Journal of Visualized Experiments

Echocardiographic Assessment of Heart Valves and Chambers for Adult Rats
--Manuscript Draft--

Article Type: Invited Methods Collection - JoVE Produced Video

Manuscript Number: JoOVEG60404R2

Full Title: Echocardiographic Assessment of Heart Valves and Chambers for Adult Rats
Keywords: Echocardiography, Wistar rat, cardiac morphology, cardiac function, heart valves,

cardiac chambers, diastolic function, systolic function

Corresponding Author: Augusto Almeida Ministro, MD PhD
Centro Cardiovascular da Universidade de Lisboa, Lisbon School of Medicine of the
Universidade de Lisboa
Lisboa, 1649-028 PORTUGAL

Corresponding Author's Institution: Centro Cardiovascular da Universidade de Lisboa, Lisbon School of Medicine of the
Universidade de Lisboa

Corresponding Author E-Mail: augusto.ministro@gmail.com

Order of Authors: Sonia Ribeiro

Ana Rita S. Pereira

Ana Pinto

Filipe Rocha

Augusto Almeida Ministro, MD PhD

Manuela Fiuza

Fausto Pinto

SUSANA Constantino Rosa Santos CONSTANTINO
Additional Information:

Question Response

Please indicate whether this article will be Open Access (US$4,200)
Standard Access or Open Access.

Please indicate the city, state/province, Lisbon, Portugal
and country where this article will be
filmed. Please do not use abbreviations.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;60404_R2.docx %

1  TITLE:
2 Echocardiographic Assessment of Cardiac Anatomy and Function in Adult Rats
3
4  AUTHORS AND AFFILIATIONS:
5  Sénia Ribeiro’ %", Ana Rita S. Pereira’”, Ana Teresa Pinto?, Filipe Rocha!, Augusto Ministro® 2,
6  Manuela Fiuza'?, Fausto Pinto?, Susana Constantino Rosa Santos'*
7
8 1. Centro Cardiovascular da Universidade de Lisboa, Faculdade de Medicina, Universidade
9 de Lisboa, Lisboa, Portugal
10 2. Departamento Coracdo e Vasos, Centro Hospitalar Universitario Lisboa Norte, Lisboa,
11  Portugal
12
13 Email addresses of co-authors:
14  Soénia Ribeiro (soniaduarteribeiro@gmail.com)
15  AnaRita S. Pereira (ritasimoespereira@gmail.com)
16  Ana Pinto (anatfcpinto@gmail.com)
17  Filipe Rocha (filipenunesrocha)
18  Augusto Ministro (augusto.ministro@gmail.com)
19  Manuela Fiuza (mfiuza@medicina.ulisboa.pt)
20  Fausto Pinto (faustopinto@medicina.ulisboa.pt)
21  Susana Constantino Rosa Santos (sconstantino@medicina.ulisboa.pt)
22
23 *These authors contributed equally
24
25  # Corresponding Author:
26  Susana Constantino Rosa Santos
27  sconstantino@medicina.ulisboa.pt
28
29 KEYWORDS:
30 Echocardiography, Wistar rat, cardiac anatomy, cardiac function, heart valves, diastolic function,
31  systolic function, 2D-Echo, Doppler.
32
33 SUMMARY:
34 A non-invasive protocol for transthoracic echocardiography assessment of cardiac anatomy and
35 function for adult rats is presented in the current study. The heart valves, all four cardiac
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38 ABSTRACT:
39 The use of experimental animal models has become crucial in cardiovascular science. Most
40 studies using rodent models are focused on two-dimensional imaging to study the cardiac
41  anatomy of the left ventricle and M-mode echo to assess its dimensions. However, this could
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were obtained through left parasternal, apical and suprasternal windows. In the left parasternal
window, the long and short axis were acquired to analyze left chamber dimensions, right ventricle
and pulmonary artery dimensions, and mitral, pulmonary and aortic valve function. The apical
window allows the measurement of heart chamber dimensions and evaluation of systolic and
diastolic parameters. It also allows Doppler assessment with detection and quantification of
heart valve disturbances (regurgitation or stenosis). Different segments and walls of the left
ventricle are visualized throughout all views. Finally, the ascending aorta, aortic arch, and
descending aorta can be imaged through the suprasternal window. A combination of ultrasound
imaging, Doppler flow and tissue Doppler assessment have been obtained to study cardiac
morphology and function. This represents an important contribution to improve the assessment
of cardiac function in adult rats with impact for research using these animal models.

INTRODUCTION:

Cardiovascular disease is the leading cause of death in Europe, responsible for over 4 million
yearly deaths despite advances in therapy, diagnosis, and monitoring that have improved patient
outcomes in recent years. A rapid technological evolution has contributed to progress in
cardiovascular patient care. Within these diagnostic tools, particular attention has been paid to
biomedical imaging, which allows an anatomic and functional evaluation in a non-invasive way'
3, Similarly, medicine benefits from the results of biomedical research. Experimental animal
models are very useful for testing hypotheses derived from the clinical setting and to develop
innovative therapies®>.

There is increasing interest in the use of echocardiography as a research tool in experimental
animal models, allowing the acquisition of multiple measurements from a single animal in
longitudinal studies. It is important to note that there are some advantages in using murine or
rodent models. The short gestation period, low cost of breeding and housing, the knowledge of
their genome and possibility to develop transgenic animals are the main advantages of these
species, making them attractive to study the mechanisms involved in cardiovascular disease*”.
Although rat and mouse models show similar advantages, rats are the classical choice in
cardiovascular studies due to their larger physical dimension and lower heart rate that provides
better images in echocardiography studies*?°.

We describe an echocardiography protocol using conventional medical ultrasound equipment to
evaluate cardiac chambers and heart valves (anatomy and function) using Wistar rats. This is a
concise and complete protocol for short time acquisition images and loops that allow offline
measurements, which can be later revised to integrate new variables or measurements over
time.

