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Abstract

Background: In infants, the most common cause of heart failure is congenital heart disease. In
children with a structurally normal heart, myocarditis and primary cardiomyopathies come first.
Infants diagnosed with CHD awaiting surgery (either correction or palliation may be at a high risk of
poor outcome. Post-viral myocarditis, arrhythmia, or right ventricular dysfunction in idiopathic or
acquired pulmonary hypertension are among the root causes of acquired cardiac disease admitted to
the ICU. This study aimed to understand the etiology and outcomes of critically ill children presenting
with cardiac problems in a tertiary care hospital.

Methods: A cohort study was conducted on 120 cardiac patients who received care in the Pediatric
Intensive Care Unit (PICU) from August 2021 to November 2022 among 800 total admissions. Results:
Total cardiac cases were 120. Heart failure and cardiogenic shock constituted 20% of the total
admissions, and acute heart failure on top of Congenital Heart Disease (CHD) was the most prevalent
admission diagnosis, accounting for (40%) of patients. Followed by cardiogenic shock due to
myocarditis, dilated cardiomyopathy (30%), atrial arrhythmia (11%), and coronary dilation (4%),
respectively. Non-survivors had a younger age, poor nutritional status, lower oxygen saturation, higher
need for ventilation compared to survivors. The independent factors affecting mortality were younger
age and required higher VIS, with p-values of 0.019 , and .004, respectively.

Conclusion: Acute heart failure on top of Congenital heart disease and cardiogenic shock in
cardiomyopathy patients constitutes an important category in non-surgical PICU. The independent
factors affecting mortality were age, nutritional status, and inotropic agents. Close Monitoring of
cardiac patients and prevention of infection, early surgeries, and better nutrition may lower this

incidence and decrease the rate of admission to the PICU.
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Introduction

In infants, the most common cause of heart failure is congenital
heart disease. In children with a structurally normal heart,
myocarditis and primary cardiomyopathies are the most
common causes [1]. Patients with CHD awaiting surgery and
who are admitted to the PICU with acute illness are at high risk
for mortality. Stringent criteria to diagnose pneumonia or sepsis
should be used in these patients [2,3]. Infants diagnosed with
CHD awaiting surgery (either correction or palliation), due to
either lack of resources or expertise for earlier repair, may be at
a high risk of death. Myocarditis and the right-sided heart
failure in idiopathic or acquired pulmonary hypertension
increased the burden of patients with acquired cardiac disease
admitted to the ICU. Differences in the availability of resources
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and infrastructure together with the differences in the nutritional
status of the patients among the countries may contribute to an
increase in the prevalence of mortality in developing countries
[4]. The most frequent causes for ICU admission among
congenital or acquired heart disease are cardiogenic shock,
cardiovascular failure with a concurrent lower respiratory tract
infection, and critical cyanotic cardiac disease with a
cerebrovascular insult [5,6]. Arrhythmias constitute about 11%
of patients admitted to the PICU [7]. Children with
cardiovascular diseases frequently experience morbidity and
mortality due to malnutrition, which particularly affects
ventilation duration, postoperative outcomes, and length of
hospital stay negatively [8]. In cardiogenic shock, certain
medications as vasopressors and inotropes, are utilized to
induce vasoconstriction or augment cardiac contractility [9].
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Hence, drug therapy should be given with the lowest dose
response and the least duration [10].

Our research aimed to wunderstand the clinical status,
characteristics, and outcomes of children admitted to the PICU
with a cardiac problem in developing countries, and this plays a
substantial role in planning policies and improving existing
essential healthcare resources.

Materials & Methods

This cohort study was conducted in the PICUs at Cairo
University Children's Hospital. The study enrolled cases from
age |1 month to 12 years old with either congenital or acquired
heart diseases from the end of 2021 till mid-2022 who were
presented at PICUs. This study excluded newborns, patients
with syndromes, and post-surgical cardiac children. The study
protocol has been approved by the research ethical committee
with the institutional review board number (N-223-2023).
Baseline data of children with cardiac diseases were reviewed
and gathered from the patient's files including the age, gender,
cause of admission, diagnosis, vital signs (blood pressure,
Heart rate, respiratory rate, temperature), whether the patient
required mechanical ventilator or inotropic support, length of
PICU stay, and status upon PICU discharge (alive or dead)
were documented. All patients with cardiac defects were
determined by using Echocardiography (ECHO).
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Statistical analysis

SPSS statistical package version 26 was used for the data
analysis. The Kolmogorov-Smirnov single-sample test was
performed to test the data normality. Numerical data were
outlined as means, medians, and ranges, while frequencies and
percentages were used to describe qualitative data. The Chi-
square test was used to find the relationship between qualitative
data. The comparison between the two groups of numerical was
done using the Mann-Whitney test. The significant factors
affecting mortality in univariate analysis were entered in
multivariate analysis using the stepwise logistic regression
method-statistically significant data at P-values less than 0.05.

