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Hemodynamic profiles of patients
with dengue hemorrhagic fever during toxic
stage: an echocardiographic study

Abstract Objective: To study left
ventricular performance and hemo-
dynamic abnormalities during differ-
ent stages of dengue hemorrhagic
fever (DHF). Design and setting: Ob-
servational study in a tertiary medi-
cal school hospital. Patients: Twenty-
four patients with serologically con-
firmed diagnosis of dengue virus in-
fection and DHF according to the
WHO criteria. Methods: Echocardi-
ography was performed during toxic,
convalescent stages and at least

2 weeks after discharge (recovery).
Left ventricular ejection fraction,
rate-corrected velocity of circumfer-
ential fiber shortening adjusted for
end-systolic meridional wall stress
(VCFC/ESS) Z score, end-diastolic
volume Z score, cardiac index, heart
rate, mean arterial pressure, and total
systemic vascular resistance (SVR)
were compared between different
stages of DHF. Results: Ejection
fraction and VCFC/ESS were signif-
icantly lower during the toxic stage
than after recovery. End-diastolic

volume was low during toxic stage
and returned to normal during con-
valescence and recovery. Cardiac in-
dex was low during the toxic stage
due to decreased preload (low end-
diastolic volume) and depressed left
ventricular ejection fraction. Cardiac
index remained subnormal during
convalescence due to sinus bradycar-
dia. Wide variation in heart rate dur-
ing toxic stage resulted in a small,
nonsignificant increase compared to
recovery. With treatment, heightened
SVR resulted in relatively normal
mean arterial pressure throughout the
course of the illness. Conclusions: The
mechanism of decreased cardiac out-
put during toxic stage of DHF is
complex. Decreased preload is ac-
companied by decreased left ventric-
ular performance, and possibly a
subnormal heart rate response in
some patients.
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Introduction

Dengue virus infection is one of the most important
emerging infectious diseases affecting children in tropi-
cal countries [1]. Dengue hemorrhagic fever (DHF) oc-
curs in some patients infected with the virus. Low cardi-
ac output and shock are one of the most serious compli-
cations in DHF and may lead to death. Shock in DHF
has been attributed largely to decreased intravascular
volume from capillary leakage of plasma into interstitial

space [2]. However, a few recent studies report a possi-
ble impairment of cardiac function in patients with DHF
[3, 4]. The purpose of this study was to evaluate the left
ventricular performance and hemodynamic abnormalities
during toxic stage of DHF using echocardiography. Rate-
corrected velocity of circumferential fiber shortening ad-
justed to the left ventricular wall stress (VCFC/ESS), a
load-independent index of left ventricular contractility
[5], was used as well as the ejection fraction as the indi-
ces for left ventricular performance.
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Table 1 Demographic and clinical data of 24 patients with dengue
hemorrhagic fever (DHF) [grade I fever with nonspecific symp-
toms, no clinical hemorrhage except positive tourniquet test and/or
easy bruising, grade II spontaneous bleeding in addition to the
manifestations of grade I patient,grade I1I circulatory failure man-

ifested by rapid, weak pulse and narrowing of pulse pressure
(<20 mmHg) or hypotension, with the presence of cold, clammy
skin and restlessness, grade IV profound shock with undetectable
blood pressure or pulse]

Age (years)
Sex: M/F
Duration of fever before the first echocardiogram (days)

Grade of DHF [6]

I

I

I

v

Heart rate at the diagnosis of DHF (bpm)

Mean arterial blood pressure at the diagnosis of DHF (torr)

Number of patient with narrow pulse pressure (<20 mmHg) and clinical signs of circulatory failure+hypotension?
Amount of intravenous fluid given before the first echocardiogram (ml/body surface area m?)

Maximum hematocrit (%)

White blood count (per mm?)
Platelet count (per mm3)

Serum blood urea nitrogen (mg/dl)
Serum creatinine (mg/dl)

10.8+2.8
13/11
4.9+1.2

4 (17%)
10 (42%)
10 (42%)

