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ABSTRACT

Our understanding of the etiology of Dilated Cardiomyopathy (DCM), which affects about 5% of turkeys, is
limited. This limitation may be due to the lack of an easy-to-use diagnostic tool with well-defined parameters
and does not involve necropsy. This lack of a widely tested non-necropsy method makes it difficult for a large-
scale study of the genetic factors that underlie DCM. Here, we Evaluated Echocardiography (ECHO) for its
ease and reliability for identifying DCM-affected turkeys from hatch to four weeks-of-age. The parameters
evaluated included Left Ventricular Internal-Diastolic (LVIDd), Internal-Systolic Dimension (LVISd),
Interventricular Septum End-Diastolic (IVSEd), Interventricular Septum End-Systolic (IVSEs), Left
Ventricular Wall End-Systolic (LVWEs) and Left Ventricular Wall End-Diastolic (LVWEd). To induce
DCM, feed containing 700 ppm of Furazolidone (Fz) was fed to turkey poults from one to 28 days-of-age. The
LVIDd and LVISd were the most consistent indicators of DCM. Both parameters revealed differences
between control and treatment poults of between 25 and 326% at the 4 ages at which ECHO measurements
were taken. The average difference in LVIDd between control and poults fed Fz-containing diets ranged from
25% in one week-old to 80% in 4-week-old poults. At similar ages, average differences between control and
poults fed Fz-containing diets in LVISd were 74 and 326% respectively. Necropsy of poults that survived to
the end of the 4-week Fz-treatment confirmed these ECHO measurements in treatment and normal poults. Our data
suggest that using LVIDd and LVISd as parameters make ECHO a reliable tool for identifying DCM in turkeys.
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1. INTRODUCTION

Continued increase in the growth of the turkey
industry is due to the increasing consumer demand for
turkey as a non-holiday meat item and the use of genetic
and non-genetic approaches to increase growth rate and
body weight of commercial turkeys (Frame et al., 1999).
The gains in production characteristics appear to have
been made at the expense of other important
physiological traits leading to increased susceptibility to
diseases such as Dilated Cardiomyopathy (DCM) or
Round Heart Disease (RHD) (Frame et al., 1999).

In commercial turkeys, RHD is believed to be
responsible for almost 10% of poult mortality from
hatch to 4 weeks-of-age (Frame et al., 1999). Despite
this economic loss to the turkey industry, the etiology
of RHD remains poorly understood (The Merck
Veterinary =~ Manual, online  version,  2004).
Understanding the etiology of RHD in the turkey may
also contribute to our understanding of human DCM
because of the reported similarities of the turkey and
human heart (Genao et al., 1996).

Diagnostic tools that have been used to identify
turkeys with DCM have primarily been necropsy and to
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a limited extent, echocardiography and
electrocardiography (Hunsaker, 1971; Czarnecki, 1980;
Czarnecki and Good, 1980; Wideman et al, 1998).
However, necropsy and electrocardiography are often of
limited practical use in the field (The Merck Veterinary
Manual, online version, 2004: Accessed July 2012).
Necropsy, for example, cannot be used for investigations
that involve multi-generational studies including parent-
offspring correlation analysis. On the other hand,
electrocardiogram is expensive and can only be efficiently
used for older birds often past the age that they are most
susceptible to DCM. Though Echocardiography (ECHO)
has previously been used as a diagnostic tool in birds at or
around 4 weeks-of-age, it remains unclear which ECHO
parameters are most efficient for the identification of
DCM-affected birds from 0 to 4 weeks-of-age (Wu et al.,
2004). To be useful, ECHO requires the establishment of
baseline parameters that can be referenced in the diagnosis
of the incidence and severity of DCM. In the present
study, we evaluated the use of ECHO for the diagnosis of
DCM in poults from hatch to 4 weeks-of-age, using
several ECHO-based measurements including the Left
Ventricular Internal-Diastolic (LVIDd), Left Ventricular
Internal-Systolic (LVISd), Interventricular Septum End-
Diastolic (IVSEd), Interventricular Septum End-Systolic
(IVSEs), Left Ventricular Wall End-Systolic (LVWEs)
and Left Ventricular Wall End-Diastolic (LVWECJ).

2. MATERIALS AND METHODS

2.1. Animals

Fifty day-old poults obtained from a commercial
hatchery were used. The poults were randomly divided
into a control and a treatment group of 25 each and raised
according to standard protocols (Nesheim et al., 1986).
The treatment group was fed a standard turkey poult diet
containing 700 parts per million furazolidone (Gwathmey
et al., 1999; Liao et al., 1996; 1997). Both groups of
poults were fed ad libitum throughout the four-week
study. Body weight was recorded weekly for all poults.

