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Abstract

Introduction: The significance of serum calcium and phosphorus levels in patients with acute myocardial
infarction is not entirely clear.

Objective: To assess the potential predictive value of ionized calcium (iCa) and phosphorus levels in acute ST-
segment elevation myocardial infarction (STEMI) patients treated using primary percutaneous coronary intervention.

Design and Methods: A total of 256 patients included in the STEMI-RADIAL study were evaluated. Calcium and
phosphorus levels were measured on admission, and after 6 h and 12 h. Correlations of these values with other
laboratory and clinical parameters were assessed.

Results: Within the first 12 h of admission we observed a statistically significant increase in iCa and phosphorus
levels; none of the patients received iCa or phosphorus supplementation. Hypocalcemia was present in 14% of
patients at baseline and was associated with increased troponin | levels (P<0.0018). After adjustment for
confounders, a higher left ventricular ejection fraction was associated with increased iCa levels after 12 h (P=0.010)
and lower values of peak troponin | (P<0.0001) and C-reactive protein (CRP; P<0.006) levels. Baseline
hypophosphatemia was associated with longer chest pain duration (P=0.044) and lower CRP levels after 24 h
(P=0.040). The mortality rate of the group after one month and one year was 1.32% and 3.08%, respectively. Of the
biochemical parameters studied, only the CRP level was associated with higher one-month mortality (odds ratio
[OR] 4.01 [95% confidence interval (Cl) 1.16 to 13.9]; P=0.029). Twelve-month mortality was associated with CRP
level (OR 2.21 [95% CI 1.00 to 4.89]; P=0.049) and also patient age (OR 1.08 [95% CI 1.00 to 1.17]; P=0.045).

Conclusion: We did not find any prognostic value with regard to baseline levels of ionized calcium and
phosphorus. We observed an association between iCa levels 12 h after admission and left ventricular systolic
dysfunction in STEMI patients. However, the clinical relevance of this finding is not yet clear. Patients with longer
chest pain duration had lower baseline phosphorus levels.

L

J

Hypocalcemia (ionized Ca [iCa] < 1.12 mmol/L) is a relatively
common problem in critically ill patients, particularly those with
sepsis, acute necrotizing pancreatitis, rhabdomyolysis, trauma, and
systemic inflammatory response syndrome [1-7], and the etiology
appears to be multifactorial. Data published to date suggests several
different mechanisms may be involved: (i) cytokine-mediated
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Intervention; STEMI: ST-Segment Elevation Myocardial Infarction

Introduction

The significance of serum calcium and phosphorus levels in relation
to myocardial necrosis markers, C-reactive protein (CRP) levels, and
clinical presentation in acute myocardial infarction patients has not
been fully established.

inflammatory response [8], (ii) increased binding to proteins
(albumin) [9], (iii) relative parathormone deficiency, or (iv) reduced
renal hydroxylase activity [10]; however, simple changes in bone
metabolism and renal excretion are not considered viable options. An
alkaline change acid-base balance is also a significant and well-known
mechanism that can lead to hypocalcemia. Alkalosis induces
hypocalcemia by promoting increased calcium binding to proteins. It
has been reported that each 0.1 unit increase in pH leads to a decrease
in iCa by approximately 0.05 mmol/L [11]. ‘Significant’ fluid
replacement (especially Ca-free fluids) can also lead to dilutional
hypocalcemia. It is also know that calcium supplementation, in
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critically ill patients with reduced calcium levels, has been shown to
increase systolic blood pressure and stroke volume [12].

