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Abstract: Objective: The aim of this study was to investigate the effect of ionized calcium level on the prognosis and
mortality of patients with pulmonary embolism. Materials and method: A total of 165 patients over 18 years of age, who had
been hospitalized due to pulmonary embolism were retrospectively evaluated. A significant relation was determined between
mortality and low systolic blood pressure (p<0.05), low diastolic blood pressure (p<0.05) and tachycardia (p<0.05). The
relation between mortality and high levels of urea (p<0.05), creatinine (p<0.05), d-dimer (p<0.05), CK-MB (p<0.05), troponin
(p<0.05) and lactate (p<0.05) was also significant. The relation between mortality and duration of intensive care unit stay
(p<0.05), hospital stay (p<0.05) and duration of mechanical ventilation (p<0.05) was also significant, whereas no relation was
determined between the ionized calcium level and mortality (p=0.154). However, a significant relation was determined
between the high level of ionized calcium and duration of mechanical ventilation (p=0.019). Additionally, the relation between
right bundle branch block in ECG and mortality was found to be significant (p<0.05). Conclusion: Although no direct relation
was determined between the level of ionized calcium and mortality in pulmonary embolism, it may be useful in predicting the
duration of mechanical ventilation.
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acute symptoms at the onset, such as syncope, tachycardia

1. Introduction

Pulmonary embolism (PE) is the obstructive disease of the
pulmonary arterial system at varying degrees and
localizations that arise from embolization of thrombus or
substances other than thrombus (such as tumor cells, fatty
tissue, septic material, air or amniotic fluid), which is usually
derived from the deep femoral veins.

It has been the third most common cause of cardiovascular
discase-related death after coronary artery disease and stroke
[1].

The prognosis depends on factors such as age, gender and
whether the risk factors are permanent or transient.

The mortality rates significantly increase in the presence of

(>100/min), tachypnea (>24/min), hypotension and RV
hypertrophy [2].

Several authors have reported increased mortality rates in
case of hypocalcemia in patients in intensive care units, and a
negative relation between hypocalcemia and Acute
Physiology and Chronic Health Evaluation (APACHE) II
score [3].

Cause of hypocalcemia in patients in the intensive care
unit has not been clearly understood. Insufficient
parathormone (PTH) release or activation, reduced intra- and
extra-cellular formation of vitamin D3, and increased
calcium storage have been indicated as the causes of
hypocalcemia among those patients [3].
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The normal range of ionized calcium level is 4.5-5.6 mg/dl,
which is also expressed as 1.1-1.4 mmol/l in international
units [4].

Calcium is essential for many cellular functions including
muscle contraction, vascular tension, enzyme activation,
hormone release, neurotransmission, membrane potential,
blood coagulation and intracellular transport, and intra- and
extra-cellular levels of calcium are precisely controlled by
the parathyroid hormone [5, 6].

There is yet no clear statement presenting a relationship
between pulmonary thromboembolism and ionized calcium.
The aim of this study was to investigate the level and effect
of ionized calcium on the prognosis of patients with
pulmonary embolism.

2. Materials and Method

Our study included patients over 18 years of age with
pulmonary embolism, who had presented to the emergency
unit of a third step training and research hospital between
January 1, 2009 and October 30, 2014. All patient data were
accessed by the automation system of the hospital and
archive records. Those with missing data or whose file was
not found, were not included in the study. A total of 165
patients with the pre-diagnosis of pulmonary embolism were
included in the study. Identity information, age, physical
examination findings (body temperature, pulse, arterial
tension), blood gas analyses, d-dimer, CK (creatine kinase),
CK-MB, HGB (hemoglobin), MCV (mean -corpuscular
volume), WBC (leukocyte count), PLT (platelet count), NEU
(neutrophil count), LYM (lymphocyte count), urea, creatinine,
Na, K and Ca levels, durations of hospital and intensive care
unit stay, and duration of mechanical ventilation were
recorded. Presence of ECG, ECHO and CT examinations,
and presence of any finding in these examinations were
investigated using the automation system of the hospital and
archive records. The discharge and mortality statuses were
also evaluated.

