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Abstract

Background: Pneumonia causes significant incidence in children younger than 5 years. Most fatalities are resulted from
complications. High rates of cardiac events were detected in adult studies but usually related to underlying diseases.
Objective: To study the cardiac effects of community-acquired pneumonia (CAP) with respiratory failure (RF) in
healthy children.

Methods: The prospective cohort study was conducted in children aged 2—59 months with CAP and RF. Cardiac enzyme
assessments, chest radiography, electrocardiography, and echocardiography were performed at the admission date and
2 weeks after admission. t-test and chi-square test were used for comparison between first and second investigations,
and the statistically significance level was a P <0.05.

Results: Of the 135 patients, pericardial effusion occurred in 80 (59%), valvular regurgitation in 30 (22%), ST/T
changes in 66 (49%), cardiac arrhythmia in 7 (5%), and myocardial injury in 83 (62%). Significant improvement
of cardiothoracic-ratio, heart rate, ST/T changes, cardiac arrhythmia, troponin T, myocardial performance, and left-
ventricular ejection fraction was demonstrated at second investigations. Three mortality cases exhibited evidence of
congestive heart failure (CHF).

Conclusion: Children with CAP and RF had several cardiac effects even in healthy children. Most cardiac effects were
mild and transient. Mortality cases were revealed evidence of congestive heart failure (CHF). Future research should be

designed to find out the characteristics and predictors of CHF for early recognition and therapeutic strategy.
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Pneumonia remains an important disease, causing significant
incidence and mortality in developing countries around the
world. The incidence is 61 million cases in the South East Asia
region [1] and 156 million cases worldwide [2] with an esti-
mated 0.9—1.2 million deaths per year in children younger than
5 years [3, 4]. Mortality cases in children might have resulted

from complications such as persistent pneumonia, acute res-
piratory distress syndrome (ARDS), sepsis, parapneumonic
effusion, and pericardial effusion [5]. In adult studies, there
were high rates of cardiac complications such as heart failure,
arrhythmia, and acute coronary syndrome with the result of
increasing morbidity and mortality [6, 7].
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High rates of cardiac events in adults were associated with
chronic underlying diseases such as coronary artery disease,
renal failure, and hypertension. To exclude risk factors, this
study focused on healthy children with severe community-
acquired pneumonia who developed respiratory failure (RF)
as most cases of morbidity and mortality of pneumonia were
occurred in these conditions to find out the exactly cardiac
involvement in pediatric groups.

Patients and methods

Study design

The prospective cohort study was an observational study
conducted between June 2011 and June 2014 in the Pediatric
Department of Suratthani Hospital, Thailand. The study was
approved by the Independent Ethical Committee of Suratthani
Hospital, Thailand (Ref. No. 18/2011, 41/2012, 23/2013, and
17/2014). Written informed consent was obtained from the
parents or legal guardians of each patient.

Study selection

The inclusion criteria included children aged 2-59 months who
had been admitted with diagnoses of pneumonia with RF. CAP
with RF was defined as follows: (1) acute lower respiratory
tract infection acquired in a community of healthy children
[8]; (2) the need for intubation due to an increase in respiratory
rate with signs of distress or an inadequate respiratory rate,
particularly when accompanied by depressed mental status
and cyanosis despite oxygen supplementation [9]; and (3) the
presence of radiologic evidence of infiltrates on chest radio-
graphy [10].

The exclusion criteria were as follows: (1) patients with
underlying diseases, such as congenital heart disease (CHD),
congestive heart failure (CHF), bronchopulmonary dysplasia,
chronic lung disease, renal insufficiency, cerebral palsy and
neurological disease and (2) patients with previous hospitali-
zations within 1 month.

Study protocol

All patients who met the inclusion and exclusion criteria had
histories and baseline characteristics reported. Blood samples
were obtained at the time of admission for hemocultures,
complete blood counts, assessments of blood urea nitrogen,
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creatinine, electrolytes, troponin T, and liver function tests.
Tracheal aspiration samples were obtained for bacterial culture
and viral study with a polymerase chain reaction. Chest radio-
graphy (CXR), electrocardiography (ECG), and echocardio-
graphy were performed upon admission.

Two weeks after admission, blood samples were collec-
ted for troponin T assessments, and CXR, ECG, and echocar-
diography were performed. Additional investigations were
performed outside of this schedule in cases that exhibited
symptoms that were clinical compatibility with cardiac events,
such as CHF, arrhythmia, hemodynamic instability or sepsis,
during hospitalization.

After discharge from the hospital, the patients with
abnormal laboratory results or persistent clinical symp-
toms were followed up every 2 weeks until their conditions
normalized.

