Nguyen et al. BMC Infectious Diseases (2026) 26:757 BMC Infectious Diseases
https://doi.org/10.1186/512879-026-12926-2

e ®
ECG changes and their utility in adult g
Vietnamese patients with non-severe dengue

|4,5

Hoai Thi Thu Nguyen %", Juliette Besson®', Ana Bonell**, Annette Fox“, Natenapa Chimjinda®, Mavuto Mukaka®”,

Kinh V. Nguyen® and Walter R. Taylor®”"

Abstract

Background Dengue may affect the heart, manifesting as asymptomatic electrocardiographic (ECG) abnormalities
to fulminant myocarditis. The role of routine ECG monitoring in dengue management remains unclear. We, therefore,
studied ECG changes in patients with non-severe dengue.

Methods In this observational study, we performed and interpreted 12-lead ECGs (admission, discharge and follow
up) on hospitalised Vietnamese adults with confirmed dengue and measured the PR, QRS, and Fridericia-corrected QT
intervals (QTcF).

Results A total of 330 ECGs were performed in 136 patients (64 females; median age, 24 years; range, 16-72 years). Of
these, 132 patients had WHO-defined non-severe dengue and 4 had severe dengue. Elevated CK-MB fractions (> 25
IU/L) were detected in 64 of 134 patients (47.8%). The most common ECG abnormality was sinus bradycardia (< 60
beats/min), with 54 episodes occurring in 39 patients (28.7%), most frequently on illness day 10, 9/34 (26.5%) patients.
The mean QTcF increased during the first 10 illness days in parallel with a decrease in mean heart rate; only 3 females
(461-501 ms) and 1 male (460 ms) had sex-specific QTcF prolongation (=460 ms female, >450 ms male). Female sex
and illness day were significant predictors of QTcF variability over time. Pathological T-wave inversion in the inferior (I,
Ill, aVF) and lateral chest (V5, V6) leads were observed in 12 patients (8.8%), and were mostly transient.

Conclusions ECG changes associated with nonsevere dengue in predominantly young Vietnamese adults without
comorbidities were mostly mild, non-specific, and transient with limited impact on the QTcF interval. Routine ECGs in
non-severe dengue in our setting did not provide clinically actionable information.
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Background

Dengue is a mosquito-borne viral infection caused by
four serotypes of the Flavivirus genus, transmitted pri-
marily by Aedes aegypti. Most infections are self-limiting
non-specific or exanthematous febrile illnesses but ~5%
progress to severe dengue during the critical phase, typi-
cally days 3-7 of illness or within 48 h after fever reso-
lution. Severe dengue, as defined by the WHO (2009),
involves plasma leakage, shock, severe hemorrhage, or
organ dysfunction such as myocarditis or hepatitis, with
reported fatality rates up to 5.6% [1-3].

Cardiac manifestations have been reported with vary-
ing frequencies in heterogenous dengue patients, from
<10% rising up to 60% in hospitalised patients [2, 4—10].
The pathophysiology of dengue-induced cardiac dys-
function involves multiple factors including endothelial
activation and vascular leakage, reduced preload/hypo-
tension, changes in calcium homeostasis, electrolyte
imbalance, bleeding in the conduction system, and viral
and/or immune mediated myocarditis [11]. Dengue-
induced myocarditis is well described and supported
by increases in creatine kinase-MB (CKmb) fraction (in
~33%) and cardiac troponins (in ~25-30%) [8, 10, 12,
13], myocardial inflammation on cardiac magnetic reso-
nance imaging (MRI) [14], interstitial oedema of the
myocardium and myocardial necrosis on histology [15],
and dengue virus detection by immunohistochemistry in
heart muscle [16].

