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Abstract

Murine models have been utilized with increasing frequency mainly due to availability of
genetically engineered models. With advancement in high spatial and temporal resolution,
echocardiography is used extensively for the evaluation of cardiovascular function in murine
models of cardiovascular disease. This review summarizes the general applications and methods
involved in echocardiography used to study mouse models for cardiovascular research, based on
20 years of experience in our laboratory. The goal of this article is to provide a practical guide to
the use of echo techniques in mice to evaluate cardiac systolic and diastolic function.
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INTRODUCTION

Murine models for cardiovascular disease have been utilized with increasing frequency
mainly because of the expanding availability of genetic models. Echocardiogaphy (echo) is a
useful non-invasive method to visualize the cardiovascular structures and evaluate cardiac
function in mice. Improved echocardiography instrumentation enhances the spatial and
temporal resolution for imaging, resulting in more accurate assessment of left ventricular
systolic, diastolic, regional and vascular function. Echocardiography is an extremely
versatile tool for cardiovascular research allowing the evaluation of left ventricular (LV)
systolic function and diastolic function in mouse cardiomyopathy models (Asai et al., 1999;
Iwase et al., 1996; Iwase et al., 1997), myocardial ischemia model (Odashima et al., 2007),
and chronic pressure overload induced by transverse aortic constriction (TAC) (Depre et al.,
2006; Gelpi et al., 2009; Guellich et al., 2010). Also coronary reserve in mice can be
measured by echocardiography (Gao et al., 2008a, b). The applications and the advances of
echocardiography in mice have been summarized recently (Rottman et al., 2007; Scherrer-
Crosbie and Thibault, 2008; Stypmann, 2007). In this article, we will focus on how to apply
echocardiography for research in normal mice, genetically altered mice and models of
cardiovascular disease using examples from the general echocardiography protocols used in
our laboratory.
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ECHOCARDIOGRAPHY IN CONSCIOUS MICE

Anesthesia depresses contraction, heart rate and autonomic reflex control (Vatner et al.,
2002; Vatner and Braunwald, 1975). Therefore, it is a generally held view that
cardiovascular experiments performed in the conscious state are preferable to those obtained
under anesthesia. This holds for experiments in mice as well as large animal models.
However, there are also serious limitations to performing echocardiography in conscious
mice; most notably excitement in the animals can result in enhanced sympathetic tone and
heart rate. Accordingly training of mice for studies in the conscious state is essential.

Echocardiography method for conscious mice

1. Training: Before echocardiography can be performed effectively in conscious mice,
the mice need to be trained for two to three sessions over a period of 3 days by
holding the nape of the neck with the tail held tightly by the last two fingers, and
putting the ultrasound transducer on the chest for probe contact training. After a
few days of training, the mouse will remain calm in this position. Just prior to the
acquisition of echo images, the chest hair is removed by shaving or by applying
hair removal cream. To prevent excessive heat loss, as small an area of hair as
possible should be removed. Further details of echocardiography methods are
described in the section ‘Author’s mouse echo protocol’.

2. For echocardiography, the mouse is picked up in the palm of one hand. Pre-warmed
echo transmission gel is applied to the hairless chest. While holding the mouse with
the back of the mouse towards the palm, the hand is turned so the chest of the
mouse faces the floor. The transducer is applied from under the mouse to avoid
reflex effects induced by the pressure of the transducer on the chest.

3. Parasternal long-axis view, short-axis view at the papillary muscle level and 2-D
guided M-mode images are recorded as described in the mouse echo protocol
detailed below.

Baseline values for heart rate (HR) and fractional shortening (FS) in conscious and
anesthetized mice are summarized and displayed in Table 1, showing much higher values in
conscious mice than those under anesthesia. The heart rate in conscious mice is usually 600—
700 beats/min (Yang et al., 1999).

The disadvantages of conscious echocardiography include: 1) mice have to be trained for a
few days to minimize the excitement induced by manipulating the mice (Rottman et al.,
2007; Yang et al., 1999), 2) a second person is needed to operate the ultrasound machine,
and 3) the faster heart rates in conscious mice complicate Doppler recording, e.g., the
Doppler waveforms fuse together because of the short diastolic time.

