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Abstract 

Background: The incidence of complications after heart surgery is a critical factor in disability, deaths, lengthening 
hospital stays, and increasing treatment costs. The metabolic balance of certain hormones and electrolytes is neces-
sary for proper cardiac function. In children, various biochemical conditions may cause calcium depletion during 
heart surgery. The purpose of this study was to determine the effect of calcium gluconate administration during 
cardiopulmonary bypass on hemodynamic variables and clinical outcomes in infants undergoing open-heart surgery. 
This study was conducted at Rajaie Cardiovascular Medical and Research Center in 2021 using a controlled rand-
omized clinical trial. A total of 60 patients with open-heart surgery weighing up to 10 kg were included in the study. 
The first group received an intravenous injection of calcium gluconate 20 min after opening the aortic clamp, and the 
second group was monitored as a control group. Data collection tools included checklists containing demographics, 
surgical information, and intensive care unit measures.

Results: The Chi-square test or Fisher’s exact test showed that the frequency distribution of gender, blood group, 
Rhesus factor (RH), and clinical diagnosis in the two groups of intervention and control was not statistically significant 
(p < 0.05). The mean and standard deviation of Ejection Fraction (EF) changes (before and after) were 13.27 ± 9.16 in 
the intervention group and 8.31 ± 9.80 in the control group (p = 0.065). The results of two-way repeated measures 
ANOVA showed that mean systolic blood pressure (p = 0.030), mean diastolic blood pressure (p = 0.021), mean heart 
rate (p = 0.025), mean arterial pressure (p = 0.020), mean pH (p < 0.001), and mean hemoglobin (p = 0.018) in the inter-
vention, and control groups were statistically significant.

Conclusions: In the present study, unlike systolic pressure, mean diastolic blood pressure decreased, and mean 
arterial pressure increased significantly. As a result, the slope of changes during the study period was different in the 
intervention and control groups.
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Background
Certain hormones and electrolytes must be in balance 
for healthy cardiac function [1, 2]. Cardiopulmonary 
bypass (CPB) disrupts electrolyte and hormone metab-
olism [3–5] and the transition from CPB to spontane-
ous heart function is limited to just a few minutes [6]. 
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CPB termination requires specific cardiac contrac-
tors, such as inotropes, that improve cardiac func-
tion [7–9]. The selection of inotropic and vasopressor 
drugs depends on the patient’s cardio pathology and 
hemodynamic state [6, 10]. The use of beta-adrenergic 
mimetics such as epinephrine and calcium is common 
during patient isolation and resumption of Ejection 
Fraction (EF) [9]. As an essential component of the 
maintenance and regulation of normal heart function, 
calcium plays a critical role in cardiomyocyte con-
traction and expansion [6, 11–13]. Calcium-sensitive 
contractile proteins and stored calcium can alter the 
contractile force of the heart. In previous cases, modu-
lating calcium homeostasis through inotropic drugs 
caused increased calcium contractions in myocardial 
cells [14].

Calcium plays a crucial role in cell contractions and 
relaxation, with positive inotropic and chronotropic 
effects. Calcium levels may decrease during CPB 
due to a difference in biochemical conditions of acid 
and base as well as changes in water and electrolytes 
[6, 15–17]. Among the causes of hypocalcemia are 
hemodilution from prime crystalloid fluid, calcium 
band with citrate in the blood, calcium band with 
heparin injected during prime, and calcium band with 
albumin given to increase plasma oncotic pressure. 
The effects of hypercalcemia, particularly in severe 
cases, include decreased myocardial function and vas-
odilation [18]. Myocardial infarction causes decreased 
cardiac contraction, resulting in the use of calcium 
as a treatment in cardiac surgery [14]. These reasons 
lead anesthesiologists to use calcium chloride to cor-
rect myocardial contractions during CPB separation 
[6, 19].

Low extracellular calcium concentrations are com-
mon following pediatric open-heart surgery [20]. This 
is because children have limited intracellular calcium 
reservoirs, making them more dependent on extracel-
lular calcium. Due to the likely association between 
serum ionized calcium levels and complications as well 
as the hemodynamic status during and after surgery, 
this study investigated the impact of calcium gluco-
nate on hemodynamic variables and its clinical conse-
quences, during and after cardiopulmonary bypass.

Methods
Objective
This study aimed to determine the effect that calcium 
gluconate administration during cardiopulmonary 
bypass has on hemodynamic variables in infants who 
have undergone open-heart surgery at Shaheed Rajaie 
Cardiovascular, Medical & Research Center in Tehran.

Trial design
The study was performed in 2021 on children at 
Shaheed Rajaie Cardiovascular, Medical & Research 
Center as a randomized controlled trial with a single 
blinding control in which the intervention was hidden 
from the participants. Neither the patient nor the per-
fusionist was aware of the contents of the injected solu-
tion (whether or not it contained calcium). The study 
population included all infants with congenital heart 
disorders (Table 1) who were candidates for open-heart 
surgery and weighed one to ten kilograms. We reported 
this trial and described the interventions following the 
CONSORT guidelines and checklist. To randomize 
the patients, the computer program [21] created two 
groups of 30 patients, in the form of block randomiza-
tion of size 6 (including 10 blocks of 6). Since the study 
was conducted during the peak period of COVID-19 in 
Iran, this limitation may have affected the total number 
of surgeries performed (Fig. 1).

Inclusion and exclusion criteria
Inclusion criteria include parental consent to take part 
in the research project and infant patients undergo-
ing open-heart surgery weighing up to 10  kg, normal 
and lower ionized calcium during cardiopulmonary 
bypass, absence of any metabolic and systemic dis-
eases that cause changes in calcium gluconate levels, 
no preoperative digoxin use, no hypophosphatemia, no 
reoperation, or emergency. We excluded patients with 
impaired measurement of serum calcium gluconate for 
any reason (including failure to send a sample, labora-
tory errors in measurement, measurement problems, 
sending an insufficient sample for measurement, etc.), 
cardiomyopathy, and any resuscitation operation dur-
ing surgery.