PROTOCOL:
All animal procedures were performed according to Directive 2010/63/EU. The procedures were

approved by the institutional Animal Welfare Body, licensed by DGAV, the Portuguese competent
authority for animal protection (license number 0421/000/000/2018).
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NOTE: Female Wistar Han IGS (Crl:WI(Han) from Charles River Laboratories (12-16 weeks-old)
were used. This protocol is specific for rats independently of their strain, age or gender.

1. Preparing rats for echocardiography: anesthesia and reversion protocol
1.1. Weigh rats.

1.2. Prepare a three-component anesthetic composed by midazolam (4.76 mg/kg),
metedomidine (0.356 mg/kg) and fentanyl (0.012 mg/kg), according to rat weight.

1.3. Inject anesthesia intraperitoneally. Check for the absence of pedal withdrawal reflexes to
evaluate depth of anesthesia.

1.4. Shave the hair from the torso area.
1.5.  Apply durable gel to both eyes to prevent drying of the sclera.

1.6.  Place the anesthetized rat in a supine position atop a heating pad in order to maintain
body temperature (37.0 °C £ 0.5 °C).

1.7.  Applyalayer of preheated (close to body temperature) ultrasound gel to the chest, mainly
in the area overlying the heart. Avoid air bubbles in the gel that can interfere with ultrasonic
imaging.

1.8. Revert anesthesia through subcutaneous injection using antisedan (0.94 mg/kg) and
flumazenilo (0.2532 mg/kg), immediately after the end of the echocardiography.

NOTE: This anesthetic combination provides up to 45 minutes for echocardiography imaging. The
echocardiographic protocol described below is compatible with any other anesthesia protocol.

2. Echocardiography

NOTE: The echocardiograms are performed with a conventional clinical echocardiographic
equipment, with a 12 MHz cardiac probe, and include acquired still images and loops in
parasternal (long axis and short axis views), apical (4, 5, 2 and 3 chambers) and suprasternal
views. An electrocardiogram is recorded to identify end-systole and end-diastole, for
measurement procedures and loop acquisition (ECG triggered)'>'2, A preset is used to keep
image definition stable between rats: frequency 5-10 MHz, depth 2.5 cm, framerate 125 fps,
Doppler sample 1.0 mm and color Doppler aliasing velocity 40 cm/s. Loops were recorded with
at least 3 heart beats.

2.1. Left parasternal long axis view

NOTE: Position the probe on the left side of the sternum and the index mark turned to the right
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shoulder.

2.1.1. Record M-mode images at the aortic valve, mitral valve leaflets and left ventricular mid-
cavity (cursor at mitral valve tips or cordal level)**. The M-Mode cursor should be perpendicular
to the structure of interest>1°,

2.1.2. Record a 2D loop of all views.

2.1.3. Record a 2D loop with zoom at the left ventricular outflow tract.

2.1.4. Record a 2D loop with color Doppler imaging simultaneously at the aortic and mitral
valves.

2.2. Left parasternal short-axis view

NOTE: Place the probe on the left side of the sternum with the index mark rotated to the left
shoulder.

2.2.1. Obtain an image at the aortic valve level by tilting the probe slightly cranially.
2.2.2. Record a 2D loop of all views.

2.2.3. Record a 2D loop with color Doppler imaging simultaneously at the aortic and pulmonary
valves.

2.2.4. Acquire a spectral pulsed Doppler image at the pulmonary artery. The cursor should be
parallel to flow'3.

2.2.5. Obtain an image of the left ventricle at the papillary muscle level by tilting the probe
slightly downward.

2.2.6. Record a 2D loop of all views.
2.3. Apical 4-chamber view

NOTE: Position the probe at the apical area in the anterior axillary line and with the index mark
turned to left shoulder.

2.3.1. Record a 2D loop of all views.
2.3.2. Record a loop of 2D and tissue Doppler imaging including all 4 chambers.

2.3.3. Focus on the left cardiac chambers.
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2.3.3.1. Record a 2D loop with zoom at the left atrium.
2.3.3.2. Record a 2D loop with color Doppler imaging at the mitral valve and left atrium.

2.3.3.3. Record simultaneous M-mode and color Doppler images for left ventricular
propagation flow.

2.3.3.4. Get a spectral pulsed wave (pw) Doppler at the mitral valve for left ventricular
inflow. Place the sample at the mitral leaflet tips, in their fully open diastolic position'31%12,

2.3.3.5. Add a continuous wave (cw) Doppler image at the mitral valve, if there is mitral
valve regurgitation.

2.3.3.6. Obtain a spectral pulsed tissue Doppler image at the mitral annulus (left
ventricular lateral and septal walls). Align the PW Doppler cursor with the long axis of the heart

in order to produce the maximum Doppler signal*-313,

2.3.3.7. Record M-mode of mitral annulus for mitral annular plane systolic excursion
measurement (cursor at lateral left ventricle wall).

2.3.4. Focus on right cardiac chambers.

2.3.4.1. Record a 2D loop with zoom at the right atrium.

2.3.4.2. Record a 2D loop with color Doppler imaging at the tricuspid valve and the right
atrium.

2.3.4.3. Obtain a spectral pulsed tissue Doppler image at the tricuspid annulus (right

ventricular wall).

2.3.4.4. Record M-mode for tricuspid annular plane systolic excursion (TAPSE) by placing
the 2D cursor at the tricuspid lateral annulus.

2.4. Apical 5-chamber view
NOTE: From the 4-chamber view, tilt the probe slightly anterior to the chest.
2.4.1. Record a 2D loop of all views.

2.4.2. Record a 2D loop with color Doppler imaging at the aortic valve and left ventricular
outflow tract.

2.4.3. Get a spectral pulsed wave Doppler image at the left ventricular outflow tract. Place the
cursor parallel to the flow and place the sample at the left ventricular outflow tract®4,
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2.4.4. Getaspectral pulsed wave Doppler image at the left ventricle mid-cavity for simultaneous
left ventricular inflow and outflow waves.