ANESTHESIA FOR MOUSE ECHOCARDIOGRAPHY

Because of the limitations of echocardiography in conscious mice (see above), anesthesia is
frequently used in murine echocardiography. The regimens of anesthesia, e.g., continuously
delivered gas inhalation agent isoflurane (1-3%) (Hartley et al., 2008; Roth et al., 2002;
Wikstrom et al., 2008), Avertin (tribromoethanol, 250-400 mg/kg, injected intraperitoneally,
IP) (Gardin et al., 1995; Hart et al., 2001; Luo et al., 2007; Roth et al., 2002; Schmidt et al.,
2002; Tan et al., 2003), pentobarbital (50 mg/kg, IP) (Rottman et al., 2003; Tan et al., 2003;
Yang et al., 1999), ketamine (80—-150 mg/kg, IP) mixed with xylazine (5-20 mg/kg, IP)
(Hart et al., 2001; Schaefer et al., 2005; Tan et al., 2003; Tanaka et al., 1996; Yang et al.,
1999) are employed in many labs. According to Roth et al., 2002, both isoflurane and
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Avertin cause less depression of cardiac function and heart rate, are easy to administer,
provide reproducible results and are rapid in onset and recovery.

We have found 2.5% Avertin, 0.012 ml/g body weight (300 mg/kg), IP allows for the most
predictable and reproducible level of cardiac suppression and maintenance of heart rate
leading to consistency in the quality of echo measurements. Using this anesthesia, the heart
rates of normal mice are generally 400-500 beats/min and typically LV FS is approximately
35%. These values are comparable to the measurements with isoflurane (2%) anesthetized
mice (Stypmann, 2007). The effects of different anesthesia on FS and HR are shown in
Table 1. Conversely, ketamine/xylazine mixture resulted in the greatest depression of heart
rate. One potential adverse effect of too low a heart rate induced by anesthesia is cardiac
dilatation with consequent functional valvular regurgitation. This has been observed during
rat echo (Droogmans, 2008), and most likely will also occur in mice.

ECHO MACHINES AND TRANSDUCERS

ECHO transducers with frequency higher than 10 MHz are generally selected for mouse
echocardiography. This is necessary because of the small size of the heart and its rapid rate
of contraction. In our core echo lab, we have one Siemens Sequoia C256 with 13 MHz
linear transducer, one GE Vivid7 with i13L probe (14 MHz) and one VisualSonics Vevo770
with 30 and 40 MHz probes for mouse cardiac and vascular examination.

Authors’ mouse echo protocol

1. The mouse is injected intraperitoneally with 2.5% Avertin, 0.012 ml/g body weight
(300 mg/kg). Heart rates are monitored and generally maintained at 400-500 beats
per minute.

2. When using Siemens Sequoia C256 or GE Vivid7, the chest hair is shaved. EKG
needle leads are connected to the limbs for electrocardiogram gating. The mouse is
then placed on a warm pad to keep the body temperature around 37°C. A rectal
thermometer is inserted for monitoring the body temperature.

3. Warmed echo gel is placed on the shaved chest. The mouse heart is imaged with a
13 MHz linear transducer (Siemens Sequoia C256) or 14 MHz probe (GE Vivid7)
while the mouse lies on the warm pad at a shallow left-side position.

4. When using VisualSonics Vevo 770, due to the much higher probe frequency and
interference from incompletely removed hair, hair remover lotion is applied to the
chest to help facilitate the complete removal of hair. The platform temperature of
the equipment is set at 40—42 °C, which is higher than optimal animal core
temperature in order to help maintain the mouse core temperature at 37 °C. The
mouse is placed onto the warm plate in the supine position. The limbs are taped
onto the metal EKG leads. For cardiac imaging, the 30 MHz transducer is used,
while the 40 MHz transducer is utilized for vascular imaging.