2.2. Diagnosis of DCM

A portable Aloka ECHO machine with a 7.5MHz
transducer was used to obtain weekly readings in the
M-Mode of heart measurements on unsedated, resting
animals. The poults were restrained laying on the right
side and a transducer with coupling gel was placed in-
between the intercostal cartilage. The rational for using
the M-Mode is that it generates a one-dimensional view
of small portions of the heart which allow for the
detection of axial motion of structures parallel to the
beam (Nyland and Mattoon, 1995). The dimensions
included in the measurements were the Left Ventricular
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End-Diastolic (LVIDd), Left Ventricular End-Systolic
(LVISd), Interventricular Septum End-Diastolic
(IVSEd), Interventricular ~ Septum  End-Systolic
(IVSEs), Left Ventricular Wall End-Systolic (LVWEs)
and Left Ventricular Wall End-Diastolic (LVWEd).

2.3. Shortening Fraction

The in vivo contractile performance of the heart of
each poult was estimated according to Wu et al. (2004)
using the equation:

[(LVIDd-LVISd)/LVIDd)]x100

The rationale is that the shortening fraction
estimates the left ventricular performance based on the
ratio of the change in the diameter of the left ventricle
in diastole and systole.

2.4. Necropsy

To wvalidate the ECHO diagnosis, poults that
survived to 4 weeks-of-age were weighed and
euthanized by cervical dislocation after which the
hearts were dissected; atria and large vessels removed
and the remaining left and right ventricles were
trimmed off and weighed separately (Hunsaker et al.,
1971). Histopathology was conducted after fixation in
10% buffered formalin for twenty-four hours. Tissue
sections were stained with hematoxylin and eosin and
viewed using standard light microscopy.

2.5. Statistical Analysis

Statistical analysis was conducted in SAS using
General Linear Model (GLM) procedure to evaluate
differences between control and Fz-treatment means.
The Student t-test was used to evaluate pair wise
differences with significance set at p<0.05 (SAS, 2004).

3. RESULTS

Echocardiographic (ECHO) measurements of
ventricular dimensions and body weight of treatment and
control pouls are presented in Table 1. Poults on normal
diet were heavier than those on Furazolidone (Fz)
containing diets, though the differences were significant
(p<0.05) only at 21 and 28 days-of-age. The slower
increase in body weight of poults fed the Fz-containing
diet appeared to be an early sign of abnormality. Like
body weight, some ECHO parameters like LVIDd and
LVISd showed differences between poults on normal
and Fz-containing diets as early as 7 days-of-age (Table
1). As shown in Table 1, LVIDd of Fz-diet fed poults
increased 25, 32, 47 and 80% higher in week 1, 2, 3 and
4, respectively, compared to that of control poults.
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Table 1. Average weekly weight and echocardiography measurements in control (CTL) and poults fed Fz-containing diets (TRT)

Body weight(g) LVIDd(cm) LVISd(cm) IVSEd(cm) IVSEs(cm) LVWEs(cm) LVWEd(cm)
Week CTL TRT CTL TRT CTL TRT CTL TRT CTL TRT CTL TRT CTL TRT
1 137.16  133.04° 040" 050 0.15° 026 0.19° 0170 029° 026 027 0.25° 0.16¢  0.14°
2 303.61°  281.03* 046" 0.61° 0.17° 033" 025 023" 035  0.33° 0.34° 0.33° 021*  0.19°
3 521.40°  400.44° 0.57°  0.84”  021* 0.62" 025" 033> 039°  030° 038 0.33° 0.20°  0.19°
4 880.17"  564.06° 0.70° 126" 027° 1.15" 034 017 048" 022 0.44% 0.21° 028"  0.16°

where LVIDd, LVISd, IVSEd, IVSEs, LVWEs, LVWEA are left ventricular end-diastolic dimension, left ventricular end-systolic
dimension, interventricular septum end-diastolic, interventricular septum end-systolic, left ventricular wall end-systolic, left
ventricular wall end-diastolic respectively, as determined from ultrasound measurements by echocardiography. *°: Measurements
in the same row with different alphabetic superscript are statistically significantly *p<0.05

Table 2. Ventricular and heart weight of control and poults fed Fz-containing (TRT) after necropsy at four weeks-of- age

Week 4 Body weight (g) RVW (g) LVW (g) WOH (g) Apex-Thorax(mm)
Control (18)  839.02+12.00" 0.70+0.13% 3.08+0.48" 3.87+0.66% 21.12£1.19°
Treatment (9)  545.89+79.76 0.5620.18" 2.67+0.68 3.37+0.86 19.99+2.22°

Where: RVW, LVW and WOH represent the right ventricular weight, left ventricular, weight and whole heart weight,
respectively. *°: Means + S.E. with the same superscript are not different. *p<0.05
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Fig. 1. Fractional shortening (ejection fraction) of the heart from control (CTL) and poults fed Fz-containing diet fed turkey
poults (TRT). Significant decrease in TRT poults after 2 weeks-of-age. Means + S.E

