and 39 females in the age 
group of 14 to 80 years. The serum calcium [16, 17], magnesium 
[18-20] and albumin [21] levels were measured by using a clinical 
chemistry auto-analyzer (Magnesium-Roche Cobas Integra 400, 
Serum Calcium and Albumin-Hitachi 912). Corrected calcium i.e. 

the total calcium which is bound to albumin and ionized calcium was 
also calculated by using the following formula: Corrected calcium = 
ionized calcium + 0.8 (4 – albumin) [19]. The acute physiology and 
the chronic health evaluation (APACHE) II score were also assigned 
to be evaluated in all the patients. 

Statistical analysis was done by using the SPSS, version 16 
(Chicago, USA). The independent sample t test was used to com-
pare the parameters with the mortality status of the patients. One 
way analysis of variance (ANOVA) was used, followed by multiple 
comparisons by the post-hoc test to compare the subdivision of 
the APACHE II score with the determined parameters. Pearson’s 
correlation was used to correlate between the parameters. 

ReSulTS
We classified the 110 cases into two groups, group I as the expired 
cases and group II as the completely recovered cases. As depicted 
in [Table/Fig-1], there was a significant decrease in the calcium (p<0.05) 
and the corrected calcium (p<0.05) levels in group I as compared to 
those in group II. However, there was no significant difference in the 
magnesium and the albumin levels between these two groups.

We further classified the 110 cases into three subdivisions ac-
cording to the APACHE II score: group A having an APACHE II 
score of <15, group B having an APACHE II score of 15–25 and 
group C having an APACHE II score of >25. As depicted in [Table/
Fig-2], there was a significant decrease in the calcium (p<0.05, 
p<0.001)) and the corrected calcium (p<0.05, p<0.001) levels in 
group C (93% of them were hypocalcaemic) and group B (75% of 
them were hypocalcaemic) as compared to those in group A (60% 
of them were hypocalcaemic), respectively. However, there was 
no significant difference in the calcium and the corrected calcium 
levels of group B and group C. 
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On applying Pearson’s correlation, the calcium (r = –0.346, p<0.001) 
and the corrected calcium (r = –0.324, p<0.001) levels were found 
to be correlated inversely with the APACHE II score (Table/Fig-1 
and 2).

dISCuSSIon
Hypocalcaemia is common among critically ill adults as well as in 
children and is associated with increased mortality. However, the 
mortality depends on the severity of the underlying chronic disease 
[7]. A number of critical cases like end stage renal disorder (ESRD), 
severe trauma, leukaemia and meningococcal infections have been 
found to be associated with hypocalcaemia [13-15].

Previous studies have reported hypocalcaemia in critically ill pati-
ents [3-5]. In line with the previous authors, we observed significant 
hypocalcaemia in the critically ill patients who expired as compared 
to the patients who completely recovered after the treatment 
(p<0.05). The observation of hypocalcaemia in all the expired 
cases in our study, along with the reports of other authors raises 
the possibility of calcium playing a critical role in the electrolyte 
derangement in these patients. Changes in the physiological pH 
and in the albumin levels may cause an altered binding affinity of 
calcium to albumin [3]. We calculated the corrected calcium levels 
and considered the possibility of such an alteration in the current 
study. Previous authors had noted changes in the magnesium levels 
in critically ill patients [7]. However, we did not find any significant 
change in the magnesium levels in our study. 

Previous authors used various systems for classifying the severity 
of the illness, like the base deficit, the systemic inflammatory 
response syndrome (SIRS) score, and the triage-revised trauma 
score (t-RTS) [10]. They reported a direct correlation between 
hypocalcaemia and increased mortality in the critically ill patients. 
The APACHE II score and the simplified acute physiology score 
(SAPS) are the most commonly used scoring systems to predict 
the outcomes in critical illness [16-22]. Recently, Iqbal M et al used 
the APACHE II score to classify the severity of the illness, they sub 
grouped the critically ill patients into three groups and reported 
that hypocalcaemia and disease severity (APACHE II scores) were  
negatively correlated [23]. Out of the 17 expired cases in the current 
study, 14 of them (82%) were in group C, having an APACHE II 
score of >25 and 13 out of the 14 who expired in group C (93%) 
had hypocalcaemia. These observations indicated that there was 
increased mortality with increasing APACHE scores and decreasing 
calcium levels. 

In the current study, we used the APACHE II score to classify the 
critically ill patients. In line with Iqbal M et al’s report, we observed 
that there was significant hypocalcaemia in the patients with an 

APACHE score of >15, compared to the patients with an APACHE 
score of <15. On grouping, based on the APACHE II score, it was 
observed that group C (APACHE II score >25) have the lowest 
mean calcium and corrected calcium levels as compared to group 
A and group B, who had an APACHE II score of <15 and 15-25, 
respectively. 

In conclusion, our study has shown a negative trend of hypo-
calcaemia with respect to the APACHE II score, and a direct positive 
correlation between hypocalcaemia and mortality in the critically ill 
patients. This study may help in checking for hypocalcaemia as 
an indicator of mortality in the critically ill patients. However, the 
pathophysiological cause effect mechanism has to be worked out 
by further consideration.
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