Table 1 Primary cardiac diagnosis for 72 patients

Primary cardiac diagnosis Number of 
patients with 
diagnosis

Ventricular septal defect 20

Tetralogy of Fallot 16

Double outlet right ventricle 14

Atrioventricular septal defect 12

Atrial septal defect 10
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Assessed for eligibility (n=72)

Allocation

Follow-up

Excluded (n= 12)
• Not meeting inclusion 

criteria (No metabolic
diseases)(n= 7 ) 

• Declined to participate
(No parental consent)
(n=5 ) 

Enrollment

Randomized (n=60)

Lost to follow-up (n=4 )

• Cardiac reoperation (n= 3) 
• CPR( n=1)

Lost to follow-up (n= 4 )

• Impaired measurement of 
calcium levels(n=2)

• Cardiac reoperation (n= 1)
• CPR( n=1)

Analysed (n=26 )

Intervention group: Calcium 
recipient group after aortic 
clamp opening (n= 30 )

Control group (n= 30 )

Analysed (n=26 ) 
Analysis

Fig. 1 CONSORT diagram: selection, evaluation, and follow-up of the participants
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Sample size
Following a study by Johnston, Robertie, and their col-
leagues in 1992 in the United States [9], the following 
equations determined the sample size needed:

Therefore, the required sample size is 26 for both the 
calcium gluconate group and the control group. Based 
on the drop of 15% in patients after exclusion criteria, 
we needed 30 patients in each group and 60 infants with 
congenital heart disease undergoing open-heart surgery.

Methods
A nasal cannula with a flow rate of 2 lit/min was used 
to provide oxygen to patients as they entered the oper-
ating room. Before starting anesthesia, patients were 
hooked up to pulse oximetry monitors and brain oxygen 
saturation instruments. Anesthesia was induced using 
Midazolam (0.6 mg/kg), Fentanyl (1–3 µg/kg), and Rocu-
ronium (0.6  mg/kg) after complete monitoring (EKG, 
Pulse Oximetry, NIBP), followed by TIVA (Midazolam 
(2–8  µg/kg/min), Fentanyl (0.7–1  µg/kg/h), and Atracu-
rium (0.005–0.01 mg/kg/min). As part of the evaluation, 
an arterial line (invasive blood pressure) was set up, NIRS 
(cerebral oximetry) was performed, the central tempera-
ture was monitored through the use of an esophageal 
temperature monitor, and venous access (femoral or sub-
clavian or internal jugular) was performed. The induction 
process was started with 3–4% Sevoflurane in the absence 
of peripheral blood vessels. The patient was mechanically 
ventilated with an anesthesia machine before receiving 
a central venous catheter. The maintenance dose of 1% 
isoflurane or sevoflurane was inhaled until the cardiac 
bypass was performed and then the intravenous infusion 
was performed through the central venous catheter.

All patients underwent cardiopulmonary bypass 
(Stockert5), and BICAVAL cannulation was used in all 
cases. A ringer lactate solution and albumin are used 
to prime the cardiopulmonary circuit. The body tem-
perature of the patients was gradually cooled to reach 
the desired surgical temperature to perform the surgery 
properly. During the bypass procedure, heparin was 
administered at 300 units/kg to prevent the formation of 
blood clots. If needed, extra heparin was used during the 
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procedure to avoid the Activated Clotting Time (ACT) 
dropping below 400.

Another point to note is that the cardioplegia solution 
was the same in both groups (control and intervention). 
During myocardial protection, an initial dose of 30  cc/
kg of cold blood cardioplegia was injected and repeated 
every 20 min, and 15 cc/kg of warm blood cardioplegia 
was injected before aortic declamping.

The study group received 100  mg/kg intravenous cal-
cium gluconate at a rate of 25  mg/kg/min, up to 1  g of 
calcium gluconate 20 min after opening the aortic clamp, 
while the control group was evaluated as a control.

The hemofiltration technique uses the convection 
method to remove water and other low-weight molecules 
from plasma under a hydrostatic pressure gradient. The 
hemodilution effects of CPB are more evident in children 
because of the larger priming volume, and hemofiltration 
is well known for its beneficial effects on children. We 
rinsed a spiraflo polysulphone ultrafilter with 1000  ml 
of saline and inserted it between the arterial tubing and 
the cardiotomy reservoir. In order to reach a cardiotomy 
reservoir level of zero after rewarming, hemofiltration 
was performed at an adjusted rate. The hemofiltration 
rate was adjusted in order to achieve a zero level of cardi-
otomy reservoir after rewarming. During the rewarming 
process, the CBP flow did not change [22, 23].

In this study,  PaCO2 alpha-acetate was used, and brain 
oxygenation was monitored continuously. We main-
tained hematocrits over 24% in all groups. If needed, 
blood transfusions were administered. During pumping, 
mean arterial blood pressure (MAP) was measured using 
a pressure transducer mounted at the heart’s level and 
linked to a monitor. Throughout the study, sensors were 
placed in the nasopharynx of the patients to continuously 
monitor their body temperatures.

Upon admission to the ICU, the patient underwent 
complete monitoring (EKG, Pulse Oximetry, NIBP). 
The ventilation settings were adjusted according to the 
patient’s condition. For example, early extubation was 
considered in Fontan and Glenn surgery. If a patient is 
at risk for pulmonary hypertension, inhaled Nitric Oxide 
(iNO) and high  FiO2 may be required. Ventilator settings 
for a biventricular child are as follows:  FiO2: 40% or more 
to achieve target saturation, PEEP:5  cmH2O, Tidal Vol-
ume: 6–8 cc/kg, PIP: 12–15  cmH2O, RR: Normal for age 
(to achieve  PCO2 targets).

CXR was also performed in the ICU to determine the 
correct position of the tracheal tube, lung fields, lung 
perfusion, and the position of drains. Also, it was deter-
mined that the acceptable amount of bleeding in the first 
hour of the operation was 2–4 cc/kg, and in the second 
and third hours, 2 cc/kg or less. The constant monitoring 
of temperature in the ICU was also an important aspect, 
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especially for patients with low cardiac output. Also, elec-
trolytes (sodium, potassium, and magnesium) are con-
tinuously monitored in the ICU. It is recommended that 
the level of ionized calcium be higher than 1 mmol/L (in 
infants, it should be above 1.2 mmol/L). Calcium should 
be administered intravenously based on the amount 
of elemental calcium administered. A starting dose of 
10–20 mg/kg of elemental calcium is recommended.

Research variables
The study included two groups of patients. Approxi-
mately 20  min after opening the aortic clamp, the first 
group received a dose of 100  mg/kg calcium gluconate 
per minute up to a maximum of 1  g, and the second 
group was evaluated as a control group [24]. The follow-
ing hemodynamic variables were measured: systolic and 
diastolic blood pressure (SBP, DBP), heart rate (HR), and 
mean arterial blood pressure (MAP). Following the open-
ing of the aortic clamp and the completion of cardiopul-
monary bypass, calcium injections were administered to 
the patient at the beginning of the Intensive Care Unit 
(ICU) stay and also two, four, six, and eight hours later.

