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SHORT ABSTRACT:

Here we describe, step by step, a detailed protocol for performing echocardiography in the rabbit
model. We show how to correctly obtain the different echocardiographic views and imaging
planes, as well as the different imaging modes available in a clinical echocardiography system
routinely used in human and veterinary patients.

LONG ABSTRACT:

Large animal models such as the rabbit are valuable for translational preclinical research. Rabbits
have a similar cardiac electrophysiology compared to that of humans and that of other large
animal models such as dogs and pigs. However, the rabbit model has the additional advantage of
lower maintenance costs compared to other large animal models. The longitudinal evaluation of
cardiac function using echocardiography, when appropriately implemented, is a useful
methodology for preclinical assessment of novel therapies for heart failure with reduced ejection
fraction (e.g. cardiac regeneration). The correct use of this non-invasive tool requires the
implementation of a standardized examination protocol following international guidelines. Here
we describe, step by step, a detailed protocol supervised by veterinary cardiologists for
performing echocardiography in the rabbit model, and demonstrate how to correctly obtain the
different echocardiographic views and imaging planes, as well as the different imaging modes
available in a clinical echocardiography system routinely used in human and veterinary patients.
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INTRODUCTION:

Longitudinal evaluation of cardiac function in large animal models is a robust research
methodology commonly used for the assessment of the effects of novel therapies for treating
ischemic and non-ischemic cardiomyopathy. Amongst the several cardiovascular imaging
techniques available for preclinical research, echocardiography has been used extensively
because of its non-invasive and portable characteristics. In experienced hands, echocardiography
is also a very reproducible imaging technique to study cardiac anatomy as well as systolic and
diastolic function of the heart.

Large preclinical animal models such as pigs, dogs and rabbits, are paramount for preclinical
translational research®3. Indeed, the potential benefit of novel therapies such as cardiac
regenerative medicine in the setting of cardiomyopathy requires extensive hypothesis testing in
large preclinical models before they can be considered for human use?*. Compared to other large
preclinical models, the rabbit model offers some advantages, including its low maintenance cost,
which is comparable to that of mice and rats. However, in contrast to mice and rats, the Ca*?
transport system and cardiac electrophysiology are similar in rabbits as those of humans, and
those of other large animal models such as dogs and pigs, thus increasing the translational
potential of the rabbit model'>. Therefore, the rabbit, as a large experimental preclinical model,
has an exceptional balance of cost and reproducibility for preclinical translational research.

The rabbit has the additional benefit of its amenability for echocardiographic imaging using
clinical ultrasound units routinely used in human and veterinary patients, thus taking advantage
of the superiority of harmonic imaging and state-of-the-art technology. For this, sector
transducers (also known as phase array) of relatively high frequency (up to 12 MHz), such as
those used in neonatal/pediatric cardiology, are preferred. Echocardiographic examination in the
rabbit preclinical model allows the complete evaluation of systolic and diastolic function using
multiple views and different modes available in modern echocardiographic units (e.g. continuous
wave Doppler (CWD), pulsed-wave Doppler (PWD), and Tissue Doppler imaging (TDI)).

Echocardiography is an operator-dependent technique and therefore requires extensive training
and core knowledge of the technique in accord with international guidelines. Part of this training
can be facilitated with the visualization of videos explaining in detail how different
echocardiographic views can be obtained. The achievement of high competency in
echocardiographic imaging, as well as development of a standardized protocol and correct
technique, are essential to minimize the influence of the operator and to generate reliable
guantitative data, as required in rigorous scientific research.

Some considerations are necessary regarding the system and laboratory setup used for
echocardiography in rabbits and other large animal models. For a standard transthoracic
echocardiographic evaluation of cardiac function, the ultrasound system must include the
following modalities: bi-dimensional mode (B-mode or 2D), motion mode (M-mode), color
Doppler, as well as CWD, PWD and TDI. Moreover, the machine should have full cardiac analysis
and measurement software installed, as well as sufficient internal hard drive space to store
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enough high quality digital still images and video loops for offline analysis. Some systems use
linear array transducers; however, for the best imaging of the heart, phased array sector
transducers with a small scan head diameter are preferred, because these allow an easier
passage of the ultrasound waves through the narrow intercostal spaces. For rabbits, we use
relatively high frequency transducers (up to 12 MHz). The position of the animal for imaging is of
utmost importance to acquire good quality images. Thus, both right and left lateral recumbent
positions are recommended to obtain all standard imaging planes during an echocardiographic
examination. For this, a table with a notch that coincides with the cardiac area of the chest is
advisable (Figure 1A). This notched table facilitates the access with the transducer to the area of
the chest that will be scanned, and therefore allows free mobility of the hand of the operator
whist maintaining the best scanning position of the animal. Positioning the animal in a lateral
recumbent position results in a fall of the heart towards the transducer and elevation of the
lungs, as well as widening the access window of the ultrasound beam through the intercostal
spaces, thus improving overall imaging quality (Figure 1A). The echocardiographic examination
should be performed in a blinded fashion and following the guidelines of the Echocardiography
Committee of the American College of Veterinary Internal Medicine and the American Society of
Echocardiography/European Association for Cardiovascular Imaging®2.

Part of our scientific team is associated with the Cardiology Service of a Veterinary Teaching
Hospital that attends daily to veterinary patients (e.g. dogs and cats), for which it has the relevant
training and accreditation in veterinary cardiology and echocardiography, and its different
imaging modalities, as well as extensive experience in imaging different sizes of animal patients
and thoracic conformations with this technique. In addition, we commonly use echocardiography
for longitudinal evaluation of cardiac function in a rabbit model of cardiomyopathy induced by
anthracyclines®. Here, we describe a step by step echocardiography protocol for evaluation of
cardiac function using a clinical ultrasound unit in a large preclinical model such as the rabbit.
This protocol is adapted for current international guidelines®, and includes practical
recommendations based on our own experiences in clinical and experimental settings.

PROTOCOL:

The experiments described herein were approved by the Ethical Research Committee of the
University of Murcia, Spain, and were performed in accordance with Directive 2010/63/EU of the
European Commission. The steps described were performed under standard operating protocols
that were part of the plan of work and have not been performed solely for the purpose of filming
the accompanying video to this paper.

1. Preparation of the rabbit
1.1. Before proceeding, start by injecting a combination of ketamine (10 mg/kg) homogenized in

the same syringe with medetomidine (200 pg/kg) to anaesthetize the animal, which will reduce
the stress of the procedure for the rabbit.
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NOTE: The use of anesthesia also reduces the heart rate in a predictable manner, thus reducing
inter-individual variability, and has the added benefit of improving overall imaging quality. As
shown in the video, cover the head with a surgical blanket to help keep the animal calm during
the injection of anesthesia.

1.1.1. Verify that the animal is completely anesthetized within 10-20 min, by confirming the
presence of muscle flaccidity, absence of palpebral reflex, mandibular movements and sniffing.
The presence of the latter two signs (mandibular movements and sniffing), are in turn the earliest
signs of reduced anesthetic depth. Even though it is rarely needed, re-dosing should be
considered (e.g. half the initial anesthetic dose combination), if a long delay is anticipated in order
to complete the procedure.

NOTE: Whilst the animal will quickly fall asleep within the first ~5 minutes following the injection,
it is recommended to allow a deeper plane of anesthesia before attempting to manipulate the
animal. This delay will avoid distressing the rabbit, which will otherwise likely produce
tachycardia and adversely affect the imaging accuracy and reproducibility of certain parameters
during the echocardiographic examination (e.g. mitral valve inflow analyses).

1.1.2. Once the animal is anaesthetized, use a hair clipper to remove the hair from the skin of the
thorax. Start below the neck line and continue to the level of both right and left hypochondriac
regions, as well as the sub-xiphoid region in the middle line (Figure 1B).