2.4.5. Obtain a spectral continuous wave Doppler image at aortic valve, transvalvular flow is
recorded below baseline and regurgitation, if present, above baseline.

2.5. Apical 2-chamber view

NOTE: Return to a 4-chamber view and rotate the probe 90° counterclockwise.

2.5.1. Record a 2D loop of all views.

2.5.2. Record a 2D loop with color Doppler imaging at the mitral valve.

2.6. Apical 3-chamber view

NOTE: Tilt the probe slightly cranially.

2.6.1. Record a 2D loop of all views.

2.6.2. Record a 2D loop with color Doppler simultaneously at the aortic and mitral valves.

2.7. Suprasternal window (on the left side of supraclavicular space with probe directed
downward)

2.7.1. Record a 2D loop of the aortic arch.

2.7.2. Get spectral pulsed wave Doppler image at the ascending aorta.
2.7.3. Get spectral pulsed wave Doppler image at the descending aorta.
3. Measurements

3.1. Proceed to measurements, including global longitudinal strain. Perform these
measurements should be performed offline in order to reduce the anesthesia time.

REPRESENTATIVE RESULTS:

Figure 1 show the probe position on the chest to display the parasternal window long axis view
(Figure 2). This view allows accurate measurements of left ventricle cavity and wall thickness,
systolic function (Figure 3), left ventricle outflow diameter (to apply in other formulas such as in
cardiac output), ascending aorta diameter and left atrium diameter. All chamber dimensions
were indexed to body weight. The parasternal long axis view allows anatomical (with 2D-Echo)
and functional (with color Doppler imaging) evaluation of the aortic and mitral valves. This view
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also allows the identification and measurement of the pericardial effusion, if present. M-Mode
can be used for left ventricle measurements (Figure 3): septum and posterior walls dimensions,
left ventricle dimensions, left ventricle systolic function and left ventricle mass3410.14,

Left ventricle systolic function is evaluated by fractional shortening and also by visualizing the
excursion and thickening of walls during cardiac cycle (assessed by the ECG). Left ventricle mass
is obtained by the formula:

LV mass = 0.8 x 1.04 x [(IVS + LVID + PWT)3- LVID3]
(IVS: interventricular septum thickness; LVID: left ventricle internal diameter; PWT: posterior
wall thickness, with measurements made at end-diastole)%3410.14,

Figure 4 shows the probe position on the chest to display the parasternal window short axis view.
This view allows the visualization of the right ventricular outflow, the aortic valve, the pulmonary
valve, the pulmonary artery (Figure 5), and the left ventricular mid-cavity size (Figure 6) and
function (with 2D visualization of segmental contractility)>3410.11,

Figure 7 shows the probe position on the chest to display the apical views. In the apical 4-
chamber view (Figure 8), all 4-chamber dimensions (areas of all 4-chambers and volume of left
ventricle) and function can be assessed. The anatomic and functional characterization of mitral
and tricuspid valves can be also evaluated. The left ventricular outflow, aortic valve flow and
ascending aorta were obtained with the apical 5-chamber view. The apical 2-chamber view
(Figure 9) focuses on the left atrium and ventricular size and function. Apical 3-chamber and 5-
chamber views allow aortic valve and left ventricular outflow evaluation. All views combined to
allow the assessment of the different left ventricular walls and segments and the study of
different systolic and diastolic function parameters®3410.11,

Left ventricular diastolic function can be assessed by pulsed Doppler imaging at the mitral valve
(Figure 10), isovolumetric relaxation time of the left ventricle, and tissue Doppler imaging at the
mitral annulus®3*2, Normal mitral inflow consists of biphasic flow from the left atrium to the left
ventricle. In normal conditions, the early flow coincident with E-wave is higher than the later flow
that occurs with atrial contraction (A-wave).

Left ventricular diastolic function can also be studied with tissue Doppler imaging, which analyzes
myocardial velocities (Figure 11). Spectral tissue Doppler imaging studies systolic and diastolic
function over a cardiac cycle and has 3 peaks: one positive systolic peak (s’-wave) representing
myocardial contraction and two negative diastolic peaks (e’-wave of early diastolic myocardial
relaxation and e’-wave of active atrial contraction in late diastole) assessed at the mitral annular
level, from septal or lateral annulus®3410.14,

Characterization of left ventricular diastolic function by pulsed Doppler imaging at the mitral
valve and tissue Doppler imaging at the mitral annulus should include the following parameters:
E-wave velocity, A-wave velocity, E/A ratio, e’ velocity, a’ velocity, E/e’ ratio and deceleration
time of E-wave 1341014,
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Left ventricular systolic function can be studied by mitral annular plane systolic excursion
measurement, fractional shortening (Figure 3), ejection fraction, stroke volume, cardiac output,
systolic tissue s’-wave velocity (Figure 11) and global longitudinal strain by myocardial
deformation with strain and strain rate analysis (Figure 12)3410,

Ejection fraction is calculated with volumes by a modified Simpson method based on visual
tracings of the blood and tissue interface and using the apical 4 and 2-chamber views. At the
basal or mitral valve level, the contour is closed by connecting the two opposite sections of the
mitral ring with a straight lineX®>*9, The volume of blood that forms the ejection fraction
represents the stroke volume. If the mitral valve is competent, then this can be multiplied by
heart rate to calculate the cardiac output®>*. Stroke volume is based on the measurements of
blood flow through the left ventricle outlet tract during cardiac cycle, using this formula:
SV=r x (LVOT diameter /2)?x VTI (or

(LVOT: left ventricle outflow tract; LVOT diameter is measured in the parasternal long axis view.
VTlwor): velocity time integral traced from pulsed wave Doppler in the LVOT in apical 5-chamber
view)%3,

The most commonly used strain-based measure of LV global systolic function is global
longitudinal strain obtained by myocardial deformation with strain and strain rate analysis'341°,
It is usually assessed by speckle-tracking echocardiography, where the peak of global longitudinal
strain describes the relative length change of the LV myocardium between end-diastole and end-
systole:

GLS(%) = (MLs - MLd)/MLd,
(MLs: myocardial length at end-systole; MLd: myocardial length at end-diastole).

