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Abstract

Acquisition of echocardiographic data from rodents is subject to 
wide variability due to variations in technique. We hypothesize 
that a dedicated imaging platform can aid in standardization of 
technique and improve the quality of images obtained. We con-
structed a device consisting of a boom-mounted steel platform 
frame (25 × 35 × 3 cm) on which a transparent polyethylene 
membrane is mounted. The animal is placed onto the membrane 
and receives continual inhaled anesthesia via an integrated port. 
The membrane allows for probe positioning from beneath the 
animal to obtain standard echo-views in left lateral decubitus 
or prone positions. The frame can be set at any desired angle 
ranging from 0 to 360° along either the long or short axis. Adult 
male Sprague-Dawley rats (n = 5) underwent echocardiogra-
phy (General Electric, Vivid 7, 14 MHz) using the platform. 
The device allowed for optimal positioning of animals for a 
variety of standard echocardiographic measurements. Evalua-
tions among all animals showed minimal variability between 
two different operators and time points. We tested the feasibil-
ity of the device for supporting the assessment of cardiac func-
tion in a disease model by evaluating a separate cohort of adult 
male spontaneously hypertensive rats (n = 5) that underwent 
left anterior descending coronary artery ligation. Serial echo-
cardiography demonstrated statistically signifi cant decreases of 
fractional shortening and ejection fraction (p < 0.01) 240 days 
after surgery. Our novel imaging platform allowed for consis-
tent collection of high-quality echocardiographic data from rats. 
Future studies will focus on improving this technology to allow 
for standardized high-throughput echocardiographic analysis in 
small animal models of disease.

Introduction

Novel therapeutic strategies for heart disease (e.g., stem cell 
therapy, cardiac tissue engineering, and peptide inotropes) re-
quire validation in animal models before translation into clini-
cal practice. As a result, recent years have produced a marked 
increase in the number of small animal models used to study 
disease processes of the heart. The utility of such models is con-
tingent on methods to assess cardiac performance, which ide-
ally allow both functional evaluation of the disease model and 
the ability to gauge the effi cacy of investigational therapeutic 
interventions. To this end, transthoracic echocardiography has 
emerged as one of the most frequently used tools for the assess-
ment of cardiac structure and function in small animal research 
(Coatney 2001). 

Advances in ultrasound technology, including high-fre-
quency transducers, sound focusing lenses, improved signal 
processing, and novel post-acquisition analysis, have improved 
the imaging quality and utility of ultrasound systems (Feigen-
baum 1993). Furthermore, as an imaging modality, echocar-
diography remains attractive given its affordability and rapid 
real-time imaging capability as well as its ability to assess both 
organ structure and function. However, despite these advan-
tages, there are few reports in the literature that describe stan-
dardized approaches for obtaining echocardiographic data from 
small animals (Broberg et al. 2003; Morgan et al. 2004; Slama 
et al. 2003; Watson et al. 2004). 

Although echocardiography is one of the gold standards for 
assessment of cardiovascular structure and function in humans 
(Feigenbaum 1994), it remains strongly operator dependent and 
may be subject to variability due to subject positioning, the type 
of system used, and the experience of the investigator. Vari-
ability due to such factors is further amplifi ed in the setting of 
rodent echocardiography given the small size of the hearts, the 
high heart rates (200-400 bpm), and the uniqueness of rodent 
anatomy. The large redundant rodent liver, for example, lim-
its the sonographic aperture available for apical views of the 
heart, making functional measurements such as duplex or Dop-
pler fl ow across the mitral and aortic valves especially diffi cult. 
Despite such limitations, however, there is a marked paucity of 
reports that describe attempts to improve and standardize rodent 
echocardiography. Our review of the literature revealed only a 
single paper, by Litwin et al. (1994), who detail the use of a 
plywood board with a circular aperture to allow introduction of 
a probe underneath the animal, thereby facilitating acquisition 
of apical heart images. We sought to build on this concept by 
developing a novel platform for rodent echocardiography. The 
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platform allows for consistent, easily reproducible positioning 
of the subject while maintaining unrestricted access for hand-
held imaging probes. The design, construction, and use of the 
platform are described herein. 