1.1.3. Shave 1-3 cm? of the internal face of the right forelimb, as well as the mediotibial regions
of both right and left hindlimbs (Figure 1B).

1.2. After placing the rabbit on a thermal blanket or heating pad to avoid hypothermia during the
procedure, apply a suitable conducting gel to the electrodes and position these in the shaved
regions of the limbs. Fix the electrodes with surgical tape.

1.3. Verify that a correct ECG signal is displayed on the screen of the system; usually a
simultaneous 1-lead electrocardiographic tracing is enough to synchronously monitor the heart
rhythm during the whole echocardiographic study (Figure 1A and Figure 1C).

NOTE: In addition to heart rate, monitor respiratory rate as well as temperature. Respiratory rate
can be monitored visually or through the incidence of thoracic movements in the
echocardiographic image, whilst temperature should be monitored via rectal probe. These
parameters should be monitored at the beginning, then every 10 min and at the end of the
procedure. Rabbits do not tend to vomit during anesthesial®!; therefore, fasting of the rabbits
is not routinely recommended before an echocardiographic examination.

[Place Figure 1 here]

2. Parasternal long axis (sagittal) view of the heart
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2.1. To obtain a parsternal long axis (PSLAX) view of the heart, place the rabbit in the right lateral
recumbent position, with the forelimbs outstretched away from the thorax, with surgical tape
(Figure 1A and Figure 1C).

2.1.1. To achieve the best imaging quality possible, it is important to keep the skin of the thoracic
region as flat as possible to increase the penetration and improve overall imaging quality whilst
imaging the animal. For this, hold the forelimbs away from the thorax with one hand, whilst using
the free hand to identify any skin folds and pockets, flatten these from top to bottom, and move
any skin folding away from the chest towards the lateral side and back of the rabbit. This is
particularly important for older and larger rabbits whose excessive skin and subcutaneous fat
tissue could reduce image quality.

NOTE: The cardiac area of the chest should be positioned over the cutout section in the table.
However, keep in mind that, in this position, the abdomen has a natural tendency to move
towards the notch, and creates a positive pressure that displaces the heart cranially, which then
interferes with good echocardiographic imaging. To prevent this, it is important that the
abdomen rests completely on the table and, to achieve this, it is useful to gently move the
abdominal organs towards the caudal region of the animal through gentle massaging (Figure 1A
and Figure 1C).

2.2. For echocardiographic imaging, hold the transducer with the right hand, whilst using the left
hand to operate the controls of the echocardiography system as shown in Figure 1D.

2.2.1. To maintain good skin contact, apply undiluted ethanol to the skin and then enough
ultrasound transmission gel to the head of the transducer.

2.3. Next, position the transducer closely to the skin of the right hemithorax, at the level of the
second to third intercostal space and about 1-3 cm away from the right parasternal line, with the
transducer orientation mark pointing to the right shoulder of the animal and at an angle of
approximately 30° relative to the midline (Figure 2A). This should produce an image of the right
PSLAX of the heart (see Representative Results).

2.4. Once the 2D cardiac images are displayed on the screen, the next step is to adjust the
ultrasound unit controls to obtain optimal images. The main ones are:

2.4.1. Depth and zoom controls: Use these controls to optimize the area of interest. The depth
of the image must be adequate so that the cardiac structures can be seen on each image. Use
the zoom tool for better assessment of structures of interest, e.g., integrity of valves and leaflets.

2.4.2. Total gain and time-gain compensation (i.e., gain settings at different depths in real time):
Control gray scales and gains manually to minimize background noise and to maximize the
delineation of cardiac structures. These parameters are especially important in rabbits because
of the poor echogenicity of the ventricular myocardium.
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2.4.3. Dynamic range or compression: Use this control to adjust the number of shades of gray
that are displayed by the image. Set the dynamic range so the blood pool is dark and the tissue
is bright. This will result in better endocardial border definition, which is important to obtain left
ventricular volumes.

2.4.4. Sector width: Begin the examination with a wide sector (90°) and after an overview of the
heart, reduce the sector width if specific areas need to be better imaged. Decreasing the sector
size improves the temporal resolution by increasing the frame rate. This is especially important
when 2D echocardiography is used to guide Doppler examination.

2.5. To maintain the position of the transducer whilst imaging the rabbit, and to reduce the
fatigue of the operator, use the index finger to anchor the hand to the table or the chest of the
animal, whilst the other fingers hold the transducer (Figure 2A).

2.6. Obtain two main imaging planes of the heart in the right PSLAX view.

2.6.1. Find an imaging plane which sections the heart longitudinally and where all four chambers
of the heart (two atria and two ventricles) can be identified; also, when a wide field of view is
used, the apex of the heart should also come into view on the left side of the image (see
Representative Results section).

2.6.2. Perform subtle movements of the transducer, such as sweeping, rocking and rotation,
relative to the intercostal space as well as the craniocaudal and dorsoventral angle of the
ultrasound beam to obtain the other imaging plane of the parasternal long axis view (Figure
2A,B). In the other imaging plane, the left ventricular outflow track (LVOT) and the aorta can be
identified (see Representative Results).

2.7. Image orientation: Note that the base of the heart will be on the right side of the sector
image.

2.8. After obtaining the appropriate imaging planes, use B-mode to evaluate overall function of
the heart, and use color Doppler to assess blood flow across all valves as well as the integrity of
the interventricular septum (IVS).

NOTE: Always save images of the different views and planes for offline analysis.

[Place Figure 2 here]

3. Parasternal short axis view of the heart

3.1. With the transducer at the same location in the chest while displaying a well-aligned PSLAX,
perform a counter clockwise rotation of the transducer of approximately 90° (Figure 3A) to obtain

a right parasternal short axis (PSSAX) view. This time, the transducer orientation mark should be
pointing towards the left shoulder of the rabbit.



264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

NOTE: To help maintain the transducer in the same location of the chest whilst rotating the
transducer, use the left hand to perform the rotation from the cord of the transducer as shown
in Figure 3B.

3.2. In the parasternal short axis view, obtain three imaging planes by sweeping the transducer
along the axis of the heart: the mid-ventricular, the mitral valve, and the high base with the
pulmonary artery (PA) and the aortic valve (AoV) in view.

3.2.1. In the mid-ventricular imaging plane, which sections the heart at the papillary muscles and
chordae tendineae level (Figures 3C), visualize the right ventricle (RV) at the top and the left
ventricle (LV) at the bottom of the image (see Representative Results).

3.2.2. Use B-mode to evaluate radial and circumferential contraction and relaxation of the LV,
and check for regional wall motion abnormalities.

3.2.3. Use M-mode and with the help of the track ball move the cursor in real time over the 2D
image, and then place the cursor in the middle of the LV, between both papillary muscles,
perpendicular to the IVS and left ventricular free wall (FW) (Figure 3C). Once the M-mode images
are displayed on screen, store images for offline analysis. In rabbits with high heart rates, use
higher sweep speeds to better separate cardiac events during the cardiac cycle (e.g., 150
mm/sec).

3.2.4. By sweeping the transducer towards the cephalic region (Figure 3D), obtain a mitral valve
(MV) plane. Use B-mode and M-mode to evaluate the integrity and motility of the MV leaflets.
Place the cursor along the middle of the LV, perpendicular to the IVS (Figure 3E), to obtain
detailed information regarding excursion of the MV in relation to the IVS.

3.2.5. Sweep the transducer further cranially to result in an imaging plane at the level of the high
base (also known as AoV plane; Figure 3F-H), where the AoV and its leaflets, the right ventricular
outflow track (RVOT), the PA, and the right and left atria (LA) can be identified (see
Representative Results).