The LVISd showed a similar though smaller trend. In measurements taken at 3 weeks-of-age showed the
week 4, the LVISd of Fz-containing diets fed poults was treatment poults fed Fz-containing diets to have
4-fold larger than those of normal poults (Table 1, Fig. 2 significantly (p<0.05) larger ventricular dimension over
and 3). Similarly, fractional shortening measurment was the control. While at week 4, poults fed normal diets had

significantley for poults fed diets containning Fz when significantly larger IVESd, IVSEs, LVWEs and LVWEd
compared to those on normal diets (Fig. 1). Differences (Table 1). In addition to weight and ECHO, further
were by as much as 20 to 600% (Fig. 1). This difference support for the detrimental effects of the toxic diet was the

in dilation may account for the differences in the weights progressive increase in mortality from 7 days-of-age and
of the right ventricle, left ventricle, whole heart and the peaking at 14 days-of-age.
measurement from the apex to the thorax obtained from Necropsy measurements validated the ECHO

necropsy (Table 2). The other ECHO parameters diagnostics of DCM-affected and normal poults. The
evaluated including IVESd, IVSEs, LVWEs and LVWEd necropsy showed that the hearts of poults fed Fz-
showed inconsistent and no significant differences containing diets had significant dilation of the left
(p>0.05) between poults fed Fz-containing diets and ventricle and thinning of the left ventricle free wall
control  (Table 1). Echocardiographic =~ IVESD and ventricular septum (Table 2).
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Histopathological examination of poults with DCM
revealed degeneration of myocytes, B-cells with
vacuoles, necrotic cells deep in the left ventricle and
extensive inflammation with a significant number of
lymphocytes (Fig. 4). In the control group, however,
only minimal degeneration of myocytes and necrosis of

the left ventricle were apparent (Fig. 5). These
observations confirmed the diagnosis made by ECHO in
identifying poults as DCM affected or normal. The gross
morphological observations were also consistent with
characteristics defined by others for DCM-affected
poults (Jawad, 1996).
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Fig. 2. M-mode echocardiographic image of left ventricle from a poult fed Fz-containing diet at 4 weeks-of-age. The numbers shown on
the right hand side used for diagnosis are the left ventricular internal-diastolic and systolic dimension, 2.43 and 2.17 cm, resp
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Fig. 3. M-mode echocardiographic image of left ventricle from a poult fed normal diet at 4 weeks-of-age. The numbers shown on the
right hand side used for diagnosis are the left ventricular internal-diastolic and systolic dimension, 0.95 and 0.90 cm, resp
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Fig. 4. Organ; Cross section of the heart of a poult fed Fz-
containing diets (diagnosed as dilated cardiomyopathic
using echocardiography) showing increased necrosis,
epicarditis, vacuolation, as well as significant
degeneration of myocytes deep in left ventricle.
Hematoxylin and eosin staining. Bar = 10Xum

Fig. 5. Organ; Cross section of the heart of control (normal)
poult showing small superficial region of vacuolation,
some necrosis deep in left ventricle. Hematoxylin and
eosin staining. Bar = 10Xum

4. DISCUSSION

In this study, we found increased left ventricular
measurements LVIDd and LVISd for poults fed Fz-
containing diets compared to control group poults at 4
weeks-of-age. The toxic levels of Fz added to the diets
of poults may have resulted to a combination of
myocyte injury and necrosis associated with
myocardial fibrosis, which led to impaired mechanical
function leading to ventricular dilation (Goldstein ez al.,
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1998). Also addition of Fz may have led to direct
toxicity or mechanical insults such as; chronic volume
overload in mitral valvular regurgitation with myocyte
failure and cytoskeletal uncoupling of the chambers
leading to dilation (Goldstein er al., 1998). The
differences observed between LVIDd and LVISd for
poults fed Fz-containing diets and those in the
control group are similar to that of Wu et al. (2004),
which reported increased left ventricular dimension
for poults fed Fz-containing diets. More so, a review
by Vlahovic and Popovic (1999), reported impaired
left ventricular diastolic function to be one of the
abnormalities associated with cardiac diseases
accompanied by changes in filling patterns in humans,
from delayed relaxation, through pseudo-normalization
and, finally, to  restrictive filling. Left ventricular
diastolic dysfunction has also been reported in patients
with hypertensive or valvular heart disease as well as in
hypertrophic and DCM (Mandinov et al., 2000).
Andrade et al. (2005) tested the surgical technique
plication of the left ventricular free wall, to reduce left
ventricular area and volume and improve left ventricular
systolic function, without using a cardiopulmonary bypass
in crossbred dogs. They reported plication of the left
ventricular free wall to reduce left ventricular area and
volume and improve left ventricular systolic function in
crossbred dogs with doxorubicin induced cardiomyopathy
giving low morbidity and mortality which is similar to the
findings in our study.

5. CONCLUSION

Here we have shown that ECHO as a diagnostic tool
consistently identifies poults with Fz-induced DCM
from 2 weeks-of-age, but it can detect the development
of DCM in poults as young as 1 week. This can be
useful in commercial turkey production and
management. Furthermore, the use of ECHO eliminates
the impracticality —of using necropsy and
electrocardiography for the diagnosis of DCM. Though
relatively expensive, ECHO will allow diverse
investigations including genetic and molecular research
to further define the etiology of DCM. ECHO is a
relatively easy tool to use and appears to yield
measurements of dimensions indicative of DCM that
are consistent with those obtained through necropsy.
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