Measurements should begin with the apical 3-chamber view to visualize aortic valve closure,
using opening and closing clicks of the aortic valve in spectral Doppler imaging or aortic valve
opening and closing on M-mode imaging®®41°, Apical 4 and 2-chamber views are also evaluated,
and all three viewsmeasurements are averaged. Right ventricular systolic function is evaluated
by tricuspid annular plane systolic excursion (TAPSE) and tissue Doppler imaging at tricuspid
annulus. All valves are studied by color Doppler imaging, allowing direct visualization of stenosis
or regurgitation (Figure 13). If aortic valve regurgitation is present, it can be studied and
qguantified by vena contracta and half-pressure time with continuous Doppler imaging (Figure
14)%. Figure 15 shows the ascending aorta, the aortic arch and the proximal descending aorta
visualized in suprasternal window.

FIGURE AND TABLE LEGENDS:
Figure 1: Probe positioning for parasternal long-axis view.

Figure 2: 2D parasternal long-axis view of left atrium (LA), left ventricle (LV), aortic valve and
ascending aorta (Ao) and mitral valve (MV).

Figure 3: M-Mode of left ventricle with measurements, including interventricular septum
thickness in diastole (IVSd), left ventricle internal diameter in diastole (LVIDd) and systole
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(LVIDs), posterior wall thickness (LVIPWd), fractional shortening (%FS), ejection fraction
calculated with Teichholz method [EF(Teich)], left ventricle mass (LVdMass), parietal thickness
(EPR) and left ventricle mass with calculation adapted to rodent (LVM Mouse).

Figure 4: Probe positioning for parasternal short-axis view.

Figure 5: 2D parasternal short-axis view at aortic valve (Ao), left atrium (LA), right atrium (RA),
right ventricle (RV), pulmonary artery (PA).

Figure 6: Parasternal short-axis view at left ventricle papillary muscles level.
Figure 7: Probe positioning for apical 4-chamber view.

Figure 8: 2D of 4-chamber view including left atrium (LA), left ventricle (LV), right atrium (RA)
and right ventricle (RV).

Figure 9: 2D Echo of apical 2-chamber view including left atrium (LA) and ventricle (LV) and
mitral valve (MV).

Figure 10: Pulsed wave Doppler at mitral valve, showing E-wave velocity =0.49 m/s, A-wave
velocity=0.33 m/s, E-wave deceleration time= 35ms and E/A ratio=1.48

Figure 11: Spectral Doppler tissue at septal mitral annulus, showing myocardial tissue waves of
diastole (e’ and a’) and of systole (s’).

Figure 12: Myocardial deformation analysis with longitudinal strain evaluated at 4-chamber
view.

Figure 13: Visualization of aortic regurgitation with Color Doppler.

Figure 14: Continuous Doppler of aortic valve at apical 5-chamber view, showing regurgitation
above baseline with half-pressure time measured 95 ms.

Figure 15: Suprasternal view of ascending aorta (Asc), aortic arch (Arch) and descending aorta
(Desc).

DISCUSSION:

This protocol allows a complete echocardiographic study using conventional medical ultrasound
equipment and a high-frequency probe in adult rats. This is an important aspect of the protocol,
since ultrasound equipment dedicated for small animals is expensive and the investment is not
always justifiable.

As longitudinal imaging studies require repeated anesthesia, a combination of medetomidine-
midazolam-fentanyl was proposed in this protocol since it is more suitable for serial use when
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compared to isoflurane or a mixture of ketamine-xylazine, in Wistar rats. However, the proposed
echocardiographic protocol is compatible with any other anesthesia protocol'®. As described, our
echocardiography protocol includes the evaluation of several parameters that enables the
identification of anatomic and functional cardiac changes.

Focusing on the anatomical characterization, it is possible to evaluate the dimensions of all heart
chambers and their dilatations, left ventricle hypertrophy, valvular fibrosis or calcifications.
Concerning the cardiac function, the left ventricular systolic and diastolic function and right
ventricular systolic function can be analyzed¥3*. Also, the cardiac valve’s anatomy and function
are studied, using 2D-echo for anatomic characterization (identifying fibrosis, calcification or
abnormal opening) and using Doppler imaging for functional characterization and detection of
stenosis or regurgitations. Color Doppler imaging enables detection of flow direction and
turbulences and spectral Doppler waves allow measurements oif velocities and gradients®-3.

Adequate image quality was obtained in almost all rats (smallest weight of 200 g), although due
to inter-individual differences in anatomy, echocardiographic views may not be obtained with
the exact same definition between rats, which may have an impact in cavity dimension
measurements. There is 5% intra-observer reported variability on left ventricle M-mode
measurements'’. Particularly, when using M-Mode for left ventricular measurements, the
following limitations may exist: difficulties in getting a perpendicular angle; including only basal
segments (resulting in inaccurate measurements in the presence of asymmetric hypertrophy or
regional systolic dysfunction); and geometric assumptions (considering that the left ventricle is a
prolate ellipsoid with a 2:1 long/short axis ratio and symmetric distribution of hypertrophy). Also,
inclusion of cubed measurements may impact accuracy, since even a small error in dimensions
may lead to overestimated mass31°, Even when using volumes and the ejection fraction
calculated by the Simpson’s method, there are disadvantages: the apex is frequently
foreshortened; the endocardial dropout can bias the measurement and is blind to shape
distortions not visualized in the apical 4 and 2-chamber views>1°,