ECG abnormalities in both non-severe and severe den-
gue are broad, nonspecific and generally resolve over
time [2, 7, 9]. Several series have reported mostly nor-
mal ECGs, regardless of disease severity or the presence
of myocarditis and one Brazilian study reported a mean
increase of 12 ms in the Bazett’s corrected QT interval vs.
normal controls [12, 17]. However, some recent studies
suggest an association between abnormal ECG changes
and disease severity, with a trend toward more frequent
ECG abnormalities as dengue severity increases [2, 9,
13, 18]. The most common dengue-associated arrhyth-
mias include sinus bradycardia and atrioventricular block
(AVB), while other miscellaneous abnormalities such as
atrial or ventricular ectopic beats and atrial fibrillation
appear less frequently [2, 4, 6, 8, 9, 12, 19-23]. Signs of
myocardial injury, such as ST segment elevation and T
wave inversion, are typically observed in patients with
severe dengue — without corresponding echocardio-
graphic features [27] — and are rare in non-severe cases
[9]. Thus, the role of routine ECGs in detecting den-
gue-related cardiac complications in patients with non-
severe dengue does not appear essential, particularly in
resource-limited settings. Nevertheless, no study has
reported data on ECG abnormalities in this population in
Vietnam. We, therefore, aimed to characterise the nature
and frequency of ECG abnormalities in adult Vietnamese
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patients with non-severe dengue and explore their poten-
tial clinical significance.

Methods

Study site & participants

The study took place from September to November 2008
at the National Hospital for Tropical Diseases (NHTD)
and enrolled 143 dengue-confirmed patients, based
on any one of the following tests: positive dengue poly-
merase chain reaction (PCR)/or dengue non-structural
protein 1 (NS1) antigen, paired serology showing an
immunoglobulin M (IgM) seroconversion, a rising IgM
titre of >20%, an immunoglobulin G (IgG) seroconver-
sion, and a 4-fold rise in IgG titres [24].

Study procedures

12-lead ECGs (Nihon Kohden machines, Tokyo, Japan)
were performed on the day of admission, at discharge,
and follow up (generally 2 to 4 weeks later). The paper
speed was 25 mm/s and the height calibrated at 10 mm/
mV. ECGs were scanned (pdf) and read by the team car-
diologist (HTTN) and two experienced physicians (AB,
WRT), without the use of on-screen callipers for inter-
val measurements. The findings were recorded onto a
standard case report form: rate, rhythm, bundle branch
block (BBB), PR, QRS, QT and the Fridericia corrected
QT intervals, P, T and ST wave morphology, and left and
right ventricular hypertrophy. The Fridericia QT inter-
val, QT/(RR)*3, was chosen because this gave the least
correlation (adjusted R?=0.0018, p=0.209) between the
uncorrected QT interval and heart rate compared to the
Bazett formula, QT/(RR)%®, and a QT correction formula
proposed for malaria QT/(RR)%* [25] (Fig. 1).

Definitions

We used widely accepted normal ranges for the (a) ECG
intervals: (i) PR 120-200 ms, (ii) QRS 70—-110 ms, (b) def-
initions of sinus bradycardia (<60/min) and sinus tachy-
cardia (>100/min), and (c) ECG voltage criteria of left
ventricular hypertrophy: S wave V1/V2+R wave in V5/
V6>35 mm. For the definition of QTc prolongation, we
chose the pragmatic criteria suggested by the American
Heart Association of >450 ms for males and >460 ms for
females [26].

T wave inversion was considered pathological if it
occurred in any two of the leads I, II, III, aVE, V5 or V6;
an isolated T wave inversion in lead III was not consid-
ered pathological as it may be inverted or biphasic as
a normal variant. Normal limits of ST elevation were
defined as <1 mm (limb leads) and <3 mm (chest leads)
[26]. CKmb elevation was defined as >25 IU/L.
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Fig.1 The relationships between the QT and corrected QT intervals and the heart rate. The adjusted R? for the different QT intervals and heart rate were: (i)
QT 04330 (p <0.001), (ii) QTcB 0.2067 (p < 0.001), (iii) QTcN 0.0557 (p <0.001), and (iv) QTcF 0.0018 (p=0.209), confirming the QTcF had the least association

ECG analyses

All ECGs were included in the analyses but those without
dates (7 =9) were excluded from the time trend analyses.
Analyses [Stata v13 (STATA Corporation, College Sta-
tion, TX] were descriptive. Trends in clinical, laboratory
and ECG data are reported by illness day (D) where D1
is the first day of reported fever. For convenience, ECGs
performed on D30 or later are grouped as D30. A linear
mixed effects model was used to determine the factors
associated with changes in the QTcF interval over time
(age, sex, illness day, and, over time, heart rate, tempera-
ture, serum sodium, potassium and CKmb fraction); only
significant (p<0.05) factors identified in the univariate
analyses and age were entered into the model.