Data analysis
A statistical analysis of the collected data was performed 
using SPSS software version 22. A two-sample independ-
ent t-test was used to compare the means of quantita-
tive variables between the two groups. The normality of 
the frequency distribution of quantitative variables was 
evaluated by the non-parametric Kolmogorov–Smirnov 
test, and no violation of this assumption was observed 
(p < 0.05). Also, the Chi-square test or Fisher’s exact test 
was used to compare the frequency of qualitative vari-
ables between the two groups. To compare the mean of 
quantitative variables "before induction of anesthesia, 
after induction of anesthesia, pump completion, at the 
entrance to the ICU, 2, 4, 6, and 8  h after entering the 
ICU", in the two groups, Two-way repeated-measures 
ANOVA was used, and "group effect, time effect, group 
interaction, and time" were evaluated. Homogeneity of 
covariance matrices was evaluated by Box’s M test, and 
no violation of this assumption was observed (p < 0.05). 
The significance level in the tests was considered 0.05.

Ethical considerations
The ethical considerations of this research are as follows:

1. Obtaining the permission of the ethics committee of 
the Shahid Rajaei Cardiovascular Training, Research 
and Treatment Center

2. Obtaining written informed consent from sick par-
ents of children under 7-years-old, to participate in 
the study

3. Assuring all participants’ families that their informa-
tion will be kept confidential

4. Giving the patient’s family the right to choose to 
enter or withdraw from the study

5. Follow-up and treatment of any accident or compli-
cation attributed to the research without imposing a 
cost on the patient

6. Providing the research results to the interested cent-
ers and research units if they wish

7. Registration of the trial on www. IRCT. ir with regis-
tration code IR.RHC.REC.1400.042

Results
The Chi-square and Fisher’s Exact test showed that the 
frequency distribution of gender, blood group, RH, and 
clinical diagnosis in the two groups of intervention and 
control were not statistically significant (p > 0.05). Also, 
the t-test of two independent samples showed that the 
mean height of patients in the intervention and control 
groups was not statistically significant (p = 0.108), while 
the mean of age, weight, and Body Surface Area (BSA) in 
the control group were significantly more than the inter-
vention group (p < 0.05). Calcium is injected based on 
weight, therefore, heterogeneity of weight, age, and BSA 
will not affect the comparison of hemodynamic variables 
and clinical outcomes between groups (Table 2).

We compared the amount of blood received by both 
groups (during and following bypass), and there were no 
significant differences. Furthermore, there was no sig-
nificant difference in the mean duration of bypass in the 
intervention and control groups. Similar findings were 
found for the average duration of cross-clamping.

According to the results, 26 patients in the intervention 
group received inotropes as compared to 24 in the con-
trol group (92.3%). The Fisher’s exact test determined that 
the rate of inotropic use in both intervention and con-
trol groups was not statistically significant (p = 0.4990). 
In addition, the results of the study revealed that in the 
intervention group 5 patients (19.2%) after surgery and 
21 patients (80.8%) received inotropes during and after 
surgery, while in the control group one patient (4.2%) 
during surgery, 6 (25%) after surgery, and 17 (70.8%) 
received inotropes during and after surgery. Based on 
Fisher’s exact test, the time of receiving inotropes for the 
intervention and control groups was not significantly dif-
ferent (p = 0.610).

The results also showed that the mean and stand-
ard deviation of Ejection Fraction (EF) before sur-
gery was 54.62 ± 5.08% in the intervention group and 
52.54 ± 5.79% in the control group (p = 0.175). After 
surgery, the mean and standard deviation of the EF 
were 41.35 and 7.29% in the intervention group and 

http://www.IRCT.ir
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44.23 and 7.03% in the control group (p = 0.135). Addi-
tionally, the mean and standard deviation of EF changes 
(before and after) for the intervention group were 13.27 
and 9.16%, respectively, whereas for the control group 
were 8.31 and 9.80 (p = 0.065).

The effect of the group (between groups) was sta-
tistically significant (p = 0.030) according to two-way 
repeated measures analysis (ANOVA). As a result, the 
mean systolic blood pressures in the intervention and 
control groups are statistically significantly different 
(Table  3). As a result, the intervention group’s overall 
mean systolic blood pressure was lower than the con-
trol group during the study period. The above analy-
sis (Table 3) also showed an effect of time (intragroup 
effect) (p < 0.001). At different times studied, the mean 
SBP of the two groups (in a total of all studied groups) 
is statistically significant. In other words, the mean 
systolic blood pressure in both groups decreased sig-
nificantly during the study period. There was no signifi-
cant interaction between group and time (p = 0.057). 
As a consequence, both the intervention and control 
groups experienced similar changes in mean systolic 
blood pressure during the study period. Therefore, the 

calcium gluconate intervention did not have a signifi-
cant effect on systolic blood pressure.

Table 4 shows that the results of the two-way analysis 
of variance with repeated measures indicated that the 
effect of group (between groups) was statistically sig-
nificant (p = 0.021). Therefore, there is a statistically sig-
nificant difference in diastolic blood pressure between 
the intervention and control groups over the total study 
period. In other words, the overall mean diastolic blood 
pressure level during the study period was significantly 
lower in the intervention group than in the control 
group. Mean diastolic blood pressure in the two groups 
differed significantly at different times during the study, 
with a significant decrease during the study (p = 0.011). 
The interaction between group and time was also signifi-
cant (p = 0.002). The intervention group’s slope of change 
in mean diastolic blood pressure is different from that of 
the control group. Calcium injection lowered diastolic 
pressure in the intervention group, but according to rou-
tine care in the ICU, the diastolic pressure climbed, then 
decreased, until the end of the study. Although in the 
control group, diastolic pressure continued to increase 
up to 2 h after entering the intensive care unit and then 
gradually decreased until the end of the study.

Table 2 Descriptive statistics of demographic variables

*p-value < 0.05

Group N Mean SD SE mean p value

Continuous variables

Age (month) Calcium infusion 26 11.01 10.10 1.98 0.028*

Control 26 17.38 10.22 2.00

Weight (kg) Calcium infusion 26 6.63 2.61 .51 0.039*

Control 26 8.01 2.04 .40

Height (cm) Calcium infusion 26 68.3 12.54 2.46 0.108

Control 26 73.8 11.88 2.33

Body surface area  (m2) Calcium infusion 26 .352 .10 .019 0.048*

Control 26 .404 .08 .016

Duration of aortic cross-clamp (min) Calcium infusion 26 55.73 6.37 3.23 0.105

Control 26 54.11 5.71 2.7

Bypass time (min) Calcium infusion 26 145.8 10.92 4.09 0.113

Control 26 146.96 10.01 3.85

RBC transfusion (mL/kg) Calcium infusion 26 8.19 2 0.52 0.072

Control 26 8 1.89 0.42

Chi-square tests Statistics p value

Categorical variables

Blood group (A, B, AB, O) .589 .951

RH (positive, negative) .991 .350

Diagnosis (cyanotic, non-cyanotic) .391 .755

Gender (male, female) .392 .531
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The heart rate variable showed statistical significance 
between the groups (p = 0.025), which means that each 
group had a significantly different heart rate. During the 
study period, the mean heart rate of participants in the 
intervention group was significantly higher than that of 
those in the control group. The effects of time (intra-
group effects) are also statistically significant in Table  5 
(p < 0.001). This indicates that the mean heart rate was 
statistically significant in all groups studied at various 
times. The heart rate of both groups increased signifi-
cantly during the period of study. Furthermore, the sta-
tistical analysis also showed that there was no significant 
interaction between time and the group (p = 0.468). Thus, 
the slope of change in mean heart rate during the study 
period was similar between the two groups. Therefore, 
the calcium gluconate intervention had no significant 
effect on heart rate.

