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Abstract Myocardial contractility and relaxation are
highly dependent on calcium homeostasis. Immature
myocardium, as in pediatric patients, is thought to be more
dependent on extracellular calcium for optimal function.
For this reason, intravenous calcium chloride infusions
may improve myocardial function in the pediatric patient.
The objectives of this study were to report the hemody-
namic changes seen after administration of continuous
calcium chloride to critically ill children. We retrospec-
tively identified pediatric patients (newborn to 17 years
old) with hemodynamic instability admitted to the cardiac
ICU between May 2011 and May 2012 who received a
continuous infusion of calcium chloride. The primary
outcome was improvement in cardiac output, assessed by
arterial-mixed venous oxygen saturation (A—V) difference.
Sixty-eight patients, mean age 0.87 £ 2.67 years, received
a total of 116 calcium infusions. Calcium chloride infu-
sions resulted in significant improvements in primary and
secondary measures of cardiac output at 2 and 6 h. Six
hours after calcium initiation, A—V oxygen saturation dif-
ference decreased by 7.4 % (32.6 & 2.1 to 25.2 + 2.0 %,
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p < 0.001), rSO2 increased by 5.5 % (63.1 vs 68.6 %,
p < 0.001), and serum lactate decreased by 0.9 mmol/I (3.3
vs 2.4 mmol/l, p < 0.001) with no change in HR (149.1 vs
145.6 bpm p = 0.07). Urine output increased 0.66 ml/kg/h
in the 8-h period after calcium initiation when compared to
pre-initiation (p = 0.003). Neonates had the strongest
evidence of effectiveness with other age groups trending
toward significance. Calcium chloride infusions improve
markers of cardiac output in a heterogenous group of
pediatric patients in a cardiac ICU. Neonates appear to
derive the most benefit from utilization of these infusions.

Keywords Heart failure - Vasoactive - Cardiogenic
shock - Congenital heart disease - Intensive care - Neonates

Abbreviations

LCO Low cardiac output

A-V  Arterial-mixed venous oxygen saturation
rSO2  Regional oxygen saturation

HR Heart rate
BP Blood pressure
VIS Vasoactive infusion score

CHD Congenital heart disease
CICU Cardiac intensive care unit
Introduction

Calcium homeostasis is crucial for effective myocardial
performance [19]. In particular, the regulation of intracel-
lular cardiomyocyte calcium concentration is necessary for
efficient myocardial contractility and relaxation. In mature
mammalian myocytes, the primary source of calcium is the
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sarcoplasmic reticulum (SR) [26, 29], while in immature
myocytes the SR is structurally and functionally underde-
veloped so the relative contribution of calcium influx
across the cell membrane (sarcolemma) is thought to play a
much larger role [15, 20, 25]. Therefore, the immature
myocardium is thought to be more dependent on extra-
cellular calcium for optimal function. For this reason, we
believe that intravenous calcium chloride infusions
improve myocardial function in the pediatric patient with
low cardiac output (LCO).

To date, no published literature exists supporting the
use of calcium chloride infusions to improve hemody-
namics in patients with LCO. Levosimendan, a calcium
sensitizer and inodilator, is the only medication that may
be slightly similar mechanistically, although it does not
alter extracellular calcium concentrations. Levosimendan
is currently in a Phase 3 adult trial for use in the USA for
the prevention of LCO following cardiac surgery.
Levosimendan enhances myocardial contractility without
increasing oxygen consumption by sensitizing the
myofilament to calcium, and altering calcium homeostasis.
Clinical trials suggest that levosimendan is effective as an
inotropic agent and vasodilator, supporting the concept
that altering calcium homeostasis can improve cardiovas-
cular hemodynamics in adults [3, 5, 10, 11, 16, 22, 28] and
children [4, 8, 12, 14, 18, 24]. However, while this sug-
gests a theoretical hemodynamic benefit of calcium infu-
sions, there is concern that hypercalcemia-associated
adverse events such as pancreatitis, nephrolithiasis, and
renal dysfunction may be more prevalent with this treat-
ment modality [33].