3.2.6. Image orientation: Note that the PA will be on the right side of the sector image.

3.2.7. To completely visualize the PA and its bifurcation, use a greater angulation and,
sometimes, a cranial displacement of the transducer (an intercostal space).

3.2.8. Use B-mode for evaluation of the size and shape of these structures (e.g., left atrial size is
increased in congestive heart failure), and use color Doppler and PWD to record the velocity of
blood flow (outflow) at the PV level, by placing the sample volume just below the opening of the
PV leaflets (Figure 3G). Finally, use M-mode and place the cursor along the AoV and LA (Figure
3H).
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3.3. Use the following main controls and adjustments to obtain adequate color flow Doppler
images:

3.3.1. With the color sector positioned in the area of interest, reduce the angle between the
sector and the blood flow direction as much as possible.

3.3.2. Color sector width: Adjust this to the valve area, in order to increase the frame rate and
improve the color flow information.

3.3.3. Baseline and pulse repetition frequency (PRF): Adjust the baseline on the color bar and the
PRF, to allow higher velocities to be displayed. A number at the top and bottom of the color bar
represents the maximum detectable velocity before color aliasing occurs.

NOTE: Aliasing is more frequent in color flow processing than spectral pulsed Doppler, because a
portion of the pulses is assigned to obtain cross sectional images in detriment to the color flow

Doppler information.

3.3.4. Color gain: First, increase this to the point that it just begins to create background noise,
and then decrease to a level that optimizes color flow imaging.

3.4. Use the following main controls to obtain adequate spectral Doppler images:

3.4.1. Cursor position: Make this parallel to blood flow direction; at least, maintain at an angle <
30°.

3.4.2. Gate position: It is a marker in the cursor line corresponding to the sampling site. Place it
after the aortic and pulmonary valves and at the leaflet tips of the atrioventricular valves.

3.4.3. Gate size: Use the minimum setting except to obtain small regurgitant flows.
3.4.4. Baseline: Select the baseline depending on the direction of the blood flow. Place it at the
top when blood flows against the transducer (e.g. pulmonary and aortic flows), or at the bottom

when the blood flows toward the transducer (e.g. atrioventricular valves flows).

3.4.5. Scale: Select this according to the velocity of the blood flow, usually, 25% higher than the
obtained velocity.

3.4.6. Doppler gain: Use this to intensify the Doppler signals. Increase gain until the color displays.

3.4.7. Colorization of the Doppler signal: Use magenta color when the Doppler spectrum is weak
because it makes the velocity sharper.

3.4.8. Wall filter: Use this to decrease the amount of low-frequency noise that is produced by the
cardiac walls.
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3.4.9. Sweep speed: Use higher sweep speeds to facilitate time measurements.
[Place Figure 3 here]
4. Apical 4 chambers view of the heart

4.1. To obtain an Apical 4 chambers (AP4C) view, place the rabbit in the left lateral recumbent
position with the forelimbs outstretched away from the thoracic region by means of surgical tape
(Figure 4A). Maintain the skin of the thorax flat in a similar way as described above (Step 2.1.1).
The cardiac area of the chest should be positioned over the cutout section of the table. Similarly,
the abdomen should be well-supported on the table after moving caudally the abdominal organs
through gentle massaging.

4.2. Apply ultrasound gel to the transducer, and then access the heart through the notch in the
table and position it closely to the skin of the left hemithorax, at the level of the 4!"-5% intercostal
space with the midclavicular line, with the transducer orientation mark pointing towards the back
of the rabbit (in the direction of the left scapula) (Figure 4B). In this way, the transducer is
orthogonal with the apex of the heart and the ultrasound beam is directed towards the base of
the heart.

4.2.1. From this position, if necessary, move the transducer upward one intercostal space at a
time until the ~4th intercostal space (a maneuver often called “window shopping”).

4.2.2. Upon reaching the appropriate intercostal space (which may vary according to size and/or
age of the rabbit), observe an image of the heart from the apex to the base of the heart, the
typical heart shape where all four chambers can be seen, with the left and right ventricles at the
top and both atria at the bottom of the image (see Figure 4C,D and Representative Results).

4.2.3. Image orientation: Note that the LV will be on the right side of the sector image.

4.3. Avoid foreshortening the apex in this view, so that the typical AP4C view of the heart should
give a bullet shape image of the LV with the IVS in the middle (Figure 4C,D). If the apex is rounded,
the LV is likely foreshortened; therefore, move the transducer downwards one intercostal space
and/or tilt of the transducer.

4.3.1. Use B-mode to check for regional wall motion abnormalities and have a global view of the
LV function. Use color Doppler to evaluate flow across the atrioventricular valves, and use PWD
and position the sample volume at the level of the MV leaflet tips to obtain images of the MV
inflow spectrum (Figure 4C).

4.3.2. Use TDI mode and place the sample volume at the septal and lateral sides of the mitral
valve annulus (Figure 4D).
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4.3.3. Use M-mode and place the cursor aligned with the lateral MV annulus to obtain the mitral
annular plane systolic excursion (MAPSE). Store images in each of these modes for offline analysis
of cardiac function.

[Place Figure 4 here]
5. Apical 5 chambers view of the heart

5.1. Starting with the transducer at the same location as in AP4C view, perform a gentle tilting
caudally (Figure 4E) until the LVOT and AoV come into view, this is the apical 5 chambers view
(AP5C) of the heart (see Representative Results).

5.2. Use B-mode to evaluate the LVOT, the movement of the AoV leaflets, as well as the LV cavity
size and function.

5.3. Use color Doppler mode for evaluation of outflow across the AoV, and use PWD to assess
flow velocity across this valve by positioning the sample volume just behind the AoV (Figure 4F).

REPRESENTATIVE RESULTS:

Parasternal long axis view of the heart

Figure 5A shows an imaging plane of the right PSLAX view where the 4 chambers of the heart are
clearly distinguished. You can identify in this view the right ventricle (RV), tricuspid valve (TV),
IVS, LV, FW, as well as the mitral valve (MV). When the apex is clearly visible on the left side of
the image in this view and the LV is not foreshortened, it is possible to estimate accurately the
LV volume using the biplane method of disks (modified Simpson’s rule) as shown in Figure 5B,C?,
which for accuracy should be combined with a similar measurement of the LV volume in the AP4C
view, especially if the rabbit model used presents with wall motion abnormalities. Figure 5D
shows the other imaging plane of the right PSLAX where the LVOT and the Aorta (Ao) also come
into view. The location for placement of the calipers for accurate measurement of the LVOT is
also shown in Figure 5D.

[Place Figure 5 here]

Parasternal short axis view of the heart

In Figure 6A, a right PSSAX view of the heart at the level of the papillary muscles and chordae
tendineae plane is shown. It is possible identify in this view the RV, IVS, LV, and FW, as well as
the anterolateral (AL) and posteromedial (PM) papillary muscles (Figure 6A). In this view, the
area trace tool is used to measure the circumferential area in end-diastole (CAd) (Figure 6B), and
in end-systole (CAs) (Figure 6C), which allows the calculation of the total circumferential
shortening area (CSA) by using the formula:

CSA=CAd-CAs/CAdx100.
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An example of an M-mode trace in the PSSAX at the papillary muscles level is shown in Figure
6D, where the placement of calipers, leading edge to leading edge, for the different
measurements of the structures of the LV is also demonstrated. These measurements provide
useful information regarding size of the LV structures. Thus, measuring the LV end-diastolic
diameter (LVDd) and LV end-systolic diameter (LVDs) from three consecutive heart beats allows
the calculation of the LV shortening fraction (%SF), using the formula:

SF%= LVDd-LVDs/LVDd
as well as the LV systolic and diastolic volumes (LVVd, LVVs), using the Teichholz formula:
(7x(LVD)3)/(2.4+LVD)

The LV ejection fraction (LVEF (%)) is subsequently calculated according the formula LVEF=(LVVd-
LVVs)/(LVVdx100).