Importantly, this protocol highlights the use of advanced measurements and evaluations, such
as the left ventricle strain and the strain rate, assessed by speckle tracking, to achieve more
complete information about myocardial fibers behavior’3. For a more accurate strain and strain
rate evaluation, the optimization of image quality, maximizations of frame rate, and minimization
of apex foreshortening are required. Midwall global longitudinal strain is used as it agrees with
more published available data and has been shown in several clinical studies to be robust and
reproducible’®. The electrocardiographic monitorization integrated in the equipment is very
prone to artifacts, which is a constraint. Also, it is very important to state that the functional or
hemodynamic cardiac status of the rat can depend on variables such as temperature, blood
pressure and heart rate*2131417,

Since resolution is related to the probe-frequency, future developments are expected to develop
higher frequency probes and consequently higher resolution and image definition in non-invasive
cardiovascular imaging in small animals, with these types of equipment. Standardization of
methods and measurements is considered critical in this field of research, reaching more precise
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echocardiographic diagnosis of experimental rat models and resulting in a better understanding
of molecular biology of human cardiovascular diseases.

ACKNOWLEDGMENTS:
ARSP and ATP are supported by the fellowships, SFRH/BD/121684/2016 and
SFRH/BPD/123181/2016, respectively, from Fundagdo para a Ciéncia e Tecnologia.

DISCLOSURES:
The authors have nothing to disclose.

REFERENCES:

1 Armstrong, W. F., Ryan, T. Feigenbaum's Echocardiography. 7th Edition edn (Lippincott
Williams & Wilkins).

2 Douglas, P. S. et al. ACCF/ASE/ACEP/ASNC/SCAI/SCCT/SCMR 2007 appropriateness
criteria for transthoracic and transesophageal echocardiography: a report of the American
College of Cardiology Foundation Quality Strategic Directions Committee Appropriateness
Criteria Working Group, American Society of Echocardiography, American College of Emergency
Physicians, American Society of Nuclear Cardiology, Society for Cardiovascular Angiography and
Interventions, Society of Cardiovascular Computed Tomography, and the Society for
Cardiovascular Magnetic Resonance endorsed by the American College of Chest Physicians and
the Society of Critical Care Medicine. Journal of the American College of Cardiology. 50 (2), 187-
204 (2007).

3 Otto, M. C. Textbook of Clinical Echocardiography. 6th Revised edition edn (Elsevier -
Health Sciences Division, 2018).

4 Liu, J., Rigel, D. F. Echocardiographic examination in rats and mice. Cardiovascular
Genomics. Methods in Molecular Biology (Methods and Protocols). 573, 139-155 (2009).

5 Ram, R., Mickelsen, D. M., Theodoropoulos, C., Blaxall, B. C. New approaches in small
animal echocardiography: imaging the sounds of silence. American Jounal of Physiology- Heart
and Circulatory Physiology. 301 (5), H1765-1780 (2011).

6 Aronsen, J. M. et al. Noninvasive stratification of postinfarction rats based on the degree
of cardiac dysfunction using magnetic resonance imaging and echocardiography. American
Jounal of Physiology - Heart and Circulatory Physiology. 312 (5), H932-H942 (2017).

7 Forman, D. E., Cittadini, A., Azhar, G., Douglas, P. S., Wei, J. Y. Cardiac morphology and
function in senescent rats: gender-related differences. Journal of the American College of
Cardiology. 30 (7), 1872-1877 (1997).

8 Walker, E. M., Jr. et al. Age-associated changes in hearts of male Fischer 344/Brown
Norway F1 rats. Annals Of Clinical And Laboratory Science. 36 (4), 427-438 (2006).

9 Watson, L. E., Sheth, M., Denyer, R. F., Dostal, D. E. Baseline echocardiographic values for
adult male rats. Journal of the American Society of Echocardiography. 17 (2), 161-167 (2004).

10 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. Journal of the American Society of
Echocardiography. 28 (1), 1-39 e14 (2015).

11 Galderisi, M. et al. Standardization of adult transthoracic echocardiography reporting in



485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506

agreement with recent chamber quantification, diastolic function, and heart valve disease
recommendations: an expert consensus document of the European Association of Cardiovascular
Imaging. European Heart Journal — Cardiovascular Imaging. 18 (12), 1301-1310 (2017).

12 Nagueh, S. F. et al. Recommendations for the Evaluation of Left Ventricular Diastolic
Function by Echocardiography: An Update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. European Heart Journal - Cardiovascular
Imaging. 29 (4), 277-314 (2016).

13 Weytjens, C. et al. Doppler myocardial imaging in adult male rats: reference values and
reproducibility of velocity and deformation parameters. European Journal of Echocardiography.
7 (6), 411-417 (2006).

14 Scheer, P. et al. Basic values of M-mode echocardiographic parameters of the left
ventricle in outbreed Wistar rats. Veterinarni Medicina. 57 (1), 42-52 (2012).

15 Lancellotti, P. et al. Recommendations for the echocardiographic assessment of native
valvular regurgitation: an executive summary from the European Association of Cardiovascular
Imaging. European Heart Journal - Cardiovascular Imaging. 14 (7), 611-644 (2013).

16 Albrecht, M., Henke, J., Tacke, S., Markert, M., Guth, B. Influence of repeated anaesthesia
on physiological parameters in male Wistar rats: a telemetric study about isoflurane, ketamine-
xylazine and a combination of medetomidine, midazolam and fentanyl. BMC Veterinary
Research. 10, 310 (2014).

17 Dragoi Galrinho, R. et al. New Echocardiographic Protocol for the Assessment of
Experimental Myocardial Infarction in Rats. Maedica (Bucharest). 10 (2), 85-90 (2015).