Results

One hundred and twenty cardiac patients were included in the
study, presenting 20%, 73 (60.8%) participants were females and
48 (39.2%) were males. The median age of the participants was
24 months, and the cases who survived were significantly older
than the deceased was (p-value<001). The median weight was
13.3 Kg, with a significant difference between the survivors and
non-survivors (p-value 0.0001). Concerning non-operated CHD
patients, the median z-score was -2 with a significant difference
between survivors and non-survivors (p-value 0.001). 20.8% of
patients died, as demonstrated in Table 1. There was a significant
difference in the mortality rate regarding age.

Characteristics Total (n=120) Dead (n=25) Discharged (n=95) p-value
Age (months) 24 (1-168) 6 (1-144) 36 (1-168) 0.001
Median (range)

Gender

Female 73 (60.8%) 17 (68%) 56 (58.9%)

Male 47 (39.2%) 8 (32%) 39 (41.1%) 0.409
Weight(kg) 13.3(3-33) 7(3-18) 14.4(3-33) 0.0001
Median (range)

Weight Z score -1.7 (-4 =2) -2.15(-3.8 - 0.5) 1.7 (-4-2) 0.05

Note: Z-score, the data were analyzed by X2 test (2 < z score = -2 for weight for age mean normal, z score <-2 for weight for age mean underweight.

Table 1: Demographic characteristics of the participants.

Our study revealed that the commonest admission diagnosis
was non-operated CHD in 27 (22.5%) patients, followed by
CHD complicated by pneumonia in 22 (18.3%) patients
and myocarditis in 20 (16.7%), with no statistically
significant difference between survivors and non-survivors
regarding diagnosis (p-value: 0.333). The most significant
ECHO finding

was non-operated CHD accounting for 45 (38.1%) patients,
followed by DCM 43(36.4%), pulmonary hypertension, and
severely dilated myopathic RV 9(7.6%), dilated coronaries
7(5.9%) and pericardial effusion 6(5.1%) with no significant
difference between survivors and non-survivors in Echo
findings as illustrated in Table 2.

Characteristics Total (n=120) Death(n=25) Discharge (n=95) p-value
Unrepaired CHD 0.333
N% 49 (40%) 11 (22%) 38 (77%)

*VSD/ASD 18(15.3%) 4(16%) 14(15%)

*CAVC 7(6%) 2(8%) 5(5.4%)

*Valve disease 5(4.2%) 0 5(5.4%)

*PAPVR 1(0.8%) 0 1(1.1%)
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*Double aortic arch 1(0.8%) 0 1(1.1%)

*Fallot tetralogy 8(6.7%) 1(4%) 7(7.5%)

*TGA 3(2.5%) 0 3(3.2%)

*DORV 1(0.8%) 0 1(1.1%)

*Single ventricle 1(0.8%) 0 1(1.1%)

Cardiomyopathy N% 43 (36.4%) 11 (44%) 32 (34.4%) 0.18

*FS (%) 16.8(10-28) 14(10-28) 17.6(12-26)

Idiopathic pulmonary 9 (7.6%) 2 (8%) 7 (7.5%)

hypertension and RV

dysfunction

Coronary dilation with MOSF 7 (5.9%) 2 (8%) 5 (5.4%) 0.39

Cardiac tamponade 6 (5.1%) 2 (8%) 4 (4.3%)

Others*** 8 (6.8%) 1(4%) 7 (7.5%)

Note: ** Other diagnoses include infantile nephrosis with pericardial effusion, lupus nephritis, atypical Hus, down $ with pericardial effusion, and HOCM; *** Other echo
findings include normal, hypertrophic cardiomyopathy; # ASD: atrial septal defect; CAVC: common atrioventricular canal; CHD: Congenital heart disease; DCM: dilated
cardiomyopathy; DORV: Double outlet right ventricle; FS: Fraction shortening; LV: Left ventricle; MISC: multi-inflammatory syndrome of childhood; PAPVR: Partial
anomalous pulmonary venous return; RV: right ventricle

Table 2: Echocardiographic diagnosis of the involved cardiac patients.

days). The percentage of inotrope use was much higher among dead
patients than among survivors (91.3% versus 59.3%, p-value=.002).
Higher VIS among dead patients than among survivors, with p-
value=<.001 as shown in Table 3. The independent factors
affecting mortality were younger age and higher VIS, with p-values

There was a statistically significant evidence of fever, desaturation,
and mechanical ventilation among the dead compared to surviving
patients (p-value .046), (p-value .025)( p-value .001) respectively.
The duration of stay in the PICU was significantly longer in the

dead than in surviving patients (p-value .005). The median
duration of mechanical ventilation was 5 days, ranging from (1-55

(. 019, .004, respectively as shown in Table 4.