The mean arterial pressure (MAP) was the last vari-
able examined in this study. The two-way analysis of 
variance with repeated measures revealed that the 
effect of group (between groups) was statistically sig-
nificant (p = 0.020). Thus, MAP in the intervention 
and control groups are statistically significant over the 
time studied. MAP is significantly lower in the inter-
vention group than in the control group (Table 6). Fur-
thermore, in both groups, the mean arterial pressure 
increased significantly over time (p = 0.002). There is a 
difference in the slope of changes in the mean of MAP 
between the intervention and control groups during 
the study period (p = 0.005). Specifically, following cal-
cium gluconate injection, the mean arterial pressure in 
the intervention group decreased, and then, following 
routine care in the intensive care unit, the mean arte-
rial pressure increased, then decreased after the study 
ended. After entering the intensive care unit, mean 

Table 3 Statistics of systolic blood pressure

Group Mean SD

SBP (before anesthesia) Calcium infusion 93.00 11.713

Control 96.54 9.030

Total 94.77 10.508

SBP (after anesthesia) Calcium infusion 97.23 8.135

Control 96.73 8.938

Total 96.98 8.466

SBP (after finishing the pump) Calcium infusion 88.46 14.749

Control 93.46 12.710

Total 90.96 13.863

SBP (upon entering the ICU) Calcium infusion 85.04 21.195

Control 93.54 21.418

Total 89.29 21.529

SBP (2 h after entering the ICU) Calcium infusion 92.50 13.796

Control 98.00 18.042

Total 95.25 16.143

SBP (4 h after entering the ICU) Calcium infusion 84.04 14.309

Control 97.31 21.412

Total 90.67 19.235

SBP (6 h after entering the ICU) Calcium infusion 84.12 16.729

Control 94.23 17.303

Total 89.17 17.608

SBP (8 h after entering the ICU) Calcium infusion 83.19 16.783

Control 93.96 14.256

Total 88.58 16.348

F statistics df p value

Repeated ANOVA results

Group effect 4.993 1 .030

Time effect 4.122 7 .001

Group and time effect 1.978 7 .057
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arterial pressure increased for 2  h before showing a 
gentle decrease in the control group.

Discussion
The purpose of this study was to determine the effect of 
calcium gluconate administration during cardiopulmo-
nary bypass on hemodynamic variables in infants under-
going open-heart surgery.

In our study, the rate of inotropic use and the time of 
inotropic reception for the intervention and control 
groups were not statistically significant. The study by 
Johnston et  al. in 1992 compared ephedrine, calcium 
chloride, and placebo in isolating patients from cardio-
pulmonary bypass. 36 patients aged 43 to 80 years who 
were candidates for cardiac surgery had their hemody-
namic variables assessed. This study found that calcium 
chloride could not enhance right ventricular function 
during detachment from cardiopulmonary bypass in 

patients with moderate hypocalcemia. On the other 
hand, in patients with normal preoperative ventricular 
function, ephedrine improved right ventricular function 
and arterial blood pressure better than placebo or cal-
cium chloride [9]. Moreover, Kimura et  al. conducted a 
retrospective study at Okayama Hospital in Japan in 2017 
to determine the relationship between ionized calcium 
concentrations and outcomes 24 h after heart surgery in 
children. The results of their study indicated a statistically 
significant association between the levels of antihyper-
tensive drugs and serum ionized calcium levels [25].

In the study of hemodynamic variables, the overall 
mean systolic blood pressure during the study period 
in the intervention group was significantly lower than 
the control group. Also, in all two groups, mean systolic 
blood pressure decreased significantly during the study 
period. However, the slope of changes in mean systolic 
blood pressure during the study period was similar in 

Table 4 Statistics of diastolic blood pressure

Group Mean SD

DBP (before anesthesia) Calcium infusion 54.62 8.357

Control 56.35 8.314

Total 55.48 8.300

DBP (after anesthesia) Calcium infusion 55.50 8.724

Control 53.35 6.125

Total 54.42 7.542

DBP (after finishing the pump) Calcium infusion 51.35 10.914

Control 51.54 8.918

Total 51.44 9.869

DBP (upon entering the ICU) Calcium infusion 49.73 13.809

Control 54.46 13.447

Total 52.10 13.705

DBP (2 h after entering the ICU) Calcium infusion 54.04 9.115

Control 58.69 11.513

Total 56.37 10.546

DBP (4 h after entering the ICU) Calcium infusion 48.35 7.552

Control 57.42 11.254

Total 52.88 10.538

DBP (6 h after entering the ICU) Calcium infusion 48.27 9.159

Control 56.73 10.857

Total 52.50 10.824

DBP (8 h after entering the ICU) Calcium infusion 47.88 9.626

Control 55.58 8.981

Total 51.73 10.002

F statistics df p value

Repeated ANOVA results

Group effect 5.692 1 .021

Time effect 2.657 7 .011

Group and time effect 3.302 7 .002
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the intervention and control groups. In other words, the 
effect of calcium gluconate intervention on systolic blood 
pressure was not significant. In the study of diastolic 
blood pressure, the overall mean during the study period 
was significantly lower in the intervention group than in 
the control group. In addition, in all two groups, mean 
diastolic blood pressure showed a significant decrease 
during the study period. But unlike systolic pressure, the 
slope of changes in mean diastolic blood pressure dur-
ing the study period was different in the intervention and 
control groups. The overall mean heart rate at study time 
in the intervention group was significantly higher than 
the control group. In both groups, the mean heart rate 
increased significantly during the study period. The slope 
of changes in mean heart rate during the study period 
was similar in both intervention and control groups. In 
other words, the effect of calcium gluconate interven-
tion on heart rate was not significant. In the intervention 

group, overall mean arterial pressure was lower than in 
the control group at study time. The mean arterial pres-
sure increased significantly in both groups during the 
study period, and therefore, the slope of changes in mean 
arterial pressure during the study period was different in 
the intervention and control groups. In a similar clini-
cal trial to determine the effect of calcium injection after 
cardiopulmonary bypass in 20 patients, DeHert et  al. 
found that calcium injection in the early period after CPB 
improved left ventricular systolic function but tempo-
rarily impairs diastolic function [14]. Desai et al. in their 
study observed the relationship between ionized calcium 
and arterial pressure in 112 patients admitted to the 
intensive care unit in three groups: treated with vasopres-
sor drugs, receiving vasodilators, and receiving diuretics. 
Hypotension and hypocalcemia are associated with clini-
cal significance, they concluded. Additionally, ionized 
hypocalcemia was common in this patient group and was 

