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Myocardial dysfunction in children with dengue
haemorrhagic fever

S. K. KABRA, R. JUNEJA, MADHULIKA, Y. JAIN, T. SINGHAL, L. DAR,
S. S. KOTHARI, S. BROOR

ABSTRACT
Background. Dengue fever/dengue haemorrhagic fever/

dengue shock syndrome is a serious health problem in tropical
countries. Intravascular fluid depletion due to capillary leak is
presumed to be the cause of hypotension in dengue haemorr-
hagic fever. The treatment guidelines of the World Health
Organization lay stress primarily on monitoring and fluid re-
placementtherapy. During the 1996 epidemic in New Delhi, we
observed problems in fluid management of such children and
prospectively looked for myocardial dysfunction as an addi-
tional factor for hypotension.

Methods. Fifty-four children «12 years old) admitted to the
All India Institute of Medical Sciences, New Delhi after 15
October 1996 with various grades of the disease, who were fit
to be shifted to the echocardiography laboratory, were exam-
ined clinically and subjected to a detailed M-mode, 2-dimen-
sional and colour doppler echocardiography. Ejection frac-
tions (TeichholzIModified Simpson's) and shortening fractions
were calculated.

Results. Ejection fraction by modified Simpson's rule was
reduced «50%) in 9/54 (16.7%) children; 2 of these had
significant reductions «35%). These 9 children belonged to all
stages of clinical severity. Three of these 9 children who had
a repeat echocardiogram within 2 months of the illness had
improved ejection fractions.

Conclusion. The role of myocardial dysfunction remains to
be defined as there was no correlation with clinical severity.
Myocardial functions need to be assessed in patients with this
disease, especially those who have persistent hypotension in
spite of adequate hydration.
Natl Med J India 1998; 11:59-61

INTRODUCTION
Dengue fever/dengue haemorrhagic fever/dengue shock syn-
drome (DFIDHFIDSS) is a serious public health problem in
Southeast Asia, Latin America and many other tropical countries
including India.' It is endemic in many tropical Asian countries
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where it is among the ten leading causes of death in children aged
1 to 14. During the 1981 epidemic in Cuba there were 344 203
cases, 116 143 hospital admissions and 158 deaths.' In New
Delhi, India an epidemic occurred during August-October 1996,
in which over 7500 cases and over 300 deaths were reported.'

Pathophysiologically, there is considerable capillary leak of
plasma resulting in haemoconcentration and hypovolaemic shock.
Additionally, consumption of platelets causes thrombocytopenia
which can result in serious and sometimes fatal haemorrhagic
manifestations. The World Health Organization (WHO) has pub-
lished guidelines for the management of various stages of the
disease, primarily based on vigorous fluid replacement with
crystalloids.'

At the Department of Paediatrics, All India Institute of Medical
Sciences, New Delhi, a tertiary care centre, we admitted 240
children with this diagnosis during the 1996 epidemic. We en-
countered problems in fluid management of children with DHF/
DSS. There were several children who had persistence or recur-
rence of shock in the presence of abnormally high central venous
pressures (CVP). This questioned the primacy of intravascular
fluid depletion as the only mechanism of hypotension in these

World Health Organization criteria to establish a
diagnosis of dengue fever

The definition of a case of dengue haemorrhagic fever (DHF) consists
of the presence offever, haemorrhagic manifestations including atleast
a positive tourniquet test and perhaps minor or major bleeding pheno-
mena, thrombocytopenia ~1 00 000 platelets per IJI),haemoconcentra-
tion (increase in haematocrit~20%) or objective evidence of increased
capillary permeability.
The diagnosis of dengue shock syndrome (DSS) is made in the

presence of all the above criteria with hypotension or narrow pulse
pressure (s20 mmHg).
Dengue fever is diagnosed when there is fever with or without minor

bleeding manifestations and absence of haemoconcentration along
with platelet counts of more than 100 000 per IJI. If the patient has
features of DHF but no haernoconcentration or objective evidence of
capillary permeability, a label of dengue with unusual bleed is given.
The severity of DHF is classified as follows:

Grade I: Fever accompanied by non-specific constitutional symptoms
(the only haemorrhagic manifestation is a positive tourniquet test)

Grade II: Spontaneous bleeding in addition to the manifestations of
grade Ipatients; usually in the form of skin and/or other haemorrhages

Grade III: Circulatory failure manifested by rapid and weak pulse, pulse
pressure ~O mmHg or hypotenSion with presence of cold clammy
skin and restlessness

Grade IV: Profound shock with undetectable blood pressure and pulse.
Grades III and IV are both termed DSS.
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children. We, therefore, conducted a detailed echocardiographic
evaluation of myocardial functions in 54 children with various
grades ofDHFIDSS admitted after 15 October 1996 (during the
last 2 weeks of the epidemic) who were fit to be taken to the echo-
cardiography laboratory.

