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ABSTRACT

Background: The mechanism of myocardial damage in dengue could be the release of inflammatory mediators or the direct
action of the dengue virus on myocytes leading to myocarditis. The release of inflammatory mediators is more in a severe form
of the disease that correlates to the higher incidence of cardiac manifestations in patients with severe dengue. Aim: To determine
the electrocardiographic and two-dimensional (2D)-echocardiographic findings in children with dengue infection and to find a
correlation with disease severity. Materials and Methods: A total of 150 children between 1 month and 12 years of age seropositive
for dengue Non-specific antigen 1 (NS1) Enzyme linked immunosorbent assay (ELISA) or dengue Immunoglobulin M (IgM) ELISA
were studied in the Department of Pediatric Medicine of a tertiary care government hospital. The patients were undertaken for 12
lead electrocardiograms (ECGs) and echocardiograms. Results: Out of the 150 dengue seropositive cases, 61 cases were of mild
dengue, 67 cases were of dengue with warning signs (DWSS), and 22 cases were severe dengue cases. Abnormal ECG was found in
78 cases (52%) in a total of 150 cases in terms of rate, prolonged PR interval (interval between atrial depolarization and ventricular
activation), ST (ventricular repolarisation)-segment depression, and low-voltage complexes. Abnormal 2D- echocardiography (ECHO)
was found in 70 (46.6%) out of 150 in terms of the ejection fraction (EF) <55%, Early diastole/atrial contraction (E/A) ratio <1, and the
presence of pericardial effusion. Conclusion: Nearly 50% of the patients have abnormal ECG and ECHO findings, more so in the severe
dengue group. There is a statistically significant association of the EF between mild dengue, DWWS with severe dengue (P =0.001).
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Introduction

Dengue fever is a very common seasonal acute infection in a
developing country like India caused by the dengue virus, a
member of the flavivirus genus in the Flaviviridae family; a
single-stranded enveloped Ribonucleic acid (RNA) virus."! The
dengue infection occurs among all age groups and the pediatric
age group was found to have a high risk of morbidity and
mortality if not correctly identified and treated at the appropriate
time.” The dengue fever typically has an abrupt onset of a high
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fever that usually lasts for 2—7 days. Dengue is a disease with
a wide clinical spectrum ranging from undifferentiated viral
prodrome to more severe forms such as dengue hemorrhagic
fever and dengue shock syndrome.”!

The exact pathophysiology of cardiac manifestations in
dengue is not well established in the literature. The mechanism
of myocardial damage in dengue could be the release of
inflammatory mediators and/or the direct action of the virus on
the myocyte leading to myocarditis.! The dengue virus causes
plasma leakage by damaging the endothelial cell lining through
the pro-inflammatory cytokine release. Myocardial interstitial
edema and myocarditis are the proposed mechanisms of cardiac
dysfunction.! Most of the mortality in dengue is because of
cardiac dysfunction. The clinical manifestations of cardiac
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complications in dengue vary considerably. At one end of the
clinical spectrum, patients have mild cardiac symptoms despite
relative bradycardia, transient attioventricular (AV) block, and/
or ventricular arrhythmia. At the other severe end, patients may
experience acute pulmonary edema and/or cardiogenic shock
with left ventricular failure in the form of both systolic and
diastolic functional impairment.”!

A diverse range of electrocardiogram (ECG) abnormalities
has also been reported with dengue. 2D-ECHO is a reliable
tool of investigation. Systolic dysfunction in the form of low
ejection fraction (EF), diastolic dysfunction in the form of
abnormal E/A ratio, and pericardial effusion was reported
in the echocardiography.’) The correlation of the inferior
vena cava (IVC) collapsibility with hematocrit has also been
documented as directly proportional.”

The present study was planned to assess the ECG and 2D-ECHO
findings of dengue infection and to correlate with the disease
severity. This study highlights the importance of detecting cardiac
function in dengue-infected children and suggests that timely
detection of cardiac decompensation is the key to preventing
mortality.

