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EXPERIMENTAL SETUP TO ACQUIRE DOPPLER

BLOOD FLOW VELOCITY DATA FROM MICE

Doppkr

—ECG output ECG < Signals fiom
jJ

— Cemmm— e — T i ar .—] | 2':' MI—I-;
< . 4=In-phase = | puled
| Dopplkr ___J(_ | Dopplr

—Chizadrature e znochulat or| ! probe

The overall experimental setup to acquire Doppler blood flow velocity data from mice is shown
above. The mouse is anesthetized with Ketamine/Xylazine/Acepromazine cocktail, Nembutal
cocktail, or other anesthetics depending on the desired type of study.

The mouse is placed in supine position with its four limbs taped to four electrode plates mounted on a
board. These electrodes are connected via a cable to the ECG module in a signal processing system
that will provide the mouse ECG signal output.

A 10 MHz pulsed Doppler probe is used with its tip placed just below the sternum and positioned to
obtain a blood flow velocity signal from the aortic outlet or mitral inlet. In addition, blood flow
velocities from peripheral arteries of mice can be obtained using a 20 MHz pulsed Doppler probe.
These probes are plugged into analog pulsed Doppler signal generators (10 or 20 MHz) such as the
“Baylor Multichannel High Frequency Pulsed Doppler Analog Mainframe”. Other equivalent systems
such as those from Crystal Biotech / Data Sciences Inc. can also be used. These systems will generate
in-phase and quadrature Doppler demodulated audio signals.

In the figure above, the Doppler signals are acquired, processed, and displayed as a real-time

spectrogram along with the ECG signal using the DSPW. The software also allows the user to perform
offline analysis of the data and to generate reports.
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Mouse Cardiovascular Research Package - This includes a THM100 (for ECG
monitoring), a three channel analog mainframe with a 20MHz Pulse Doppler
Module, and a 20MHz tubing mounted ultrasound transducer. This popular package
IS customizable to your needs with 10MHz Doppler modules/transducers, blood
pressure modules, and a large selection of probes, etc.

MG A% E: 028-86653817;13308099019; HL il ahmedical @verizon.net; Web: www.ahmedical.com 2




|

ol % E i EET X2

A\ B 2 ]

Corporation American Health & Medical Supply International Corp.

35 Weaver Street, Scarsdale, New York 10583. U.S.A.

DOPPLER SIGNAL

PROCESSING
WORKSTATION (DSPW

§ 4 -5pa diailh
= ga) EREIRT Y Y

—
e TI-II'J.

The Indus Instruments Doppler Signal Processing Workstation (DSPW) is a real-time spectrum analyzer plus
a data analysis and report generation tool, designed specifically for researchers interested in measuring
cardiovascular function in mice and other small animals such as rats, hamsters, and rabbits.

DSPW can accept signals from any analog ultrasonic Doppler system capable of generating in-phase and
quadrature demodulated audio signals. Shown above is a completely configured unit. The high sampling rates
(up to 125 KHz) and good temporal resolution (up to 0.1 msec) of the DSPW are especially suitable for
working with high heart rates, fast blood velocities and accelerations present in mice.

View some sample doppler spectograms from mice.

DSPW processes the Doppler signals using a Fast Fourier Transform algorithm and displays a real-time
grayscale spectrogram. The signals can be recorded to disk and later analyzed for report generation purposes.

Extensive software support allows rapid data analysis and report generation resulting in increased
productivity. Some of the parameters the DSPW has available for measurement are listed below.

Sample Murine Some of the Parameters the DSPW can measure:
Spectrograms:
G General Parameters Diastolic Indices
* Heart Rate * Peak Early (E) Velocity
* Pulse Wave Velocity « Peak Atrial (A) Velocity
* Durations of E and A
Systolic Indices * E/A Ratio
* Peak/Mean Aortic Peripheral Flow Velocity
Velocity Indicies
« Aortic Acceleration « Peak/Minimum/Mean Velocity
* Rise Time « Pulsatility & Resistivity Index

« Ejection Time
« Stroke Distance

Systolic-Diastolic Relationships

« [sovolumic relaxation time
« [sovolumic contraction time
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DSPYY July 28, 2002

Aortic Outflow Velocity of a Mouse

File Mame omao_ 20 udf Dopgler Angle -0 degree

Analysis by DA K. Reddy Crystal Freg 10 MRz

Acuisition date o Unk niown Rarge Depth S amm

Analysis date ;. Movember 23,1995 - 22:32:.09 Subject Model 7 1D . Mouze § Contral

Crata Type ¢ Doppler Gender Fage MWeight i Male 34 0weeks 1300 g
Sigral Type s bortic Coutflow Type (=train) :

Meazurements

Heart Rate 244 10 bpm Ejection Time T 8imses
R-R Interdal 24583msec . Rise Time 1967 ms
Pre-gjection Time 1942msec MeanVelocty 21 86cme
Pesk Yelocity 104 T cmk M ean Acceleration 5503 65 cmis?
Stroke Distance S540¢cm Peak Azcelerstion 12094 56 cm ke?
Image 2
r-1 : B

Comments

Thiz iz gortic outflos signal of a mousze obtainedwdith & 10 MRz pulsed Doppler flow probe. Several parameters are meazured
fram this signal, which provide information on left venrtricular infarction, aottic stenceiz, and ather |eft vertricle
dizeszes. All o some ofthe parameters shown above are used in evalusting the systolic function in a mouse.
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Mitral Inflow Velocity of @ Mouse

File Mame . mo_16s udf Dopler Angle ;. D degree

Bnalysiz by ¢ A K. Reddy Cryatal Freg ¢ 10 Mhz

Bruizition date - Unknoam Farge Depth S Amm

Analysiz date Coduly 28, 2002 - 16:40:00 Subject Macel 11D o Mouse !