Results
General findings
A total of 136/143 recruited patients had 330 ECGs (235
as inpatients, 95 as outpatients). Their median (range)
age was 24 (16-72) years and they were enrolled on
median illness D5 (1-8); 62/143 (43%) were females. Sev-
eral patients had been prescribed vitamins, paracetamol
and antibiotics prior to their admission. Six patients
reported previous dengue but serology suggested a third
each had primary and secondary infections with some
40% remaining indeterminate. Median hospital stay was
5 days, with an interquartile range of 2—12 days [27].

By WHO 2009 criteria, 132 had non-severe severe
dengue and 4 severe dengue: shock (systolic blood
pressure<70 mm Hg) and aspartate transaminase

(AST)>1000 IU/L (n=3). For the severe patients, no
ECGs were done in one patient, 1 in the shocked patient,
and 1 and 3 in the two high AST patients. As these ECGs
were unremarkable, they were included in the total ECG
pool. At least one WHO defined warning sign was seen
in 122/143 (85.3%) patients. For all patients, the median
platelet count nadired on illness D6 and the mean peak
haematocrit was almost identical on illness D4-6 [24].
No patients required intense cardiac monitoring and
there were no deaths.

ECGs

The mean baseline heart rate, 80/min, declined steadily
over time and nadired on D10 for a mean rate of 64.4
(95% CI: 60.9—67.9)/min, the same day as the mean peak
QTcF 398.3 ms (95% CI: 390.8—405.8, range 395-460
ms) when almost all patients were afebrile (Figs. 2 and 3,
Additional file 1: Fig S1). Across all illness days, the QTcF
intervals ranged from 276 to 501 ms for a mean of 390.3
ms (median 391 ms); 3 females (461, 475, 501 ms) and 1
male (460 ms) had prolonged QTcF values.

Only illness day and sex explained the variation in the
QTcF over time and both were associated with a greater
QTcF interval (Table 1; Fig. 2). Serum potassium values
were mostly within the normal range of 3.5-5.0 mmol/L
(Additional file 2: Fig S2).

There were 53 episodes of sinus bradycardia (< 60/min)
in 39/136 (28.7%) patients and the proportions of brady-
cardic patients varied by illness day: 1/12 (8.3%) patients
<D4, peaking at 9/34 (26.5%) on D10, and declining to
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Fig. 2 The mean heart rate by illness day
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Fig. 3 The mean Fridericia corrected QT intervals by illness day in females and males

3/19 (15.8%) on D30. Sinus tachycardia (>100/min) was  one. There was no significant correlation between the PR
observed 8 times and persisted at follow up in 2 patients. interval and heart rate (aR?=0.0004, p = 0.287).

The PR interval was within normal limits (120—-200 ms) In the 330 ECGs, ST segments were either normal,
for most patients and the mean PR remained steady over  elevated within normal limits (including one patient with
time (Additional file 3: Fig S3). Seven episodes of 1° heart  type I Brugada syndrome), or depressed in 113 (34.2%),
block were seen in four patients and was persistent in 215 (65.2%) and 2 (0.6%), respectively. ST depression was

associated with inverted T waves in leads III, aVF, V1, V3
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Table 1 The relationship between the QTcF and assessed independent factors
Variable Univariate Analysis Multivariable Analysis
Slope (95%Cl) p-value Slope (95%Cl) p-value
Age (years) -0.029 (-0.352,0.294) 0.862 -0.095(-0.418,0.229) 0.566
Sex: female 8.724(2.182,15.266) 0.009 9.741(2.964,16.517) 0.005
Male Reference
lliness duration (days) 0.500 (0.386,0.614) <0.0001 0.502 (0.388,0.616) <0.0001
Temperature (°C) 0.057 (-0.892,1.005) 0.907 NA NA
Potassium (mmol/L) -0.019 (-3.073,3.035) 0.990 NA NA
Sodium (mmol/L) -0.002 (-0.232,0.229) 0.989 NA NA
Creatine kinase MB (1U/L) 0.003 (-0.028,0.033) 0.869 NA NA
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Fig. 4 Concentrations of the serum creatine kinase MB fraction over time. 25 IU/L is the upper limit of normal