Despite the paucity of published data regarding the use
as a continuous calcium infusion, and because of the the-
oretical benefits and undefined adverse event profile, cal-
cium chloride infusions have been used as an “inotrope”
for children with hemodynamic compromise for many
years. The aim of this study was to characterize the
hemodynamic effects of calcium chloride infusions in
pediatric patients with LCO and to establish the foundation
for a future study. We hypothesized that calcium chloride
infusions improve noninvasive, surrogate markers of car-
diac output in this population.

Materials and Methods
Patients

The Institutional Review Board at Cincinnati Children’s
Hospital Medical Center approved this study. A retro-
spective chart review was performed in children aged
0-17 years admitted to the cardiac intensive care unit
(CICU) at CCHMC from May 2011-May 2012, who

received a calcium chloride infusion for the indication of
LCO. The diagnosis of LCO was made by the CICU team
using an accepted set of clinical (tachycardia, oliguria, poor
perfusion) and/or laboratory (widened arterial-mixed
venous oxygen saturation difference, lactic acidosis) indi-
cators [9]. The infusion was started at 5-10 mg/kg/h. LCO
was classified as surgical if it occurred within 1 week of
cardiopulmonary bypass for palliation/repair of congenital
heart disease (CHD), or non-surgical for all other patients.
Patients were divided into those with univentricular and
biventricular physiologies for subgroup analysis. Patients
were included multiple times if they were treated with a
calcium chloride infusion on more than one occasion
because the effects of calcium chloride infusions quickly
dissipate with discontinuation. Patients who died before the
study data were obtained, and those treated with mechan-
ical circulatory support during the infusion were excluded.

Medical records were reviewed to retrieve primary
diagnosis, age, and weight. For subgroup analysis, patients
were divided into neonate (0-30 days), infant
(30-180 days), and children (>180 days). Vital signs were
monitored in the CICU and were extracted from the elec-
tronic medical record. Despite this being a retrospective
study, laboratory blood draws were done at specifically
timed intervals because the calcium chloride infusions
were ordered via a pre-defined order set in the electronic
order entry system. Markers of hemodynamic status were
collected at baseline and approximately 2 and 6 h after
infusion initiation. Hemodynamic assessment included:
heart rate (HR), blood pressure (BP), systemic arterial
oxygen saturation (via pulse oximetry); mixed venous
oxygen saturation (obtained from an upper extremity cen-
tral venous catheter with the tip in the superior vena cava);
cerebral regional oxygen saturation (rSO2) obtained by
near-infrared spectroscopy; serum lactate; and dosages of
other inotrope infusions (epinephrine, milrinone, and/or
vasopressin) to calculate a vasoactive infusion score (VIS).
We chose to use coefficients for milrinone, vasopressin,
and epinephrine that would convert them to an integer
value and to give each medication equal weight in the
calculation as originally done by Wernovsky and col-
leagues and then modified by Gaies and colleagues [6, 32].
In their paper, Gaies and colleagues consider patients in
groups defined in five unit increments of the VIS, so in our
analysis we defined a significant change from baseline as a
change in the VIS of greater than 5 [6].

To assess end organ perfusion, cumulative urine output
in the 8-h period before and after (to facilitate data col-
lection) calcium initiation was recorded. The arterial-
mixed venous oxygen saturation (A-V) difference was
calculated by subtracting mixed venous oxygen saturation
from the systemic arterial oxygen saturation, with a lower
numerical value indicating better cardiac output. Line
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placement for measurement of mixed venous oxygen sat-
uration was confirmed by radiograph.

Biochemical markers of pancreatitis (amylase and
lipase) were initially collected daily then less frequently if
they remained in the normal range. We defined an eleva-
tion in pancreatic enzymes as change in one or both from
normal to abnormal (amylase >105 units/l; lipase >231
units/l) or an increase in greater than 50 % from baseline.
Serum ionized calcium concentration (the physiologically
active, nonprotein bound portion of extracellular calcium)
was recorded at baseline and daily for duration of therapy
and was defined as low (<1.0 mmol/l), normal
(1-1.45 mmol/l), and high (>1.45 mmol/l).