Phosphorus metabolism is closely associated with calcium
metabolism. Plasma phosphorus levels are also affected by pH, and
alkalosis supports cellular uptake of phosphorus. Hypophosphatemia
is classified as moderate (0.3 mmol/L to 0.7 mmol/L) or severe (<0.3
mmol/L). In critically ill patients, significant hypophosphatemia may
contribute to rhabdomyolysis and leukocyte dysfunction as well as
respiratory and heart failure [13-16]. Severe hypophosphatemia is
typically observed in alcoholic patients, septic patients and patients
with malnutrition or diabetic ketoacidosis, and is associated with an
increased mortality risk [17,18]. Hypophosphatemia in patients with
acute myocardial infarction may be caused by a stress response that
requires addition energy and involves the transfer of phosphorus into
cardio-myocytes, where it is transformed into adenosine triphosphate,
which binds to the damaged cellular membranes of necrotic myocytes.
Increased serum catecholamine levels or metabolic acidosis can also
lead to increased phosphorus loss in the urine, which can lead to or
contribute to hypophosphatemia [14,19]. A positive association
between increased phosphorus levels and the severity of coronary
angiography findings in patients with chronic ischemic heart disease,
as well as risk of death, has been found in previous studies [20,21]. In
our pilot study, hypophosphatemia was present more frequently in
STEMI patients than in the control group, which was comprised of
patients without acute coronary syndrome [22].

The objective of the present study was to establish calcium and
phosphorus levels in the acute phase of STEMI, and to assess a possible
association with laboratory markers of myocardial necrosis.

Material and Methods

Study population

The present study was a prespecified laboratory substudy of the
multicenter randomized STEMI-RADIAL (ST-Elevation Myocardial
Infarction treated by RADIAL or femoral approach) study [23]. The
STEMI-RADIAL study compared radial and femoral PCI approaches
in patients presenting, within 12 h of symptom onset, with an ST-
segment elevation myocardial infarction (STEMI), who were then
treated using primary percutaneous coronary intervention (PCI)
performed by experienced surgeons familiar with both access sites.
Neither calcium nor phosphorus was administered during the study
period.

Age, years 61.20 £ 10.54
Male sex, n (%) 197 (77)

Body mass index, kg/m? 28.31+4.10
Hypertension, n (%) 153 (60)
Dyslipidemia, n (%) 95 (37)
Diabetes mellitus, n (%) 46 (18)
Current smoker, n (%) 158 (62)
Previous MI, n (%) 28 (11)

Previous stroke, n (%) 8 (3)
Symptoms to balloon, min 205 (148-285)
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Anterior M, n (%) 105 (41)
Inferior MI, n (%) 116 (45.3)
Lateral Ml, n (%) 34 (13.3)
Posterior MI, n (%) 1(0.4)

Table 1: Basic characteristics of the study participants (n=256). Data
presented as mean * standard deviation or median (interquartile
range), unless otherwise indicated. MI: Myocardial Infarction.

The present substudy included 286 patients in one (Pilsen, Czech
Republic) of four participating centres (patients were enrolled between
October 2009 and February 2012). Six patients with normal coronary
angiography findings and 24 patients with incomplete laboratory
results were excluded; thus, a total of 256 patients were included in the
final evaluation. The relationships among left ventricular ejection
fraction (LVEF) and various laboratory parameters were assessed in
228 patients (28 patients with a history of ischemic heart disease were
excluded from echocardiography analysis). The study was approved by
the local ethics committee. Written informed consent was obtained in
the catheterization laboratory immediately before the invasive
procedure.

Laboratory

Levels of phosphorus and iCa were measured before coronary
angiography, and 6 h and 12 h after the procedure. Acid-base values
were measured on admission and after 12 h. Troponin I and creatine
kinase (CK) levels were measured on admission and after 6 h and 12 h;
baseline and peak values are presented in Table 3 and 4. Myoglobin
and lactate levels were determined at baseline. CRP levels were
evaluated in blood samples obtained 24 h after admission. Cardiac
troponin I was determined using a chemiluminescent assay kit (STAT
Troponin I; Abbott Laboratories Chicago, Illinois, USA) on an
Architect i-2000 immunoassay analyzer (Abbott).

Levels of CK, total calcium, inorganic phosphorus, myoglobin, and
CRP were measured using an Olympus AU 400 (Beckman Coulter,
Prague, Czech Republic). Levels of iCa, lactate and pH were measured
using a blood gas analyser (Radiometer, ABL 800, Kobenhavn,
Denmark). For the study, reference ranges were set as 2.2 mmol/L to
2.6 mmol/L for total calcium, 1.13 mmol/L to 1.32 mmol/L for iCa and
0.7 mmol/L to 1.6 mmol/L for phosphorus.