Materials and Methods

The current hospital-based prospective observational study was
conducted in the Department of Pediatric Medicine of a tertiary
care government hospital in Kolkata. The institutional ethical
committee approved the study with reference no. BCH/ME/
PR/3778A dated 16.12.2016.

Atotal of 170 children between 1 month and 12 years seropositive
for dengue NS1 ELISA or dengue IgM ELISA during January
2017 to June 2018 were included in the study. Five of them
received either fluid boluses or packed Red blood cell (RBC)
transfusions for disease severity, 5 of them did not give consent,
and in 10 of them, ECHO could not be performed within 48 h
of admission. The children co-infected with malaria, enteric
fever, tuberculosis, pneumonia, and children with a previous
history of any type of cardiac illness were excluded from the
study, therefore, the effective study population was 150 children.
The children who presented to us within 5 days of fever were
subjected to NS1 antigen testing, and then, later confirmed by
IgM testing, and those who presented after 5 days of fever were
subjected to dengue IgM ELISA.

The cases are classified according to the latest National
Guidelines for Clinical Management of Dengue Fever (2015)
into mild dengue, dengue with warning signs (DWSS), and severe
dengue according to the clinical features and blood counts.
Both the stable and unstable patients underwent ECG and
2D-ECHO within 48 h of admission. All ECGs were done by
an ECG technician on Clarity ECG 100-C with a paper speed
of 25 mm/s. In 12 lead ECGs, the parameters taken were rate,
rhythm, voltage, PR interval, and ST-segment. PR interval is
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considered prolonged if it is more than 0.14 s in children less
than 1 year, more than 0.15 s for children of 1-5 years, more
than 0.16 s for children of 5-8 years, and more than 0.17 s for
children aged 8-12 years."

All echocardiograms were done by a single pediatric cardiologist
of the department on a Philips HD7 XE machine using a
2—4 MHz phased array pediatric transducer. The parameters
studied were systolic and diastolic functions. The systolic
function is represented by the EF ratio. The diastolic function
is represented by the E/A ratio. An M mode scan of the left
ventricluar (LV) is obtained from a standard parasternal long-axis
view at the level of the mitral valve (MV) tip in all patients. The
EF (Teichholz) was calculated using standard formulas. The LV
function was considered mildly reduced if the EF was 54—45%,
moderately reduced if the EF was 44-31%, and significantly
reducedif it was less than 30%. Transmitral pulsed-wave Doppler
velocities (peak E- and A-wave velocities) were measured in the
apical four-chamber view with the sample volume positioned at
the MV. The E/A ratio <1 and >2 is considered abnormal in
terms of diastolic dysfunction. The examination of the IVC was
done from the subcostal view below the level of the hepatic veins.
The diameter of the IVC was measured with the patient in the
supine position at 1.0-2.0 cm from the junction with the right
atrium (RA), using the long-axis view. The IVC collapsibility index
is calculated using the formula: Maximum diameter — minimum
diameter/maximum diameter X 100 in spontaneously breathing
patients and max diameter — min diameter/min diameter X 100
for ventilated patients. The IVC collapsibility of more than 50%
and less than 20% is considered to be abnormal.

All data were compiled and tabulated using the Microsoft
Excel sheet. The analysis of the data was performed by using
the statistical software SPSS version 22. The ECG and ECHO
parameters were reported in the form of categorical variables.
The comparison and correlation of the categorical variables
were analyzed by the Chi-square tests. The differences between
the categories of the dengue infection groups were analyzed
by Analysis of variance (ANOVA) with post hoc Tukey tests.
A probability (P) value less than or equal to 0.05 at a 95%
confidence interval has been considered statistically significant.

Results

The present study was done on 150 children with dengue
seropositivity, out of which 61 cases were of mild dengue, 67 cases
were of DWSS, and 22 were severe dengue cases. The study
population consisted of 3 children within 1 year, 55 children in the
1—6-year age group, and 92 children in the 7—12-year age group.
The mortality rate in the present study was 1.3% (two cases).