Table 5 Statistics of diastolic heart rate

Group Mean SD

HR (before anesthesia) Calcium infusion 131.65 21.352

Control 117.12 18.771

Total 124.38 21.215

HR (after anesthesia) Calcium infusion 124.54 18.940

Control 120.00 18.760

Total 122.27 18.805

HR (after finishing the pump) Calcium infusion 137.50 14.160

Control 127.92 18.661

Total 132.71 17.099

HR (upon entering the ICU) Calcium infusion 147.12 22.850

Control 134.50 18.602

Total 140.81 21.590

HR (2 h after entering the ICU) Calcium infusion 148.58 22.622

Control 136.77 21.049

Total 142.67 22.441

HR (4 h after entering the ICU) Calcium infusion 146.62 22.427

Control 139.77 17.562

Total 143.19 20.241

HR (6 h after entering the ICU) Calcium infusion 142.54 22.288

Control 138.46 17.952

Total 140.50 20.142

HR (8 h after entering the ICU) Calcium infusion 141.42 21.034

Control 137.77 17.303

Total 139.60 19.158

F statistics df p value

Repeated ANOVA results

Group effect 5.337 1 .025

Time effect 14.553 7 .001

Group and time effect .950 7 .468
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associated with overt hypotension and the requirement 
for vasopressor support [26]. Following open-heart sur-
gery, Murdoch et  al. injected 12 children with 10% cal-
cium chloride at a dose of 0.1  ml  kg for a maximum of 
5 ml over 5 min. After injection of 10% calcium chloride, 
a significant increase in mean systemic arterial blood 
pressure occurs as a direct result of an increase in sys-
temic vascular resistance index and a decrease in cardiac 
parameters [27].

Upon cessation of circulation, Shapira et  al. evalu-
ated the hemodynamic effects of intravenous calcium 
chloride injections in 26 patients. Calcium chloride was 
injected into 18 patients in the first group in a bolus dose 
of 10 mg/kg. For the second group of eight patients, after 
injection of calcium chloride bolus with the same dose, 
its infusion was followed at a rate of 1.5 mg/kg/min for 
10  min. In addition to myocardial contractile velocity, 
aortic blood flow, electrocardiogram, and left ventricular 

pressure, systemic, pulmonary, and left atrial pres-
sure were continuously measured. Initial hemodynamic 
improvements following calcium chloride injections 
included increased myocardial contractility rate, heart 
rate, mean blood pressure, and stroke volume index. A 
similar pattern of hemodynamic response was observed 
in both groups. Approximately one minute after calcium 
chloride injection, the heart rate returned to control, 
myocardial contraction rate and mean blood pressure 
remained high, and heart rate decreased. Systemic vas-
cular resistance increased gradually and increased sig-
nificantly in the second group at 3  min and in the first 
group at 6 min. We conclude that after cardiopulmonary 
bypass, calcium chloride injection causes an immedi-
ate and continuous increase in myocardial function and 
blood pressure and causes a temporary increase in car-
diac index with a gradual increase in systemic vascular 
resistance [5].

Table 6 Statistics of mean arterial pressure

Group Mean SD

MAP (before anesthesia) Calcium infusion 67.41 8.938

Control 69.74 7.494

Total 68.58 8.251

MAP (after anesthesia) Calcium infusion 69.41 7.480

Control 67.81 6.221

Total 68.61 6.859

MAP (after finishing the pump) Calcium infusion 63.72 11.750

Control 65.51 9.484

Total 64.62 10.611

MAP (upon entering the ICU) Calcium infusion 61.50 15.889

Control 67.49 15.633

Total 64.49 15.896

MAP (2 h after entering the ICU) Calcium infusion 66.86 10.097

Control 71.79 13.209

Total 69.33 11.904

MAP (4 h after entering the ICU) Calcium infusion 60.24 9.329

Control 70.72 14.174

Total 65.48 13.004

MAP (6 h after entering the ICU) Calcium infusion 60.22 11.101

Control 69.23 12.545

Total 64.72 12.580

MAP (8 h after entering the ICU) Calcium infusion 59.65 11.639

Control 68.37 10.169

Total 64.01 11.682

F statistics df p value

Repeated ANOVA results

Group effect 5.737 1 .020

Time effect 3.359 7 .002

Group and time effect 2.990 7 .005



Page 11 of 13Faritous et al. The Egyptian Heart Journal           (2022) 74:29  

Resnick [28] explains two mechanisms through which 
calcium may affect blood pressure. The depletion of 
calcium may result in a significant reduction in calcium 
in all cell membranes, thus decreasing the stability of 
smooth muscle cell membranes. In addition, when the 
calcium concentration is optimal, the smooth muscle 
cells’ membranes are stabilized, thereby preventing 
calcium from entering the cell and preventing vaso-
constriction [28, 29]. Calcium, along with other ions 
such as potassium and magnesium, acts to stabilize cell 
membranes and maintain ionic balance [30]. Renin-
angiotensin (RAS) is another system that controls blood 
pressure by affecting calcium metabolism and vascular 
tone [31–33]. A rise in intracellular calcium leads to 
an increase in vascular smooth muscle tone, periph-
eral vascular resistance, and the sympathetic response, 
resulting in an increase in blood pressure [34–36]. Sev-
eral studies have demonstrated that hypocalcemia can 
lower blood pressure during weaning from the CPB. 
Calcium can currently be helpful in weaning off CPB, 
according to these results [37]. Calcium administra-
tion has improved cardiac output and the mean arte-
rial pressure in several studies. A study showed an 
increase in cardiac index, stroke volume, and mean 
blood pressure after administering 1.5  mg/kg/min of 
calcium [5, 38, 39]. The evidence supporting the benefi-
cial effects of calcium (such as increasing the variables 
mentioned above) is limited in the case of Vasoplegia 
and moderate contractility reduction [5]. The calcium 
ions play an essential role in the excitation–contrac-
tion coupling process of Cardiomyocytes [40, 41]. As 
the concentration of intracellular  Ca2+ increases, the 
cardiac troponin c conformation is altered, causing 
the tropomyosin complex to separate and expose the 
myosin-binding site on the actin molecule, resulting in 
muscle contraction [41]. There was a biphasic response 
to  CaCl2 administration in a study by Shapira [5]. In 
the first phase, the cardiac index increased, and the 
SVR decreased. In the second phase, the SVR gradu-
ally increased and continued to increase throughout 
the study. In the first phase, both systolic and diastolic 
pressure increased immediately. The increase in blood 
pressure is due to the increase in cardiac index in the 
first phase and the increase in the SVR in the second 
phase. Also, the increase in the cardiac index in the sec-
ond phase is due to the increase in myocardial contrac-
tility along with the increase in stroke volume despite 
the increase in afterload [5]. Ionized calcium is known 
to affect hemodynamic variables in various ways. This 
effect can either be direct or will increase the release 
of catecholamines from the adrenal glands and sympa-
thetic fibers. According to [42],  CaCl2 administration 
increased SVR immediately after CPB onset. Other 

