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Ajibola, E. S., J. O. Oyewale & B. O. Oke, 2016. M-mode left ventricular echocardio-
graphic indices of Trypanosoma brucei infected dogs. Bulg. J. Vet. Med., 19, No 4, 274-280.

This study is aimed at understanding the structural and functional changes that could occur in the left
ventricle of dogs acutely infected with Trypanosoma brucei. Twenty clinically healthy adult dogs of
both sexes with an average weight of 8.4 kg were used for the study. They were divided into infected
and uninfected groups of fifteen and five dogs, respectively. Each dog was intra-peritoneally inocu-
lated with 1 mL of phosphate buffered saline (PBS) diluted blood containing 1x10° of Lafenwa strain
of T. brucei. M-mode echocardiogram of the left ventricle was obtained from right parasternal short
axis view before and at sixteen days after infection. The internal dimension indices were recorded by
the in-built caliper of an ultrasound machine and functional indices obtained using appropriate for-
mula. In both systole and diastole, the left ventricular internal dimensional indices of infected dogs
were significantly lower than values obtained for uninfected dogs (P<0.05). In comparison to control
dogs, the end diastolic volume (EDV) and left venticular mass (LVM) of infected dogs were signifi-
cantly reduced (P<0.05). The ejection fraction (EF) and fractional shortening (FS) of infected dogs
were not statistically different from control dogs (P>0.05). While the reduced end systolic volume
index of infected dogs may be due to their smaller systolic ventricular dimension, LVM reduction in
infected dogs may be attributable to cardiac muscle necrosis. The stability in both EF and FS of in-
fected dogs may result from left ventricular compensatory efforts against sepsis induced myocardial
depression. The preload and after load dependent nature of EF and FS make them unsuitable as can-
didate markers of myocardial dysfunction in acute canine trypanosomiasis
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INTRODUCTION

According to the World Health Organiza-
tion (WHO, 2005), the burden of heart
disease is increasing rapidly and has con-
stituted a public health problem through-
out the African continent. Human African

trypanosomiasis (HAT) is a neglected
tropical disease affecting poor rural
dwellers (Hasker et al., 2012). Therapeu-
tic intervention in HAT patients may not
be successful because many of them with



cardiac form of the disease may also suf-
fer from underlying heart ailment (McCar-
roll et al., 2015). The early detection of
cardiac involvement in HAT is therefore
desirable in order to reduce economic
waste and mortality.

The increasing wave of rural-urban
migration and the role of dogs as reservoir
host of HAT is a major challenge to the
control of the disease. The role of dogs as
reservoir hosts in human trypanosomiasis
is well documented (Matete, 2003; Njiru
et al., 2004). While dogs could serve as a
good model in understanding this disease
in man, there is also the need to ade-
quately diagnose the disease in the dog
population if the disease is to be pre-
vented or controlled in man.

A striking similarity in pathogenesis
and pathology caused by 7. brucei in in-
fected dogs and humans has been noticed.
In both HAT and canine African try-
panosomiasis (CAT), cardiomyopathies
leading to congestive heart failure have
been reported (Morrison et al, 1981;
Blum et al., 2007). The use of T. brucei
infected dog as a model in understanding
the role of the heart in the pathogenesis of
HAT is therefore a priority for researchers
and clinicians.

Several attempts involving the applica-
tion of electrocardiography and cardiac
biomarkers in understanding heart in-
volvement in both HAT and CAT have
been reported (Blum et al., 2007; Ndungu
et al., 2014). None of these approaches
directly assesses cardiac function and size.
The use of echocardiography, a technique
that non-invasively determines cardiac
function and size has not been utilised in
understanding CAT and even HAT.

A major objective of this study would
therefore be to investigate changes in left
ventricular echocardiographic indices in
T. brucei infected dogs. This work is also
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aimed at identifying potential echocardio-
graphic markers of cardiac dysfunction in
acute T. brucei infection of dogs.

MATERIALS AND METHODS

Institutional approval for this study was
granted by the Animal Ethics Committee
of the College of Veterinary Medicine,
Federal University of Agriculture, Abeo-
kuta, Nigeria.

Twenty adult dogs sourced randomly
from local breeders in Abeokuta were
used for this study. The dogs were of
mixed sexes, ranging in weight between 6
and 15 kg. They were acclimatised to
laboratory conditions for two weeks and
screened against trypanosome species and
other haemoparasites. Each of the dogs
was marked on the head with an indelible
marker for ease of identification. The
dogs received all routine vaccinations
against common dog diseases like canine
distemper, leptospirosis, hepatitis, parvo-
virus enteritis and were all certified free
from heartworm. Cardiac health of the
dogs was assessed by auscultation and
ECG examination. Animals with cardiac
abnormalities were excluded from the
study. They were kept in a netted room of
100 m* measuring 10x10 m and fed twice
daily on cooked local foods and fish diet.