5. By placing the transducer along the long-axis of LV, and directing to the right side
of the neck of the mouse, two-dimensional LV long-axis is obtained. Then the
transducer is rotated clockwise by 90°, and the LV short-axis view is visualized.
The diagrams showing the positions and directions of the transducer for basic
mouse echo views are demonstrated in Figure 1. 2D-guided LV M-mode at the
papillary muscle level is recorded from either the short-axis view and/or the long-
axis view. Transmitral inflow Doppler spectra are recorded in an apical 4-chamber
view by placing the sample volume at the tip of the mitral valves. Angle correction
can be used for accurate flow velocity measurements. Doppler waveforms from
other regions of the heart can be recorded as needed.
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6. After the scanning is finished, the residual echo gel is removed, and the mouse is
returned to the cage for recovery.

7. Echo images are downloaded and analyzed offline using Scion images software or
echo work station. At least three beats need to be measured and averaged for the
interpretation of any given measurement. From the authors’ experience, at least 5
mice are normally needed per experimental group to show statistically significant
relevance.

CONSIDERATIONS IN MURINE ECHOCARDIOGRAPHY

To obtain consistent, reproducible echocardiographic data, aside from obtaining good
images, the condition of the animals also needs to be controlled. Therefore, the following
should be kept in mind during the echo scanning.

1. The mouse body temperature should be carefully monitored and maintained at 37
°C during the entire procedure.

2. Since cardiac function is closely related to heart rate, the heart rate should be
controlled at a similar level within each strain of mice. Therefore, the choice of
anesthetic agent, dose and dosing interval should be carefully reproduced and
considered. From the authors’ experience, the variation of HR within 100 bpm for a
strain/set of experiments should be acceptable.

3. Echo measurement time should be similar after anesthesia to minimize the effects
of changes in anesthetic levels with time on echocardiography parameters.

ECHO MEASUREMENTS

LV systolic function

LV interventricular septal thicknesses (IVS), LV internal dimensions (LVID) and posterior
wall thicknesses (PW) at diastole and systole (IVSd, LVIDd, PWd and IVSs, LVIDs, PWs,
respectively) are measured from M-mode images at the level of the papillary muscles. An
example of LV M-mode in mice is displayed in Figure 2A. LV ejection fraction (EF), LV
fractional shortening (FS), and LV posterior wall thickening (PWT) are calculated by using
the following formulas (Gardin et al., 1995; Syed et al., 2005; Tanaka et al., 1996; Tsujita et
al., 2005):

EF (%)=100 x [(LVIDd® — LVIDs)’)/LVIDd’]
ES (%)=100 x [(LVIDd — LVIDs)/LVIDd]
PWT (%)=100"[ (PWs — PWd)/PWd]

LV ejection fraction (EF) and LV fractional shortening (FS) are measured for evaluation of
LV global systolic function. When the LV contracts without regional wall motion
abnormalities, EF and FS are related. However, in ischemia or myocardial infarction
models, because of the changes of LV geometry, EF calculated by the simple cubic
assumption of LV volume may not be accurate and the calculated LVEF could be different
from the actual LV ejection fraction. In these cases, FS is preferable to express LV global
function.

Serial echocardiography performed in FVB and C57BL/6J mice at baseline, 1, 2, and 3
weeks after chronic pressure overloading induced by transverse aortic constriction (TAC)
are illustrated in Figure 3. Interestingly, the effects of this stress on the heart differ in
different mouse strains. Echo techniques are useful to detect the differences. For example,
echocardiography detected systolic dysfunction, i.e., reduced LVEF in C57BL/6J mice after
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1 week of TAC, whereas LVEF was still maintained at baseline levels even 2 weeks after
TAC in FVB mice, demonstrating a major mouse strain difference in response to chronic
pressure overload. Furthermore, echo is useful for detecting and monitoring the progression
of cardiac dysfunction such as in the case of cardiomyopathy; a sample of M-mode echo for
cardiomyopathy is shown in Figure 4C. The progression of cardiomyopathy in transgenic
mice (Tg) overexpressing beta 1 adrenergic receptors (f;-AR) illustrated in Figure 4E, is
seen as an initial increase in LV fractional shortening (L'V FS) in the young Tg mice (gray
bar) with a decrease in LV FS in the older Tg mice (black bar) compared to wild type (WT)
mice (white bar) (Peter et al., 2007).