physiological reasons for this reaction include the use 
of CPB, systemic hypothermia, surgical trauma, and 
changes in catecholamine levels, which modulate the 
response to  CaCl2 administration [5].

Conclusions
In the present study, according to the initial hypoth-
eses, the average systolic blood pressure and mean 
heart rate in both intervention and control groups 
were similar during the study period. Therefore, cal-
cium gluconate intervention did not have an apparent 
effect on them. No statistically significant difference 
in inotropic rate, inotropic reception time, and EF was 
found between the intervention and control groups. 
Unlike systolic pressure, mean diastolic blood pressure 
decreased, and mean arterial pressure increased signifi-
cantly. Therefore, the slope of change during the study 
period was different between the intervention and con-
trol groups. Considering the involvement of other fac-
tors, such as magnesium ions and potassium, it seems 
that additional research in other settings is required to 
generalize the results of this study.

Abbreviations
RH: Rhesus factor; ANOVA: Analysis of variance; EF: Ejection fraction; CPB: 
Cardiopulmonary bypass; TIVA: Total intravenous anesthesia; ACT : Activated 
clotting time; MAP: Arterial blood pressure; SBP: Systolic blood pressure; DBP: 
Diastolic blood pressure; HR: Heart rate; ICU: Intensive critical unit; BSA: Body 
surface area; CPR: Cardiopulmonary resuscitation; RBC: Red blood cells; FFP: 
Fresh frozen plasma; Plt: Platelet; NIRS: Near infra-red spectroscopy; EKG: 
Electrocardiogram; NIBP: None invasive blood pressure; iNO: Inhaled nitric 
oxide; PEEP: Positive end-expiratory pressure; PIP: Peak inspiratory pressure; RR: 
Respiratory rate; CXR: Chest X-ray; RAS: Renin-angiotensin system.

Acknowledgements
This study is performed in the form of a master’s dissertation in Circulatory 
Technology. It was registered in Iran Randomized Clinical Trial with code: 
IR.RHC.REC.1400.042.We thank all the participants.

Author contributions
SZF, AHJ, MG contributed to conceptualization, methodology, and supervi-
sion; SRZ contributed to data collection and formal analysis and investigation; 
ZM and SMM contributed to writing—original draft preparation, review, 
and editing and statistical tests. All authors read and approved the final 
manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Rajaie Cardiovascular 
Medical and Research Center, Tehran. In addition, the study was registered 
in the Iranian Registry of Clinical Trials with the code of IR.RHC.REC.1400.042. 
Obtained written informed consent from parents of children under 7-years-
old, to participate in the study.



Page 12 of 13Faritous et al. The Egyptian Heart Journal           (2022) 74:29 

Consent for publication
Not applicable.

Competing interests
All authors have none to declare.

Received: 2 December 2021   Accepted: 5 April 2022

References
 1. Hinkle C (2011) Electrolyte disorders in the cardiac patient. Crit Care Nurs 

Clin North Am. https:// doi. org/ 10. 1016/j. ccell. 2011. 08. 008
 2. Olivero JJ (2016) Cardiac consequences of electrolyte imbalance. Meth-

odist DeBakey Cardiovasc J. https:// doi. org/ 10. 14797/ mdcj- 12-2- 125
 3. Svendsen ØS, Elvevoll B, Mongstad A, Stangeland LB, Kvalheim VL, Husby 

P (2016) Fluid filtration and vascular compliance during cardiopulmonary 
bypass: effects of two volatile anesthetics. Acta Anaesthesiol Scand. 
https:// doi. org/ 10. 1111/ aas. 12725

 4. Yoshimura N, Oshima Y, Yoshida M, Murakami H, Matsuhisa H, Yamaguchi 
M (2007) Continuous hemodiafiltration during cardiopulmonary bypass 
in infants. Asian Cardiovasc Thorac Ann. https:// doi. org/ 10. 1177/ 02184 
92307 01500 504

 5. Shapira N, Schaff HV, White RD, Pluth JR (1984) Hemodynamic effects of 
calcium chloride injection following cardiopulmonary bypass: response 
to bolus injection and continuous infusion. Ann Thorac Surg 37:133–140

 6. Lomivorotov VV, Leonova EA, Belletti A, Shmyrev VA, Landoni G (2020) 
Calcium administration during weaning from cardiopulmonary bypass: a 
narrative literature review. J Cardiothorac Vasc Anesth. https:// doi. org/ 10. 
1053/j. jvca. 2019. 06. 016

 7. Maslow AD, Regan MM, Schwartz C, Bert A, Singh A (2004) Inotropes 
improve right heart function in patients undergoing aortic valve replace-
ment for aortic stenosis. Anesth Analg. https:// doi. org/ 10. 1213/ 01. ANE. 
00001 07940. 23783. 33

 8. Ahmed I, House CM, Nelson WB (2009) Predictors of inotrope use in 
patients undergoing concomitant coronary artery bypass graft (CABG) 
and aortic valve replacement (AVR) surgeries at separation from cardio-
pulmonary bypass (CPB). J Cardiothorac Surg. https:// doi. org/ 10. 1186/ 
1749- 8090-4- 24

 9. Johnston WE, Robertie PG, Butterworth JF, Royster RL, Kon ND (1992) Is 
calcium or ephedrine superior to placebo for emergence from cardio-
pulmonary bypass? J Cardiothorac Vasc Anesth. https:// doi. org/ 10. 1016/ 
1053- 0770(92) 90094-n