Statistics

Patient data are reported as mean (SD) and median (IQR)
for continuous variables and frequency (percent) for cate-
gorical variables. To assess the effect of calcium infusion
over time, change from baseline scores were calculated for
each infusion at 2 and 6 h after calcium initiation for the
primary outcome variable, A—V saturation difference, and
the secondary outcome variables: changes in HR, systolic
BP, diastolic BP, mean BP, lactate, urine output, and
cerebral rSO2. Change from baseline scores versus the
hypothesized value of zero at each of the post-baseline
measurement time points were tested (i.e., 2, 6 h) using a
repeated-measures method to account for multiple infu-
sions for the same patient. Similar methodology was used
to test change from baseline scores versus the hypothesized
value of zero, separated by age group (neonates, infants,
and children), etiology (non-surgical and surgical), and
ventricular anatomy (univentricular and biventricular).
Between-group testing of the scores was also performed.
For each subgroup analysis, only the first two infusions
were included for patients with multiple infusions. All
statistical analyses were performed using SAS version 9.3
(SAS Institute Inc., Cary, NC) with a p value of <0.05
considered significant.

Results

Patient Demographics/Characteristics at the Time
of Infusion Initiation

Sixty-eight patients with LCO received a total of 116 cal-
cium infusions: 65 (56 %) were in neonates, 21 (18 %)
were in infants, and 30 (26 %) were in children. The eti-
ology of LCO was non-surgical in 55 (47 %) cases and
surgical in 61 (52 %) cases. There were slightly more cases
with biventricular physiology 68/116 (59 %) compared
with univentricular physiology 48/116 (41 %). A majority
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of the cases (80 %) in our study had normal baseline cal-
cium levels.

The median duration for a calcium infusion was 67.25 h
(IQR 37.33, 130.44) with most patients (83 %) being on
the infusion for <7 days. The peak serum ionized calcium
concentration over the course of the infusion was within
normal range in approximately half of all patients. Patient
characteristics are summarized in Table 1.

Hemodynamic Response to the Initiation of Calcium
Chloride Infusions

There was a significant improvement in AV difference at
2h (32.6 £2.1 to 29.1 £ 1.5 %, p = 0.02) and a more
marked, clinically significant improvement at 6 h
(32.6 £ 2.1 t0 25.2 £ 2.0 %, p < 0.001) after initiation of
a calcium chloride infusion. In addition, secondary vari-
ables of cardiac output and BP parameters all improved 2
and 6 h after calcium was begun with a non-statistically
significant decrease in HR at both time points (Fig. 1). Two
hours post-infusion, the cerebral rSO2 increased by 2.3 %
(63.1 vs 65.4 %, p = 0.003) and serum lactate decreased
by 0.4 mmol/l (3.3 vs 2.9 mmol/l, p = 0.008), while 6 h
after cerebral rSO2 increased by 5.5 % (63.1 vs 68.6 %,
p < 0.001) and serum lactate decreased by 0.9 mmol/l (3.3
vs 2.4 mmol/l, p <0.001). End organ perfusion also
improved, evident by a 29 % increase in urine output
(2.28 £ 0.24 to 2.91 %+ 0.26 ml/kg/h, p = 0.0003) in the
8-h period after calcium initiation compared to the 8-h
period prior.

In the 80 % of cases which had normal baseline calcium
levels, there were significant improvements in A-V dif-
ference (2 h, p = 0.001; 6 h, p < 0.001); cerebral rSO2
2h, p=0.02; 6h, p<0.001); and Ilactate (6 h,
p < 0.001). There were no significant changes in primary
or secondary outcome measures in cases with low or high
baseline calcium levels. When calcium chloride was the
only vasoactive medication (16/116, 14 %), the initiation
of calcium led to a clinically relevant decrease in the A—V
difference by 6.8 %, but this was not statistically signifi-
cant. In these patients, there was also a significant
improvement in lactate (p = 0.01) and cerebral rSO2
(p = 0.03).