The twenty dogs was divided into two
groups: infected and uninfected control.
The infected group comprised 15 dogs
and the uninfected control group — 5 dogs.

Each infected dogs received 1 mL of
1x10° of the parasite in phosphate buff-
ered saline (PBS) intra-peritoneally (Aji-
bola & Oyewale, 2014), while the unin-
fected groups received 1 mL of normal
saline through the same route. Echocar-
diogram was obtained before and at 16
days post infection when the parasite was
expected to have invaded the heart tissue
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and caused parasitic myocarditis (Morri-
son et al., 1981)

A long and short axis para-sternal
echocardiogram of each of the dogs was
taken in standing position without anaes-
thesia. The echocardiographic examina-
tion was conducted with ultrasound scan-
ner (Leidal Medical, England) with con-
vex probe of frequency 5 MHz. An acous-
tic gel was applied at the interface be-
tween the transducer and echo window. A
2D guided M-mode measurements of the
left ventricle at the level of papillary mus-
cle were obtained from the short axis right
parasternal view. The following indices
were obtained using the in-built caliper of
the echocardiograph: left ventricular in-
ternal diameter in diastole (LVIDd), left
ventricular internal diameter in systole
(LVIDs), interventricular septum thick-
ness in diastole (IVSTd), interventricular
septum wall thickness in systole (IVSTs),
posterior wall thickness in diastole
(PWTd), posterior wall thickness in sys-
tole (PWTs). Left ventricular end diastolic
and systolic measurements were taken at
the largest and at the smallest dimensions
between the interventricular septum and
the left ventricular free wall respectively.
Five individual measurement of each vari-
able were obtained and averaged. All
measurements were made according to
standard convention.

The following indices were derived
according to the method of Bonagura
(1983):

Fractional shortening (FS) = (LVIDd —
LVIDs/LVIDd) x100;

Ejection Fraction (EF) = LVIDd’-
LVIDs"/LVIDd’.

End diastolic volume (EDV) and end
systolic volume (ESV) were derived from
the formula of Teicholz et al (1976):

EDV =7(LVIDd)*/2.4 + LVIDd;
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ESV =7(LVIDs)*/ 2.4 +LVIDs.

The stroke volume (SV) in cm® was calcu-
lated as EDV-ESV.

The left ventricular mass (LVM) was
obtained using the formula of Troy ef al.,
1972:

LVM = 1.05(LVIDd+PWTd+IVSTd)* -
(LVIDd)® .

The EDV, ESV, SV and LVM were all
indexed to the body surface area (BSA) to
obtain EDV-I, ESV-I, and SV-I respec-
tively.

Statistical analysis

All data were expressed as mean + stan-
dard deviation. Differences in parameters
between groups were evaluated using Stu-
dent’s t-test for independent samples at a
level of significance P<0.05. All analyses
were done using SPSS version 17.

RESULTS

The results of this study (Table 1) showed
that in both systole and diastole, left ven-
tricular internal diameter, posterior wall
thickness, interventricular septal thickness
of dogs infected with 7. brucei were sig-
nificantly lower than in the control dogs
(P<0.05). The indexed left ventricular
mass (LVM-I) of infected dogs was sig-
nificantly lower than the value obtained in
uninfected controls.

As seen from Table 2, all studied car-
diac function indices of infected dogs like
fractional shortening (FS), ejection frac-
tion (EF), indexed end diastolic volume
(EDV-I) and indexed stroke volume (SV-
I) were not different from values obtained
from control dogs (P>0.05). The indexed
end systolic volume (ESV-I) of infected
dogs was significantly lower than the
value obtained in control dogs (P<0.05).
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Table 1. Left ventricular internal dimension indices (mean+SD) of control (n=5) and 7. brucei in-

fected dogs (n=15).

Left ventricular indices Uninfected Infected P-value
Left ventricular internal diameter in diastole 25.87+7.56 15.75+4.27 0.015
(mm)

Left ventricular internal diameter in systole 11.50+2.50 7.50+2.64 0.047
(mm)

Posterior wall thickness in diastole (mm) 12.37+2.87 7.25£1.50 0.002
Posterior wall thickness in systole (mm) 18.75+4.80 11.75+1.89 0.005
Inter ventricular septal thickness in diastole 10.62+3.54 9.00£1.15 0.04
(mm)

Inter ventricular septal thickness in systole 17.00+3.38 11.75+3.94 0.04
(mm)

Left ventricular mass (g/m?) 275.50£141.06  63.94+39.08 0.013

Table 2. Cardiac function indices (mean+SD) of control (n=5) and 7. brucei infected dogs (n=15).