Echocardiography was performed four to seven days after the
STEMI event.

Statistical analysis

SAS version 9.3 software (SAS Institute Inc., Cary, North Carolina,
USA) was used to perform all statistical analyses. The characteristics of
the study population and laboratory parameters are presented as mean
+ standard deviation, median and interquartile range, or as a
percentage. We compared means and proportions using a standard
paired Student’s t test, Kruskal-Wallis test and Fisher’s exact test,
respectively. To perform regression analysis, variables with
distributions skewed to the right were normalized using logarithmic
transformation. We performed single and stepwise linear (left
ventricular ejection fraction, CRP) and stepwise logistic (mortality)
regression to identify correlates of the outcome variables. In further
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analyses we investigated whether the change in iCa levels over time
might be associated with LVEF.

Results

The basic characteristics of the study group, existing comorbidities,
location of the infarction and time from the onset of chest pain to the
opening of the coronary artery are presented in Table 1. There was a
statistically significant increase in iCa (P=0.0009) and phosphorus
levels (P<0.0001) after 6 h and 12 h (recall that there was no calcium or
phosphorus supplementation (Table 2)). It should be noted that pH
decreased over the first twelve hours after admission (P=0.0007).
Reduced baseline iCa levels (<1.13 mmol/L) were observed in 36 (14%)
patients; these patients were compared with patients who had normal
iCa levels on admission (Table 3). Of the studied variables, only
baseline troponin I levels were higher in patients with reduced baseline
iCa levels compared to patients with normocalcemia. Baseline
hypophosphatemia (<0.70 mmol/L) was present in 76 (30%) patients
(Table 4). Patients with baseline hypophosphatemia were younger
(P=0.036), had longer durations of chest pain (P=0.044), and lower
CRP levels (P=0.040).

Baseline After 6 h After 12 h | P for trend
Calcium, mmol/L 2.34+0.11| 2.30+0.09 | 2.30+0.12 0.0003
iCa, mmol/L 1.17+0.06 | 1.19+0.09 | 1.19+0.06 0.0009
Phosphorus, mmol/L | 0.84 £0.24 | 1.10+0.25 | 1.07 £0.22 <0.0001

Table 2: Biochemical parameters and changes over time. iCa: Ionized

Calcium.
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Figure 1: Left ventricular ejection fraction based on tertile ionized
calcium (iCa) levels after 12 h. Data are presented as least-square
means and standard error. Adjusted for troponin, body mass index,
and C-reactive protein levels.

Elevation Myocardial Infarction?. J Clin Exp Cardiolog 6: 385. doi:
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Baseline Baseline iCa 2
iCa<1.13 1.13 mmol/L
mmol/L (n=36) (n=220) P
Age, years 60.55+8.67 61.19+11.19 0.69
CRP after 24 h, mg/L 13 (4-23) 9 (4-18) 0.23
Symptoms to balloon, min 197 (145-262) 209 (150-287) 0.21
Baseline Tnl, pg/L 1.40 (0.25-3.92) | 0.18(0.05-1.35) | 0.0018
Peak Tnl, pg/L 79.0 (18.0-186.5) | 64.87 (19.0-114.4) | 0.27
Lactate, mmol/L 1.95 (1.25-2.95) 1.80 (1.30-2.4) 0.48
LVEF, % 45.93 £9.92 48.68 £9.70 0.16
103.0
Baseline creatinine, ymol/L (81.5-108.0) 96.0 (87.0-108.0) 0.66
One-month mortality, n (%) 1(2.8) 3(1.4) 0.46
Twelve-month mortality, n
(%) 2(5.6) 7(3.2) 0.62

Table 3: Characteristics of the study participants relative to baseline
ionized calcium (iCa) levels. Data are presented as mean * standard
deviation or median (interquartile range), unless otherwise indicated.
The P for differences between the groups was calculated using the
Student’s t test, Kruskal-Wallis test and Fisher’s exact test. Bolded
values indicate statistical significance. CRP: C-Reactive Protein; LVEF:
Left Ventricular Ejection Fraction; Tnl: Troponin I.