Click here to access/d



https://www.editorialmanager.com/jove/download.aspx?id=1099017&guid=1ba430b0-8c26-4797-8130-52620b6b9793&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099017&guid=1ba430b0-8c26-4797-8130-52620b6b9793&scheme=1

Click here to access/download;Figure;Figure2.pdf =



https://www.editorialmanager.com/jove/download.aspx?id=1099018&guid=2849c081-b8a9-483c-93ab-b82307685580&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099018&guid=2849c081-b8a9-483c-93ab-b82307685580&scheme=1

Figure Click here to access/download;Figure;Figure3.pdf =



https://www.editorialmanager.com/jove/download.aspx?id=1099019&guid=0220c2ba-52a3-4a7e-8a27-8d6c62db9df8&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099019&guid=0220c2ba-52a3-4a7e-8a27-8d6c62db9df8&scheme=1

Figure Click here to access'/downlo igure;Figured: ,,
" "al_h

4

-
L adhe
i v
S & -
) -.._".".-"'
ko -
. i &
1
----'i“"“I "
i ey L - a -
b ity -
. rl ¥ ,"
\ ¥ v gy -
L | - -
e i "1::- TR
] P -
1T A YYeu
PAAAA e L
L L | =4 A

.‘ R } PR sw

w
‘I""‘..‘a" "\ U

T & 3
. \**"."-‘
e o
\ St
, j


https://www.editorialmanager.com/jove/download.aspx?id=1099020&guid=30c7f1e3-cadd-47f7-aac2-f73fe7d1b589&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099020&guid=30c7f1e3-cadd-47f7-aac2-f73fe7d1b589&scheme=1

Figure Click here to access/download;Figure;Figure5.pdf =



https://www.editorialmanager.com/jove/download.aspx?id=1099021&guid=90f9554c-9640-4900-a017-a44293e9a510&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099021&guid=90f9554c-9640-4900-a017-a44293e9a510&scheme=1

Figure Click here to access/download;Figure;Figure6.pdf =



https://www.editorialmanager.com/jove/download.aspx?id=1099022&guid=403c5d38-ac59-4950-a0e1-2d1cbca0ddb0&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099022&guid=403c5d38-ac59-4950-a0e1-2d1cbca0ddb0&scheme=1

Figure Click here to accéss/downlo;d;m

- '

o ol Wl r I ¥
JL ,.-,.....l.-l..'.i" T et
e e B o bedn

¢
oy S
Wy Pl w7 gy =

i a Cy g A
(e | E
- » "
;| L2 .'-
g il
o JF g
Fr .
. L
w il 4 -
e A g k
e ¥ &
poes
FIT . .
gl P -
# .lh‘.- .. ¥ ‘ .
-
P ™ a ¥
!1-I- - - .
v P .
= i i
se B a g’ | ¥
iy ¥ - .
ke i e i
Ll i
¥ g
- wbni W
P ._1.21"'" e e
" I
e # - .
A o~
pu-l"'- -y . .
i i o . .
-..r‘". L i
g - e
F‘, it -b-_/" P
e A
' o
- & W % - s
- i S e p o
- " .p-'-""p . i -
o el il .
> / B e "-{.: "
. J g F S
-
o r ’
. _’Hr‘"
e


https://www.editorialmanager.com/jove/download.aspx?id=1099023&guid=f7ff09c2-c556-4e4c-be62-6707aabbf897&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099023&guid=f7ff09c2-c556-4e4c-be62-6707aabbf897&scheme=1

Figure Click here to access/download;Figure;Figure8.pdf =



https://www.editorialmanager.com/jove/download.aspx?id=1099024&guid=48987b44-d099-438f-af8e-6630eab80717&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099024&guid=48987b44-d099-438f-af8e-6630eab80717&scheme=1

Figure Click here to access/download;Figure;Figure9.pdf =



https://www.editorialmanager.com/jove/download.aspx?id=1099025&guid=256a8685-5848-42fb-8eb5-788f7f33a0d6&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099025&guid=256a8685-5848-42fb-8eb5-788f7f33a0d6&scheme=1

Figure Click here to access/download;Figure;Figure10.pdf %

-]
1 MV E
MV
MV
MV A
MV E/A Ratio
MV PHT

MVA By PHT 21.47 cm2



https://www.editorialmanager.com/jove/download.aspx?id=1099026&guid=f3413578-92ff-42b1-b322-6a0ae74fa37a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099026&guid=f3413578-92ff-42b1-b322-6a0ae74fa37a&scheme=1

[cm/s]



https://www.editorialmanager.com/jove/download.aspx?id=1099027&guid=4c1a20a8-173e-4462-8f07-74f757a49a4c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099027&guid=4c1a20a8-173e-4462-8f07-74f757a49a4c&scheme=1

Click here to access/download;Figure;Figure12.pdf =

\ SEGMENTAL: Longitudinal Strain (%)
4CH ; s |
Frame = 4{

AVC

|Endo| mid | Epi
VL | a

s + EE v Peak G | -16:87 @ -11.65 -6.17 -5.25 -4.28
s |

v Peak 5 -10.12  -9.09 6.17
oL | < Peak P | 775 8.67 9.01

ATTENTION !

Values are averages over segments !

