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Abstract: Dengue fever is a prevalent viral disease that primarily affects tropical nations.
Although most symptomatic infections have a relatively benign course, a small percentage of
patients experience severe clinical symptoms, such as bleeding and endothelial dysfunction, which
can lead to hypovolemic shock and cardiovascular collapse. Dengue fever is now known to involve
the heart by inducing myocardial inflammation, arrhythmias, and, in rare cases, fulminant myo-
carditis, up to 13% in severe dengue. Conduction abnormalities can range from benign sinus
bradycardia to fulminant tachyarrhythmias and atrioventricular blocks. Although most conduction
disturbances are benign and transient, they can occasionally aggravate pre-existing conditions and
even be fatal. Unlike other viral myocarditis like hepatitis C induced myocarditis, dengue causes
mainly transient changes, and long-term complications like dilated cardiomyopathy are not noted.
There is indeed a paucity of data on how to assess and treat individuals with conduction abnorm-
alities. In this review, the authors have discussed the wide variety of conduction abnormalities seen
in dengue, their pathophysiology, clinical consequences, and a method for evaluating and managing
these individuals.
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Introduction

Dengue fever is among the world’s most severe emerging viral diseases.” In recent years,
the prevalence of dengue virus (DENV) infection has been on the rise. The vast majority
of symptomatic infections have a benign clinical trajectory. Some patients experience
severe clinical manifestations such as bleeding, organ failure, and endothelial dysfunction
with elevated capillary permeability, resulting in hypovolemic shock and cardiovascular
failure. Electrocardiography (ECG) and echocardiography abnormalities are common
during dengue infection.>* Due to the low clinical suspicion index and simultaneous
clinical symptoms, including hypotension, tachycardia, pulmonary edema, and capillary
leak related with DENV infection, cardiac activity in dengue fever is often underdiag-
nosed. Clinically evident heart disease is of low prevalence in any individual care facility,
but it accounts for a significant percentage of seriously ill patients in the aggregate.
Although most patients are asymptomatic or transient, life-threatening cardiac involve-
ment is frequent in dengue hemorrhagic fever and dengue shock syndrome. These cardiac
complications might be overlooked in clinical practice and can contribute to the mortality
observed in dengue.

Dengue Virus
DENV is a single-stranded ribonucleic acid (RNA) virus that exists as four distinct
serotypes (DENV-1 to —4).> These DENV serotypes are members of the Flavivirus
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genus and family Flaviviridae.® The mature particle of
DENV is spherical in shape with a diameter of 50nm and
contain several copies of the three structural proteins, a host-
derived membrane bilayer, and a single positive-sense, sin-
gle-stranded RNA genome. The genome is cleaved by host
and viral proteases in three structural proteins (capsid, C,
prM, the precursor of membrane, M, protein and envelope,
E) and seven non-structural proteins (NS).”

Cardiac Involvement in Dengue
Pathophysiology

The pathophysiology of cardiac disease in dengue infection
is unclear. A variety of factors contribute to its pathogenesis,
which results in myocardial injury and subsequent conduc-
tion abnormalities (Figure 1). Direct viral invasion of cardiac
muscles, cytokine-induced immunological injury, or both can
cause cardiac involvement.®” Electrolyte imbalance, calcium
homeostasis disruption, lactic acidosis, and ischemia due to
hypotension are all thought to play a role in the myocardial
dysfunction seen in dengue patients. Increased levels of
proinflammatory cytokines, vasoactive mediators, and cyto-
toxic factors in dengue patients can increase vascular perme-
ability and result in shock.'®'" These can further impede
coronary blood supply, resulting in a cascade of ischemia
and subsequent electrophysiological changes. Pericardial

effusion is caused by increased vascular permeability and
abnormal plasma leakage.'? It is unclear whether the myo-
cyte injury is caused by a direct invasion of the DENV virus
or by an immune-mediated mechanism. On cardiac speci-
mens from dengue patients, viral antigens such as dengue
capsid protein, non-structural protein 1 (NS1), and viral RNA
were identified using reverse transcription polymerase chain
reaction.'*"'* Immunohistochemistry has also revealed den-
gue capsid protein in several cardiac cell types, including
cardiomyocytes, myocardial interstitial cells, and
myoblasts.'> Autopsy specimens have also revealed intersti-
tial oedema, inflammation, and myocardial fibre necrosis. !
Arrhythmias are of fairly common occurrence in den-
gue infection, and multiple factors are predicted to inter-
play in its pathogenesis.>*'® Firstly, changes in membrane
potential can occur as a result of inflammatory processes
and the