Statistical analysis; The statistical Package for Social
Sciences (SPSS) for Windows, version 15.0 was used for the
statistical analysis. Suitability of the variables to normal
distribution was investigated using the visual (histogram) and
analytic methods (kolmogrov-smirnov/Shapiro-Wilk tests).
Descriptive analyses were expressed as meantstandard for
normally distributed variables and median and interquartile
range (IQR) for non-normally distributed variables. The
patients were divided into two groups according to data on
in-hospital mortality and duration on mechanical ventilation.
Inter group comparisons of clinical and laboratory
characteristics were made using the student-t test and the
Mann-Whitney U test for numeric variables, and the chi-
square or Fisher’s exact test for the categorical variables. The
comparisons between the ECG, ECHO and CT results of
patients with and without mechanical ventilation were
compared using the chi-square or the Fisher’s exact tests.
Coefficient of correlation and statistical significance were
calculated using the spearman test for the relationships

between variables including at least one non-normally
distributed variable. Type-1 error level of statistical
significance was accepted as 5%.

3. Findings

The study included 165 patients with pulmonary embolism.
The median age was 72 (IQR:19). Among the participants, 94
(57%) were female and 71 (43%) were male. The median
level of body temperature was 36.5 (IQR:0.7) and median
value of pulse was 92.5 (IQR:19.5). The mean values of
systolic and diastolic blood pressure were 113.04£18.3 and
68.8+13.5, respectively (Table 1).

Table 1. Demografic and laboratuar findings.

Age, median(IQR) 72(19)
Female 94( 57)
Male 71 (43)
TIP 2 DM, n(%) 19 (11.5)
CAD, n(%) 17 (10.3)
HT, n(%) 26 (15.8)
CRF n(%) 3(1.8)
SVD, n(%) 10 (6.1)
KOAD, n(%) 41(24.8)
CCEF, n(%) 16 (9.7)
OTHER, n(%) 39 (23.6)
Pulse, median(IQR) 92.5(19.75)
Sistolik TA, mmhg, mean( SD) 113.04+18.3
Diastolik TA, mmhg, mean(SD) 68.8+13.5
Fever, median(IQR) 36.5(0.7)
BUN, mg/dl, median(IQR) 53(49.5)
Creatinin, mg/dl, median (IQR) 0.95(0.65)
Na, mEq/L,mean(SD) 136.95+5.44
K, mEq/L, mean (SD) 4.5+0.85
Ca, mg/dl, mean(SD) 8.4+0.72
Troponin, ng/ml, median(IQR) 0.04(0.12)
CK, u/l, median(IQR) 85(57)
CK-MB, ng/ml, median(IQR) 18(21.5)
Ph, median(IQR) 7.4(0.13)
Satiiration, median(IQR) 93(7)
PO,,mmhg, median(IQR) 61.1(18.4)
PCO,,mmhg, mean(SD) 37.09+£13.3
Hcos,meq/1, mean(SD) 21.30+5.69
Laktat, mmol/l, median(IQR) 2(1.45)
fonize calsium, mmol/l, mean(SD) 0.82+0.35
D-dimer, ng/ml, median(IQR) 4.3(5.05)
Hgb, mg/dl, mean(SD) 12.01£2.17
WBC,mm3,median(IQR) 9.87(6.62)
Intensive care hospital stay, median (IQR) 1(6.5)
Hospital stay, median(IQR) 8(9)

MYV, median(IQR) 0(1)

History of the patients included coronary artery disease
(CAD) in 17 (10,3%), hypertension in 26 (15,8%),
cerebrovascular disease (CVD) in 10 (6,1%), diabetes
mellitus (DM) in 19 (11,5%), chronic renal failure (CRF) in 3
(11,5%), chronic obstructive pulmonary disease (COPD) in
41 (24,8%), congestive heart failure (CHF) in 16 (9,7%) and
others in 39 (23,6%).

Pathological ECG findings were observed in 117 of the
165 participants (70.9%). The most common finding of the
patients with abnormal ECG was atrial fibrillation, which
was observed in 37 patients (22.4), and the second most
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common finding was sinus tachycardia, which was observed
in 36 patients (21.8%). The ECG findings have been
presented in Table 2.

Table 2. EKG findings.

Table 5. ECG findings related to mortality.