& V4. T waves were normal in 67 (20.3%) ECGs, peaked
in 9 (2.7%), and inverted in 254 (75.4%); the most com-
mon lead with inverted T waves was V1 (233/254, 91.2%).
Asymptomatic pathological T wave inversion was seen in
12 ECGs in 11 patients from D4-20, which reverted to
normal in 7 patients, persisted in 1, and recorded for the
first time on the last ECG in 1; ECGs were not done in the
other 2 patients. Three patients had evidence of a right
bundle branch block (BBB) that was probably idiopathic
in 2 because it was present in all 3 ECGs. Two patients
had left BBB that was probably dengue related in 1. There
was insufficient follow data in 2 patients to determine a
cause of their BBBs.

CKmb concentrations > ULN of 25 IU/L were noted in
64 of 134 patients (47.1%), mostly in the first 10 days of
illness (Fig. 4).

Discussion

In this observational study of predominantly non-severe
adult dengue, most ECGs were normal and sinus bra-
dycardia was the most common ECG change. Although
there was a correlation between a falling heart rate and
increasing QTcF prolongation, heart rate did not signifi-
cantly explain QTcF variation over time. ECG patterns
suggestive of myocardial injury was confined to transient
inverted T waves in the inferior and lateral chest leads in
<10% of patients whilst elevated CK-MB concentrations
above the upper reference limit were detected in a little
under 50%.

Others have also reported mostly normal ECGs and
transient nonspecific ECG changes over time in dengue
[2,9, 12, 17, 28]. We observed sinus bradycardia in just
over a quarter of patients with the highest proportions
of bradycardia occurring on D9 and 10 which persisted
up to D30 in a small number, consistent with previous
research [6, 8, 9, 19]. The cause of sinus bradycardia in
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dengue remains unclear but may be related to increased
vagal activity on the sinus node [23]. There was a ten-
dency for the mean QTcF to increase over the first 10
days in parallel with a decrease in the mean heart rate
but the majority of QTcF values remained within normal
limits and, expectedly, females had higher mean values
compared to males. In only 5 patients had QTcF pro-
longation and only 1 female had a QTcF of 501 ms that
was transient. These findings are consistent with those
of Furlan et al. [17] who reported increases in QTcB in
their patients compared to healthy controls. Based on the
evidence to date, drug developers should be reassured
that non-severe dengue patients appear to be at very low
intrinsic risk of Torsades de Pointes consequent to QTc
prolongation.

We found that ~10% of patients had ECG patterns of
cardiac injury, mostly in the form of transient inverted
T waves in the inferior and lateral chest leads, occurring
on median illness day 9 when patients were recovering;
none reported chest pain. We confined the determina-
tion of pathological T wave inversion to these leads to
avoid the uncertainty of normal variant T wave inver-
sion in other leads. There were no concomitant patho-
logical ST elevation segment changes, another ECG sign
of acute myocardial injury, contrasting to the findings
of Wali et al. who found concomitant ST elevation and
T wave inversion in their series of severe dengue [29].
This difference is likely to be due to differences in den-
gue severity but also reflects the insensitivity of the ECG
to detect myocarditis [30]. Just under half of our patients
had a raised CKmb fraction exceeding the ULN and
this is broadly consistent with Jadav et al. who reported
a little under 40% in their cohort of mostly mild dengue
[28]. The CKmb is used as a cardiac biomarker but has
less sensitivity and specificity than troponins for diagnos-
ing myocarditis [31]. Indeed, the CKmb is also present
at ~5 — 7% in skeletal muscle and increases are seen in
skeletal muscle injury/disease [32, 33]; therefore, caution
is needed in ascribing all cases of raised CKmb to myo-
carditis. In keeping with published data, we found small
numbers of patients with sinus tachycardia, 1st degree
AVB and new BBB which were generally transient.