Arrhythmias can also be triggered by

and cytokine storms affecting myocytes
interstitium.'’
changes in ventricular dynamics, such as increased wall
strain and myocardial oxygen demand. Moreover, there is
a risk of bleeding in or around the sinoatrial or atrioven-
tricular node due to low platelet counts, which can cause
conduction defects and arrhythmias.'® Changes in auto-
nomic tone and electrolyte imbalances might cause transi-

ent thythm abnormalities.
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Figure | Proposed pathogenesis of conduction abnormalities in dengue fever.
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Electrocardiographic Changes

In individuals with dengue infection, studies have shown
a number of ECG abnormalities (Table 1). Based on the
findings depicted in Table 1, electrical disturbances noted
in dengue can be broadly categorized into bradyarrhyth-
mias and tachyarrhythmias.

Following Classification is Proposed
¢ Bradyarrhythmia
o Sinus bradycardia
o Junctional rhythm
o AV block
o First degree
o Second degree
o Third degree
o Bundle branch block
e Tachyarrhythmia
o Supraventricular
o Ventricular
e Nonspecific ST-T changes

Bradyarrhythmia

Bradycardia is the most common electrical disturbance seen
in dengue. Sinus bradycardia is the most common cause of
bradycardia and is usually benign. Relative bradycardia is
also noted where dengue cases had a reduced heart rate
response than other febrile illnesses. Junctional rhythms
have also been reported in literature.” Atrial and ventricular
ectopics are seen often in dengue and are usually benign.’
There have been reports of a high degree AV block leading
to ventricular asystole, which was managed medically with
intravenous atropine and orciprenaline. Conduction blocks
are more life-threatening conditions ranging from 1st degree
AV block to complete heart block. Generally higher the
degree of the block, more remarkable is the incidence of
complications like asystole, ventricular arrhythmias, hemo-
dynamic compromise and requirement of more aggressive
and invasive interventions in the form of pharmacotherapy,

pacing and ICU admission."”

Tachyarrhythmia

Among the tachyarrhythmias seen in dengue, the most
common is sinus tachycardia. Others include supraventri-
cular arrhythmias like atrial fibrillation and rarely ventri-
cular tachycardias.* They can be managed conservatively,
and resolution of underlying myocarditis and volume loss
resolves the tachycardia.

ST-T Changes

ST-T changes on ECG in dengue are usually secondary to
myocarditis or pericarditis and not primary electrical dis-
turbance, unlike sinus bradycardia and heart blocks, which
can occur even in the absence of myocarditis.””

Clinical Implications

Arrhythmias seen in dengue are primarily benign, transient
and self-limiting. However, they can range from mild
symptoms to significant contributions to morbidity and
mortality in specific subsets. Conduction blocks can aggra-
vate existing cardiovascular compromise secondary to
capillary leak and third space loss. Severe bradycardia
can result in worsening of hypotension and symptoms
varying from presyncope to cardiac arrest. In dengue, the
heart is unable to mount a sufficient chronotropic response
to compensate for the hypotension.

The contribution of rhythm disturbances to mortality is
not clearly defined. According to one study, all the patients
who died exhibited aberrant echocardiography or ECG
results.?” During an outbreak in Sri Lanka, a study revealed
that those with bradyarrthythmia were more likely to
develop hypotension.”® In addition to mortality, electrical
abnormalities contribute significantly to morbidity in the
form that they require further evaluation, interventions and
complications of clinical course. Conduction disturbances
are often seen towards the recovery phase of dengue when
the patient is improving from other dengue-related compli-
cations like thrombocytopenia, serositis, and hypotension.
The newly appearing conduction disturbances can prolong
hospital stay, ICU admission, further investigations and
interventions. Investigations performed are in the form of
holter monitoring, cardiac enzymes and repeat echocardio-
graphy. Although the electrical abnormalities usually
resolve in three weeks, conduction defects have persisted
in specific individuals, and cases are reported where it took
up to five months for recovery.”® Those with symptomatic
heart blocks have had to undergo pacing or pharmacother-
apy. Unnecessary interventions, on the other hand, for rela-
tively benign transient rhythm disturbances add to the
burden. A challenge faced is in performing pacing among
those with severe thrombocytopenia and active bleeding.
There have been reported instances where pacing had to
be deferred due to severe thrombocytopenia.