The velocity of circumferential fiber shortening (Vcf) is a pre-load independent
measurement for LV systolic function, which is calculated by Vcf = FS/ET. ET is the
ejection time of the LV, which can be measured by PW Doppler. Since ET is heart rate
dependent, correcting ET by dividing it by the square root of the R-R interval can make the
corrected Vcf heart rate independent (Odley et al., 2004; Syed et al., 2005). This correction
is relevant in both conscious and anaesthetised mice.

LV wall thickening is another method for the assessment of global LV systolic function in
the absence of abnormal wall motion. However, when abnormal wall motion exists, the wall
thickening represents only regional LV systolic function. Furthermore, LV mass (in diastole)
can be obtained from M-Mode measurements by the cubed formula:

LV mass=1.05 x [(IVSd+LVIDd+PWd)’ — LVIDd?]

LV diastolic function

Pulse wave Doppler—Transmitral inflow Doppler obtained in apical 4-chamber view or
LV long-axis view is used for evaluation of LV diastolic function in mice (Du et al., 2008;
Schaefer et al., 2003; Schmidt et al., 2002; Semeniuk et al., 2003). A Doppler example of
transmitral flow is displayed in Figure 2B. The Doppler indexes include the ratio of peak
velocity of early to late filling of mitral inflow (E/A), deceleration time (DT) of early filling
of mitral inflow, isovolumetric relaxation time (IVRT) and isovolumetric contraction time
(IVCT). There are four basic Doppler patterns of transmitral inflow and these four patterns
represent the progression from normal to severe diastolic dysfunction (Du et al., 2008; Ohno
et al., 1994): (i) Normal LV filling E>A; (ii) Abnormal LV relaxation E<A; (iii)
Pseudonormal filling E>A; and (iv) Restrictive filling E>>A. Since diastolic dysfunction
progresses rapidly in mice, multiple different Doppler patterns may exist in the same group
of surgically modeled or genetically altered mice and this may lead to misinterpretation of
the stage of diastolic dysfunction. Thus, confirming Doppler measurements by other
methods such as tissue Doppler, color M-mode Doppler or pressure measurements is
essential. The Doppler parameters at baseline and two weeks after TAC in FVB mice were
measured, diastolic dysfunction was evident in the echocardiogram, as reflected by
decreased A wave velocity, increased E/A ratio and an increased index IVRT+IVCT)/ET,
implying increased stiffness of LV after TAC as seen in Table 2. However, systolic function
in these same FVB mice was maintained two weeks after TAC (Figure 3).

Tissue Doppler Imaging—Tissue Doppler imaging (TDI) is tissue motion velocity
obtained from the mitral annulus or L'V posterior wall from the myocardium, which
normally consists of three basic waveforms: two in early and late diastole (Ea and Aa
respectively), and one in systole (Sa). Decreased Ea/Aa ratio indicates diastolic dysfunction.
Importantly, these values are influenced to a lesser extent by loading conditions (Schaefer et
al., 2003). A TDI example is demonstrated in Figure 2C.
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Color M-Mode Doppler—Color M-Mode Doppler flow propagation of transmitral inflow
(Vp) is obtained by placing the M-mode cursor through the center of mitral inflow, which is
guided by color Doppler. Decreased Vp implies impaired LV relaxation, as correlated to
pulse wave Doppler parameters (Schmidt et al., 2002; Tsujita et al., 2005).