95.8+19.7
78.8+8.0
10 (42%)
677+625
47.1+4.2
3,655+1,825
52,000+31,000
14.4+3.55
0.76+0.15b

aWHO definition of dengue shock syndrome or grade III or IV DHF

bFrom ten patients in whom the tests were performed

Materials and methods

Study patients

The study was carried out in 24 children admitted with the diagno-
sis of DHF to King Chulalongkorn Memorial Hospital, Bangkok,
Thailand, during April 2000—October 2001. Their demographic
and clinical data are presented in Table 1. Serological studies
(hemagglutination inhibition method) of acute and convalescent
serum confirmed acute dengue viral infection in all subjects. DHF
was diagnosed by the World Health Organization case definition
[6] which includes (a) fever of 2—7 days, (b) hemorrhagic tenden-
cies, (c) thrombocytopenia (<100,000/mm3), and (d) evidence of
plasma leakage by rising of hematocrit more than 20% or presence
of pleural effusion and/or ascites. No patient had prior history of
heart disease or received intravenous inotropic support. The re-
search protocol was approved by the Institutional Ethics Review
Committee of the Faculty of Medicine, Chulalongkorn University.
Informed consent was obtained from an appropriate guardian of
each patient prior to enrollment.

Echocardiography

Echocardiographic studies were performed by one of the investi-
gators (A.K. or M.S.) within 12 h of diagnosis of DHF, using Acu-
son 128XP/10 (Acuson, Mountain View, Calif.,, USA) or Aloka
Prosound SSD5500 (Aloka, Tokyo, Japan) imaging system. An
M-mode scan of the left ventricle obtained from a standard para-
sternal long-axis view, at the level of mitral valve tip was recorded
on tape simultaneously with the electrocardiography and phono-
cardiography. Blood pressure was measured by oscillometric
method (Dinamap 1486SX, Critikon, Tampa, USA) at the time of
the echocardiography and the averaged value from three measure-
ments was calculated. The study tapes were later reviewed ran-
domly and measurements were carried out using the software pro-
vided with each echocardiographic machines, by two investigators
(S.M. and A.K.), and the averaged values were used for further
analysis. End-diastole was defined as the time at the onset of QRS
complex and end-systole as the time at the first high frequency

component of the second heart sound (S2) on phonocardiography.
The following echocardiographic variables were collected: end-di-
astolic dimension (EDD, cm), end-systolic dimension (ESD, cm),
posterior wall thickness at end-systole (ESPW, cm), ejection time
(ET, s), and RR interval (s). Ejection time was measured from the
earliest anterior motion of the left ventricular posterior wall endo-
cardium to end-systole. All measurements were performed accord-
ing to the American Society of Echocardiography guideline [7] in
three consecutive heartbeats, and the averaged values were used
for further calculation. Mean arterial pressure (MAP, torr) was
used in lieu of end-systolic blood pressure for the calculation of
end-systolic wall stress [8]. Echocardiography was repeated at fol-
low-up at least 2 weeks after admission (at recovery). Seventeen
patients (of 24) also had echocardiography on the last day of hos-
pitalization, and the data were used to represent convalescent
stage. These 17 patients recovered from DHF, had stable vital
signs, and required no intravenous fluid at the time of echocardi-
ography. The same echocardiographic machine was used for the
same patient throughout the study. The following formulas were
used for calculation of left ventricular performance index [5, 7, 9]:

— Fraction shortening (FS)=(EDD-ESD)/EDD

— End-diastolic volume (EDV) (Teichholz’s method)=[7.0/(2.4+
EDD)]*EDD3

— End-systolic volume (ESV) (Teichholz’s method)=[7.0/(2.4+
ESD)]*ESD3

— Ejection fraction (EF)=(EDV-ESV)/EDV

— Velocity of circumferential fiber shortening (VCFC)=FS/ET

— Rate-corrected VCFC=FS/(ET/square root of RR interval)

— Meridional end-systolic wall stress (ESS)=[(1.35)(MAP)(ESD)]/
{[(H)(ESPW)][1+(ESPW/ESD)]}

— Heart rate (HR)=60/RR

— Cardiac index (CI)=(EDV-ESV)(HR)/body surface area (BSA,
m?2)

— Total systemic vascular resistance (SVR)=mean arterial pres-
sure (MAP)/CI

Z scores of VCFC/ESS and EDV were derived based on the

number of standard deviations from the normal population mean

[5, 9].
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Treatment of DHF

DHF was treated by house staff and attending staff of our depart-
ment according to WHO [6] guidelines. Echocardiographic data
were not provided to the clinician unless specifically asked for. All
patients in this study received intravenous fluid as dictated by
their clinical severity prior to echocardiography.

Statistics

Paired ¢ test and analysis of variance with repeated measures were
used to compare hemodynamic variables between stages of DHF.

w4
IS

Data are expressed as mean +SD. Statistical significance is de-
fined as p<0.05.