Some studies indicate no relationship between the clin-
ical severity of dengue and incidence of cardiac arrhyth-

mia, suggesting that monitoring for cardiac arrhythmias
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Table | Studies of Conduction Abnormalities in Dengue Fever

Reference Study Setting n

Country

Electrocardiographic Manifestations

Krishna Hospitalized patients, Adults and 108 | INDIA
etal'® (2021) | older children

Abnormal ECG in 48.14% patients
Sinus bradycardia — 31.48%

ST-T changes — I1.1%

Sinus tachycardia — 3.7%

RBBB — 1.85%

Shah et al* Hospitalized patients, Adults above | 320 | INDIA
(2021) age of 18 years

ECG abnormalities noted in 35% subjects.
Sinus bradycardia — 19.7%

Sinus Tachycardia — 6.9%

Ist Degree AV Block — 1.9%

2nd Degree AV Block — 0.3%

Complete Heart Block — 0.6%

Atrial fibrillation — 3.75%

ST elevation — 1.2%

Ventricular tachycardia — 1.8%

Papalkar Hospitalized patients, Adults and 60 INDIA
etal® (2019) | older children

ECG abnormality noted in 35% patients
Sinus bradycardia — 15%

Sinus tachycardia — 10%

ST-T changes — 8.33%

PR prolongation — 1.67%

etal® (2012) | children

Poornima Hospitalized patients, Adults and 341 | INDIA Abnormal ECG changes noted in 72 patients (21.11%)
and John® children Sinus bradycardia — 8.79%
(2019) T wave inversion — 4.1%
ST depression — 2.3%
AV block — 2.34%
Atrial fibrillation — 2.93%
Junctional rhythm — 1.15%
Supraventricular tachycardia — 0.58%
Ventricular ectopics — 1.75%
Datta and Hospitalized patients, Adults and 110 | INDIA ECG abnormality noted in 8.2% patients
Mitra?? older children Sinus bradycardia — 3.7%
(2019) Junctional bradycardia — 2.7%
AV block — 0.9%
Atrial fibrillation — 0.9%
Kumar and Hospitalized patients, Adults 100 | INDIA ECG abnormalities noted in 87% subjects
Yadav?? Sinus bradycardia — 60%
(2017) Sinus tachycardia — 27%
Ventricular ectopics — 15%
Ist degree AV Block — 11%
Arora and Hospitalized patients 120 | INDIA ECG abnormalities seen in 20% patients
Patil** Sinus bradycardia — 8.3%
(2016) Sinus tachycardia — 3.3%
ST-T changes — 3.3%
Ist Degree AV block — 3.3%
Right bundle branch block — 1.6%
Yacoub Hospitalized patients, Adults and 79 VIETNAM ECG abnormalities noted in 35% subjects including Ist degree AV

block, sinus bradycardia, T wave changes and ST segment

abnormalities

(Continued)
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Table | (Continued).

etal”” (2007) | children

Reference Study Setting n Country Electrocardiographic Manifestations
La-Orkhun Hospitalized children, During 35 THAILAND | ECG abnormalities noted in 29% patients
etal® (2011) | convalescent phase of dengue Sinus Pause — 2.9%
infection PVC - 14.3%
PAC — 11.4%
Ist Degree AV Block — 5.7%
2nd Degree AV Block — 8.6%
Kularatne Hospitalized patients, Adults and 120 | SRI LANKA | ECG changes noted in 62.5% patients including sinus bradycardia,

sinus tachycardia, T wave inversions, ST-segment changes and Right
bundle branch block

Wali et al®® | Hospitalized patients, Adults and 17 | INDIA
(1998) children

ECG changes noted in 47% patients
Sinus bradycardia — 17.6% patients
ST-T changes — 29.4%

may be required even in mild cases.”'”° On the other
hand, Kumar and Yadav et al have found a statistically
significant relation between ECG abnormalities and warn-
ing signs suggesting closer follow-up for severe cases.”’