Myocardial performance index—Pulse wave Doppler or tissue Doppler derived
myocardial performance index (MPI), is a useful index for assessing cardiac systolic and
diastolic function in mice. It can be calculated by using the ratio of isovolumetric
contraction and relaxation time to ejection time (IVRT+IVCT)/ET. Increased MPI indicates
diastolic dysfunction. Since this index is based on the ratio of several portions within the
same cardiac cycle, MPI is independent from heart rate and LV shape (Broberg et al., 2003;
Schaefer et al., 2005).

LV regional function

LV wall thickening—As mentioned above, LV wall thickening is measured from several
regions of the LV wall and is a basic index for evaluation of LV regional systolic function
(Thibault et al., 2007). This can be a critical measurement in a heart with dysynchronous
contraction, for example, after myocardial infarction, where one LV wall might exhibit
enhanced function, while the other wall may not contract at all, or even paradoxically.

Tissue Doppler Imaging and strain rate—Systolic waveform (Sa) is a measurement
of regional LV wall systolic motion velocity as obtained by tissue Doppler and represents
regional wall contraction. Strain rate (SR) is the relative change of length of myocardial
tissue over time, and as such it can be measured using TDI. TDI and SR have been
demonstrated to be sensitive methods for the detection of LV regional wall contractile
changes associated with aging, exercise, cardiac toxic drugs or myocardial ischemia
(Derumeaux et al., 2008; Jassal et al., 2009; Sebag et al., 2005; Thibault et al., 2007).

Two-dimensional speckle tracking echocardiography—Two-dimensional (2-D)
speckle tracking echocardiography (STE), also known as real-time strain rate, is a novel
method for the assessment of LV segmental function by tracking the speckle motion in a 2-
D echocardiography imaging. Briefly, LV short axis view is acquired at a high frame rate,
e.g., over 200 frames/sec, and specific software is needed to measure the radial and
circumferential strain and strain rate for each segment of the LV wall. The feasibility of 2D-
STE in mice has been tested (Peng et al., 2009). Compared to the strain rate derived from
TDI which is Doppler angle dependent and can only be obtained in the anterior and posterior
LV segments; 2-D speckle tracking has the ability to assess all segments in radial and
circumferential strain components. However, due to the thin LV wall thickness and very
high heart rate in mice, the application of the (2-D) speckle tracking technique in mice needs
to be improved.

VASCULAR ULTRASOUND IN MICE

Coronary flow reserve in mice

Coronary reserve (CR) is the ratio of maximal coronary flow under hyperemia to baseline
coronary flow. Therefore, monitoring the coronary flow is essential for the measurement of
CR. High resolution echocardiography machines make it possible for the measurement of
coronary reserve in mice (Hartley et al., 2008; Saraste et al., 2006; Wikstrom et al., 2005;
Wikstrom et al., 2008). Since CR derived from coronary flow velocity (CFVR) correlates
very well with the CR derived from volumetric coronary flow (CFR) in mice, it is
acceptable to simply use CFVR for determination of CR (Wikstrom et al., 2008).
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In the authors’ lab, the high resolution ultrasound machine-VisualSonics Vevo770, with
probe frequency of 30 MHz or 40 MHz is used for this measurement. The proximal left
coronary artery (LCA) is visualized in a modified parasternal LV long-axis view, and
Doppler spectrum of LCA is recorded at baseline, and under hyperemic conditions induced
by infusing adenosine (160 pg/kg/min) for at least 3 minutes. From the Doppler spectrum of
the left coronary artery, mean diastolic velocity and peak diastolic velocity are measured at
baseline (CFVpygeline) and following maximal coronary vasodilation induced by adenosine
infusion (CFVpyperemia)- Coronary reserve based on coronary flow velocity is calculated
using the following formula: CFVR= CFVyyperemia/ CF Vpaseline- Simultaneously, left main
coronary artery diameter (d) is measured in the modified L'V short-axis view. Cross-
sectional area (A) of LCA is calculated as A=t x d 2/4. Velocity time integral (VTI) of
LCA is obtained from Doppler. Blood flow of LCA (CF) =VTI x A x HR. HR is heart rate.
Coronary reserve from blood flow CFR= CFjyperemia/CFpaseline- CR measured in normal
129SV] mice in the authors’ lab by maximum velocity and by volumetric blood flow are
2.28 £0.1 and 2.68 + 0.15 respectively (Gao et al., 2008a, b). These are similar to those
from previously reported studies (Wikstrom et al., 2005; Wikstrom et al., 2008).