We also investigated determinants of left ventricular ejection
fraction and mortality. In the multivariate linear regression analysis,
higher LVEF were associated with lower peak troponin I (P<0.0001),
larger body mass indexes (BMI; P=0.033), and higher iCa levels after
12 h (P=0.039; Table 5). The relationship between LVEF and iCa levels
was also confirmed in an analysis in which the group was divided into
tertile levels relative to iCa (Figure 1). After adjusting for troponin I,
CRP, and BMI, the patients with the lowest iCa levels had the lowest
LVEF.

The mortality rate of the group after one month was 1.32%. Of the
biochemical parameters studied, only higher CRP was associated with
higher mortality. The twelve-month mortality was 3.08% and was
associated with higher CRP levels, age, and with marginally higher
serum creatinine levels.

Additionally, we examined whether the increase in iCa over a 12 h
period was associated with changes in LVEF. After adjusting for
troponin I and CRP levels, BMI and baseline iCa levels, patients with
the lowest ratio of iCa increase (1st tertile, iCa ratio after 12 h/baseline
iCa level < 1.0081) had lower LVEF than patients who experienced a
steeper increase in iCa (3rd tertile, iCa ratio after 12 h/baseline iCa
level > 1.0261), LVEF 47.1% + 1.0% versus 49.9% + 1.1%, P=0.029.

After adjusting for confounders, higher iCa after 12 h was
correlated with lower CRP (P=0.010) and peak CK levels (P=0.014). A
similar trend was observed for the relationship between iCa levels and
peak troponin I levels (P=0.061). Neither baseline iCa levels (P >
0.058) nor change in iCa levels over time (P > 0.35) affected these
biochemical parameters.
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Discussion

In our study involving STEMI patients treated using primary PCI
we found a statistically significant increase in iCa and phosphorus
levels during the first 12 h of hospitalization. Patients with baseline
hypocalcemia had higher baseline troponin I levels, but we did not
observe a correlation with peak troponin I levels or LVEF and baseline
iCa. A statistically significant association between iCa levels and LVEF
was found 12 h after admission. However, the clinical relevance of this
association is not yet clear.

Baseline P<0.7 | Baseline P 2 0.7

mmol/L (n=76) | mmol/L (n=180) P
Age, years 58.9+11.2 62.0 £ 10.6 0.036
CRP after 24 h, mg/L 7.5 (3.0-14.0) 10 (4-23) 0.04
Symptoms to balloon, min 232 (161-310) 199 (145-273) | 0.044
Baseline Tnl, pg/L 0.14 (0.06-1.35) | 0.30(0.05-2.04) | 0.25
Peak Tnl, pg/L 60.3 (17.0-117.9) | 71.0 (20.1-126.8) | 0.59
Lactate, mmol/L 1.8 (1.3-2.6) 1.7 (1.3-2.4) 0.37
LVEF, % 48.8+9.4 48.1+9.9 0.62
Baseline creatinine, ymol/L 97.0 (85.5-110.0) | 96.5 (86.5-106.5) | 0.76
One month mortality, n (%) 1(1.3) 3(1.7) 0.99
Twelve-month Mortality, n (%) 1(1.3) 8 (4.4) 0.29

Table 4: Characteristics of the group relative to baseline phosphorus
levels. Bolded values indicate statistical significance. CRP: C-Reactive
Protein; LVEF: Left Ventricular Ejection Fraction; Tnl: Troponin I.

BxSE P
Peak troponin |, pg/L -3.30 £ 0.40 <0.0001
iCa after 12 h, mmol/L 18.82 +9.09 0.039
C-reactive protein, mg/L -0.98 + 0.51 0.054
Body mass index, kg/m? 0.30+0.14 0.033

Table 5: Determinants of left ventricular ejection fraction.
B=Regression coefficient; iCa: Ionized Calcium; SE: Standard Error.