Definitions of variables

Myocardial injury was defined as a troponin T value greater
than 0.014 ng/mL [11, 12]. Valvular regurgitation was defined
by the echocardiographic demonstration of valvular regurgi-
tation on the first echocardiogram and the disappearance of
this condition at the follow-up or a decrease in the severity
of regurgitation over by that time. Trivial tricuspid regurgi-
tation was not included because this condition can be obser-
ved in normal structures in normal physiological conditions
[13]. Pericardial effusion was defined as the presentation of
pericardial effusion in the diastolic phase on the echocardio-
gram. Small effusion was defined as an effusion of less than
2 mm, effusions of 2-10 mm were defined as moderate, and
effusions greater than 10 mm were defined as large [14]. ST/T
changes were determined by the elevation or depression of
the ST segment and the presence of an inverted or upright
T-wave that was not compatible with normal findings for the
age groups [15].

Left ventricular ejection fraction (LVEF) was assessed
by using M-mode. The Tei index of myocardial performance
(IMP) was used to evaluate the combination of systolic and
diastolic ventricular functions. An impairment of IMP refers
to the value is greater than 0.24 + 0.04 for the right ventricular
index of myocardial performance (RVIMP) and 0.40 + 0.09
for children aged 3-18 years and 0.33 £ 0.02 for children aged
<3 years for the left ventricular index of myocardial perfor-
mance (LVIMP) [16]. CHF was defined in the patients who
developed clinical signs and symptoms of CHF, such as tac-
hypnea, hepatomegaly, S3 gallop, or cardiogenic shock with
radiological findings of cardiomegaly and pulmonary conges-
tion [17], after admission.
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Statistical analysis

Statistical calculations were performed using Stata version
13 [18]. Continuous data are expressed as the mean + SD.
Nominal data were reported as number and percentage. T-test
was used to compare between first and second results of conti-
nuous variables i.e. troponin T, heart rate, cardiothoracic ratio
of CXR, and echocardiographic parameters. The T-test is also
used to compare the length of hospital stay between present
cardiac-involvement and absent cardiac-involvement patients.
The comparison between the incidence of cardiac arrhythmia,
pericardial effusion, valvular regurgitation, and myocardial
injury was evaluated by Chi-square test. Two-sided P < 0.05
were considered statistically significant.

Results

A total of 139 patients were included in this study. After
investigations, four patients were excluded. An acute asth-
matic patient had no evidence of pulmonary infiltrates on
CXR. Three CHD patients in this admission were diagnosed
by echocardiographic examination. The cardiac defects were
double aortic arch with ventricular septal defect, patent
ductus arteriosus, and perimembranous type-ventricular septal
defect. Of the remaining 135 patients, the mean age was
13.58 + 9.81 months with slightly male predominant. Total
duration of fever, intubation period, and length of hospital stay
were 7.99 +4.28,5.29 £ 4.67, and 12.47 + 12.83 days, respec-
tively. Viruses were more frequent causative-organisms than
bacterias. Most of the mean values in basic laboratory findings
as hematocrit, renal function, liver enzyme, and albumin were
within a normal range. White blood cell counts revealed leu-
kocytosis at mean 15516.56 £ 6649.06 cells/cu mm as shown
in Table 1.

The admission date was 3.64 + 1.80 days after the onset of
fever. The firstechocardiographic date was 9.46+3.92 days after
the onset of fever. The second round of laboratory investiga-
tions and echocardiography was performed 19.56 + 5.67 days
after admission. Of the 135 patients, ST/T changes occurred
in 66 (49%), cardiac arrhythmia occurred in seven (5%), and
myocardial injury occurred in 80 (59%). ST/T changes were
a common finding from the ECGs. ST depression and ST ele-
vation were observed in two patients. The remaining patients
exhibited non-specific T-wave changes. Three cardiac arrhyth-
mia patients exhibited premature ventricular contraction, pre-
mature atrial contraction, and first-degree atrioventricular
block, and these conditions were resolved before discharge.
Four patients exhibited right bundle branch blocks that per-
sisted throughout the followed-up period. No hemodynamic

Cardiac involvement in pneumonia with respiratory failure = 121

Table 1. Baseline characteristics of study population

Characteristics

Values

Age (months)

Male

Body mass index (kg/m?)
Peak of fever (celcius)
Duration of fever before admission (days)
Total duration of fever (days)
Intubation period (days)
Length of hospital stay (days)
Laboratory index

Type of infections

Bacteria

Virus

Culture negative

Complete blood count
Hemoglobin (g/dL)
Hematocrit (%)

White blood count (cells/cu mm)

Blood chemistry

Blood urea nitrogen (mmol/L)
Creatinine (mg/dl)