Simultaneous inotrope use at the time of initiation of
calcium chloride infusion was common, with 86 % of
patients on additional inotropes when calcium was insti-
tuted. Notably, in the 2- and 6-h period following calcium
infusion initiation, the VIS (measuring the change in
vasopressor use and dosage) did not change significantly
from baseline in 96 % of cases (96/100) Interventions that
involved adding or altering the doses of other vasopressor
medications did not occur in most circumstances. Only four
patients had an increase in their VIS score of >5 after the
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Table 1 Patient characteristics at time of initiation

Total population

Newborn (0-30 days)

Infant (1-6 months)

Children (>6 months)

(N =116) (N = 65) (N =21) (N = 30)

Demographic

Age (years) 0.87 + 2.67 0.02 £ 0.02 0.26 £ 0.11 3.15 + 4.58

Male 68 (59 %) 36 (55 %) 17 (81 %) 15 (50 %)

Weight (kg) 593 + 6.75 2.98 + 0.76 4.57 £ 0.84 13.28 £+ 10.1
LCO etiology

Non-surgical 55 (47 %) 30 (46 %) 7 (33 %) 18 (60 %)

Surgical 61 (52 %) 35 (54 %) 14 (67 %) 12 (40 %)
Diagnosis

2 Ventricle physiology 68 (59 %) 33 (51 %) 13 (62 %) 22 (73 %)

1 Ventricle physiology 48 (41 %) 32 (49 %) 8 (38 %) 8 (27 %)

Calcium infusion duration (h)

Duration of calcium infusion

67.25 (IQR 37.33,
130.44)

70.10 (IQR 44.93,
138.98)

71.40 (IQR 54.88,
177.37)

52.82 (IQR 27.68,
83.35)

<24 h 8 (7 %) 6 1 1
1-7 days 88 (76 %) 76 10 2
>7 days 20 (17 %) 17 2 1

Ionized calcium level at initiation
(mmol/l)

1.22 (IQR 1.09, 1.30)

Ionized calcium level at initiation (mmol/l)

1.17 (IQR 1.03, 1.30)

1.27 (IQR 1.22, 1.35)

1.23 (IQR 1.12, 1.26)

Low (<1) 16 (16 %) 12 (21 %) 2 (12 %) 2 (8 %)
Normal (1-1.45) 79 (80 %) 45 (79 %) 13 (76 %) 21 (84 %)
High (>1.45) 4 (4 %) 0 2 (12 %) 2 (8 %)
Inotropes at time of initiation

None 16 (14 %) 14 (22 %) 15 %) 133 %)

1 Inotropes 51 (44 %) 30 (46 %) 10 (48 %) 11 (37 %)
2 Inotropes 36 (31 %) 16 (25 %) 6 (29 %) 14 (47 %)
3 Inotropes 13 (11 %) 5(8 %) 4 (19 %) 4 (13 %)

kg kilograms, LCO low cardiac output, CHD congenital heart disease, /QR inter-quartile range, Values reported ats means & SD or median

(IQR), percent of total is in parentheses

initiation of the calcium chloride infusion. There were only
two instances in which an additional vasoactive infusion
was added that had not been prescribed prior to initiation of
calcium.

Effect of Age on Hemodynamic Response

Neonates experienced improvements in primary and sec-
ondary measures of cardiac output primarily at 6 h.
Absolute A-V difference decreased by 5.5 % (28.3 &+ 2.8
to 22.8 £2.0%, p=0.05) and by 13 % (28 +3 to
15 £ 3 %, p = 0.01) at 2 and 6 h, respectively, after cal-
cium initiation. At 6 h, lactate decreased by 0.9 mmol/l
(4.1 £ 0.5 to 3.2 £ 0.3 mmol/l, p = 0. 01) and cerebral
rSO2 increased by 5.5 % (65 = 3t0 70 = 1 %, p = 0.01).
The infant and children cohorts had a modest clinical
response, but none of the changes reached statistical sig-
nificance (Table 2). Urine output increased in all three

groups following calcium initiation but only reached sta-
tistical significance in neonates (2.3 + 0.3t0 3.3 £ 0.4 ml/
kg/h, p = 0.001).