Results

The first echocardiograms (toxic stage) were performed
4.6+3.0 h after the diagnosis of DHF. The echocardio-
grams representing convalescent and recovery stages of
DHF were performed at 55.8+16.5 h and 29+23.6 days
after the first echocardiogram, respectively. Echocardio-
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Table 2 Hemodynamic variables during toxic stage (at the time of
echocardiogram) compared to after recovery (CI cardiac index,
EDV left ventricular end-diastolic volume, EF left ventricular
ejection fraction, NS nonsignificant, SVR total systemic vascular
resistance, VCFC/ESS rate-corrected velocity of circumferential
fiber shortening/end-systolic wall stress relationship)

Variables During toxic ~ After )4
stage recovery
EF (%) 53.3+9.0 59.4+4.9 0.001
VCFC/ESS Z score —2.1£2.5 -0.9£1.2 0.03
EDV Z score —1.4+1.3 -0.4+1.5 <0.001
SVR (Wood units) 37.1x11.5 27.3x10.3  0.003
CI (1 min~! m=2) 2.7+0.8 3.3+0.9 0.005
Heart rate (bpm) 90.8+18.4 85.6x12.6 NS
Mean arterial pressure (torr) 80.9+6.0 80.9+10.6 NS

graphic variables during toxic stage compared with after
recovery are presented in Table 2. The indexes of left ven-
tricular systolic function (both EF and VCFC/ESS Z score)
and index of preload (EDV Z score) were significantly
lower during toxic stage. Systemic vascular resistance was
significantly elevated during the toxic stage, resulting in
similar mean arterial pressure despite decreased cardiac
output caused by both decrease in preload and EF. The
heart rate showed a small but nonsignificant increase dur-
ing toxic stage compared to after recovery. While end-dia-
stolic volume was uniformly low during toxic stage in all
patients, there was a high degree of individual variation in
ejection fraction, VCFC/ESS Z score and heart rate during
toxic stage. Figure 1 demonstrates the changes in EF,
VCEC/ESS Z score, EDV Z score, SVR, CI, HR, and MAP
during toxic, convalescent and recovery stages of DHF.

Discussion

Low cardiac output and shock are one of the most seri-
ous consequences of dengue virus infection. Rising he-
matocrit, evidence of plasma leakage into abdominal and
pleural cavity, and relatively normal central venous pres-
sure [10] suggest intravascular hypovolemia as the cause
of shock in DHF. Cardiac function was not previously
thought to be significantly affected.

In 1998 Wali et al. [3] reported significantly lower in
left ventricular EF in adult patients during toxic stage of
DHF than after recovery. In the same year Kabra et al.

[4] similarly reported decreased ejection fraction (<50%)
in 16.7% of children with DHF. While ejection fraction
is widely used as an index of left ventricular contractili-
ty, its value is sensitive to changes in preload and after-
load of the left ventricle. Since diminished preload com-
monly occurs in a patient with DHF, a question still
remains whether the left ventricular contractility is
depressed in DHF [3].

Velocity of the left ventricular circumferential fiber
shortening adjusted for end-systolic wall stress is an in-
dex of left ventricular contractility that is insensitive to
change in preload and incorporates afterload [5]. It is
one of the most accepted methods to evaluate myocardial
contractility noninvasively. In this study we found that
the VCFC/ESS Z score was low and significantly de-
pressed compared to the value taken after the patients re-
covered from DHF. This finding indicates that myocar-
dial contractility is impaired during toxic stage of DHF.
The degree of depressed left ventricular contractility was
mild (ejection fraction >45%) in most patients. The de-
gree of cardiac dysfunction also varied markedly with
some patient actually showed an increase in contractility
during the toxic stage. In most patients with this degree
of myocardial dysfunction, inotropic support would not
be required to maintain hemodynamic stability and can-
not replace early and effective replacement of plasma
lost as the mainstay of treatment for DHF.

Two other important responses to maintain cardiac out-
put and blood pressure during shock are increased heart
rate and systemic vascular resistance. While systemic vas-
cular tone is well maintained during DHF, the degree of
heart rate response varies. Heart rate is significantly lower
during the convalescent stage, a well recognized phenom-
enon in DHF [6]. One of the usual beliefs is that an in-
crease in preload and cardiac output due to reabsorption of
fluid during convalescent stage is the cause of this sinus
bradycardia. Our findings disagree with this hypothesis
because neither supernormal preload nor high cardiac out-
put was seen during convalescent stage of DHF. In fact,
the cardiac output during convalescent stage was still lower
than normal primarily because of sinus bradycardia.
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