After the analysis, it was observed that out of the 150 cases,
78 cases [Table 1] had abnormal ECG findings in the form of
heart rate >180/min (7, 4.6%), heart rate <60/min (20, 13.3%)
[Table 1], first-degree AV block (4, 2.6%0) [Table 1], second-degtee
AV block (1, 0.6%) [Table 1], low-voltage complexes (41, 27.3%)
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cases [Table 2], and non-specific ST-segment changes (5, 3.3%)
cases [Table 2]. All the above-mentioned abnormalities in the
electrocardiogram were found more so in the severe dengue
group. Further, the details are reasserted in the dengue case
classification categories.

Abnormal ECHO findings were found in 22 cases (36% of
the 61 cases) of mild dengue, 26 cases (38.8% of the 67 cases)
of DWWS, and 21 cases (95.4% of the 22 cases) of severe
dengue [Table 3]. Multiple comparisons among mild dengue,

DWWS, and severe dengue were done by using the posz hoc Tukey
test for EF, E/A ratio, and IVC collapsibility.

There is no statistically significant association of EF between mild
dengue and DWWS (P =0.865) [Table 3]. But there is a significant
statistical association between mild dengue and DWWS with
severe dengue (P =0.001, P =.000, respectively) [Table 3]. It can
be, thus, inferred that there is a significant statistical association

of low EF with disease severity [Figure 1].

Table 1: Distribution of dengue cases according to rhythm abnormalities in ECG

ECG Rhythm Mild Dengue (%) DWWS (%) Severe Dengue (%) Total (%)
Normal rhythm 48 (78.6) 38 (56.7) 02 (9) 88 (58.6)
Sinus Tachycardia 08 (13.1) 15 (22.3) 05 (22.7) 28 (18.6)
Sinus Bradycardia 05 (8.1) 13 (19.4) 11 (50) 29 (19.3)
First-degree AV block 0 01 (1.4) 03 (13.6) 04 (2.6)
Type second-degree AV block 0 0 01 (4.5) 01 (0.6)
Third-degree AV block 0 0 0 0
Total 61 67 22 150
*DWWS - Dengue with warning signs, *ECG - Electrocardiogram
Table 2: Distribution of dengue cases according to various changes in ECG
ECG Parameters Mild Dengue (%) DWWS (%) Severe Dengue (%) Total
PR interval
Normal 61 (100) 66 (98.5) 18 (81.8) 145 (96.6)
Prolonged 0 01 (1.4 03 (13.6) 04 (2.6)
ST-segment
Normal 61 (100) 66 (98.5) 18 (81.8) 145 (96.6)
Depression 0 01 (1.4) 04 (13.6) 05 (3.3)
Voltage
Normal 51 (83.6) 47 (70.1) 11 (50) 109 (72.6)
Low 10 (16.3) 20 (29.8) 11 (50) 41 (27.3)
Heart rate
<60 02 (3.2) 10 (14.9) 08 (36.3) 20 (13.3)
60-90 12 (19.6) 11 (16.4) 08 (36.3) 31 (20.6)
91-180 46 (75.4) 40 (59.7) 06 (27.2) 92 (61.3)
>180 01 (1.6) 06 (8.9) 0 07 (4.6)
*DWWS - Dengue with warning signs, *ECG - Electrocardiogram
Table 3: Distribution of patient population according to abnormalities in 2D ECHO
2D ECHO Mild Dengue (%) DWWS (%) Severe Dengue (%) Total (%)
Systolic EF 255% (normal) 39 (63.9) 39 (58.2) 9 (40.9) 87 (58)
dysfunction EF 54-45% (mild abnormality) 21 (34.4) 22 (32.8) 8 (36.3) 51 (34)
EF 31-44% (moderate abnormality) 1(1.6) 4(5.9) 4 (18.1) 09 (6)
EF =30% (severe abnormality) 0 2(2.9) 1(4.5) 03 (2)
Diastolic E/A <1 0 7 (10.4) 8 (36) 15 (10)
dysfunction E/A1-14 12 (19.6) 30 (44.7) 12 (54) 54 (36)
E/A ratio 21.5 49 (80.3) 30 (44.7) 2(9) 81 (54)
E/A>2 0 0 0 0
Volume indicator <20% 0 1 (1.4%) 0 1 (1.4%)
IVC collapsibility 20-30% 19 (31.1%) 33 (49.2%) 3 (13.6%) 55 (36.6)
31-50% 36 (59%) 25 (37.3%) 5 (22.7%) 66 (44)
>50% 6 (9.8%) 8 (11.9%) 14 (63.6%) 31 (20.6)
Pericardial Present 0 05 (7.4) 06 (27.2) 11 (7.3)
Effusion Absent 61 (100) 62 (92.5) 16 (72.7) 139 (92.6)