Effect of Etiology of Low Cardiac Output and Ventricular
Anatomy on Calcium Efficacy

Non-surgical and surgical patients both had improvements in
primary and secondary outcome measures primarily at 6 h
(Table 3). The only significant change at 2 h was an increase
0f2.2 % (66.9 + 3.3t069.1 £ 0.9 %, p = 0.03) inrSO2 in
the surgical group. At 6 h, surgical patients also had a clin-
ically significant decrease in A-V difference of 10.3 %
(33.1 £3.6 to 23.1 £2.9 %, p = 0.04) and lactate of
0.9 mmol/l (3.7 £ 0.4 to 2.8 £ 0.3 mmol/l, F 0.01). Non-
surgical patients had a decrease in lactate of 0.8 mmol/l
(3.6 &+ 0.6 to 2.8 & 0.4 mmol/l, p = 0.04) and an increase
inrSO2 of 9.0 % (65.0 £ 3.3 to 74.0 + 2.5 %, p = 0.01).
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Fig. 1 Calcium chloride
efficacy for the entire cohort.
bpm beats per minute, SBP
systolic blood pressure, DBP
diastolic blood pressure, MAP
mean arterial pressure, AV
arterial-venous, rSO2 regional
oxygen saturation; all values are
expressed as standard error;
start (*) indicates statistical
significance with a p value
<0.05

Table 2 Subgroup efficacy by
age

—_

Tlaa

Absolute change from baseline

" —t—
[am—

-10

S

AV Difference (%) Lactate (mmol/L) rS02 (%) SBP (mmHg) DBP (mmHg) MAP (mmHg) HR (bpm)

2hours -34 %19 -04+0.2 23207 32x14 2110 2511 -13+£11

M 6hours -7.5%20 -09:0.2 55%12 44%12 2709 31211 -8.1x19
Variable Neonates (n = 60) Infants (n = 13) Children (n = 20)

6-h change p value 6-h change p value 6-h change p value

A-V difference (%) —12.8 + 2.8 0.01 —33+47 0.52 —29+44 0.55

Lactate (mmol/l) -09+03 0.01 —1.1 £0.6 0.08 —-0.7£ 0.5 0.21

rSO2 (%) 5520 0.02 6.9 + 3.6 0.09 2.1 £33 0.55

Heart rate (bpm) —27+£125 0.30 —9.6 £53 0.08 —6.8 £43 0.13

SBP (mmHg) 27+ 1.8 0.15 5.8 £39 0.15 2.1 £ 3.1 0.51

DBP (mmHg) 20+ 14 0.16 1.9£29 0.52 26 £24 0.29

MAP (mmHg) 20+ 1.6 0.23 50+£33 0.14 0.7 £2.7 0.79

Bold values indicate statistical significance (p < 0.05)

bpm beats per minute, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial
pressure, A-V arterial — venous, rSO2 regional oxygen saturation, all values are expressed as + standard

error

Table 3 Subgroup efficacy by low cardiac output etiology and type of congenital heart disease

Variable Non-surgical (n = 43) Surgical (n = 48) Univentricular (n = 34) Biventricular (n = 59)
6-h change p value 6-h change p value 6-h change p value 6-h change p value
A-V difference (%) —6.7 £ 3.5 0.15 -103+£29 0.04 -103 + 34 0.04 —74+£29 0.06
Lactate (mmol/l) —-0.8 £ 0.4 0.03 -09+03 0.01 -1.1+£04 0.01 —-0.8£0.3 0.02
rSO2 (%) 9.0 £2.5 0.01 30+ 19 0.15 55+£25 0.054 4.8 £2.0 0.03
Heart rate (bpm) —37+29 0.21 —4.5+2.7 0.11 —59 +34 0.10 —38+26 0.15
SBP (mmHg) 38+ 21 0.09 3.1+£20 0.14 73+23 0.005 05+ 1.8 0.76
DBP (mmHg) 38+1.5 0.02 12+£15 0.40 54 +1.7 0.004 02+ 13 0.86
MAP (mmHg) 31+1.8 0.10 20+ 1.7 0.25 6.3 2.0 0.004 —02+ 1.5 0.92