 10. Bangash MN, Kong ML, Pearse RM (2012) Use of inotropes and vasopres-
sor agents in critically ill patients. Br J Pharmacol. https:// doi. org/ 10. 
1111/j. 1476- 5381. 2011. 01588.x

 11. Zhao ZH, Jin CL, Jang JH, Wu YN, Kim SJ, Jin HH et al (2016) Assessment of 
myofilament  Ca2+ sensitivity underlying cardiac excitation–contraction 
coupling. JoVE. https:// doi. org/ 10. 3791/ 54057

 12. Feridooni HA, Dibb KM, Howlett SE (2015) How cardiomyocyte excitation, 
calcium release and contraction become altered with age. J Mol Cell 
Cardiol. https:// doi. org/ 10. 1016/j. yjmcc. 2014. 12. 004

 13. Gorski PA, Kho C, Oh JG (2018) Measuring cardiomyocyte contractility 
and calcium handling in vitro. Methods Mol Biol (Clifton, NJ). https:// doi. 
org/ 10. 1007/ 978-1- 4939- 8597-5_7

 14. DeHert SG, Ten BPW, De MPA, Rodrigus IE, Haenen LR, Boeckxstaens 
CJ et al (1997) Effects of calcium on left ventricular function early after 
cardiopulmonary bypass. J Cardiothorac Vasc Anesth. https:// doi. org/ 10. 
1016/ s1053- 0770(97) 90122-1

 15. Schroth M, Plank C, Meissner U, Eberle KP, Weyand M, Cesnjevar R et al 
(2006) Hypertonic-hyperoncotic solutions improve cardiac function in 
children after open-heart surgery. Pediatrics. https:// doi. org/ 10. 1542/ 
peds. 2005- 2795

 16. Carrel T, Englberger L, Mohacsi P, Neidhart P, Schmidli J (2000) Low 
systemic vascular resistance after cardiopulmonary bypass: incidence, 
etiology, and clinical importance. J Card Surg. https:// doi. org/ 10. 1111/j. 
1540- 8191. 2000. tb004 70.x

 17. Janelle GM, Urdaneta F, Martin TD, Lobato EB (2000) Effects of calcium 
chloride on grafted internal mammary artery flow after cardiopulmonary 

bypass. J Cardiothorac Vasc Anesth. https:// doi. org/ 10. 1016/ s1053- 
0770(00) 90046-6

 18. Royster RL, Butterworth JF, Prielipp RC, Robertie PG, Kon ND, Tucker WY 
et al (1992) A randomized, blinded, placebo-controlled evaluation of 
calcium chloride and epinephrine for inotropic support after emergence 
from cardiopulmonary bypass. Anesth Analg. https:// doi. org/ 10. 1213/ 
00000 539- 19920 1000- 00003

 19. Lomivorotov V, Ponomarev D, Boboshko V, Shmyrev V, Ismoilov S, Efremov 
S et al (2021) Calcium administration In patients undergoing CardiAc suR-
gery under cardiopulmonary bypasS (ICARUS trial): Rationale and design 
of a randomized controlled trial. Contemp Clin Trials Commun. https:// 
doi. org/ 10. 1016/j. conctc. 2021. 100835

 20. Drinkwater DC, Laks H (1993) Pediatric cardioplegic techniques. Seminars 
in thoracic and cardiovascular surgery, vol 5

 21. Sealed Envelope Ltd (2021) Create a blocked randomisation list: sealed 
Envelope Ltd

 22. Journois D, Israel-Biet D, Pouard P, Rolland B, Silvester W, Vouhé P, Safran 
D (1996) High-volume, zero-balanced hemofiltration to reduce delayed 
inflammatory response to cardiopulmonary bypass in children. Anesthe-
siology 85:965–976. https:// doi. org/ 10. 1097/ 00000 542- 19961 1000- 00003

 23. Journois D, Pouard P, Greeley WJ, Mauriat P, Vouhé P, Safran D (1994) 
Hemofiltration during cardiopulmonary bypass in pediatric cardiac 
surgery. Anesthesiology 81:1181–1189. https:// doi. org/ 10. 1097/ 00000 
542- 19941 1000- 00011

 24. Matte GS (2015) Perfusion for congenital heart surgery. Wiley, Hoboken
 25. Kimura S, Iwasaki T, Oe K, Shimizu K, Suemori T, Kanazawa T et al (2018) 

High ionized calcium concentration is associated with prolonged length 
of stay in the intensive care unit for postoperative pediatric cardiac 
patients. J Cardiothorac Vasc Anesth. https:// doi. org/ 10. 1053/j. jvca. 2017. 
11. 006

 26. Desai TK, Carlson RW, Thill-Baharozian M, Geheb MA (1988) A direct rela-
tionship between ionized calcium and arterial pressure among patients 
in an intensive care unit. Crit Care Med. https:// doi. org/ 10. 1097/ 00003 
246- 19880 6000- 00002

 27. Murdoch IA, Qureshi SA, Huggon IC (1994) Perioperative haemodynamic 
effects of an intravenous infusion of calcium chloride in children follow-
ing cardiac surgery. Acta Paediatr (Oslo, Norway : 1992). https:// doi. org/ 
10. 1111/j. 1651- 2227. 1994. tb131 03.x

 28. Resnick LM (1992) Cellular ions in hypertension, insulin resistance, obe-
sity, and diabetes: a unifying theme. J Am Soc Nephrol 3:S78. https:// doi. 
org/ 10. 1681/ ASN. V34s78

 29. Resnick LM (1991) Calcium metabolism in hypertension and allied meta-
bolic disorders. Diabetes Care 14:505–520. https:// doi. org/ 10. 2337/ diaca 
re. 14.6. 505

 30. Das UN (2001) Nutritional factors in the pathobiology of human essential 
hypertension. Nutrition (Burbank, Los Angeles County, Calif.) 17:337–346. 
https:// doi. org/ 10. 1016/ s0899- 9007(00) 00586-4

 31. Der Sarkissian S, Huentelman MJ, Stewart J, Katovich MJ, Raizada MK 
(2006) ACE2: a novel therapeutic target for cardiovascular diseases. Prog 
Biophys Mol Biol 91:163–198. https:// doi. org/ 10. 1016/j. pbiom olbio. 2005. 
05. 011

 32. Lévy BI (2004) Can angiotensin II type 2 receptors have deleterious effects 
in cardiovascular disease? Implications for therapeutic blockade of the 
renin-angiotensin system. Circulation 109:8–13. https:// doi. org/ 10. 1161/ 
01. CIR. 00000 96609. 73772. C5