An M-mode trace at the level of the MV plane in PSSAX view is shown in Figure 6E, where the
location of the calipers for measurement of the E-point to septal separation (EPSS) of the mitral
valve is also shown. An example of a PSSAX view of the heart at the AoV plane level is shown in
Figure 6F, where the location of the calipers for measurement of the Aortic root diameter (AoD),
as well as the left atrial dimension (LAD) are demonstrated.

An example of the PV outflow analysis using both color Doppler and pulsed wave Doppler is
shown in Figure 6G. Note the blue colored outflow through the PV with color Doppler, which
indicates that the flow observed is moving away from the transducer. Examples of how to
guantitate the pre-ejection period of the PV (PEP PV), as well as the PV outflow using the volume
time integral (VTI), are shown in Figure 6H.

[Place Figure 6 here]

Apical 4 chambers view

An example of MV inflow using color Doppler in an AP4C view is shown in Figure 7A. Note the
predominant red color of the MV inflow indicating that the flow is moving towards the
transducer. Thus, a useful mnemonic to describe and learn how blood flows across the structures
of the heart is the acronym BART (Blue Away, Red Towards the transducer). Using PWD, the MV
inflow spectrum can be assessed as shown in Figure 7B, where the early (E) and late (A) filling
waves during diastole are easily differentiated. Examples of myocardial tissue velocities of the
MV annulus as assessed by TDI at both the lateral and septal walls are shown in Figure 7C and
Figure 7D, respectively. The systolic component is denoted by the S wave, whilst the E’ and A’
waves correspond with myocardial movement of the mitral valve annulus during early filling (E’)
and late filling (A’) components of diastole.

Apical 5 chambers view
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Figure 7E shows an example of color Doppler positioned at the LVOT in an apical 5 chambers
view. Note that, in line with the BART mnemonic described above, the blue color observed
indicates that blood flow is moving away from the transducer. Figure 7F shows an example of
how to quantitate the AoV outflow using PWD signal to evaluate the VTI of the AoV, systolic
ejection time (ET) and pre-ejection period of the AoV (PEP AoV).

[Place Figure 7 here]

Figure Legends:

Figure 1. Preparation and positioning of the rabbit for echocardiography. (A) Table with notch
that coincides with the cardiac area to be imaged. (B) Remove hair from the chest. (C) Attach ECG
electrodes to monitor the heart. (D) Positioning of the operator whilst preforming
echocardiographic examination.

Figure 2. How to obtain a PSLAX view of the heart. (A-B) Positioning of the transducer to obtain
the two different planes of the PSLAX view of the heart (see description in the text).

Figure 3. How to obtain a PSSAX view and its different imaging planes. (A) Position of the
transducer to obtain a PSSAX view at the level of the papillary muscles. (B) Demonstration of the
role of the left hand to help in rotating the transducer when switching from a PSLAX to a PSSAX
view. (C) Location of the cursor of M-mode in the papillary muscles plane of the PSSAX view. (D)
Position of the transducer to obtain a PSSAX view of the heart at the mitral valve plane. (E)
Location of the cursor of the M-mode in the MV plane of the PSSAX view. (F) Position of the
transducer to obtain the AV plane in the PSSAX view. (G) Demonstration of color Doppler and
positioning of the PWD sample volume to evaluate the outflow of the PV. (H) Location of the
cursor of the M-Mode in the AoV plane of the PSSAX view. LV = Left ventricle; RV =right ventricle;
FW = LV free wall; AoV = aortic valve; RVOT = right ventricular outflow track; PV = pulmonary
valve; PA = pulmonary artery; LA = Left atrium; RA = right atrium.

Figure 4. How to obtain the AP4C and AP5C views of the heart. (A) Positioning of the rabbit in
left lateral decubitus for an AP4C view of the heart. (B) Position of the transducer to obtain an
APA4C view of the heart. (C) Location of the sample volume at the MV leaflet tips to evaluate MV
inflow. (D) Location of the sample volume for TDI analysis of myocardial velocities at the lateral
side of the MV annulus. (E) Position of the transducer to obtain an AP5C view of the heart. (F)
Location of the sample volume for PWD analysis of the outflow across the AoV. LV = Left ventricle;
RV = right ventricle; MV = mitral valve; LA = left atrium; RA = right atrium; AoV= Aortic valve.

Figure 5. Imaging planes obtained in a PSLAX view of the heart. (A) Imaging plane demonstrating
the 4 chambers of the heart. (B) End diastolic and (C) end systolic images, demonstrating
Simpson’s method for analysis of the LV. (D) Imaging plane where the LVOT and aorta come into
view in the PSLAX view of the heart. LV = Left ventricle; RV = right ventricle; IVS = interventricular
septum; Ao = aorta; LVOT = left ventricular outflow track; LA = Left atrium; RA = right atrium; MV
= mitral valve; TV = tricuspid valve; FW = free wall of the LV; PC = pericardium.
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Figure 6. Imaging planes obtained in the PSSAX view. (A) Representative image of a PSSAX view
at the papillary muscles plane. (B) End diastolic and (C) end systolic tracing of the endocardial
border to measure the total CSA. (D) M-mode trace obtained in a PSSAX view at the level of the
papillary muscles. (E) An example of M-mode trace obtained in a PSSAX view at the level of the
MV. (F) Representative 2D image of a PSSAX vie in the plane of the AV. (G) Color Doppler-guided
PWD tracing of the PV outflow. (H) Demonstration of a VTI tracing using the PWD signal obtained
from the PV outflow. LV = Left ventricle; RV = right ventricle; IVS = interventricular septum; FW =
free wall of the LV; AL = anterolateral papillary muscle; PM = posteromedial papillary muscle;
LVDd = left ventricular diameter at end-diastole; LVDs = left ventricular diameter at end-systole;
PC = pericardium; EPSS = E-point to septal separation; AoD = aortic root diameter; LAD = left atrial
dimension; MV = mitral valve; TV = tricuspid valve; PEP PV = pre-ejection period of the pulmonary
valve; ET PV = ejection time of the pulmonary valve; VTl PV = volume time integral of the
pulmonary valve.

Figure 7. The AP4C and AP5C views. (A) An example of color Doppler in an AP4C view. (B)
Representative image of the PWD signal of the MV inflow in an AP4C, where E wave corresponds
with early diastolic filling and A corresponds with atrial contraction component during diastole.
(C-D) Representative images of myocardial velocity signals obtained from the lateral (C) and
septal (D) segments of the MV annulus using TDI in an AP4C view. S corresponds with systole,
whilst E” corresponds with early filling phase and A’ with late filling phase during diastole. (E) An
example of color Doppler signal obtained from the AoV in an AP5C view. (F) Demonstration of a
VTl tracing using the PWD signal obtained from the AoV outflow. AoV = Aortic valve; VTl = volume
time integral; PEP = pre-ejection period; ET = ejection time.

DISCUSSION:

We have described a protocol for the echocardiographic examination of cardiac function
parameters in the rabbit, representing a large preclinical model'3. The step by step methodology
described herein should be considered guidance, which with a complementary study of the basic
principles of echocardiography, and a basic knowledge of ultrasound imaging, will help the
researcher to obtain, through practice and complementary and expert guidance, good quality
data in a relative short period of time.