ECG alone is insufficient for detecting myocarditis
due to its inherently low sensitivity—estimated at less
than 50%—and its non-specific findings [34]; common
abnormalities, such as sinus tachycardia or non-specific
ST-segment and T-wave changes, are not pathogno-
monic for myocarditis and often fail to definitively indi-
cate myocardial injury [34]. This diagnostic limitation
frequently necessitates further, more specific investiga-
tions, including cardiac troponins, or advanced imaging
modalities such as echocardiogram and cardiac MRI, to
achieve a definitive diagnosis of myocarditis. In the con-
text of dengue fever, several studies report that cardiac
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manifestations are significantly more prevalent in more
severe cases compared to non-severe cases [2, 9, 13, 18].
Moreover, many ECG changes observed in non-severe
dengue are transient and benign, and do not correlate
with underlying myocarditis or adverse outcomes [11,
17].

In our study, the ECG showed only poor expression
of myocardial injury signs among young adults with
non-severe dengue. These findings suggest that hospi-
tals should reconsider the necessity of routine ECGs in
this population, where their clinical utility for detecting
myocarditis appears limited, particularly in resource-
limited settings such as Vietnam. This approach is consis-
tent with major international guidelines e.g., WHO 2009
guidelines, which do not explicitly recommend routine
ECG monitoring for all patients with non-severe dengue
but instead emphasise targeted monitoring for warning
signs and progression to severe disease.

Despite the existence of previous studies that have
investigated cardiovascular manifestations and ECG
changes in dengue disease, our study — as the first to
evaluate ECG changes and the role of routine ECG in
Vietnam — provides valuable insights that may contrib-
ute to the optimisation of cost-effective management
strategies for Vietnamese dengue patients, particularly
otherwise healthy young adults with non-severe den-
gue. This is especially relevant in the context of dengue
imposing a substantial health and economic burden in
Vietnam, with an estimated 2,263,880 symptomatic cases
occurring annually, accounting for nearly 40,000 disabil-
ity-adjusted life years (DALYs) each year and leading to
a total annual cost of dengue illness in Vietnam of nearly
US$100 million [35, 36].

Our study had several limitations. The number of
patients was comparatively low and the small number
of ECGs analysed, particularly for the identification of
ECG changes over time, was due to the comparatively
late presentation of many patients, the absence of some
ECG data, and the short follow up period. This limited
the statistical power to detect small dynamic changes
but we were able to show trends over the short term.
The absence of a control group, either healthy individu-
als or patients with other febrile illnesses, makes it dif-
ficult to determine whether the ECG changes observed
are specific to dengue infection or represent non-specific
responses to febrile illness. This has also been a weakness
of many ECG observational studies in dengue. We were
unable to assess troponin levels and so evidence consis-
tent with myocarditis rested on the raised CKmb, a less
sensitive and specific biomarker compared to troponins.

Patients were otherwise healthy young adults who
were not taking concomitant medications; therefore, our
results may not be generalisable to older populations with
comorbidities or those taking drugs that can prolong the
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QT interval. In addition, as this is a single-centre study,
its findings may not be generalisable to the broader pop-
ulation of Vietnam. The study was not designed to detect
possible long-term ECG effects, although most ECG
changes were transient.

Finally, as our data were collected several years ago,
epidemiological changes, including possible changes in
the intrinsic cardiotropism of dengue virus serotypes,
may have occurred that might limit the applicability of
our findings to the present-day population. Future studies
with larger sample sizes, appropriate control groups, and
systematic ECG monitoring across all phases of the dis-
ease are warranted to address these gaps, supplemented
by an economic analysis to determine the benefit of rou-
tine ECG screening for non-severe dengue.