Characteristics Total (n=120) Death (n=25) Discharge (n=95) p-value
Median and range
HR (beat /min) 140 (60-267) 140 (105-180) 140 (60-267) 0.711
RR (cycle/min) 40 (20-80) 40 (26-60) 40 (20-80) 0.968
BP (systolic)(mmHg) 90 (70-200) 90 (70-130) 90 (70-200) 0.252
BP (diastolic)(mmHg) 70 (40-130) 65 (46-90) 70 (40-130) 0.226
Temp (c) 37.6 (36.5-40) 38 (36.5-40) 37.5(36.8-40) 0.046
Oxygen saturation (%) 95% (50%-100%) 95% (53%-100%) 96% (50%-100%) 0.025
Length of stay in (days) 6 (1-90) 12 (2-90) 6 (1-74) 0.005
Mechanical ventilation (N %) 42 (35%) 25 (100%) 17 (17.9%) <.001
Duration of mechanical 5 (1-55) 6 (2-40) 5 (1-55) 0.931
ventilation (days)
Inotrope usage (N %) 75 (65.8%) 21 (91.3%) 54 (59.3%) 0.002
Type of Inotrope
Milrinone 42 (56%) 5(23.8%) 37 (68.5%) <.001
Adrenaline 20 (26.7%) 12 (57.1%) 8(14.8%) <.001
Dobutamine 14 (18.7%) 5(23.8%) 9 (16.7%) 0.476
Noradrenaline 12 (16%) 8 (38.1%) 4 (7.4%) 0.003
Levosimendan 1(1.3%) 0 (0%) 1(1.9%) -
Table 3: Admission Clinical findings and management among the participants.
p-value OR 95% ClI for OR
Lower Upper
Age 0.019 0.847 0.738 0.973
VIS 0.004 9.6 21 44.9

Table 4: Multivariate analysis of factors associated with mortality.
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Discussion

Children's cardiovascular disease is regarded as a major cause of
morbidity and mortality [11]. Children with heart disease living
in low-income countries tend to present late and frequently
suffer from poor nutrition, infections, and pulmonary
hypertension, which present further challenges to their
management in resource-limited settings. Resuscitation might be
specifically challenging for cardiac patients, so considerable
attention should be given to preventive steps [12]. The mortality
rate reported of 30%-65% in the literature for pediatric cardiac
patients [13]. We observed that mortality was higher in children
and infants with underweight, fever, Lower oxygen saturation
on presentation to the emergency room, a higher % of need for
invasive ventilation, more frequent use of dobutamine,
adrenaline, and noradrenaline. Meanwhile, better survival was
observed with milrinone. The most prevalent diagnosis was
complicated, unrepaired congenital heart disease, followed by
cardiomyopathy and then pulmonary hypertension. The
mortality rate for cardiac patients admitted to the PICU was
20.8%, and the survival rate for both genders was nearly similar,
which is in concordance with Gundogdu, et al. study [14].
But Gilboa, et al. [15] observed that male patients had
remarkably lower mortality. However, the surviving patient's
median age was considerably higher than that of the deceased
[16-21]. This is related to the fact that protein intake is essential
for the proper functioning of cardiac muscles. such as
arrhythmias and myocardial ischemia [22]. This study
shows a higher rate of mortality among those on
inotropes except milrinone. A statement from AHA that
long-term treatment of adults with HF with phosphodiesterase-3
inhibitors is associated with increased morbidity and mortality,
several clinical series have reported that long-term use of
milrinone in children is safe and efficacious as a bridge
to oral HF therapies or transplantation. This is in line with
the study done by Gao and Zhang [23], reporting that the
need for inotropic support had been associated with increased
mortality  [24,25].  Inotropes should be administered
cautiously, at the lowest dose, for the shortest duration,
while the patient is being closely monitored in cases of
cardiogenic shock. The longer duration in the PICU will make
the patients prone to develop metabolic, neuro-endocrine,
immunological, and neuromuscular disorders; the cases will
become dependent on the treatments used in the ICU and may
need ongoing organ support and acquire sepsis, which in turn
are all leading causes of mortality [26-28]. However, our study
revealed that patients on mechanical ventilation had a significant
mortality rate. This is consistent with a study done by
Shorofsky, et al. [29] and Valavi, et al. [30] who
found ventilation as risk factor for death in cardiac patients, A
study on pulmonary hypertension children Patients who
received both invasive mechanical ventilation and
vasoactive infusions on either PCICU admission Day 1 or
Day 2 were found to have a more than fivefold-increased risk
of hospital mortality compared with those who received neither
of these [31-34].

Therefore, encouraging prenatal follow-up for early diagnosis
may help in early intervention. Close monitoring to detect early
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complications, proper nutritional support, and judicious use of
inotropes may improve outcome.

Conclusion

Cardiovascular disease is one of the primary causes of
morbidity and mortality in children. The independent factors
affecting mortality were age, weight, and inotropic agents.
Close monitoring of cardiac patients may lower this incidence
and decrease the rate of admission to PICU. Encouragement of
prenatal follow-up should be emphasized to allow early
intervention and thus decrease the rate of mortality. Nutritional
support during the management of critically ill children is
crucial since nutritional status may worsen during PICU stay
and thus negatively affect the prognosis.
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