-8.00
-5.25 -4.28 -2.07

7.28 7.84 9.84



https://www.editorialmanager.com/jove/download.aspx?id=1099028&guid=1ad78475-0e85-441b-9980-1ca72210e050&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099028&guid=1ad78475-0e85-441b-9980-1ca72210e050&scheme=1

Figure Click here to access/download;Figure;Figure13.pdf %



https://www.editorialmanager.com/jove/download.aspx?id=1099029&guid=0b385725-bfb4-44ce-83bd-cb95ac8df4f9&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099029&guid=0b385725-bfb4-44ce-83bd-cb95ac8df4f9&scheme=1

Figure Click here to access/download;Figure;Figure14.pdf =

by Al ‘\;*u,é% A e



https://www.editorialmanager.com/jove/download.aspx?id=1099030&guid=77f75473-91c6-448e-a218-04f5bce045cb&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099030&guid=77f75473-91c6-448e-a218-04f5bce045cb&scheme=1

Click here to access/download;Figure;Figure15.pdf %



https://www.editorialmanager.com/jove/download.aspx?id=1099031&guid=b4c9da04-e89a-4f1f-93b4-982014c9a91f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099031&guid=b4c9da04-e89a-4f1f-93b4-982014c9a91f&scheme=1

Table of Materials

Click here to access/download;Table of Materials;JoVE_Table_of Materials_sc.xlsx %

Name of Material/Equipment Company Catalog Number
GE Medical
12S-RS Probe Systems H44901AB
Antisedan (5 mg/ml) Esteve P01B9003
GE Medical
EKG monitoring unit Systems N/A
Electrodes FIAB F9089/100
Fentanilo (0.05 mg/ml) B.Braun BB3644960
Flumazenilo (0.1 mg/ml) Generis MUEH5933080
Insuline Syringe 1ml SOLM 1612912
Lubrithal gel (10mg) Dechra NC519
Medetor (1 mg/ml) Vibarc P01B0308
Midazolan (5 mg/ml) Labesfal MUEH5506191
Shaver Razor AESCULAP Isis GT608|Braun 90200714
K&H
Small Animal Heated Pad 120volts [Manufacturing inc.|655199010608
Parker
Ultrasound Gel Laboratories REF 01-08
. GE Medical
Ultrasound machine VIVID T8
Systems
Underpads Henry Schein 900-8132



https://www.editorialmanager.com/jove/download.aspx?id=1099497&guid=ba27babd-7203-40fd-984e-a640fe36d695&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1099497&guid=ba27babd-7203-40fd-984e-a640fe36d695&scheme=1

Author License Agreement (ALA)

jove

VISUALIZED L

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_SC.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Echocardiographic Assessment of Heart Valves and Chambers for Adult Rats

Author(s):

Susana Constantino

Sénia Ribeiro, Ana Rita S. Pereira, Ana Pinto, Filipe Rocha, Augusto Ministro,

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

DStandard Access

Item 2: Please select one of the following items:

Open Access

The Author is NOT a United States government employee.

DThe 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.

DThe 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-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/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 Mylove 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.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
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.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. 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.
10. 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 use, 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.

11. 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
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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, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 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.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of 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.

14. 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 is required per submission.

CORRESPONDING AUTHOR
Name: -
Susana Constantino Rosa Santos
Department: . . .
Angiogenesis Unit,
Institution: Cardiovascular Centre of the University of Lisbon, Faculdade de Medicina da
Universidade de Lisboa
Title: Professor
Signature: @umm @vﬂau'\ﬁ \D) Date: July 9, 2016

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Answers to the comments of the reviewer:

The answers to the reviewer are detailed below. We have revised our research
manuscript in accordance with the suggestions made.

Note: All the reviewer’s comments are in italic and bold. All author responses are in
normal format.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

This is a method paper focusing on the echocardiographic assessment of heart
valves and dimensions in adult rats.

In general, the paper is well-written and potentially informative for
researchers working in the field. However, there are several issues that need to
be addressed.

Major Concerns:
1) Experimental procedures were conducted only on females. Specific changes
in the protocol for males should be specified.

Answer: The text was changed accordingly.

“Female Wistar Han IGS (Crl:WI(Han) from Charles River (12-16 weeks-old) were used. This
protocol is specific for rats independently of their strain, age or gender.”

2) The authors should discuss how the use of different anesthetics affects
echocardiographic measurements and protocol.

Answer: The text was changed accordingly.

Since longitudinal imaging studies require repeated anesthesia, a combination of
medetomidine-midazolam-fentany was proposed in this protocol since it was described as more
suitable for serial use when compared to isoflurane or a mixture of ketamine-xylazin, in Wistar
rats. However, the proposed echocardiographic protocol is compatible with any other
anesthesia protocol .

3) Reference values for main dimensional and functional parameters should be
reported, particularly those related to the assessment of cardiac and valve
function.

I+
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Answer: In this study, female Wistar Han IGS were used but the objective is to describe
a protocol for rats independently of their strain, age or gender and for that reason
reference values were not included but illustrative images were included.

4) The authors provided many details for the acquisition of echocardiographic
images in different views. However, they did not provide sufficient
information regarding the procedures for data analyses. It would be
important for the readers to know where the calipers should be put to
measure cardiac dimensions or the correct procedures to measure aortic and
mitral transvalvular flow or regurgitation. For example, the readers would like
to known at which level they should measure transmitral inflow with respect
to mitral valve annulus plane. In addition, they would like to know the correct
alignment for aortic or pulmonary flow measurements. The utility of EKG
trace for data analysis was not discussed. Please address all these important
issues.

Answer: The text was changed accordingly and the protocol much more detailed
regarding all the aspects that were mentioned.

Reviewer #2:

Manuscript Summary:

Ribeiro et al. provided a protocol of TTE to assess cardiac morphology and
function in rats. The novelty of this method is limited and the description
should substantially contain more details for better reproducibility. Despite
these, an extended manuscript can serve as a good base to start small animal
echocardiography in an experimental lab, that is also attached to clinic.

Major Concerns:

1. The novelty of this protocol is very limited and not mentioned in the
introduction part. What is the advantages of this method compared to the
known, standard, well-described TTE examinations in rats? Please include
these in the introduction and discussion part.

Answer: The text was changed accordingly, both in the introduction and discussion. Also,
the abstract was changed.