The absence of infrastructure for such interventions
and financial constraints adds to the disease burden in low-
income countries. Procedure-related complications also
add to a complicated hospital stay and the total cost of
healthcare.

Evaluation and Management

There are three critical aspects to managing electrophysio-
logical abnormalities in dengue: monitoring, treatment,
and decision regarding discharge (Figure 2). For mild
cases, we suggest a minimum of two ECGs — one at the
time of admission and another before discharge. The pur-
pose of an ECG at admission is to search for conduction
disturbances and determine whether additional monitoring
is needed. Because it is known that new-onset conduction
anomalies might emerge during the recovery period, an
ECG should be performed before discharge. Continuous
monitoring is recommended in difficult situations, in addi-
tion to the two ECGs. In a high dependency unit or ICU
environment, continuous monitoring can be done via
a monitor. If a monitor is not available, a bare minimum
pulse rate and rhythm check twice or three times daily for
one minute each would suffice.

Since the majority of bradyarrhythmias are benign and
ephemeral, treatment is  wusually  conservative.
Pharmacotherapy with atropine and orciprenaline has
been used in such circumstances but is of unproven

benefit. When there is a worsening conduction block,
pacing should be explored. Invasive interventions such as
pacing can cause thrombocytopenia and bleeding, which
may demand platelet transfusion before the surgery. For
severe cases, closer monitoring is warranted. They may be
taken up for pacing in a case of bradyarrhythmia in the
following conditions:

¢ Hypotension not responsive to aggressive hydration.

e Worsening trend of bradycardia (sinus bradycardia
degenerating to a first degree followed by second-
degree heart block). Such cases might be at imminent
risk of complete heart block, asystole or other fatal
arrhythmias.

Management of myocarditis is a crucial point as it is
responsible for conduction disturbance in several cases. It
is usually managed conservatively, but there have been
studies exploring the role of steroids, intravenous immu-
noglobulin (IVIg) and anti-CD3 monoclonal antibody
(muromonab) for earlier recovery. ST-T changes seen in
dengue are almost always benign, transient and secondary
to myocarditis, not requiring specific intervention.*°

Decision on discharge is to be taken based on ECG
taken before planned day of discharge:

e [f the ECG is normal, the patient may be discharged
safely but counselled regarding warning signs of
arrhythmias such as palpitation, presyncope and syn-
cope as new-onset conduction disturbances may
occur during a recovery phase.
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DENGUE

INFECTION

Conduction
disturbances in ECG at
admission ?

NO.

« Regular vitals monitoring
during hospital stay

« ECG to be repeated daily
(recommended)

« Continuous cardiac monitoring
« Cardiac enzymes
« Echocardiography

« Assess for clinical worsening daily
« Assess for need for pharmacotherapy
(Atropine/Orciprenaline) or pacing

Conduction
disturbances at ECG
prior to discharge?

Worsening present ?

Look for
symptoms:
1. Light-headedness
2. Palpitation
3. Anxiety
4. Syncope

YES———————

Figure 2 Algorithm of evaluation and management of conduction abnormalities in dengue fever.

e If ECG is abnormal, then one should ask for symp-
toms. If the patient is symptomatic, it is advisable
to delay discharge, initiate intensive cardiac mon-
itoring and plan for an intervention to be provided
if necessary. If the patient is asymptomatic, then
the trend of conduction abnormality should be
assessed -

o New-onset: May discharge with advice on warning
signs and quick hospital visit if any warning signs
present. It may not be feasible to keep the patient
in hospital until ECG becomes normal, as it may
take weeks or months for a resolution to occur.

o Improving trend: May discharge.

o Worsening trend: To keep in hospital for further
monitoring and intervention as required.

Conclusion

The spectrum of conduction abnormalities in dengue fever
is broad, ranging from relative bradycardia to life-
Most
changes are transient and resolve by three weeks without

threatening  arrhythmias. electrocardiographic
requiring any intervention. A thorough evaluation is war-
ranted in symptomatic patients as well as non-resolving
/worsening rhythm disturbances. Such patients could ben-

efit from current modalities of therapy. It is vital for
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a physician to be aware regarding electrocardiographic

changes and their management in dengue patients for

making better informed decisions for their patients.
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