*DWWS - Dengue with warning signs, *2D-ECHO - Two-dimensional echocardiography, *EF - Ejection fraction, *IVC- inferior vena cava
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Figure 1: Showing means of systolic dysfunction (EF) (a) Diastolic
dysfunction (E/A Ratio) (b) and IVC collapsibility (c) in various dengue
infectilon cases

There is no statistically significant association of the E/A
ratio between mild dengue versus DWWS (P =0.092), Mild
dengue and DWWS versus severe dengue (P =0.044, P =.930,
respectively) [Table 3]. There is a significant statistical association
of IVC collapsibility between mild dengue versus severe dengue
(P =.001) and DWWS versus severe dengue (P =.018) [Table 3].
But there is no statistically significant association between mild

Journal of Family Medicine and Primary Care

dengue versus DWWS (P =.126) [Table 3]. It can be, thus,
inferred that there is a significant statistical association of IVC
collapsibility with disease severity [Figure 1].

Discussion

Depression of myocardial function is frequent in dengue
hemorrhagic fever and dengue shock syndrome. The
dengue-related shock syndrome is due to increased vascular

permeability and hypovolemia.F’

Adiverse range of ECG abnormalities has been reported with dengue,
including rate and rhythm abnormalities, heart block, waveform
abnormalities, and voltage abnormalities. Electrocardiogram
abnormalities have been observed in as many as 44-75% of the
patients with severe dengue [Table 1]. Similar observations were
teported by Kumar AS, ea/!"" (2014). Shandana Tarique e 2/ (2013)
in their study found 7 (6%) out of 116 cases of ST-segment
depression, 4.9% in dengue fever, and 7.2% in dengue hemorthagic
fever (DHE). Kularatne eza/" (2007) have also desctibed ST-segment
depressionin 3 (2.5%) out of 120 patients of dengue infection. Wali JP,
etall™ (1998) also showed, in their study, ST and T-wave abnormalities
in 29.4% of the 17 patients. In the present study, 41 (27.3%) cases of
low-voltage complexes were found. A study done by Siddappa FD,
et al'"™ (2017) showed that 5% of the cases had low-voltage QRS
(Ventricular activation complex) complexes.

In our study, 67 cases (44.6%) out of 150 were spotted to have
abnormal echocardiographic findings [Table 3]. Our study results
ate confirmative with the study done by Kirawittaya T, ez /"l (2015)
which reported abnormal cardiac functional abnormalities in 40%
of their cases. Yacoub eza/" (2012) showed 45% systolic and 42%
diastolic cardiac dysfunction. Gupta VK, ez 2/ (2010) repotted
mild diastolic dysfunction in their study in 4 out of 28 (14.2%) cases,
which is more than that found in our study. Khongphatthanayothin
et al™® (2007), in their study found EF <50% in 6.7% dengue
fever (DF), 13.8% DHE, and 36% dengue shock syndrome
(DSS) patients. Sheetal S, ez @' (2013) had reported 3% cases of
pericardial effusion in the dengue patients near about to our study.