 33. Laragh J (2003) Relevance of the plasma renin hormonal control system 
that regulates blood pressure and sodium balance for correctly treating 
hypertension and for evaluating ALLHAT. Am J Hypertens 16:407–415. 
https:// doi. org/ 10. 1016/ s0895- 7061(03) 00867-7

 34. Jorde R, Svartberg J, Sundsfjord J (2005) Serum parathyroid hormone 
as a predictor of increase in systolic blood pressure in men. J Hypertens 
23:1639–1644. https:// doi. org/ 10. 1097/ 01. hjh. 00001 79764. 40701. 36

 35. Ruidavets J-B, Bongard V, Simon C, Dallongeville J, Ducimetière P, Arveiler 
D et al (2006) Independent contribution of dairy products and calcium 
intake to blood pressure variations at a population level. J Hypertens 
24:671–681. https:// doi. org/ 10. 1097/ 01. hjh. 00002 17849. 10831. 16

 36. Gennari C, Nami R, Gonnelli S (1995) Hypertension and primary hyper-
parathyroidism: the role of adrenergic and renin-angiotensin-aldosterone 
systems. Miner Electrolyte Metab 21:77–81

 37. Llach F, Weidmann P, Reinhart R, Maxwell MH, Coburn JW, Massry 
SG (1974) Effect of acute and long-standing hypocalcemia on blood 

https://doi.org/10.1016/j.ccell.2011.08.008
https://doi.org/10.14797/mdcj-12-2-125
https://doi.org/10.1111/aas.12725
https://doi.org/10.1177/021849230701500504
https://doi.org/10.1177/021849230701500504
https://doi.org/10.1053/j.jvca.2019.06.016
https://doi.org/10.1053/j.jvca.2019.06.016
https://doi.org/10.1213/01.ANE.0000107940.23783.33
https://doi.org/10.1213/01.ANE.0000107940.23783.33
https://doi.org/10.1186/1749-8090-4-24
https://doi.org/10.1186/1749-8090-4-24
https://doi.org/10.1016/1053-0770(92)90094-n
https://doi.org/10.1016/1053-0770(92)90094-n
https://doi.org/10.1111/j.1476-5381.2011.01588.x
https://doi.org/10.1111/j.1476-5381.2011.01588.x
https://doi.org/10.3791/54057
https://doi.org/10.1016/j.yjmcc.2014.12.004
https://doi.org/10.1007/978-1-4939-8597-5_7
https://doi.org/10.1007/978-1-4939-8597-5_7
https://doi.org/10.1016/s1053-0770(97)90122-1
https://doi.org/10.1016/s1053-0770(97)90122-1
https://doi.org/10.1542/peds.2005-2795
https://doi.org/10.1542/peds.2005-2795
https://doi.org/10.1111/j.1540-8191.2000.tb00470.x
https://doi.org/10.1111/j.1540-8191.2000.tb00470.x
https://doi.org/10.1016/s1053-0770(00)90046-6
https://doi.org/10.1016/s1053-0770(00)90046-6
https://doi.org/10.1213/00000539-199201000-00003
https://doi.org/10.1213/00000539-199201000-00003
https://doi.org/10.1016/j.conctc.2021.100835
https://doi.org/10.1016/j.conctc.2021.100835
https://doi.org/10.1097/00000542-199611000-00003
https://doi.org/10.1097/00000542-199411000-00011
https://doi.org/10.1097/00000542-199411000-00011
https://doi.org/10.1053/j.jvca.2017.11.006
https://doi.org/10.1053/j.jvca.2017.11.006
https://doi.org/10.1097/00003246-198806000-00002
https://doi.org/10.1097/00003246-198806000-00002
https://doi.org/10.1111/j.1651-2227.1994.tb13103.x
https://doi.org/10.1111/j.1651-2227.1994.tb13103.x
https://doi.org/10.1681/ASN.V34s78
https://doi.org/10.1681/ASN.V34s78
https://doi.org/10.2337/diacare.14.6.505
https://doi.org/10.2337/diacare.14.6.505
https://doi.org/10.1016/s0899-9007(00)00586-4
https://doi.org/10.1016/j.pbiomolbio.2005.05.011
https://doi.org/10.1016/j.pbiomolbio.2005.05.011
https://doi.org/10.1161/01.CIR.0000096609.73772.C5
https://doi.org/10.1161/01.CIR.0000096609.73772.C5
https://doi.org/10.1016/s0895-7061(03)00867-7
https://doi.org/10.1097/01.hjh.0000179764.40701.36
https://doi.org/10.1097/01.hjh.0000217849.10831.16


Page 13 of 13Faritous et al. The Egyptian Heart Journal           (2022) 74:29  

pressure and plasma renin activity in man. J Clin Endocrinol Metab 
38:841–847. https:// doi. org/ 10. 1210/ jcem- 38-5- 841

 38. Lomivorotov VV, Guvakov D, Belletti A, Boboshko V, Shmyrev V, Kunst 
G et al (2020) Current practice of calcium use during cardiopulmonary 
bypass weaning: results of an international survey. J Cardiothorac Vasc 
Anesth 34:2111–2115. https:// doi. org/ 10. 1053/j. jvca. 2020. 02. 010

 39. Urban MK, Hines R (1992) The effect of calcium on pulmonary vascular 
resistance and right ventricular function. J Thorac Cardiovasc Surg 
104:327–332. https:// doi. org/ 10. 1016/ S0022- 5223(19) 34785-3

 40. Sejersted OM (2011) Calcium controls cardiac function—by all means! J 
Physiol 589:2919–2920. https:// doi. org/ 10. 1113/ jphys iol. 2011. 210989

 41. Eisner DA, Caldwell JL, Kistamás K, Trafford AW (2017) Calcium and excita-
tion–contraction coupling in the heart. Circ Res 121:181–195. https:// doi. 
org/ 10. 1161/ CIRCR ESAHA. 117. 310230

 42. Lappas DG, Drop LJ, Buckley MJ, Mundth ED, Laver MB (1975) Hemo-
dynamic response to calcium chloride during coronary artery surgery. 
Surgical forum, vol 26

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1210/jcem-38-5-841
https://doi.org/10.1053/j.jvca.2020.02.010
https://doi.org/10.1016/S0022-5223(19)34785-3
https://doi.org/10.1113/jphysiol.2011.210989
https://doi.org/10.1161/CIRCRESAHA.117.310230
https://doi.org/10.1161/CIRCRESAHA.117.310230

	The effect of calcium gluconate administration during cardiopulmonary bypass on hemodynamic variables in infants undergoing open-heart surgery
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Objective
	Trial design
	Inclusion and exclusion criteria
	Sample size
	Methods
	Research variables
	Data analysis
	Ethical considerations

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