Methods

Platform Design and Description

We designed a novel device using standard computer-aided de-
sign (CAD; Autodesk Inc., San Rafael, CA). The device consists 
of a fl at rectangular steel frame (0.6 × 25 × 35 cm) on which it is 
possible to mount a transparent 100% polyethylene membrane 

(VWR, West Chester, PA). We then attached this exchangeable 
membrane-frame complex to a boom-mounted robust aluminum 
frame. A special C-clamp mechanism allows for adjustment and 
fi xation of the platform at any desired angle ranging from 0 to 
360º along either the long or short axis (Figures 1A,B and 2A-
C). Inhaled anesthetic can be delivered via the frame-mount-
ed adjustable inlet port. Two adjustable Velcro® strips can be 
placed across the frame to stabilize the animal (Figure 1C,D). A 
small light source is mounted on the boom, providing focused 
lighting while minimizing glare. The dimensions of the imaging 
platform are shown in Figure 2. We can provide full technical 
design specifi cations and CAD data sets on request.

The device allows for various modular modifi cations such 
as the use of optional frames with smaller transparent windows 
for mouse echocardiography. We are presently developing 

Figure 1 Components of the small animal echocardiography platform (A, B). Anesthetized adult Sprague-Dawley rat positioned on 
the platform (C, D). The imaging platform facilitates multiplanar acquisition of ultrasound images using a hand-held high-frequency 
(14 MHz) probe. (C) An anesthetized animal is shown undergoing echocardiography in the prone position. View from underneath the 
platform (D) depicts the interface of the probe with the acoustically compatible transparent polyethylene membrane.
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frames with integral electrocardiography leads. The single-use 
polyethylene membrane can be easily changed, and the device 
can be broken down into its component parts for cleaning and 
sterilization.

Animal Models

We provided surgery and animal care in accordance with the 
Guide for the Care and Use of Laboratory Animals (NRC 1996) 
and the Stanford University School of Medicine guidelines and 
policies for the use of laboratory animals for research and teach-
ing. We evaluated the following two separate cohorts of ani-
mals: (1) fi ve healthy adult male Sprague-Dawley rats (Harlan 
Inc., Indianapolis, IN), weighing 250 to 300 g, which underwent 
echocardiography to assess the utility of the device and the vari-
ability of standard echocardiography parameters; and (2) fi ve 
spontaneously hypertensive adult male rats (Harlan Inc.), which 
underwent left anterior descending coronary artery (LAD) liga-
tion as previously described (Baily et al. 1993) to evaluate the 
device in an established model of heart failure. We performed 
echocardiography preoperatively and at 8 weeks after LAD li-
gation.

Imaging Technique

We mounted the acoustically compatible membrane onto the 
frame and placed ultrasound gel on top. Animals were anesthe-
tized with isofl urane (3%), shaved, and positioned onto the lev-
eled platform with their heads oriented toward the anesthetic 
port. After securing the animals with the retention straps, we 

Figure 2 Technical drawings of the echocardiography platform 
depicting frontal (A), lateral (B), and “bird’s-eye” (C) views 
(measurements given in mm).
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Figure 3 Representative echocardiographic images obtained from a Sprague-Dawley rat positioned on the platform. Description of 
the standard view is given below each picture, with salient structures labeled in white (LV, left ventricle; LVOT, left ventricular outfl ow 
tract; LA, left atrium; MV, mitral valve; PM, papillary muscle; IVS, interventricular septum; RA, right atrium; RV, right ventricle; TV, 
tricuspid valve).

placed EKG leads and connected them to the ultrasound sys-
tem. Animals received continuous isofl urane (2.5-3.5%) for the 
duration of the imaging session. 

We adjusted the frame to the desired angle and fi xed it into 
position. We then used the ultrasound transducer either through 
the membrane (for prone and lateral decubitus positions) or in 
standard fashion with the animal supine. 

We obtained ultrasound images in accordance with the 
guidelines of the American Society of Echocardiography (Lang 
et al. 2005), which include a description of standardized meth-
odologies for visualization and quantifi cation of clinically rel-
evant cardiac parameters (e.g., right and left chamber sizes, 
myocardial wall thicknesses, left ventricular ejection fraction, 
and aortic root diameters). Two experienced investigators (R.S. 
and J.W.) carried out imaging at two separate time points using 
the GE Healthcare Vivid 7 Ultra-sound System (Milwaukee, 
WI) equipped with a 14-MHz probe. 

Statistical Analysis

All data are presented as mean ± standard deviation. Statisti-
cal analysis was carried out using SPSS 11.5 analysis software. 
Comparisons of left heart function in animals that underwent 
LAD ligation were made using the Mann-Whitney-U-test. Dif-
ferences were considered signifi cant for p values ≤ 0.05.