Bold values indicate statistical significance (p < 0.05)

bpm beats per minute, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure, A-V arterial — venous, rSO2
regional oxygen saturation, all values are expressed as & standard error
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When comparing patients with uni- versus biventricular
physiology, only univentricular patients had significant
improvement in A—V difference which decreased by 7 % at
2h (255 £35t018.5 + 2.3 %, p = 0.04) and 10.3 % at
6h (255 £ 3.51t0 155 + 3.4 %, p = 0.04). Univentricu-
lar patients also had decrease in lactate at 6 h (3.6 & 0.6 to
2.5 &+ 0.4 mmol/l, p = 0.01) as well as statistically sig-
nificant improvements in all BP parameters. The 6-h
decrease in A-V difference in patients with biventricular
physiology was clinically significant (—7.4 £ 2.9 %) and
trended toward statistical significance (p = 0.06). These
patients had improvement in rSO2 at 2 h (66.2 £ 2.5 to
682 +09%, p=004 and 6h (66225 to
71.0 £ 2.0 %, p=0.03) as well as lactate at 6 h
3.7+ 05t 29 £ 0.3 %, p = 0.02). All other measures
did not reach statistical significance (Table 3).

Complication Monitoring During Treatment

Screening for pancreatic enzyme elevation occurred daily
for 22 % (26/116) of the infusions. Eleven percent (4/26)
of the patients screened had elevation in amylase and/or
lipase on a daily level after initiation of a calcium chloride
infusion. There were no changes in patient management
following the detection of elevated pancreatic enzymes.

Discussion

Although studied retrospectively, it appears that calcium
chloride, administered as an infusion, improves markers of
cardiac output in pediatric patients with hemodynamic
compromise. Patients of all ages, particularly neonates, had
a positive hemodynamic response after initiation of cal-
cium chloride. In our heterogeneous population with vari-
ous anatomical diagnoses and etiologies of LCO, calcium
chloride infusions improved hemodynamics without a
coincident increase in HR. The absence of a positive
chronotropic effect is crucial, as calcium infusions improve
patient status by increasing tissue oxygen delivery with
minimal increase in HR, lessening the increased metabolic
demand that is often seen with traditional inotropes (f-
agonists) [1, 27, 31]. The mechanism by which calcium
chloride improves patient stability may not be solely due to
an inotropic effect but also secondary to arterial vasocon-
striction; however, we could not clearly delineate these
effects from our data. Our findings taken together suggest
that calcium chloride may be considered in the treatment of
neonates and potentially of infants and children with LCO.

Two time points for evaluation, 2- and 6-h post-infusion,
were chosen in order to define the temporal effects of
calcium. We found that by 2h many hemodynamic
parameters had improved but that the changes seen at 6 h

were superior. This is unlike traditional vasoactive infu-
sions, i.e., epinephrine, that notoriously have a quick onset
but their effect plateaus and often necessitates further dose
escalation. Interestingly, despite the slower onset of
response, medical management in all age groups was rarely
escalated after the initiation of the calcium chloride infu-
sion. This is demonstrated by the fact that only a small
percentage of patients (4 %) had a significant increase in
the VIS (which should account for changes in the medi-
cation regimen) at either the 2- or 6-h time point following
the initiation. Notably, a majority (58 %) of the patients
were on either no vasoactive medications or only one
vasoactive infusion prior to initiation of calcium chloride,
leaving other infusion options available but not utilized by
the primary team. Despite the fact that in most cases the
vasoactive drugs were not altered, we were unable to
account for other interventions that may have occurred.
Examples of interventions that may have occurred and
were not accounted for include administration of sedation
medications, fluid bolus or packed red blood cells,
manipulation of ventilator settings, or temperature regula-
tion. Future prospective studies to define the true effects of
calcium chloride infusions are needed and should be
designed to control for other interventions that may occur
simultaneously.