There are several critical steps to increase the value and reproducibility of the results whilst using
the echocardiography protocol described here. First, ensure the skin of the thorax is hair free and
clean; for this we recommend cleaning the skin with ethanol to remove excess of natural skin
grease before applying ultrasound gel. Next, whilst it is possible to image the chest in a supine
position, the lungs tend to inflate and reduce an already difficult to image chest wall with poor
echogenicity, thus, a left or right recumbent position of the rabbit and the application of the
transducer to the chest through the cut-out notch of a purpose built imaging table is the best
way to improve overall imaging quality. Then, the researcher operating the ultrasound system
should spend some time creating cardiac imaging presets with optimized imaging settings, which
are essential to improve overall imaging quality in all views and will also shorten your imaging
time at future imaging sessions. Some of the most important control settings to master are total
gain and time-gain compensation, given the poor imaging of the chest of the rabbit (see step
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2.4.2). It is also important to be systematic and always perform the echocardiographic
examination in an orderly fashion. For this, getting into the habit of acquiring all the imaging
views and imaging planes in the same sequence will avoid missing important information whilst
performing the study. Furthermore, during imaging analysis it is recommended to perform all
measurements in at least three consecutive cardiac cycles in the acquired images for each
modality. Finally, the blinding of the observer during imaging as well as during the offline analysis
is important to avoid bias and increase the value of the results for translational medicine. Taking
into account all of the above considerations, together with the application of the principles of
imaging and analysis according to current guidelines’®, will ensure the reproducibility of the
research using longitudinal evaluation of cardiac function via echocardiography in a large animal
model such as the rabbit.

Given the variability in body size and fat composition at different ages of the rabbits and the
particular experimental settings, some variations of the technique will be required, such as subtle
movements of the transducer (e.g., sweeping, rotation) relative to the intercostal space, in order
to achieve the desired imaging planes. Therefore, the protocol described here must be
interpreted as a starting point that should be adapted to the particular objectives of the research
program involving this technique.

Whilst clinical echocardiography systems are widely available in most research centers, there are
some limitations to the technique described herein. Indeed, the quality of the images obtained
from echocardiographic studies depends to a large extent on the sophistication and technology
of the ultrasound machine, the skills and expertise of the operator, and the individual patient
characteristics. The minimum technical characteristics that the ultrasound equipment must meet
were described in the introduction. Thus, inadequate equipment (e.g., a linear array transducer)
constitutes a fundamental limitation for the use of the echocardiographic technique in the rabbit
model. In addition, the echocardiographic technique and its results are strongly influenced by the
operator. Therefore, an operator without enough experience and practical training could
dramatically limit the obtaining of standardized images of appropriate quality. Similarly,
inexperienced operators could also make mistakes in obtaining measurements even if they are
performed on echocardiographic images of excellent technical quality. Furthermore, as
mentioned above, some of the limitations are inherent to the rabbit model, such as age and,
more specifically, by the size and body fat composition of the rabbits studied via
echocardiography. In our experience, young rabbits weighing up to 2.5 kg have low subcutaneous
and intra-thoracic fatty deposits. This phenotypic stage provides the best acoustic windows and
offers crisper and sharper echocardiographic images and very few artefacts. As the size and body
fat composition increase, the quality and accuracy of the echocardiographic study becomes
limited, and the skills of the operator will ultimately play a fundamental role in achieving the best
possible imaging under these circumstances.

We currently use echocardiography for longitudinal evaluation of cardiac function in a rabbit
model of cardiomyopathy induced by anthracyclines and to test stem cell therapies for this
condition®'213, The technique described here could also be used in other preclinical studies
involving ischemia or valvular heart disease.
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Another cardiovascular imaging technique is cardiac magnetic resonance (CMR), whose main
advantage is better endocardial-myocardial definition, which translates into a more accurate
estimation of LV volumes and systolic function!4. However, CMR is limited by its high cost and
lack of portability and therefore its limited availability in most research centers. Similarly, CMR
has relative poor performance for the analysis of diastolic function, thus making
echocardiography a better overall choice for longitudinal evaluation of systolic and diastolic
function of the heart?®.

In our experience, the anesthetic regime used in the protocol described herein is safe and
achieves reproducible results without significant depression of myocardial function attributable
to the anesthesia®. However, it is important to standardize the anesthetic regime in each
laboratory to ensure reproducible results for your particular experimental settings. After inducing
anesthesia, in experienced hands the echocardiographic examination can be completed within
15 min.

ACKOWLEDGEMENTS

This work was supported in part by: Fundacidon Séneca, Agencia de Ciencia y Tecnologia, Regidn
de Murcia, Spain (JT) (Grant number: 11935/PI/09) and the University of Reading, United
Kingdom (AG, GB) (Central Funding). The funders had no role in the study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

DISCLOSURES:
The authors have nothing to disclose.

REFERENCES

1 Pogwizd, S. M., Bers, D. M. Rabbit models of heart disease. Drug Discovery Today Disease
Models. 5, 185-193, doi:http://dx.doi.org/10.1016/j.ddmod.2009.02.001 (2008).

2 Gandolfi, F. et al. Large animal models for cardiac stem cell therapies. Theriogenology. 75,
1416-1425, doi:10.1016/j.theriogenology.2011.01.026 (2011).

3 Harding, J., Roberts, R. M., Mirochnitchenko, O. Large animal models for stem cell
therapy. Stem Cell Research & Therapy. 4, 23, doi:10.1186/scrt171 (2013).

4 Chong, J. J., Murry, C. E. Cardiac regeneration using pluripotent stem cells--progression to
large animal models. Stem Cell Research. 13, 654-665, doi:10.1016/j.scr.2014.06.005
(2014).

5 Del, M. F., Mynett, J. R., Sugden, P. H., Poole-Wilson, P. A., Harding, S. E. Subcellular

mechanism of the species difference in the contractile response of ventricular myocytes
to endothelin-1. Cardioscience. 4, 185-191 (1993).

6 Sahn, D. J., DeMaria, A., Kisslo, J., Weyman, A. Recommendations regarding quantitation
in M-mode echocardiography: results of a survey of echocardiographic measurements.
Circulation. 58, 1072-1083 (1978).

7 Thomas, W. P. et al. Recommendations for standards in transthoracic two-dimensional
echocardiography in the dog and cat. Echocardiography Committee of the Specialty of



657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686

10

11

12

13

14

15

Cardiology, American College of Veterinary Internal Medicine. Journal of Veterinary
Internal Medicine. 7, 247-252 (1993).

Lang, R. M. et al. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society of Echocardiography
and the European Association of Cardiovascular Imaging. European Heart Journal
Cardiovascular Imaging. 16, 233-270, doi:10.1093/ehjci/jev014 (2015).

Talavera, J. et al. An Upgrade on the Rabbit Model of Anthracycline-Induced
Cardiomyopathy: Shorter Protocol, Reduced Mortality, and Higher Incidence of Overt
Dilated Cardiomyopathy. BioMed Research International. 2015, 465342,
do0i:10.1155/2015/465342 (2015).

Borkowski, R., Karas, A. Z. Sedation and anesthesia of pet rabbits. Clinical Techniques in
Small Animal Practice. 14, 44-49, doi:10.1016/51096-2867(99)80026-7 (1999).

Cantwell, S. L. Ferret, rabbit, and rodent anesthesia. The Veterinary Clinics of North
America. Exotic Animal Practice. 4, 169-191 (2001).

Giraldo, A. et al. Percutaneous intramyocardial injection of amniotic membrane-derived
mesenchymal stem cells improves ventricular function and survival in non-ischaemic
cardiomyopathy in rabbits. European Heart Journal. 36, 149 (2015).