Results 

The imaging platform facilitated multiplanar acquisition of 
ultrasound images using a hand-held high-frequency probe. A 
single operator was able to successfully carry out the imaging 
without requiring assistance for repositioning or restraining the 
animal. Imaging in the prone position reduced acoustic inter-
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Parametera
Mean 
value SD

LV outfl ow diameter (mm) 2.88 0.39
Diastolic LV internal diameter (mm) 6.62 0.98
Systolic LV internal diameter (mm) 3.84 0.33
Diastolic RV internal diameter (mm) 1.46 0.11
Systolic RV internal diameter (mm) 1.16 0.42
Diastolic interventricular septum (mm) 1.12 0.22
Systolic interventricular septum (mm) 0.56 0.16
Diastolic LV posterior wall (mm) 2.10 0.75
Systolic LV posterior wall (mm) 1.60 0.42
LA diameter (mm) 5.68 0.33
LV ejection fraction (%) 79.6 9.0
Fractional shortening
     (%, along short axis)

41.5 5.0

Mitral EPSS (mm) 1.30 0.19
Aortic root diameter (mm) 3.40 0.07
Isovolumetric relaxation time (ms) 25.0 5.0 
Isovolumetric contraction time (ms) 25.0 5.0 
Heart rate (bpm) 283 7.0
Stroke volume (mL) 0.25 0.08
Velocity time integral (cm) 4.10 1.60
Calculated cardiac output (mL/min) 55.6 15.0

Table 1  Quantitative summarized assessment of car-
diac function and mean echocardiographic parame-
ters obtained from adult male Sprague-Dawley rats (n 
= 5) using the platform imaging device. Animals were 
investigated by two different operators at two sepa-
rate time points. Standard deviation (SD) is given for 
each parameter.

aLV, left ventricle/ventricular; RV, right ventricle/ventricular; LA, left 
atrium/atrial; EPSS: E point-septal separation; bpm, beats per minute.

ference from the liver and allowed for acquisition of standard 
apical views (Figure 3). 

The device allowed for optimal positioning of the animals 
for a wide range of standard echocardiography measurements. 
We identifi ed optimal positions for various cardiac views that 
could be reproduced by platform repositioning. The best api-
cal views were obtained in prone position, keeping the animal 
angled at 30° to 40° above the horizontal axis. Further improve-
ment was accomplished in some animals using additional rota-
tion of the platform 20° to 30° along the longitudinal axis to 
achieve a partial left lateral decubitus position. The best para-
sternal views were obtained in supine position using a 20° to 
30° rotation to the animal’s left side.

A total of 20 echocardiographic parameters were acquired 
in the Sprague-Dawley rats. Measurements among all animals 
showed minimal variability (Table 1).

Evaluation of the LAD ligation model demonstrated sig-
nifi cantly decreased left ventricular function 8 months after sur-
gery (Table 2). After LAD ligation, left ventricular diameters 
increased signifi cantly (p < 0.001, Table 2), and mean ejection 
fraction, which we calculated from M-mode images along the 
short axis, was reduced from 76.9 ± 7.5 to 55.3 ± 8.4% (p < 
0.01) as shown in Figure 4. These post-LAD ligation changes 
were consistent with results obtained in previous studies of left 
ventricular infarction in rats (Baily et al. 1993; Litwin et al. 
1994; Morgan et al. 2004).

Discussion

Several studies have demonstrated echocardiography to be a 
valid method for assessing cardiac structure and function in 
rodents (Broberg et al. 2003; Litwin et al. 1994; Morgan et 
al. 2004; Pawlush et al. 1993; Reffelmann and Kloner 2003; 
Slama et al. 2003; Watson et al. 2004). Despite such studies, 
however, echocardiographic imaging techniques have not been 
standardized. We believe that our easily manufactured stabili-
zation platform will help to overcome this limitation.

We sought to achieve two major goals by the use of our 
platform. First, we attempted to provide a tool that would enable 
a single operator to easily manage the multiple tasks required 
to perform small animal imaging (e.g., positioning and securing 
the animal, providing anesthesia, manipulating the ultrasound 
probe, and operating the ultrasound machine interface). Sec-
ond, we aimed to facilitate and standardize the positioning of 
the animals to allow rapid and reproducible orientations while 
maintaining maximal exposure access for the imaging probe, 
including near circumferential access to the thorax. The latter 
goal was especially important given the unique anatomy of rats 
in which the liver can signifi cantly obscure views of the heart 
unless the animal is placed in the prone position (Litwin et al. 
1994). 