Hastane ici Hastane ici

EKG findings + -

Normal EKG 48(%29.1) 117(%70.9)
Sinus tachycardia 36(%21.8) 129(%78.2)
ST depretion 8(%4.8) 157%(95.2)
ST elevation 2(%1.2) 163(%98.8)
T wave change 6(%3.6) 159(%96.4)
S1Q3T3 1(%0.6) 164(%99.4)
Atrial Fibrilation 37(%22.4) 128(%77.6)

Right branch block 19(%11.5) 146(%88.5)

EKG finding mortalite (+) mortalite (-) P
Siniis tachicardia 14(%38.9) 22(%61.1) 0.82
ST depretion 4(%50) 4(%50) 0.47
ST elevation 0(%0) 2(%100) 0.52

T dalga degisikligi  3(%50) 3(%50) 0.67
S1Q3T3 0(%0) 1(%100) 1
Atrial Fibrilation 21(%56.8) 16(%43.2) 0.005
Sag dal blogu 13(%68.4) 6(%31.6) P<0.05

ECHO findings were observed in 94 patients. Pulmonary
tension was the most common finding observed among these
patients, which was observed in 49 (52.1%). The least
common finding was low EF. The ECHO findings have been
presented in Table 3.

Table 3. EKO findings.

EKO finding i -

Right gaps wide 32(%34) 62(%66)
Hypokinetic septum 9(%9.6) 85(%90.4)
Pulmoner hipertantion 49(%52.1) 45(%47.9)
Low EF 7(%7.4) 87(%92.6)

The relationship of ECHO and CT findings with mortality
was found to be insignificant.

A significant relationship was determined between the
duration of mechanical ventilation and high pulse rate
(p<0.05), low systolic blood pressure (P<0.05), low diastolic
blood pressure (p<0.05), high BUN level (p<0.05), high
lactate level (p<<0.05) and high d-dimer level (p<0.05).

No significant relation was determined between the level
of ionized calcium and mortality (p=0.154). However, a
significant relation was observed between a high ionized
calcium level and duration of mechanical ventilation
(p=0.019) (Table 6).

Tablo 6. Mechanical ventilator usage rates.

The number of patients with thoracic CT findings was 64;
among those, 32.8% had main pulmonary artery involvement,
28.1% had segmental branch involvement, and 20.3% had
terminal branch involvement.

The CT findings have been presented in Table 4.

Table 4. BT findings.

MYV using(+) MYV using(-) P
Age,median(IQR) 73(17) 68.50(21) P<0.05
Cender n(%)
Female 29(%30.9) 65(%69.1) 0.83
Male 23(%32.4) 48(%67.6) 0.83
TIP 2 DM, n(%) 5(%26.3) 14(%73.7) 0.79
CAD, n(%) 7(%41.2) 10(%58.8) 0.36

BT bulgusu Var Yok

Main pulmonary artery involvement 21(%32.8) 43(%67.2)
Segmental branch involvement 18(%28.1) 46(%71.9)
Terminal branch involvement 13(%20.3) 51(%79.7)

Among the 165 patients included in the study, 60 had died
in the hospital. Among these, 28 were female and 32 were
male.

The relationship between mortality and low systolic blood
pressure (p=0.003), low diastolic blood pressure (p<0.05)
and tachycardia (p=0) was found to ne significantly different.
The relation between mortality and high levels of urea
(p<0.05), creatinine (p<0.05), d-dimer (p<0.05), CK-
MB(p<0.05), troponin (p<0.05) and lactate (p<0.05) was
significant as well. The relationship between mortality and
duration of intensive care unit stay (p<0.05), hospital stay
(p<0.05) and duration of mechanical ventilation (p<0.05) was
also significant.

A significant relation was determined between right bundle
branch block in ECG and mortality (p<0.05). The
relationship between ECG findings with mortality has been
presented in Table 5.

No significant relation was observed between ECG, ECHO
or CT findings and the rate of need for mechanical
ventilation.

The correlation tests revealed a low correlation between
the ionized calcium level and age, systolic blood pressure,
saturation, PO,, lactate, troponin, d-dimer, urea, creatinine
levels, and durations of mechanical ventilation, hospital stay
and intensive care unit stay.

4. Discussion

It has been suggested that hypocalcemia leads to increased
mortality rates among intensive care unit patients; however,
despite the high incidence of hypocalcemia, no randomized
controlled studies is yet present in the literature investigating
the benefits and risks of calcium replacement in intensive
care patients with hypocalcemia. However, medical treatment
is recommended in patients with mild hypocalcemia who do
not present with clinical findings [7].

Ionized calcium has been observed to decrease during
abdominal aortic surgeries due to ischemia and hypovolemia
[8].

Andreas Link et al. investigated the relation of the total
calcium/ionized calcium rate with mortality in intensive care
unit patients with citrate anticoagulation during renal
replacement therapy, and observed a correlation between 28-
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day-mortality and hepatic and multi-organ dysfunction [9].