Abstract:

“Most studies using rodent models are focused in two-dimensional imaging to study the
cardiac anatomy of the left ventricle and M-mode echo to assess its dimensions. However, this
could be limitative for a comprehensive study. Herein we describe a protocol that allows an
assessment of the heart chamber size, left ventricular function (systolic and diastolic) and
valvular function. A conventional medical ultrasound machine was used in this protocol and



different echo views were obtained through left parasternal, apical and suprasternal windows.
In the left parasternal window, the long and short axis were acquired to analyze left chambers
dimensions, right ventricle and pulmonary artery dimensions and mitral, pulmonary and aortic
valve’s function. The apical window, allows the measurement of heart chambers dimensions
and evaluation of systolic and diastolic parameters. It also allows Doppler assessment with
detection and quantification of heart valves disturbances (regurgitation or stenosis). Different
segments and walls of the left ventricle are visualized throughout all views. Finally, the
ascending aorta, aortic arch and descending aorta can be imaged through the suprasternal
window. “

Introduction:

“We describe an echocardiography protocol using a conventional medical ultrasound
equipment to evaluate cardiac chambers and heart valves (anatomy and function) using Wistar
rats”

Discussion:

“This protocol allows a complete echocardiographic study using a conventional medical
ultrasound equipment and a high-frequency probe in adult rats. This is an important aspect of
our protocol, since an ultrasound equipment dedicated for small animals is expensive and the
investment is not always justifiable.

Focusing on the anatomical characterization, it is possible to evaluate the dimensions of all
heart chambers and their dilatations, left ventricle hypertrophy, valvular fibrosis or
calcifications.

Concerning the cardiac function, the left ventricular systolic and diastolic function and right
ventricular systolic function can be analyzed 34,

Also, valvular function is studied by Doppler to detect stenosis or regurgitations, to evaluate
flow directions and turbulences and spectral waves measuring velocities and gradients 3.

Importantly, this protocol highlights the use of advanced measurements and evaluations, such
as left ventricle strain and strain rate, assessed by speckle tracking, to achieve a more
complete information about myocardial fibers behavior 3. For a more accurate strain and
strain rate evaluation, the optimization of image quality, maximizations of frame rate, and
minimization of apex foreshortening are required. Midwall global longitudinal strain is used as
it agrees with more published available data and has been shown in several clinical studies to
be robust and reproducible °.

The electrocardiographic monitorization integrated in the equipment is very prone to artifacts,
which is a constraint. Also, it is very important to state that functional or hemodynamic cardiac
status of the rat can depend on variables such as temperature, blood pressure and heart rate
9,13,14,17

Since resolution is related to the probe-frequency, future developments are expected to
develop higher frequency probes and consequently higher resolution and image definition in
non-invasive cardiovascular imaging in small animals, with these types of equipments. “



2. Different anesthesia have been used previously in rats (Stein et al., PMID:
17006633) with known advantages and disadvantages. Why the authors have
been used this type of (rather uncommon) anesthesia? How does it affect on
heart rate, contractility? How long is it enough? Could it have sex-specific
effect? Does the body composition affect it? It should be widely discussed!
Please provide also reference about this type of anesthesia (how do you solve
this and how many ml do you inject in the peritoneum of animal?).

Answer: The text was changed accordingly.

Since longitudinal imaging studies require repeated anesthesia, a combination of
medetomidine-midazolam-fentany was proposed in this protocol since it was described as more
suitable for serial use when compared to isoflurane or a mixture of ketamine-xylazin, in Wistar
rats. However, the proposed echocardiographic protocol is compatible with any other
anesthesia protocol .

3 Please provide troubleshooting step-by-step. With such experience, the
authors should know what for to pay attention, what can be the pitfalls of
precise measurements? The step-by-step description is very short.

Answer: The text was changed accordingly. The protocol and discussion sections were
carefully detailed.

4. Please provide also normal values (range) measured by this method in
control rats! They can be also indexed to body size. The Authors can pool all
the previous measurements in control rats.

Answer: In this study, female Wistar Han IGS were used but the objective is to describe
a protocol for rats independently of their strain, age or gender and for that reason
reference values were not included but illustrative images were included.

5. Figure 4-9. please provide a more detailed description and labels. In this
form the reproducibility is uncertain.

Answer: The text was changed accordingly.

6. In which kind of pathological conditions has been this method tested? Were
there any model for any valvular diseases? Please provide references of your
own group. | would also recommend to add other valuable longitudinal
echocardiography studies in rats (in physiological and pathological
conditions), (e.g. Olah et al., PMID: 30442376; Ruppert et al. PMID: 30844361).

Answer: In this study, female Wistar Han IGS were used but the objective is to describe
a protocol for rats independently of their strain, age, gender or pathological



conditions. The objective of this study is to describe a general protocol, independently
of the objectives of our specific research.

Minor Concerns:
1. Line 91-92: what is ,,ou"? What is the two type of doses next to
metedomidine and fentanyl?

Answer: The text was changed accordingly.

1.2 Prepare a three-component anesthetic composed by midazolam (4.76 mg/Kg),
metedomidine (0.356 mg/Kg) and fentanyl (0.012 mg/Kg), according to rat weight.

2. Line 97-98 Please define the exact body temperature, that is associated with
these measurements.

Answer: The text was changed accordingly.

1.6 Place the anesthetized rat in a supine position atop a heating pad in order to maintain
body temperature (37.0 °C + 0.5 °C).

3. Line 99-100 Preheated ultrasound gel: please define an approximate
temperature of optimal gel.

Answer: The text was changed accordingly.
1.7 Apply a layer of preheated (close to body temperature) ultrasound gel to the chest,

mainly in the area overlying the heart. Avoid air bubbles in the gel that can interfere with
ultrasonic imaging.

4. Line 113 please correct to 125/s the frame rate.
Answer: The text was changed accordingly.
A preset is used to keep image definition stable between rats: frequency 5-10 MHz, depth 2.5

cm, frame-rate 125 fps, Doppler sample 1.0mm and color Doppler aliasing velocity 40 cm/s.
Loops were recorded with at least 3 heart beats.