Other vessels in mice

With the high frequency probe (30—40 MHz), mouse carotid arterial lumen, length, and
Doppler waveform can also be studied. Williams et al. (Williams et al., 2007) verified the
feasibility by measuring the pulse wave velocity in mouse carotid artery. Using the same
technique, the aortic arch and abdominal aorta can also be visualized in mice (Feintuch et
al., 2007; Luo et al., 2007). In TAC mice, measuring the flow velocity through the banded
site can help assess the pressure gradient between LV and aorta non-invasively. In general,
the following steps can be used to scan the vessels: first, place the probe along the course of
the vessel of interest to obtain the long-axis images for lumen, length and wall thickness
measurements, and then tilt the probe to direct the ultrasound beam along the direction of
blood flow to record the Doppler signals.

MYOCARDIAL CONTRAST ECHOCARDIOGRAPHY

Myocardial contrast echocardiography (MCE) is performed with the aid of intravenously
injected contrast agents (micro bubbles) to enhance the myocardial image for evaluation of
myocardial perfusion and the perfusion defect in myocardial ischemia experiments. The
feasibility of MCE in mice has been demonstrated by several groups (French et al., 2006;
Kaufmann et al., 2007; Mor-Avi et al., 1999; Raher et al., 2007; Scherrer-Crosbie et al.,
1999). The high resolution of the VisualSonics echocardiography machine makes it easier to
perform this function in mice. One might predict that it will be more difficult with echo
machines of lower resolution.

STRESS ECHOCARDIOGRAPHY IN MICE

In mice, stress echocardiography is generally performed with administration of
pharmacologic agents under anesthesia. In the authors’ echo lab, we often perform
echocardiography for the purpose of monitoring cardiac response to sympathomimetic
amines, e.g., isoproterenol or dobutamine. For example, the protocol for isoproterenol in the
authors’ lab is as follows:

1. A jugular vein catheter is inserted in advance for drug infusion.

2. A Harvard infusion/withdrawal pump is used for drug infusion and set to deliver
isoproterenol at 0.01, 0.02, 0.04 pg/kg/min.

Curr Protoc Mouse Biol. Author manuscript; available in PMC 2012 March 1.
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3. The isoproterenol solution is prepared to deliver a final concentration of 0.01 pg/
kg/min using an infusion speed of 2 pl/min. When preparing the solutions, it is
important to take into account the body weight for each mouse.

4. The mouse is anesthetized using 2.5% Avertin, as described above, and LV 2-D
and M-mode images are obtained at baseline.

5. The catheter is connected to a 100 pl syringe prefilled with the isoproterenol
solution. The syringe diameter in the infusion pump is input and the infusion speed
is set at 2 pl/min. The first dose is infused at 0.01 pg/kg/min for 5 min. The echo
images are recorded at 5 minutes of infusion.

6. Switch to the next dose at 0.02 pg/kg/min by adjusting the infusion speed to 4 pl/
min, and increase again to 0.04 pg/kg/min by increasing the infusion speed to 8 pl/
min. Echo is recorded after 5 min of infusion for each of these dosages.

yduosnue|y Joyiny vd-HIN

7. After completing all of the doses, the echo data are analyzed offline.

LV M-mode images at baseline and after isoproterenol infusion are compared in Figure 4A-
B. LV fractional shortening is increased with increasing isoproterenol dose in FVB mice as
shown in Figure 4D.