Aspartate aminotransferase (IU/L)
Alanine transaminase (IU/L)
Albumin (g/dL)

13.58 £9.81 (2-50)
73 (54%)

17.88 +2.83 (11.7-30.5)
39.13 £ 0.74 (35.8-41)
3.64+1.80(2-11)
7.99 +4.28 (4-28)
5.29 + 4.67 (1-40)
12,47 +12.83 (4-128)

54 (40%)
74 (55%)
7 (5%)

10.95 + 1.38 (7.5-14.3)
32.80 +5.32 (24.1-42.1)

15516.56 + 6649.06
(4570-37400)

9.72 +4.41 (3-23.5)
0.33+0.10(0.1-0.7)
56.63 +62.52 (5-615)
42.92 +98.98 (7-691)
4.18£0.43 (2.5-5.2)

Data are presented as the mean + SD (range) or number (%) of patients.

Table 2. Cardiac laboratory measurements at admission date and

second investigation date

Laboratory index

At admission Second investigation P

date date
CXR: Cardiothoracic 0.51+0.04 0.48 +0.03 <0.001
ratio
Electrocardiogram
Heart rate 146.34 +£18.98 123.49£19.23 <0.001
ST/T changes 66 (49%) 9 (7%) 0.035
Arrhythmia 7 (5%) 4 (3%) <0.001
Myocardial injury 83 (62%) 16 (12%) 0.047
TroponinT (ng/mL)  0.04 £ 0.05 0.01+0.02 <0.001

Data are presented as the mean + SD or number (%) of patients.

instability was observed in the arrhythmic group. The inciden-
ces of all of these conditions were significantly reduced by the
second investigation, as shown in Table 2.
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Valvular regurgitation occurred in 30 patients (22%)
and pericardial effusion occurred in 80 patients (59%). The
pericardial effusions were small to medium. Among all of
the pericardial-effusion patients, 35 (44%) patients had small
effusions and 45 (56%) patients had medium pericardial effu-
sions with maximal thicknesses of 3.6 mm. Mitral and tri-
cuspid valve regurgitations were observed in approximately
80 and 20% of the patients with valvular regurgitation, respec-
tively. Echocardiogram revealed significant improvements of
RVIMP, LVIMP, and LVEEF at the second investigation date.
Decreasing of pericardial effusion and right ventricular sys-
tolic pressure (RVSP) was also demonstrated. No significant
changes of interventricular septum, left ventricular posterior
wall thickening, and left ventricular diastolic dimension was
demonstrated, as shown in Table 3. There were three morta-
lity cases in this study, and all patients exhibited evidence of
myocardial injury and CHF. Ventilator-associated pneumonia,
acute respiratory distress syndrome, sepsis, septic shock, and
death were developed after persisted clinical signs and symp-
toms of CHF.

Length of hospital stays was compared between presented
cardiac-involvement patients (i.e., ST/T changes, arrhythmia,
pericardial effusion, valvular regurgitation, and myocardial
injury), and absent cardiac-involvement patients, as shown in
Table 4.

Table 3. Echocardiographic measurments at first and second
echocardiography

Echocardiographic First Second P

parameters echocardiogram echocardiogram

Valvular regurgitation 30 (22%) 2 (2%) 0.046
Pericardial effusion 80 (59%) 13 (9%) 0.002
Pericardial effusion 1.28+£1.09 0.17 +0.48 0.002
(mm)

IVSs (mm) 9.17 £1.60 9.11+1.61 0.780
IVSd (mm) 7.61+1.40 749 +1.36 0.420
LVPWD (mm) 7.97 £ 1.65 7.84+1.39 0.430
LvDD (mm) 2497 +4.17 2446 +4.70 0.130
LVEF (%) 70.99 £ 9.56 73.26+£11.26 0.040
LVIMP 0.46 £ 0.08 0.40 £0.05 <0.001
RVIMP 0.36 +0.09 0.30 +0.04 <0.001
RVSP (mmHg) 30.05+5.97 2491 +2.54 <0.001

Data are presented as mean * SD or number (%) of patients.

IVSs, interventricular septal thickness in systole; IVSd, interventricular
septal thickness in diastole; LVPWD, left ventricular posterior wall dia-
meter; LVDD, left ventricular end diastolic diameter; RVIMP, right ventri-
cular index of myocardial performance; LVIMP, left ventricular index of
myocardial performance; RVSP, right ventricular systolic pressure.
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Table 4. Effects of cardiac involvement to length of hospital stay

Cardiac events Length of hospital stay (days) P
Present Absent

ST/T changes 14.62 +16.74 10.68 +7.59 0.115

Arrhythmia 8.00 £ 2.94 12.65+13.20 0.355

Pericardial effusion 12.06 +6.42 13.12+19.11  0.702

Valvular regurgitation 15.67 +£23.39 11.55+7.46 0.122

Myocardial injury 13.99 + 15.06 10.04+£7.61 0.082

Data are presented as mean + SD.