Our current device builds on the basic concepts initiated 
by Litwin and colleagues and offers further advantages. For ex-
ample, our device allows for wide probe access to the animal in 
prone position, which is not limited by the aperture size of the 
formerly described plywood board. Additionally, the fl exible 
compliant polyethylene membrane affords excellent visibility 
and animal comfort, and provides a “cushion” that allows for 
stout pressure on the imaging probe without excessive compres-
sion of the thorax. The swivel mechanisms of the platform al-
low for rapid repositioning of the animal that can be reproduced 
by any operator in a standard fashion. Assistance of a second 
person to restrain the animal is not necessary. Further enhance-
ments in reproducibility may also be achieved by coupling the 
platform with robotic probe positioners. Finally, the described 
echocardiography platform can be manufactured inexpensively 
and reproducibly. Because its design is CAD based, the device 
can be readily modifi ed for other species and uses. 

After the design and construction of the platform, we pro-
ceeded with the described small proof-of-principle study to test 
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Baseline After LAD ligation P value
Weight (g) 383.0 ± 10.0 393.4 ± 14.5 ns
Heart rate (bpm) 319.2 ± 30.2 329.6 ± 13.4 ns
Body temperature (°C) 37.0 ± 0.2 37.0 ± 0.1 ns
LV diastotic (LA, mm) 6.1 ± 0.2 7.3 ± 0.2 <0.001
LV diastolic (SA, mm) 6.2 ± 0.6 7.6 ± 0.1 <0.01
LV systolic (LA, mm) 3.5 ± 0.2 5.7 ± 0.2 <0.001
LV systolic (SA, mm) 3.5 ± 0.5 5.8 ± 0.4 <0.001
Fractional shortening (LA, %) 48 ± 4 25 ± 2 <0.001
Fractional shortening (SA, %) 41 ± 5 24 ± 5 <0.001
Ejection fraction (LA, %) 86.6 ± 1.7 43.1 ± 2.8 <0.001
Ejection fraction (SA, %) 76.9 ± 7.5 55.3 ± 8.4 <0.01

Table 2 Left ventricular function of adult male spontaneously hypertensive rats (n = 5) 8 months after left anterior 
descending coronary artery (LAD) ligation. Data are compared with baseline values measured preoperatively.a

aLV, left ventricle/ventricular; LA, long axis; SA, short axis; bpm, beats per minute; ns, not signifi cant.

the device and gain insight into the quality of imaging possible. 
Use of the device allowed for acquisition of high-quality ultra-
sound images and measurements of the rat hearts. Specifi cally, 
the collected data exhibited minimal variability and compared 
favorably with values reported by other investigators (Watson 
et al. 2004). Finally, our investigation revealed that the device 
could be used to assess changes of ventricular function in a 
known model of heart failure, making it suitable for investiga-
tional studies utilizing such models.

We were able to identify specifi c, reproducible imaging po-
sitions that allowed for capture of standard views of the heart. 
Optimal positioning for specifi c views in different strains of ro-
dents and various disease models remains to be determined and 
is the subject of ongoing studies. Furthermore, to quantify the 
degree of imaging improvement that our device might afford, 
we are planning further studies to evaluate serial examinations 
by different sonographers with and without the use of the plat-
form. 

Currently there is a continued trend toward image-guided 
minimally invasive treatment of cardiac diseases such as trans-
coronary or transendocardial myocardial stem cell delivery 
(Perin et al. 2003; Wollert et al. 2004). Standardization and vali-
dation of such techniques using animal models are necessary be-
fore clinical translation. Recent studies have demonstrated a po-
tential next step in cell delivery by utilizing ultrasound guidance 
to percutaneously transplant cells into mouse hearts (Springer et 
al. 2005). To improve accuracy, precision, and reproducibility 
of such interventional approaches, future small animal echocar-
diography devices may combine imaging platforms with elec-
tronically guided positioning systems. Such platforms could in-
corporate robotically controlled devices for targeted delivery of 
various therapeutics. The development of such tools could be an 

Figure 4 Left ventricular (LV) ejection fraction of fi ve spontane-
ously hypertensive rats before surgery (baseline) and 8 months 
after ligation of the left anterior descending artery (LAD). Values 
calculated from m-mode measurements along the short axis at 
the papillary muscle level. p.op., postoperatively.
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asset to the developing area of image-guided therapy and might 
also be useful for organ systems other than the heart.

Future Directions

As rodent echocardiography continues to grow and become part 
of the cardiovascular research armamentarium, it is essential to 
standardize and optimize the quality and accuracy of data ob-
tained from this modality. We have described the development 
of a tool designed to help achieve these goals. Future studies will 
focus on further development and validation of this device. 
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