Xin Lu et al. [24] analyzed baseline calcium levels in 1,431 STEMI
patients. In patients with reduced calcium levels, they found higher
hospital mortality (hazard ratio 0.267 [95% CI 0.164 to 0.433];
P<0.001). In our study, we measured total calcium and iCa levels;
however, unlike the results reported by Xin Lu et al., neither baseline
iCa levels nor iCa levels after 12 h, were associated with hospital
mortality. After 12 h we found that iCa levels were significantly
positively correlated with LVEF and negatively correlated with
myocardial necrosis markers in our study. As success rate of primary
PCI in our study was very high (TIMI flow > than 2 was achieved in
98.6% of patients), it is not likely that our findings might be affected by
the results of intervention procedure.

We can only speculate that the cause of reduced calcium levels
during the first several hours after an acute myocardial infarction may
be the result of an increased concentration of intracellular calcium in

blood platelets and platelet aggregation during coronary thrombus
formation [25]. The administration of dual antiplatelet therapy
(acetylsalicylic acid and clopidogrel in our study) together with
coronary revascularization is the likely cause of the subsequent rise in
calcemia after 6 h and 12 h. An elevation of iCa levels in the cytosol of
platelets, after stimulation by an agonist, is essential for proper platelet
activation and the subsequent cascade of events associated with
hemostasis and the immune response. In addition to known sources of
iCa (dense granules), a significant influx of iCa through the platelet
plasma membranes has been observed in recent years. A series of
mechanisms mediating this transit of bivalent calcium ions have been
described [25]. Despite this information, a firm connection cannot be
made between the ongoing or completed thrombosis of a coronary
artery (or other locations) and mild hypocalcemia. As previously
mentioned, the etiology of this phenomenon is likely multifactorial
and involves many variables.

Our previous pilot study showed that STEMI patients exhibited
hypophosphatemia more frequently than a control group of non-
myocardial infarction patients on admission to the intensive cardiac
care unit; in all patients with baseline hypophosphatemia, the value
normalized within the subsequent 6 h [26]. It is possible that renal
function may have had an impact on phosphatemia. In the present
study, we did not see any differences in baseline phosphorus levels
relative to creatinine levels. We also observed that at admission,
hypophosphatemia was unrelated to myocardial necrosis markers or
LVEF. However, baseline hypophosphatemia was more often
associated with longer chest pain duration and was also associated
with lower CRP levels after 24 h. CRP has been shown to be an
independent predictor of increased 14-day mortality in acute
myocardial infarction patients [27].

While not numerous, there have been other studies that monitored
phosphorus levels in myocardial infarction patients. Gould et al. [28]
described a significant drop in phosphorus levels on the third and
fourth post-infarction days compared with a control group. In
contrast, the difference between the groups on the first day of
hospitalization was not significant. Ognibene et al. [29] found a
positive association between reduced phosphorus and bicarbonate
levels in relation to the incidence of coronary arrhythmia in
myocardial infarction patients. In 2000, while monitoring phosphorus
levels in acute myocardial infarction patients, Vaidyanathan et al. [30]
found an association between hypophosphatemia and left ventricular
systolic dysfunction as well as 30-day mortality. In our study however,
left ventricular systolic dysfunction, after 12 h, was associated with
decreased iCa levels but not decreased phosphorus levels.

Acetylsalicylic acid administered in the early phase of acute
coronary syndrome has a protective impact on myocardial high-
energy phosphates during ischemia and reperfusion [28] and
indirectly reduces phosphatemia by inducing respiratory alkalosis
[31,32]. In our study, all patients were given dual antiplatelet therapy
before the baseline sample was obtained, which may have had an
impact on phosphatemia.

Conclusion

Baseline hypocalcemia in STEMI patients treated with primary PCI
was associated with higher baseline, but not peak, troponin I levels. It
was also observed that hypocalcemia 12 hours after admission was
associated with left ventricular systolic dysfunction. Additionally,
lower baseline phosphorus levels were observed in patients with longer
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chest pain duration. Further studies are needed to elucidate role of
ionized calcium and phosphorus in STEMI patients.
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