Conclusions

Our small observational study conducted in a busy refer-
ral hospital has given us a snapshot of the ECG changes
in predominantly young Vietnamese adults with mostly
non-severe dengue; these changes were benign, non-
specific, and generally transient. Although these find-
ings need to be validated by larger, national-level studies,
they suggest that routine ECGs may not contribute sig-
nificantly to the management of non-severe dengue in
otherwise healthy patients and should not be performed
unless there are clinical triggers like cardiac symptoms,
detection of an abnormal pulse, and clinical deterioration
to severe dengue. More ECG research, including cardiac
biomarkers and echocardiogram correlations, in dengue
will be useful as a monitoring tool in clinical and patho-
physiological studies, e.g., to assess further the value of
ECGs, and drug safety evaluations of potential anti-den-
gue drugs, notably to detect QTc prolongation.
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AST Aspartate transaminase
AVB Atrioventricular block
BBB Bundle branch block

CKmb  Creatinine kinase-myocardial band
D Day

ECG Electrocardiogram

ECHO  Echocardiogram

IgG Immunoglobulin G

IgM Immunoglobulin M

MRI Magnetic resonance imaging
NHTD  National Hospital for Tropical Diseases
NS1 Non-structural protein 1

PCR Polymerase chain reaction

ULN Upper limit of normal

WHO World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512879-026-12926-2.

Supplementary Material 1: Fig S1. The Fridericia corrected QT intervals
by illness day in females and males combined; Fig S2. Trend in the mean
serum potassium over time; Fig S3. The PR intervals by illness day.

Page 7 of 8

Acknowledgements
We wish to express our sincere gratitude to the patients for volunteering to
join this study and to the nurses, laboratory staff and clinicians of the NITD.

Author contributions

Conceptualisation: WRT, AF, HTTN, KVN. Investigation & ECG interpretation: AF,
HTTN, AB, KVN, WRJT. Data curation and formal analysis: MV, NC, WRT. Original

draft, review and editing: HTTN, JB, MM, WRJT. Validation: all authors have seen
the and approved the final version of the manuscript.

Funding

This work was funded by OUCRU internal funds. OUCRU is supported by the
Wellcome Trust of Great Britain who also part support WRT and MM through
its core grant (220211) to the Mahidol-Oxford Tropical Medicine Research Unit
research programme. For the purpose of Open Access, the author has applied
a CC BY public copyright licence to any Author Accepted Manuscript version
arising from this submission. The funding source has no involvement in the
preparation and submission of the article.

Data availability

Deidentified individual participant data will be available after publication
to applicants who provide a sound proposal to the Mahidol Oxford Tropical
Medicine Research Unit Data Access Committee. They can contact the
corresponding author in the first instance.

Declarations

Ethics approval and consent to participate

The study protocol conforms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a prior approval by the Scientific and Ethical
Committee of the NHTD (ref: Dengue infection in adults and children in
Hanoi - a descriptive clinical and study v2 23-6-08) and the Oxford University
Tropical Research Ethics Committee (ref: 26 08). Informed consent was
obtained from each patient.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 October 2024 / Accepted: 16 February 2026
Published online: 26 February 2026

References

1. Simmons CP, Farrar JJ, Nguyen vV, Wills B, Dengue. N Engl J Med.
2012;366(15):1423-32.

2. Yacoub S, Griffiths A, Chau TT, Simmons CP. Wills B, Hien TT, et al. Cardiac
function in Vietnamese patients with different dengue severity grades. Crit
Care Med. 2012;40(2):477-83.

3. Anders KL, Nguyet NM, Chau NV, Hung NT, Thuy TT, Lien le B, et al. Epide-
miological factors associated with dengue shock syndrome and mortality in
hospitalized dengue patients in Ho Chi Minh City, Vietnam. Am J Trop Med
Hyg. 2011;84(1):127-34.

4. Datta G, Mitra P. A Study on Cardiac Manifestations of Dengue Fever. J Assoc
Physicians India. 2019,67(7):14-6.

5. Wichmann D, Kularatne S, Ehrhardt S, Wijesinghe S, Brattig NW, Abel W, et
al. Cardiac involvement in dengue virus infections during the 2004/2005
dengue fever season in Sri Lanka. Southeast Asian J Trop Med Public Health.
2009;40(4):727-30.