Fanster et al. detected high ionized calcium levels in
intensive care unit patients with sepsis. These patients were
serious clinical patients with hypotension and sepsis, and
who required blood transfusion. Following blood transfusion,
citrate was demonstrated to have a role in decreased ionized
calcium. Hypercalcemia has been observed in vitamin D
intoxication and immobilization. lonized calcium levels were
found to be low in sepsis, shock, multiple transfusions and
renal failure [10].

Carlstedt et al. demonstrated that high parathormone levels
and hypocalcemia was correlated with the severity of the
disease and poor prognosis in critically affected patients [11].

In a study conducted on 15409 intensive care unit patients,
hypocalcemia was determined at a rate of 62%, and that
moderate hypercalcemia was shown to be correlated with low
mortality, and yet again, a moderate hypocalcemia was
correlated with an increased risk of death [12].

In a study conducted on dogs, low ionized calcium levels
were observed to be correlated with delayed duration of
intensive care and hospital stay [13].

Forsythe et al. evaluated the relationship between
parenteral calcium replacement and mortality, multiple-organ
failure and intensive care unit costs in critically affected
intensive care unit patients. A significant, but not a high
increase was observed in serum ionized calcium
concentration following parenteral application of calcium.
Clearly defined benefits of calcium replacement have been
demonstrated in critically affected patients [14].

The study of Igbal et al. has retrospectively evaluated 153
patients in Saudi Arabia who have presented within one year,
and revealed a negative correlation between hypocalcemia
and the severity of the disease, whereas no effect of calcium
in short or long term mortality [15].

In a study evaluating mortal myocardial depression and
circulatory collapse, sedated rats were forced into circulatory
collapse, and the mean arterial pressure, cardiac index,
systemic vascular resistance and left ventricle contractility
were measured. Delayed response to shock was observed in a
group of rats, which was related to low ionized calcium level
[16].

Steele et al. investigated the clinical effects of
hypocalcemia in 1038 clinically affected patients, and the
need for intensive care was demonstrated to be higher in
severe  hypocalcemic  patients compared to mild
hypocalcemic patients, and no difference was observed
between the groups with regard to mortality. The survival
rates were higher among the groups receiving calcium
replacement [17].

In a study conducted on 337 children in the intensive care
unit, no significant correlation was observed between 10-day-
mortality and low level of ionized calcium; however, a
significant correlation was observed with the duration of
intensive care unit stay. Low ionized calcium level was
related to organ dysfunction [18].

Yamamoto et al. investigated the effect of ionized calcium
concentration during cerebral hypothermia in patients with

hypoxic ischemic encephalopathy, on the prognosis.

They demonstrated that intracellular inflow of calcium
affected the neurological prognosis; however, hypothermia
had led to recurrent neurological injury in a group of patients
with high risk and low ionized calcium levels on admission
[19].

Anastasopoulos et al. demonstrated that septic shock and
fluctuations in plasma calcium concentrations were risk
factors for development of polyneuropathy and myopathy in
critically affected patients [20].

In a study investigating a group of patients with asthma,
where the abnormalities in bivalent ion concentrations were
recovered using IV magnesium, the calcium/magnesium ratio
was observed to be increased in the study group compared to
the placebo group [21].

A completely different relationship was determined
between calcium and acid-base values in the arterial blood of
patients with chronic obstructive pulmonary disease
compared to patients with acid-base disorder only [22].

In a study investigating calcium, ionized calcium and
magnesium levels during cardiovascular by-pass, the
magnesium level was found to be significantly elevated at the
beginning of perfusion in patients who had developed cardiac
arrest during the surgery and been resuscitated, and returned
to normal at the end of the operation. Since the ATP will be
degraded and the level of ionized calcium will be reduced
during cardiac arrest and hence the ischemia, the decrease in
the magnesium level was related to the decrease in the
calcium level. During cardiopulmonary by-pass, magnesium
replacement was recommended; however, it was observed
that calcium replacement was beneficial only after partial by-
pass and when the cardiac load had been completely gained
back [23].

5. Conclusion

We could not find any study in the literature investigating
the effects of ionized calcium on the prognosis and mortality
in pulmonary embolism. In our study, the relationship
between the ionized calcium level and mortality was not
statistically significant; however, a significant correlation
was observed between the increase in the ionized calcium
level and the need for mechanical ventilation.

Although no clear relation between ionized calcium level
and mortality was demonstrated, a significant correlation
observed for the duration of mechanical ventilation suggests
that ionized calcium can be used as a marker in the prognosis
of patients with pulmonary embolism. However, further
studies are needed on the subject.
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