Giraldo, A. et al. Allogeneic amniotic membrane-derived mesenchymal stem cell therapy
is cardioprotective, restores myocardial function, and improves survival in a model of
anthracycline-induced cardiomyopathy. European Journal of Heart Failure. 19, 594,
doi:DOI: 10.1002/ejhf.833 (2017).

Bellenger, N. G. et al. Comparison of left ventricular ejection fraction and volumes in heart
failure by echocardiography, radionuclide ventriculography and cardiovascular magnetic
resonance; are they interchangeable? European Heart Journal. 21, 1387-1396,
do0i:10.1053/euhj.2000.2011 (2000).

Flachskampf, F. A. et al. Cardiac Imaging to Evaluate Left Ventricular Diastolic Function.
Journal of the American College of Cardiology Cardiovascular Imaging. 8, 1071-1093,
do0i:10.1016/j.jcmg.2015.07.004 (2015).



Figure 1 Click here to access/download;Figure;Figure 1.tiff =



https://www.editorialmanager.com/jove/download.aspx?id=1043455&guid=ad9be96c-0a40-4e89-8766-6d1a272822cb&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1043455&guid=ad9be96c-0a40-4e89-8766-6d1a272822cb&scheme=1

Figure 2 Click here to access/download;Figure;Figure 2 tiff =



https://www.editorialmanager.com/jove/download.aspx?id=1043456&guid=44c0f4df-1faf-4be4-aa48-ba2b52802574&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1043456&guid=44c0f4df-1faf-4be4-aa48-ba2b52802574&scheme=1

Click here to access/download;Figure;Figure 3.tiff



https://www.editorialmanager.com/jove/download.aspx?id=1043457&guid=f32a3425-989f-4b3c-84aa-105da703042d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1043457&guid=f32a3425-989f-4b3c-84aa-105da703042d&scheme=1

Figure 4 Click here to access/download;Figure;Figure 4.tiff

% MV Leaflet
___i'- Tips

a

e LA



https://www.editorialmanager.com/jove/download.aspx?id=1043458&guid=93384b18-1955-45bc-8bf5-7fa71f2139bd&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1043458&guid=93384b18-1955-45bc-8bf5-7fa71f2139bd&scheme=1

Click here to access/download;Figure;Figure 5.tiff



https://www.editorialmanager.com/jove/download.aspx?id=1043459&guid=b483fa19-d4b4-411d-a253-adab7f5a9a89&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1043459&guid=b483fa19-d4b4-411d-a253-adab7f5a9a89&scheme=1

Click here to access/download;Figure;Figure 6.tiff

PEF |"-'Il EL PV,



https://www.editorialmanager.com/jove/download.aspx?id=1043460&guid=be62cafd-8670-4f58-98d1-7c7be7493af5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1043460&guid=be62cafd-8670-4f58-98d1-7c7be7493af5&scheme=1

Figure 7 Click here to access/download;Figure;Figure 7.tiff

AAR AL
.jh! ki \ .ﬁh \d itV i gV
i *1 - il

W

B

FF_F' Aoy H’l‘-ﬂv
r 1 L

Wl Aoy



https://www.editorialmanager.com/jove/download.aspx?id=1043461&guid=a4e4fa15-49c2-42b4-b717-214a29389208&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1043461&guid=a4e4fa15-49c2-42b4-b717-214a29389208&scheme=1

Table of Materials

Name of Material/ EqQuipment
Bluesensor
Domtor (Medetomidine)
HD11 XE Ultrasound System
Heating Pad
Imalgene (Ketamine)
Omnifix-F 1 ml syringe
S12-4

Ultrasound Transmision Gel (Aquasone)

Click here to access/download;Table of Materials;JoVE_Materials V2.xIs

Company Catalog Number
Medicotest 13BY1062
Esteve CN 570686.3
Philips 10670267
Solac CT8632
Merial RN 9767
Braun 9161406V
Philips BO1YgG
Parker
laboratories Inc. N 01-08

Comments/Description
Disposable adhesive ECG lectrodes
Veterinary prescription is necessary
Echocardiography system.

Veterinary prescription is necessary

4-12 MHz phase array transducer

*


https://www.editorialmanager.com/jove/download.aspx?id=1038328&guid=c0b3b16b-bac2-4ff7-80a1-22b973a71ca1&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1038328&guid=c0b3b16b-bac2-4ff7-80a1-22b973a71ca1&scheme=1

Aut ﬁevéeement (ALA)

VISUALIZED £ X

Title of Article:

Author(s):

Protocol for the Transthoracic Echocardiographic Examination in the Rabbit Model ‘

Click here to access/download;Author License

ARTICRE RO B LD LitENSEREREERMENT UK

Alejandro Giraldo, Jesus Talavera Lopez, Gavin Brooks, Maria Josefa Fernandez-Del-Palacio. ‘

Item 1 (check one box): The Author elects to have the Materials be made available (as described at

X
http://www.jove.com/author)via: Standard Access |:| Open Access

Item 2 (check one box):

X | The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; "Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with
a number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons

Attribution 3.0 Agreement (also known as CC-BY), the terms
and  conditions of which can be found at:
http://creativecommons.org/licenses/by/3.0/us/legalcode;
“Derivative Work” means a work based upon the Materials or
upon the Materials and other pre-existing works, such as a
translation, musical arrangement, dramatization,
fictionalization, motion picture version, sound recording, art
reproduction, abridgment, condensation, or any other form in
which the Materials may be recast, transformed, or adapted;
“Institution” means the institution, listed on the last page of
this Agreement, by which the Author was employed at the
time of the creation of the Materials; “JoVE” means MyJove
Corporation, a Massachusetts corporation and the publisher of
The Journal of Visualized Experiments;

“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this
Agreement the respective rights of each Party in and to the
Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations, summaries,
extracts, Derivative Works or Collective Works and

(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JOVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the

I3


https://www.editorialmanager.com/jove/download.aspx?id=1038259&guid=760c1027-7260-47ce-9996-d5299ab7449c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1038259&guid=760c1027-7260-47ce-9996-d5299ab7449c&scheme=1

VISUALIZED Fx £\ WWW.jove.com

Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the

Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item

1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights
of any nature, including, without limitation, all copyrights, in
and to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in

Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict

ARTICLE AND VIDEO LICENSE AGREEMENT - UK

shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one author
is listed at the beginning of this Agreement, JoVE may, in its
sole discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such author.
JoVE reserves the right, in its absolute and sole discretion and
without giving any reason therefore, to accept or decline any
work submitted to JoVE. JoVE and its employees, agents and
independent contractors shall have full, unfettered access to
the facilities of the Author or of the Author’s institution as
necessary to make the Video, whether actually published or
not. JoVE has sole discretion as to the method of making and
publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,

filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the

Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's
expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
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damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

AUTHOR:
Alejandro Giraldo
Name:
Department:
S s University of Reading
Institution:

Article Title:

Signature:

Institute for Cardiovascular and Metabolic Research, School of Biological Sciences.

Protocol for the Transthoracic Echocardiographic Examination in the Rabbit Model

29/11/2018
| Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy as a PDF to the JoVE submission site upon manuscript submission (preferred);

2) Faxthe document to +1.866.381.2236; or

3) Mail the document to JoVE / Atn: JoVE Editorial / 1 Alewife Center Suite 200 / Cambridge, MA 02140

For questions, please email editorial@jove.com or call +1.617.945.9051.

MS # (internal use):
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Response to Reviewer Comments.docx

London, 29 April 2019

Doctor Phillip Steindel
Review Editor
Journal of Visualized Experiments (JOVE)

RE: Manuscript ID JoVE59457R1 entitled: "Protocol for the Transthoracic
Echocardiographic Examination in the Rabbit Model".