6.  Sheetal S, Jacob E. A Study on the Cardiac Manifestations of Dengue. J Assoc
Physicians India. 2016;64(5):30-4.

7. Shivanthan MC, Navinan MR, Constantine GR, Rajapakse S. Cardiac involve-
ment in dengue infection. J Infect Dev Ctries. 2015;9(4):338-46.

8. Kularatne SA, Pathirage MM, Kumarasiri PV, Gunasena S, Mahindawanse SI.
Cardiac complications of a dengue fever outbreak in Sri Lanka, 2005. Trans R
Soc Trop Med Hyg. 2007;101(8):804-8.

9. Shah C, Vijayaraghavan G, Kartha CC. Spectrum of cardiac involvement in
patients with dengue fever. Int J Cardiol. 2020.


https://doi.org/10.1186/s12879-026-12926-2
https://doi.org/10.1186/s12879-026-12926-2

Nguyen et al. BMC Infectious Diseases

20.

22.

23.

24,

(2026) 26:757

Bagi A, Ur Rehman F, Memon PS, Omair SF. Prevalence and Outcomes of Myo-
carditis in Dengue-Infected Patients Admitted to a Tertiary Care Hospital of
Low-Middle Income Country. Glob Heart. 2022;17(1):44.

Parchani A, Krishnan Vs G, Kumar VKS. Electrocardiographic Changes in
Dengue Fever: A Review of Literature. Int J Gen Med. 2021;14:5607-14.

Arora M, Patil RS. Cardiac Manifestation in Dengue Fever. J Assoc Physicians
India. 2016;64(7):40-4.

LiY,Hu Z, Huang Y, Li J, Hong W, Qin Z, et al. Characterization of the Myocardi-
tis during the worst outbreak of dengue infection in China. Med (Baltim).
2016,95(27):e4051.

Miranda CH, Borges Mde C, Matsuno AK, Vilar FC, Gali LG, Volpe GJ, et al.
Evaluation of cardiac involvement during dengue viral infection. Clin Infect
Dis. 2013;57(6):812-9.

Weerakoon KG, Kularatne SA, Edussuriya DH, Kodikara SK, Gunatilake LP, Pinto
VG, et al. Histopathological diagnosis of myocarditis in a dengue outbreak in
Sri Lanka, 2009. BMC Res Notes. 2011;4:268.

Salgado DM, Eltit JM, Mansfield K, Panqueba C, Castro D, Vega MR, et al. Heart
and skeletal muscle are targets of dengue virus infection. Pediatr Infect Dis J.
2010;29(3):238-42.

Furlan-Daniel RA, Santos LFS, Geleilete TJM, Restini CBA, Bestetti RB. Abnor-
malities in electrocardiographic ventricular repolarization in patients with
dengue virus infection. J Infect Dev Ctries. 2019;13(8):759-63.

Cabrera-Rego JO, Rojas-Quiroz AF, Vidal-Turruelles Y, Yanes-Quintana AA. Car-
diovascular disorders in hospitalized patients with dengue infection. Enferm
Infecc Microbiol Clin (Engl Ed). 2021;39(3):115-8.

Yadav DK, Choudhary S, Gupta PK, Beniwal MK, Agarwal S, Shukla U, et al.
The Tei index and asymptomatic myocarditis in children with severe dengue.
Pediatr Cardiol. 2013;34(6):1307-13.

Khongphatthallayothin A, Chotivitayatarakorn P, Somchit S, Mitprasart A,
Sakolsattayadorn S, Thisyakorn C. Morbitz type | second degree AV block
during recovery from dengue hemorrhagic fever. Southeast Asian J Trop Med
Public Health. 2000;31(4):642-5.

Kaushik JS, Gupta P, Rajpal S, Bhatt S. Spontaneous resolution of sinoatrial exit
block and atrioventricular dissociation in a child with dengue fever. Singap
Med J. 2010;51(9):e146-8.