Cardiac function indices Uninfected Infected P-value
Ejection fraction 0.90+0.06 0.84+0.15 0.38
Fractional shortening (%) 52.39+12.73 51.00+17.45 0.87
Indexed end diastolic volume (m?) 73.60+62.85 21.16+13.25 0.09
Indexed end systolic volume (m?) 8.90+5.81 2.15+1.28 0.03
Indexed stroke volume (m?) 64.68+58.48 19.00+13.88 0.17

DISCUSSION

Although T. brucei infection did not ap-
pear to affect haemodynamic variables
like SV, EDV, FS and EF, all ventricular
internal dimension indices like LVIDd,
LVIDs, PWTd, PWTd, IVSTd and IVSTs
were reduced in infected dogs as reported
for septicaemic dogs (Dickinson et al,
2007). The reduction in the LVM of in-
fected dogs which may have been caused
by a significant reduction in PWT, IVST
and LVID in both diastole and systole has
further laid credence to the report of car-
diac muscle mass destruction by necrosis
and infarction in T. brucei infection (Mor-
rison et al., 1981).
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In this study, depressed myocardial
contractility envisaged is not evident be-
cause there was no significant difference
in the FS and EF of control and infected
dogs. The infected dogs also had EF and
FS of above 40% and 20% respectively.
EF of less than 40% and FS of less than
20% respectively has been proposed as a
diagnostic criterion for dilated cardiomyo-
pathy (DCM) in dogs (Dukes-McEwan,
2003). The systolic function indices (FS
and EF) employed in this study are after-
load dependent (Mabhler et al., 1975), and
so favorable loading conditions could
mask the effects of depressed myocardial
contractility which otherwise could pro-
duce a low EF and FS (Ross, 1983). In
anaemic conditions, preload has been re-
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ported to increase as a result of decreased
peripheral resistance and afterload de-
creased as a result of lowered blood vis-
cosity. A favorable afterload and preload
condition would most likely enhance
myocardial performance in the face of
myocardial depression often experienced
in septic conditions like CAT. Often with
time patients with sepsis induced myocar-
dial depression have normal cardiac out-
put. This depression is caused by various
mechanism like aptosis of the cardiovas-
cular centers in the medulla, mitochon-
drial dysfunction, and down regulation of
adrenergic receptors (Rudiger & Singer,
2007). In mild form of myocardial de-
pression, normal cardiac pump function
can often be maintained by compensatory
mechanism. In a canine model of acute
normovolemic anaemia echocardiographic
evidence of left ventricular hyperdynamic
response to anaemia has also been re-
ported. It was found that the severely
anaemic dogs had increased FS and EF.

At less than 30 mL/m* the ESV-I of
both infected and control dogs are within
the reference range for dogs (Freeman et
al., 1996). The decreased ESV-I, rather
than the expected increase in ESV-I of the
infected dogs (Dickinson et al, 2007)
could either be caused by favorable after-
load condition or the reduced systolic
volume of infected dogs. This reduction
in ESV-I may have little or nothing to do
with EDV-I and SV-I, both of which were
not affected by the infection.

Studies conducted on sheep and cattle
have shown that T. congolense caused a
significant increase in blood and plasma
volume of the infected animals (Dargie et
al., 1979; Katunguka-Rwakishaya et al.,
1992). Recently, evidence of increased
plasma volume has also been found in
canine babesiosis (Schetters et al., 1997).
Although plasma volume determination
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was not included in this study, a possible
increase in plasma volume of the infected
dogs will have a dramatic effect on the
haemodynamic indices. The expected
blood volume increase in the infected
dogs could cause hypovolemic anaemia,
reduced peripheral resistance, increased
preload which may ultimately lead to an
increase in EDV, SV and CO thereby neu-
tralising the envisaged sepsis induced
myocardial depression.

In conclusion, T. brucei infection in
this study affected left ventricular cham-
ber dimension without affecting the car-
diac function indices like EF, FS, EDV-I,
and SV-I. The compensatory left ventricu-
lar hyperdynamic response to anaemia and
myocardial depression is possibly the rea-
son for this.

In acute T. brucei infection, the use of
functional indices like EF, FS as a diag-
nostic criteria of myocardial dysfunction
is not recommended as they are both pre-
load and after load dependent. The use of
left ventricular internal dimension indices
and LVM as diagnostic marker of acute
canine trypanosomiasis is therefore pro-
posed.
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