Dear Dr. Steindel,

Thank you for your letter dated 13 March 2019 informing my co-authors and | that
our manuscript requires minor revisions before formally being accepted for
publication in JoVE.

In the enclosed revised version of our paper and video, we have addressed all of the
Editorial and Reviewers’ comments, and changes made in the manuscript are
tracked to easily identify these throughout the text. | list below a detailed response to
each of those comments. The response to the comments provided in the Veterinary
Review Template are addressed directly in the corresponding template also
uploaded through the submission system.

e RESPONSE TO EDITORIAL AND PRODUCTION COMMENTS:
Changes to be made by the Author(s) regarding the written manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues. The JOVE editor will not copy-edit your manuscript and
any errors in the submitted revision may be present in the published version.

Response: We have reviewed and proofread the manuscript in its entirety to ensure there
are no spelling or grammar errors.

2. Please submit the figures as a vector image file to ensure high resolution throughout
production: (.svg, .eps, .ai). If submitting as a .tif or .psd, please ensure that the image is
1920 pixels x 1080 pixels or 300dpi.

Response: We have now modified the figures to a high resolution .tif format.

3. Please revise the table of the essential supplies, reagents, and equipment. The table
should include the name, company, and catalog humber of all relevant materials in separate
columns in an xIs/xIsx file. Please sort the Materials Table alphabetically by the name of the
material.

Response: We have revised the table of essential supplies in line with your suggestions,
and sorted the Materials Table alphabetically as suggested. A revised version of this table
has been uploaded onto the submission system.

L]
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4. Please ensure that standard access is permissible from your UK funding source.
Typically, UK funding requires open access publication.

Response: Our UK funding source does not require open access for this publication. Thus,
we can confirm that publication in standard access is permitted.

5. Please shorten the title to “Transthoracic Echocardiographic Examination in the Rabbit
Model”.

Response: We value your suggestion, and have modified the title to “Transthoracic
Echocardiographic Examination in the Rabbit Model”, this has been updated in the revised
version of the manuscript as well as the Title cards located at time 0:00 and 14:42 of the
video.

6. Please rephrase the Short Abstract to clearly describe the protocol and its applications in
complete sentences between 10-50 words: “Here, we present a protocol to ...”

Response: We value your suggestion; we have now rephrased the short abstract in the
revised version of the manuscript (Lines: 42-45).

7. Please reference at least 10 previous publications.

Response: We appreciate your suggestion, during the review process we have now made
changes to several sections of the manuscript which also required the addition of
references, which now have a total of 15 references.

8. Please ensure that all text in the protocol section is written in the imperative tense as if
telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions
should be described in the imperative tense in complete sentences wherever possible. Avoid
usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol.
Any text that cannot be written in the imperative tense may be added as a “Note.” However,
notes should be concise and used sparingly. Please include all safety procedures and use of
hoods, etc.

Response: We have made changes throughout the protocol to ensure that the actions are
described in the imperative tense, and avoided as much as possible the use of phrases such
as "could be", should be" and "would be". We have also made use of NOTES, where
necessary, to increase the understanding of discrete steps (e.g. section 1.1 and NOTE:
1.1.1).

9. The Protocol should contain only action items that direct the reader to do something.
Please move the discussion about the protocol to the Discussion.

Response: We have made changes throughout the whole protocol to ensure it contains
mainly action items (Sections 1.1 to 5.3), and moved any discussion items about it to the
Discussion section.

10. The long note at the beginning of the protocol should be moved to either the Introduction
or the Discussion.

Response: We value your suggestion, we have moved the long note at the beginning of the
Protocol section, to the Introduction section of the manuscript (Lines: 99-121).



11. Please add more details to your protocol steps. Please ensure you answer the “how”
guestion, i.e., how is the step performed? Alternatively, add references to published material
specifying how to perform the protocol action.

Response: We have added more details to the protocol steps, making sure the step is
clearly described and where necessary added details and clarification notes.

12. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our
etc.).

Response: We have now made changes throughout the Protocol to ensure that, whenever

"o, non "

possible, it does not contain personal pronouns such as "we", "you", "our".

13. The Protocol should be made up almost entirely of discrete steps without large
paragraphs of text between sections. Please simplify the Protocol so that individual steps
contain only 2-3 actions per step and a maximum of 4 sentences per step.

Response: We value your comment, and have therefore made changes throughout the
Protocol, to ensure discrete steps of 2-3 actions per individual step are described.

14. As we are a methods journal, please revise the Discussion to explicitly cover the
following in detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol

Response: The critical steps have now been added to the manuscript (Lines: 582-604).

b) Any modifications and troubleshooting of the technique

Response: Modifications of the technique in certain scenarios have been added to
Discussion section (Lines: 605-610).

¢) Any limitations of the technique

Response: The limitations of the technique are now described in the Discussion section
(Lines: 611-630).

d) The significance with respect to existing methods

Response: The significance with respect to other cardiovascular imaging methods, namely
cardiac magnetic resonance, was added to Discussion section (Lines: 635-640).

e) Any future applications of the technique

Response: The application of the technique has been added to Discussion section (Lines:
631-634).

15. Please do not abbreviate journal titles.

Response: We have now changed the references so that the journal tittles are not
abbreviated.

Changes to be made by the Author(s) regarding the video:



1. Please increase the homogeneity between the written protocol text and the audio
narration. Ideally, the audio narration would be a word for word reading of the written
protocol. Steps 2.1.1 and 2.3 are good examples of this.

Response: We have now increased the homogeneity between the written protocol and the
corresponding narration throughout the whole protocol.

2. Please include some section title cards: Protocol, Representative Results, Conclusion,
etc.

Response: We value your comment. We have changed the title cards to better match the
sections of the paper and subsections within the protocol. For this the Section cards have
been capitalized to match the style of the paper. In a similar way, subsections of the
PROTOCOL section of the video have been numbered according to the different
subsections of the protocol in the manuscript.

3. We recommend lowering the volume of the background music by 3 dB. It occasionally
competes with the narrator and interview voices.

Response: We have adjusted the volume of background music throughout the video to
ensure it doesn't compete with the narrator and interview voices.

4. 0:19, 0:24, 0:30 - These images should be scaled up to fill the frame.

Response: The images at 0:19, 0:24 and 0;30 have now been scaled up to fill the frame as
suggested.

5. Many of the edits are page wipes, which can be a bit distracting. It is not required, but we
recommend changing them to crossfades, so that the edits don't call as much attention to
themselves and the viewer can focus more on the content.

Response: We have now changed the transitions to crossfades throughout the whole video
as suggested.

6. 14:37 - This title card seems redundant with the following one. It should be removed.
Response: The tittle card located at 14:37 has now been removed as suggested.

Please upload a revise high-resolution video here:
https://www.dropbox.com/request/YTvdhxk80OvulShYm9rwV?oref=e

Response: We have uploaded a revised version of the video in high-resolution, as
indicated.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

Accurate diagnosis of cardiac disease requires knowledge of normal heart parameters and
useful standardized techniques. In the field of the cardiac translational medicine the
knowledge of the most important imaging tool as echocardiography to analyze cardiac
structures during systolic and diastolic function is a key and basic point to better apply in
vivo study using large animal models. The paper entitled "Protocol for the Transthoracic
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Echocardiographic Examination in the Rabbit Model" is a method article that explain a basic
and standard ultrasounds views to obtain a complete echocardiographic examination. The
choice of rabbit as animal model is an effective solution to compare in vivo scientific data for
human purposes, indeed the rabbit is now considered a bridge between small animals such
as mice and rats and real large models such as pig, sheep and goats. The paper is well
presented, and all the materials and methods are given to the reader, clearly explained.
Thanks to the video | think that the practical explanation of this procedure is effective and
helpful to everyone who needs an echocardiographic guideline for rabbits. The anticipated
results are reasonable and useful to readers and reference are appropriate. For my instance
this article can be accepted for the publication.