PATIENTS AND METHODS
Fifty-four children less than 12years of age who were admitted to
the All India Institute of Medical Sciences, New Delhi with a
diagnosis ofDFIDHFIDSS/with unusual bleeding manifestations
according to the WHO criteria" were included in the study. DHF/
DSS was diagnosed only in the presence ofthrombocytopenia and
raised haematocrit levels and/or presence of serous cavity effu-
sions. Dengue fever with unusual bleeding manifestations was
diagnosed if thrombocytopenia was seen in the setting of a febrile
illness during the epidemic but haematocrit values were not raised
by more than 20% of the baseline/recovery and there were no
effusions. Acute and convalescent samples were drawn for viral
isolation and serology. Viral isolation was carried out in C6/36
Aedes mosquito cell line followed by indirect immunofluores-
cence for identification using the type-specific monoclonal anti-
bodies.'

MAC-ELISA was performed for detection of IgM antibodies
to dengue virus. 6 Children with all grades of severity ofDHFIDSS
were included to see if there was any variation in myocardial
dysfunction.

All children with DFIDHFIDSS with unusual haemorrhage
were monitored and treated according to the WHO guidelines."
Perfusion was monitored by recording pulse rates, blood pressure
with appropriate cuff size and mercury sphygmomanometer,
capillary refill time, temperature of the peripheries, CVP (in
selected cases) and packed cell volume (PCV). Intravenous fluid
therapy was administered as per the WHO criteria. Children with
DF were treated symptomatically and fluids were replaced only if
deficit had occurred due to fasting or vomiting. For Stages I and
II, oral fluids were given in quantities (75 ml/kg over 6 hours)
similar to that of moderate dehydration in diarrhoea. If the child
had vomiting that was not controlled with two doses of oral
metoclopramide, the same volume was given parenterally over 6
hours. Thereafter, fluids were givenad lib orally or at 1500 ml/m?
body surface area per day parenterally with frequent monitoring
of perfusion and PCV. For Stages ill and IV, lactated Ringer
solution was infused intravenously (20 ml/kg body-weight) as
rapidly as possible; if hypotension persisted, 10 ml/kg colloids
(Plasma/Haemaccel") were infused. Where clinical improvement
was seen, lactated Ringer or isotonic saline was infused at 5-10
mllkg/hour for the next 48 hours or till the PCV dropped below 40.
Two-hourly PCV monitoring continued till the child was
euvolaemic for 24 hours. Intravenous fluids were discontinued
when the PCV dropped below 40, or after 48 hours, whichever
was earlier.

An echocardiographic study was undertaken as early as pos-
sible (within 6days) during the course of the illness. All echocardio-
grams were done by a paediatric cardiologist on a Sonos 1500
(Hewlett Packard) machine using a 5 or 3.5 MHz phased array
transducer. Sedation with oral promethazine or triclofos was
used, if necessary. A 2-dimensional and colour doppler examina-
tion was performed to exclude any structural heart defects. M-
mode dimensions of the left ventricle were recorded in all pa-
tients. Shortening fraction and ejection fraction (EF; Teichholz)
were calculated using standard formulae. In all patients with a
shortening fraction less than 30% or EF less than 60% by the
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Teichholz method, LV volumes and EF were calculated using
modified Simpson's method. 7 LV function was considered mildly
reduced if EF by Simpson's method was 35%-50% and signifi-
cantly reduced if it was less than 35%. Repeat echocardiograms at
2 months were planned in all patients with reduced EF.

Children who had high CVP values in the presence of
hypotension were given intravenous dobutamine at the rate of
5 Ilglkg/minute and dopamine at the rate of 2-3 ug/kg/minute for
presumed myocardial dysfunction (since a detailed study was not
possible in those children who were too sick to be shifted to the
echocardiography laboratory in the acute stage).

RESULTS
The mean (SD) age of the children was 6.3 (2.9) years (range 0.5-
12 years). There were 32 girls and 22 boys (F:M ratio of 1.45:1).
The distribution of various stages of DFIDHFIDSS with unusual
bleeding manifestations are listed in Table I.

Dengue II virus could be demonstrated in the C6/36 mosquito
cell line in 4 out of 20 samples. The MAC-ELISA technique
detected dengue IgM antibodies in the sera of26 ofthe 29 patients
obtained during the acute and convalescent phases. Thus evi-
dence of dengue infection was present in 26 out of 29 patients
whose sera were subjected to virological investigations.

None of the 11 patients whose blood pH was examined were
found to have acidosis. In 6 patients in whom a CVP line was
inserted, a reading of more than 13 was recorded in 3 patients, all
of whom were in DHFIDSS Stage IV. Dobutamine/dopamine
infusion was required in 6 patients because of persistent
hypotension despite adequate fluid-replacement, or due to a high
CVP.

A satisfactory echo window could be obtained in all but one
child in whom the apical view was unsatisfactory. Her shortening
fraction by M-mode was 41%. The diastolic left ventricular
internal dimensions were normal in all children (based on body
surface area)." An EF of less than 60% by the Teichholz method
was found in 19/54 (35%) children. Of the 19 children, EF by the
modified Simpson's rule was reduced to <50% in 9 children
(16.7%); the reduction was mild (35%-50%) in 7 (13%) and
significant (EF <35%) in 2 (3.7%) children.