Dhariwal AK, Sanzgiri PS, Nagvekar V. High degree atrioventricular block with
ventricular asystole in a case of dengue fever. Indian Heart J. 2016;68(Suppl!
2):5194-7.

La-Orkhun'V, Supachokchaiwattana P, Lertsapcharoen P, Khongphatthanayo-
thin A. Spectrum of cardiac rhythm abnormalities and heart rate variability
during the convalescent stage of dengue virus infection: a Holter study. Ann
Trop Paediatr. 2011,31(2):123-8.

Taylor WR, Fox A, Pham KT, Le HN, Tran NT, Tran GV, et al. Dengue in adults
admitted to a referral hospital in Hanoi, Vietnam. Am J Trop Med Hyg.
2015;,92(6):1141-9.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

Page 8 of 8

Price RN, Nosten F, White NJ. Prolongation of the QTc interval in African
children treated for falciparum malaria. Am J Trop Med Hyg. 1998;59(4):503.
Rautaharju PM, Surawicz B, Gettes LS, Bailey JJ, Childers R, Deal BJ, et al.
AHA/ACCF/HRS recommendations for the standardization and interpreta-
tion of the electrocardiogram: part IV: the ST segment, T and U waves, and
the QT interval: a scientific statement from the American Heart Association
Electrocardiography and Arrhythmias Committee, Council on Clinical Cardiol-
ogy; the American College of Cardiology Foundation; and the Heart Rhythm
Society. Endorsed by the International Society for Computerized Electrocardi-
ology. J Am Coll Cardiol. 2009;53(11):982-91.

Fox A, Le NM, Simmons CP, Wolbers M, Wertheim HF, Pham TK, et al. Immuno-
logical and viral determinants of dengue severity in hospitalized adults in Ha
Noi, Viet Nam. PLoS Negl Trop Dis. 2011;5(3):e967.

Jadav N, Vaghela N, Verma N, Davis D, Sonani AA, Patoliya P. Unmasking the
Hidden Threat of Cardiac Involvement in Dengue Fever: A Critical Longitudi-
nal Study. Cureus. 2023;15(9):e45961.

Wali JP, Biswas A, Chandra S, Malhotra A, Aggarwal P, Handa R, et al. Cardiac
involvement in Dengue Haemorrhagic Fever. Int J Cardiol. 1998;64(1):31-6.
Lampejo T, Durkin SM, Bhatt N, Guttmann O. Acute myocarditis: aetiology,
diagnosis and management. Clin Med (Lond). 2021,21(5):e505-10.

Lauer B, Niederau C, Kuhl U, Schannwell M, Pauschinger M, Strauer BE, et al.
Cardiac troponin T in patients with clinically suspected myocarditis. J Am Coll
Cardiol. 1997;30(5):1354-9.

Henry PD, Roberts R, Sobel BE. Rapid separation of plasma creatine kinase iso-
enzymes by batch adsorption on glass beads. Clin Chem. 1975;21(7):844-9.
Jaffe AS, Garfinkel BT, Ritter CS, Sobel BE. Plasma MB creatine kinase after
vigorous exercise in professional athletes. Am J Cardiol. 1984;53(6):856-8.
Butta C, Zappia L, Laterra G, Roberto M. Diagnostic and prognostic role

of electrocardiogram in acute myocarditis: A comprehensive review. Ann
Noninvasive Electrocardiol. 2020;25(3).

Shepard DS, Undurraga EA, Halasa YA, Stanaway JD. The global economic
burden of dengue: a systematic analysis. Lancet Infect Dis. 2016;16(8):935-41.
Hung TM, Clapham HE, Bettis AA, Cuong HQ, Thwaites GE, Wills BA, et al. The
Estimates of the Health and Economic Burden of Dengue in Vietnam. Trends
Parasitol. 2018;34(10):904-18.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿ECG changes and their utility in adult Vietnamese patients with non-severe dengue
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study site & participants
	﻿Study procedures
	﻿Definitions
	﻿ECG analyses

	﻿Results
	﻿General findings
	﻿ECGs

	﻿Discussion
	﻿Conclusions
	﻿References