Major Concerns:
None.

Minor Concerns:

| suggest revising minor error in the text to complete the publishing procedure:

Line 108: "This protocol is adapted for current international guidelines and includes practical
recommendations based on our own experiences in clinical and experimental settings"
(please insert a citation or explain which int. Guidelines as you later say in the line 139 to
142 (ACVIM, ASECHO and EACVI).

Response: We appreciate your suggestion, and therefore added the corresponding
reference number to line 131 of the revised version of the manuscript.

Lines 123-124: "bi-dimensional mode (B-mode or 2D), motion mode (M-mode), color
Doppler, spectral Doppler (CWD, PWD) and TDI". Change in bi-dimensional mode (B-mode
or 2D), motion mode (M-mode), color Doppler (CWD), spectral Doppler (PWD) and Tissue
doppler imaging (TDI).

Response: We value your suggestion, we have defined the acronyms for CWD, PWD and
TDI in a previous paragraph (line 89 of the revised version of the manuscript), and therefore
have now modified the text to reflect this change in line 103 of the revised version of the
manuscript.

Reviewer #2:

Manuscript Summary:

This manuscript is a detailed protocol for performing transthoracic echocardiography in the
rabbit as an animal model for medical and veterinary cardiovascular researches, the
manuscript demonstrate how to obtain the different echocardiographic views and imaging
planes, as well as the different imaging modes available in the clinical echocardiography
systems.

Major Concerns:
The manuscript is well written and supported by a well overview video. but before accepting
the manuscript for publication, some minor revision should be done on the manuscript.

Minor Concerns:

Line 247: 1t is recommended to use "craniocaudal” instead of "anteroposterior" in animal
model.

Response: We value your comment, this is correct, we have now replaced "anteroposterior"
with "craniocaudal” in line 268 of the revised version of the manuscript.



Line 416: talking about BIPLANE mode, it is necessary to estimate the left ventricular
volume in left apical 4 chamber view, and either the right parasternal long axis image or the
left apical two chamber view (average of volumes from two orthogonal planes). Here in
current article you explained single plane but not biplane single plane method is no longer
reliable if there are some wall motion abnormalities.

Response: We appreciate your suggestion; we have therefore added this clarification in
lines 453-455 of the revised version of the manuscript.

Once again, on behalf of my coauthors, | would like to thank you for considering our article
for publication in JOVE.

We look forward to hearing from you in due course.

Yours sincerely,

Alejandro Giraldo M.D., Ph.D.

Institute for Cardiovascular and Metabolic Research
School of Biological Sciences

University of Reading

Whiteknights

Reading

RG6 6UB

Email: a.giraldoramirez@reading.ac.uk
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Title: Protocol for the Transthoracic Echocardiographic Examination in the Rabbit Model

URL: https://www.jove.com/video/59457 /title?status=a61463k

Were animals used humanely and was the appropriate anesthesia or analgesia provided for potentially painful procedures?

Please provide additional comment, if necessary.

anesthesia is
sufficient for the
procedure?

of anesthesia is
monitored, and what
criteria would be used
for additional doses of
injectable anesthesia.

# Time | comment Change in | Change in | Suggested Changes Response

in the video text is

video required | sufficient

Yes/No Yes/No

Example | 2:20 — | Name of drug used No Yes

2:34 for anesthesia is not

mentioned

1 n/a What depth of NO YES Describe how the depth | The appropriate depth of anesthesia

was established by the presence of
muscle flaccidity, absence of
palpebral reflex, mandibular
movements and sniffing. This
clarification has been included in
the text of the manuscript (see
section 1.1.2.).

Due to the short duration of the
procedure (animal preparation +

I+
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echocardiography = 20-25
minutes), a single dose was usually
sufficient to complete it. If the
procedure was delayed for some
reason, the presence of mandibular
movements and sniffing are usually
the earliest signs of reduced depth
of anesthesia state. Considering
that it was a painless procedure,
even in these cases re-dosing was
rarely necessary.

Thermal blanket?
The video shows
only a table with an
absorbent pad.

YES

YES

Procedure pads are not
acceptable methods of
providing external heat
support.

Indeed, a thermal blanket/heating
pad (green rectangle in the video)
was always used during the
echocardiographic procedure to
avoid hypothermia. Sometimes it
was placed under an absorbing
cloth (time: 00:27) or directly
under the animal (time 2:51-9:38).
It is a blanket specially designed
for use on animals that heats only
the area of the blanket that comes
into contact with the animal.
Additionally, the animal was
covered with a cloth to reduce the
loss of temperature. This last
procedure was not used during the
recording of the video to facilitate
the observation of the positioning
of the animal. We have made the
recommendation of the use of the




thermal blanket more evident, by
moving a comment from section
1.1.1. to a standalone section 1.2. in
the protocol. The animal resting on
a thermal blanket is already shown
in the video (time: 0:17, 0:27, and
2:51-9:38).

n/a Was the rabbit NO YES Fasting is not This is truly an important aspect
fasted before the recommended for that we forgot to mention in the
procedure? rabbits as they don’t text and since we do not routinely

vomit, and they have fast the rabbits for this procedure.
prolonged gastric Indeed, the animals were not
emptying times. If subjected to any fasting before the
fasting was used, there | procedures for the same reasons
needs to be a description | alluded to by the reviewer. We
on how intraoperative have added this to section 1.4 of
metabolic acidosis and | the protocol as well as relevant
hypoglycemia was references.
prevented, and how
postoperative
gastrointestinal stasis
was managed.

n/a Procedure length NO YES Describe the length As indicated above, the entire

(minutes) of the
procedure.

procedure (animal preparation and
echocardiography) had an average
duration of 20-25 minutes. As
noted by the last conclusion of the
video (time: 14:25), after inducing
anesthesia, in experienced hands
the echocardiographic examination
can be completed within 15




minutes. This has now been added
to the discussion section of the
manuscript (Lines 644-646).

00:14 | Anesthesia is NO YES Describe how the K/M | Both drugs were loaded in the same
accomplished with cocktail is prepared and | syringe, homogenized and
one injection with administered in one administered in the same injection
Ketamine / syringe, or if it was shot to the patient. This is visible in
Medetomidine administered with two the video at time 2:27. This has
mixed in the same injections. already been described in section
syringe? 1.1 of the manuscript.

00:14 | Anesthesia YES YES The patient must have at | Effectively, the heart rate was
monitoring not least temperature, constantly monitored throughout
described. respiration, SPO2 and the procedure by the ECG

heart rate monitored for
any anesthetic events. It
is OK if heart rate is
monitored by ultrasound
but that needs to be
described.

synchronous to the
echocardiographic examination, as
shown in the video (time: 3:06).
The rabbits routinely received
oxygen therapy through a mask (as
shown in the video time: 3:11) and
breathing was monitored visually,
as well as through the incidence of
thoracic movements in the
echocardiographic image.

The temperature was monitored via
rectal probe.

The monitoring of these variables
was done, at the beginning of the
procedure then every 10 minutes,
as well as at the end of the




procedure. This clarification was
added to a note in section 1.3.1 of
the protocol.

1. Please be specific in your comments. If possible, divide your comments into 2 categories:
a) Absolutely not acceptable - for serious errors and deviations from the animal research standards.
b) Improvement requires - for minor deviations, missing parts, etc....

For each comment, please specify if the changes in video are required, or if only changes in the complementary text are
necessary. Obviously, changes in the video are more difficult so it is important to note if changes in the text are
sufficient. Please use the chart below to provide details on each issue (replace examples listed):