The findings of the present study are in conformity with
Abhinayaa JP%7 (2021), whete 62 patients (47.7%) had ECG
changes, the majority of which belonged to the DWSS group.
Twenty-seven patients had abnormal echocardiography findings,
including pericardial effusion (# = 23, 85%) followed by left
ventricular EF. Their findings for cardiac involvement were
significantly associated with the severity of dengue (P < 0.0001)
and significant co-relation was noted between the ECG findings
and the severity of dengue (P = 0.022).

In a study done by Mansanguan C, ¢z a/P" (2021), catdiac
involvement was found in 22.2% of the patients: three (3.70%)
had left ventricular systolic dysfunction, three (3.70%) had
transient diastolic dysfunction, six (7.41%) had increased levels
of at least one cardiac biomarker (troponin-T or CK-MB), and
six (7.41%) had small pericardial effusion.
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Menwal U, ez a/P?! (2020) in their study demonstrated tachycardia
as the most common finding (45%) followed by bradycardia (10%0)
on ECG. Decreased EF is noted in 10% of their patients with
DWSS. The association between ECHO and the severity of
dengue was found to be highly significant (P = 0.000).

Changes in the ECG point toward the myocardial involvement
and give clues for further deterioration, hence, early referral to
a higher center can bring better outcomes. One of the main
causes of mortality in dengue is fluid overload and pulmonary
edema, which is seen during the transition from the critical to
the convalescence phase. Fluid restriction and maintenance
of hemodynamics by the inotropes at this stage is of utmost
importance during this time which can be better titrated with
echocardiography rather than just relying on clinical features.

The present study has some limitations as this is a single-center
study conducted in a tertiary care hospital, therefore, extrapolation
to the general population is difficult. Echocardiography and ECG
were done on a single occasion and could not be repeated or
followed up.

Conclusion

Nearly 50% of the patients had ECG and 2D-ECHO findings
in the form of low-voltage complexes, rthythm abnormalities,
low EF, pericardial effusion, more so in children with severe
dengue. Considering the findings of this study, it can be
concluded that there are noteworthy changes in the cardiac
functions and more often they are found in a severe dengue
group. We often do not use echocardiography in assessing
the patient’s condition in a dengue infection or any other
infectious disease per se, but this study emphasizes the fact
that there are obvious cardiac changes according to the severity
of the disease. Hence, this study mandates the use of ECG
and echocardiography in dengue patients and timely assessing
the cardiac function for appropriate fluid therapy. Therefore,
on a closing note, echocardiography to assess the myocardial
function should be considered, if there is clinical deterioration
or suspicion of disease progression.

Take home message

Wherever available, echocardiography may be considered
in patients with dengue, particularly with severe disease and
refractory shock to tailor their fluid management.

‘What new this study adds

Most of the studies on cardiac dysfunction in dengue are based
on the adult population. The incidence of cardiac dysfunction
in dengue varies that from the adult population. Of the pediatric
studies on the incidence of ECG and ECHO abnormalities, many
are limited to developed countries, and often retrospective, and
none form the northeast part of India. Hence, the current study
gives valuable information on cardiac dysfunction parameters
from the northeastern part of India.
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Summary of the key points

1. In our study of 150 children with dengue seropositivity,
61 cases (40%) were mild dengue, 67 cases (45%) were DWSS,
and 22 (15%) were severe dengue cases.

2. The study population consists of three children within 1 year,

55 children in the age group of 1-6 years, and 92 children in

the 7-12-year age group.

The mortality rate in the present study was 1.3% (two cases).

4. Out of 150 cases, 78 cases (52%) had abnormal ECG
findings.

5. Bradycardia with a heart rate <60/min is the predominant
finding in ECG (25%).

6. Abnormal ECHO findings were found in 46% of our study
population.

7. Systolic dysfunction in terms of low EF <54%) was the
predominant finding among other findings.

»

8. Low EF and decreased IVC collapsibility were seen more in
the severe dengue group.
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