All the children recovered from the illness and were dis-
charged. Three of the 9 children with reduced EF had repeat
echocardiograms within 2 months of their illness. EF by modified
Simpson's rule had improved in all the 3 (48% to 57%, 46% to
50% and 32% to 56%).

DISCUSSION
We were able to document myocardial dysfunction as evidenced
by decreased EF on echocardiography in 9 out of 54 (16.7%)
children with DFIDHFIDSS with unusual bleeding manifesta-

TABLEI. Ejection fraction in different stages of DFIDHFIDSS in
54 children

Clinical grade Number EF (35-50) EF<35

I 2 (3.7) 0 0
II 19 (35.2) 4 (21) I (5.3)
III 12 (22.2) I (8.3) I (8.4)
IV 10 (18.5) I (10) 0
Dengue fever with bleed 11 (20.4) I (9) 0
All stages 54 (100) 7 (13) 2 (3.7)

EF Ejection fraction by modified Simpson's rule'
Figures in parentheses are percentages
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tions during an epidemic in New Delhi. Myocardial dysfunction
was significant in 2 (3.7%) children. All stages of the disease were
associated with dysfunction. However, the small numbers pre-
clude any further tests of statistical significance.

Although there are reports=" of electrocardiographic abnor-
malities in more than one-third of children with DHF, we could
not find any studies of myocardial function by echocardiography.
The findings of a normal CVP in children with electrographic
evidence of myocardial involvement led to the assumption that
there was no myocardial pump failure in DHF. During the period
of recovery, hypertension in the setting of hypervolaemia has
been reported." Bradycardia and occasional ventricular extra-
systoles have been reported in the convalescent phase." DHF/
DSS has been reported to have multi-organ involvement, but
myocardial involvement has not been reported. On autopsy,
petechial haemorrhages are frequently noticed in the intraven-
tricular septum of the heart, on the pericardium and on the sub-
serosal surfaces of major viscera." Myocarditis can occur in
yellow fever, which is caused by a closely related flavivirus. 14The
heart may show myocyte necrosis, fatty subendocardial degenera-
tion with minimal inflammatory changes in fatal cases of yellow
fever. IS However, this epidemic has been clearly demonstrated to
be caused by the Dengue virus type II.

We could not enroll consecuti ve patients since those who were
very sick and in whom a detailed echocardiographic study was not
possible were not included in this study. Hence it is difficult to
comment on the exact incidence. Monitoring of pulmonary cap-
illary wedge pressures would have been more useful in determin-
ing left ventricular filling pressures. In children with a very low
platelet count and bleeding diathesis, the jugular/subclavian route
for blind pulmonary artery catheterization using a flotation cath-
eter was thought to be relatively hazardous and hence not carried
out. It would have been useful to evaluate load-independent
parameters such as wall stress. Since some of our patients were on
dopamine and dobutamine, it might have been possible to alterthe
afterload and assess ventricular contractility .However, the present
study was aimed at.ascertaining whether left ventricular dysfunc-
tion did occur. Also, by the time echocardiograms were performed
in most of these children, all of them were ambulant and hence the
preload and afterload were expected to be relatively normal and
thus would not influence the EF.

Minimal pericardial effusion was seen in 2 of the 54 patients.
These were not drained and resolved spontaneously. Both
patients had normal left ventricular functions.

The WHO guidelines on management of DFIDHFIDSS as-
sumes fluid deficit to be the only reason for hypotension. Since
there is a capillary leak resulting in facial puffiness, ascites and
variable degree of hepatomegaly, assessment of intravascular
deficit is difficult. Monitoring of CVP, where possible, is recom-
mended. However, our results suggest that myocardial dysfunc-
tion may be an additional mechanism for hypotension. Its signifi-
cance remains to be defined as we did not find any relationship

between the functional class or CVP with poor left ventricular
dysfunction. If there is persistent hypotension in the presence of
an accurate estimate of abnormally high CVP, myocardial func-
tions should be evaluated before further intravenous fluid therapy
is contemplated.

It is unlikely that myocardial dysfunction is an effect of
hypoxia consequent to hypovolaemic shock because we observed
abnormalities of myocardial function in all stages of severity of
the disease.

It would have been worthwhile to examine the postmortem
myocardial biopsies for evidence of myocarditis in those children
who died due to persistent hypotension after adequate intrave-
nous hydration. We were unable to find evidence of myocarditis
in 2 postmortem myocardial biopsies during the present epidemic.

The role of myocardial dysfunction needs to be assessed in
larger prospective studies on patients with DHF/DSS.
Echocardiography to assess the myocardial function should be
considered if there is persistent hypotension in spite of adequate
hydration. If myocardial functions are found to be depressed, the
use of inotropic agents should be considered.
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