Discussion

This study revealed that cardiac involvement occurred in up
to 62% of the healthy children with CAP and RF. The effects
possibly associated with infection, systemic inflammatory res-
ponse, and cardiopulmonary interaction. Pericardial effusion,
valvular regurgitation, ST/T changes, and non-fatal arrhyth-
mia were rather common, but these conditions were mild and
without severe hemodynamic effects. Myocardial injury was
the most common finding but was typically asymptomatic,
except for the patients who developed CHF.

Pericardial effusion and valvular regurgitation were pos-
sibly associated with an inflammation of the pericardium and
valvular tissue. In agreement with the pericardial effusion
results from our study, a previous study revealed evidence
of pericardial effusion by computed tomography scan and
echocardiography in approximately 50% of parapneumonic
effusion patients [14]. This finding indicates the relation-
ship between pulmonary and pericardial infectious proces-
ses [5]. The causative organism spreads to the pericardium
via several routes that include pulmonary foci, the pleura,
lymphatic channels of the hemithorax, and bacteremia [19].
However, the pericardial effusion cases with pulmonary
infection included in our study typically exhibited mild to
moderate pericardial effusion that resolved after treatment of
the infection.

Abnormal ECG in this study was premature ventricular
contraction, premature atrial contraction and first-degree atri-
oventricular block, ST segment elevation, and depression with
non-specific T-wave changes. These were transient and dis-
appeared after clinical improvement. The abnormal ECG fin-
dings possibly related to pericarditis and myocarditis because
the causative organisms of pneumonia also cause both pericar-
ditis and myocarditis [20]. In these conditions, non-specific
ST/T-wave changes are common. However, ventricular con-
duction delays, supraventricular arrhythmia, and atrioventri-
cular block are occasionally present [21, 22].
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Incidences of myocardial injury approximately 60%
were detected in our patients. Non-ischemic myocardial
injury which reflected by increases in serum troponin levels
was observed in critically ill patients without acute coronary
syndrome [23, 24]. These findings were possibly due to myo-
carditis, systemic inflammatory responses and changes in
circulatory volume [7, 25]. Viral-induced myocarditis results
from various mechanisms, either direct infection of cardiac
myocytes or emerging immune response. Although virus is
the most common causative organism of pneumonia and myo-
carditis in this age group, bacteria also can cause both condi-
tions [26-28]. Apart from direct infection of cardiac myocyte
in bacterial infection, inflammatory cytokine, such as TNF-a
and interleukin-6, were produced, causing myocardial inflam-
mation and depression [24, 25].

The Tei index for myocardial performance revealed
impairment of systolic and diastolic function in both ventricles
upon admission that improved over the follow-up period. Alt-
hough the initial LVEF values were within the normal range,
significant improvements were observed on the second echo-
cardiograms. In addition to myocardial depression related to
infection and systemic inflammatory response which usually
impact on LV dysfunction [25], the cardiopulmonary interac-
tion and positive pressure ventilation have a potential effect
on these findings. Positive pressure ventilation in RF patients
causes compressive effects on both RV and LV. RV is com-
pressed in cardiac fossa, decreased preload, and contractility
with increased afterload due to increasing of pulmonary vas-
cular resistance. LV is compressed in cardiac fossa, decrea-
sed LV preload, afterload, and compliance [29, 30]. Positive
ventilation also affected intrathoracic and pulmonary pressure
changes reflected by an increased RVSP on admission. Finally,
it might impair cardiac function and develop low cardiac-
output state.

Although the majority of cardiac involvement were mild
and recovered spontaneously following pneumonia treatment,
in case with progression to CHF, there were effects on hemo-
dynamic compromise and multiorgan dysfunction. Risks of
infection, such as ventilator associated pneumonia, ARDS
and sepsis and prolong ventilatory support were increased. All
complications have an impact on prolong hospitalization with
increasing mortality.

Conclusions

CAP with RF is associated with cardiac involvements in as
many as 62% of patients, even among healthy children without
any cardiac risks. The majority of the complications, including
myocardial injury, pericardial effusion, valvular regurgitation,
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ST/T changes, and arrhythmia, were transient and mild in this
group. Significant hemodynamic changes and increased mor-
tality risks were observed in the patients who developed CHF.
Future research should examine to identify characteristics and
CHF with the aim of early recognition and prompt therapeutic
strategy implementation.
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