COMMENTARY

Multiple methods for cardiac imaging have been developed over the years for the
visualization and assessment of cardiac function. Among these cardiac echocardiography,
micro CT (Nahrendorf et al., 2007), PET scan (Kreissl et al., 2006), and contrast enhanced
cardiac MRI are included (Slawson et al., 1998; Wiesmann et al., 2001; Yang et al., 2004).
However, due to the cost and frequent need for contrast material in cardiac MRI and CT and
the ease of echocardiography, echo remains the most frequently used modality for the
routine evaluation of cardiac function in mice. In performing echocardiography in mice, care
must be taken to control the heart rate, body temperature and the level of anesthesia. Once
the animal has been properly prepared and good images are obtained, both systolic and
diastolic cardiac function can be accurately measured and compared for the monitoring of
cardiac pathophysiology, as well as the effectiveness of any intervention.

yduosnue|y Joyiny d-HIN
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Figure 1.

Diagrams for basic mouse echocardiography views. Panel A shows the position and

Page 13

direction (small arrow) of probe (upper left) for LV long-axis view (upper right). Panel B
demonstrates the position and direction (small arrow) of probe (lower left) for LV short-axis

view (lower right). LA=left atrium, AO=aorta.
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Figure 2.

Images of echocardiographic measurements in mice. (A) LV M-mode, allows for assessment
of LV systolic function. (IVSd, LVIDd, PWd and IVSs, LVIDs, PWs are LV
interventricular septum thicknesses, LV internal dimensions and LV posterior wall
thicknesses at diastole and systole, respectively.) (B) Doppler of transmitral inflow most
often used for evaluation of LV diastolic function. (E and A are peak velocities at early and
late filling respectively. IVRT and IVCT are isovolumetric relaxation and contraction time.
ET is LV ejection time.) (C) Tissue Doppler waveform obtained in LV posterior wall, used
for assessing regional wall motion abnormality. (Ea and Aa were two waveforms at early
and late diastolic phases. Sa is the peak wall motion velocity in systole.)
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Figure 3.

Comparing fractional shortening (FS) in two strains of mice (FVB, C57BL/6J) before and
after 1, 2, and 3 weeks of pressure overload induced by transverse aortic constriction (TAC).
FS was significantly decreased in C57BL mice (square) even 1 week after TAC. However,
in FVB mice (triangle) FS was maintained at normal levels even after 2 weeks of TAC.
*p<0.05 vs baseline. (FS=fractional shortening).
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Figure 4.

These are representative images and echocardiography data displaying changes in LV
fractional shortening (FS) with isoproterenol and cardiomyopathy. (A) Represents a baseline
image (ES=end systole, ED=end diastole). (B) After infusion with isoproterenol 0.04 ng/kg/
min, LV contraction was markedly increased. (C) In transgenic mice with cardiomyopathy a
clear decrease in LV contraction is observed. (D) LV FS increases with increasing doses of
isoproterenol. (E) LV FS is enhanced in young transgenic mice over-expressing 1-
adrenergic receptors in the heart (B1-AR Tg, gray bar) as compared to wild type (WT, white
bar). However, as the mice develop cardiomyopathy with age (black bar) LV FS is found to
be decreased. * p<0.05 vs WT. (Peter et al. 2007). Figure modified and used with
permission.
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LV diastolic function: Transmitral Doppler parameters at baseline and at 2 weeks after TAC in FVB mice

Baseline 2 week TAC

E wave velocity(cm/s)

A wave velocity(cm/s)
E/A

DT (ms)

IVRT(ms)

R-R(ms)

ET of LVOT(ms)
(IVRT+IVCT)/ET

n

542427 619435
43828 530441

1.26£0.06 2.5i0.4*

18.6+1.7 21.9+2.3

175404 14.8+0.7"

13343 .4 136+5.8
533510 4g9413*

0.43£0.03  ( 5940.05*

11 10

All the values are mean + SE.

%

p<0.05 vs baseline. After 2 weeks of TAC, there was clearly LV diastolic dysfunction as reflected by a decrease in A wave velocity, increase in E/
A ratio as well as myocardial performance index (IVRT+IVCT)/ET. (DT=deceleration time; IVRT=isovolumetric relaxation time; R-R=interval
between R waves in EKG; ET=LV ejection time; n=number of mice).
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