Historically, age and calcium levels were used to predict
which patients would benefit from a calcium chloride
infusion with neonates and those with low serum calcium
levels thought to be most likely to benefit. In our study, as
hypothesized, neonates had the most robust improvement
in cardiac output. This response is supported by the fact
that extracellular calcium is critical in patients with
immature cardiomyocytes [15, 20, 25]. Despite the lack of
statistical significance, there was a trend toward improve-
ment in hemodynamics in infants and children as well and
the use of calcium chloride infusions in these age groups
should not be discounted. Using calcium chloride infusions
in all age groups, which is now our practice, is not without
precedent as adult and pediatric studies have suggested that
levosimendan may improve hemodynamics regardless of
patient age [2-5, 8, 10-12, 14, 16-18, 21-24, 28, 30]. In
addition to broadening of the use of calcium chloride
infusions across the age spectrum, we no longer limit their
use to patients with low baseline calcium levels. Our data
support this practice, as patients with normal baseline
serum ionized calcium, 80 % of our cohort, showed a
significant hemodynamic response to calcium chloride
infusion initiation.

Although we hypothesized that patients with non-sur-
gical etiologies of LCO may have a more robust response
to calcium administration, we found an equally significant
response in children who had undergone surgical
repair/palliation for CHD and this finding cannot be
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explained a predominance of neonates in the surgical
group. Interestingly, patients with univentricular physiol-
ogy had a more pronounced BP response to calcium
chloride as opposed to those with biventricular circulations.
This is similar to the effect of calcium modification in
patients with univentricular physiology that has been
demonstrated by the positive outcomes with perioperative
utilization of levosimendan [7]. The improvement in uni-
ventricular physiology is a critical finding, as medical
options for these children are often limited [13].

Finally, of the patients screened for complications, no
significant biochemical or clinical evidence of pancreatitis
was found. Given the small number of patients screened for
complications, we cannot state definitively that no com-
plications occurred; however, the lack of alterations in
practice suggests that widespread abnormalities were not
common. It is also possible that with more thorough
screening more cases of subclinical pancreatitis would be
revealed. To this end, our institutional policy is to utilize a
clinical order set in patients receiving calcium chloride
infusions to standardize monitoring for all theoretical
adverse events.

Study Limitations

This study has several limitations, many of them inherent
in a retrospective study design. We were not able to collect
complete data for all patients. Our data did not allow for
transparency of simultaneous interventions, other than the
additional initiation or escalation of other vasoactive
infusions. While we collected data for three other inotropic
infusions, including dosage, there are likely other con-
founding variables for which we do not account in medi-
cally complex patients. We also did not examine the effects
of bolus calcium chloride on hemodynamics. There were
many patients who were not screened for relevant side
effects. Calcium infusion dosing was not standardized, and
initiation doses varied from 5-10 mg/kg/h. Finally, data
were not available to assess for ventricular tachyarrhyth-
mias, one of the side effects that has been reported to occur
during levosimendan infusion [5, 17, 21, 28].

Conclusion

The initiation of calcium chloride infusions in pediatric
patients with LCO appears to be associated with
improvement in hemodynamics and end organ perfusion.
The improvement in hemodynamic status does not appear
to be secondary to increased HR suggesting that clinical
improvement was primarily due to a positive inotropic
effect. Our data also suggest that calcium has beneficial
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effects among patients with normal baseline ionized cal-
cium level, and its effect may be dependent on age but
independent of etiology of LCO. Future prospective studies
are required to delineate the hemodynamic effects of cal-
cium chloride infusions as well as to define the adverse
event profile associated with the therapy.
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