Data Type ;. Doppler Gender fAge Neigit : Male /34 Oweeks 300 g
Sigral Type o Mitral Inflcen Type (Strain) ]

Measurements

Hesit Rate 24031 bpm E-Pesk to W2E-Peak Time 17T maec
F-F Interal 25017 msex A-Pesk Welocity Aa9cme
E-Peak velaity T1.07cme A-Stroke Digtance 1.09¢cm
E-Stroke Digtance 275cm A-Time Duration 42 2amsec
E-Time Duration 95.33msec E-A Peak Yelodty Ratio 185
E-Acceleration Time 1817 msec E-A Area Ratio 246
E-Decelerdion Time TPATm=e:  lsovolumic Contraction Time 1500 mzec
E-Linear Deceleration Time 3553mzec lsovolumic R elaxation Time 25 67 meec
E-Limear Decelerstion Rate 2004 .31 cms?

Image 1 Image 2

Comments

Thiz i mitral infiove signal obtained with a 10 MHZ probe consigts of 2 peakawithin asingle bed. The large 13t peak i called

early (E) floi and the small 2nd peak & called strial (&) flow. This zignal provides information on disstolic function. For heat

raes helove 400 beatsimin the 2 peaks are nicely separated. 23 the heat rae goes up these peaks come clozer and evertually fuse
into a sindgle peak . E/A ratio iz an important parameter in evalusting disstolic function. To make sure that E & are separated drugs
are otten administered to slow downn the heart rates in mice.
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THM100: Temperature & ECG
Monitoring in Mice

Temperature Control & Heart Rate Monitoring in Mice

KEEP MICE WARM DURING STUDIES!

PROBLEM SOLUTION

When mice are anesthetized either for non-invasive studies or for surgery, The Indus Instruments THM100 is a compact
their temperature regulating mechanisms do not work properly. This can  tabletop solution that allows you to

lead to a rapid drop in body temperature in a few minutes and can have fatal electronically control a heating element while
results. The conventional solution to this problem is a cumbersome pad with simultaneously monitoring temperature and
circulating hot water or an overhead heat lamp that can cause electrical ECG activity.

interference with ECG monitoring equipment. ECG MONITORING

* Built in ECG electrode contact pads

TEMPERATURE CONTROL & MONITORING » Electrically isolated ECG amplifier

» Complete solution for temperature control and heart rate * Monitor ECG activity and obtain

monitoring heart rate

« Compact table top design without circulating water * Audio alert when ECG activity is
present/absent

» Electronic control of heater to maintain temperature » _
» Amplified & filtered analog ECG

« Monitor either rectal temperature or skin temperature signal available for chart recorder

» Digital ECG trigger signal available
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Sample Mouse ECGs Acquired Using the THM100
ECG without Lowpass Filter
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ECG with 100 Hz Lowpass Filter

ECG with 30 Hz Lowpass Filter
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MULTI-CHANNEL MAINFRAMES

The 6 Channel Ultrasonic Flow/Dimension Mainframe is the standard and most widely used
version and can accept any of the modules listed on the next page. It has a built in speaker for
listening to a selected Doppler channel and can be connected to a high frequency oscilloscope
for monitoring the ultrasonic signals from Length Gauge or Doppler Displacement modules.
Recorder outputs from each channel are in the +/ 10 volt range and are suitable for connection
to a strip chart recorder, FM tape recorder, computer A D input, or a physiologic monitor
scope. With few limitations, all six channels can be operated simultaneously without
interference. For more ambitious laboratories a 12 Channel Mainframe is available, and for
more limited applications or where a more compact size is needed, a 3 Channel Mainframe is
available.

3-Channel mainframe with modules 6-Channel mainframe with modules

High Frequency Pulsed Doppler Transducers
10 or 20 MHz Epoxy Flow Cuffs L

Rigid epoxy cuffs are generally the preferred type for use in acute or chronically
instrumented animals on vessels from 2 to 8 mm dia. Standard sizes, are 2.0, 2.5, 3.0, 3.5,
4.0,4.5,5.0, 6.0, 7.0, and 8.0 mm inside diameter. They are available with either of two
methods for attaching the probe to the vessel: holes drilled near the slot for suture ties, or
umbilical tape glued around the outside of the probe. Umbilical tape is usually used for
chronically implanted probes which will not be reused, and sutures are best for acute or
reusable probes because they are easier to replace and clean. Standard lead length is 30".

10 or 20 MHz Silastic Flow Cuffs

For smaller size vessels (0.5 to 2.0 mm) or where a more pliable probe is required We—
transducers made from flexible silastic are available. Silastic probes have imbedded
sutures for ties and form a full circle around the vessel when closed. /
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10 or 20 MHz Curved Flow Patches

For larger vessels or where a non-encircling probe is desired the ultrasonic crystal may
be imbedded in a curved fabric/silastic patch for suturing to the vessel wall. This type
of probe is often used on the aorta or pulmonary artery. The diameter of the curve must
be specified, and it is usually better to be slightly oversized. This type of probe can be
trimmed by the surgeon to fit the available exposure.

5 MHz Segment Length Crystals fl

The crystals consist of 2 mm discs of 5 MHz material with convex diverging epoxy lenses ]
molded to each face to spread the sound beam. A 3 cm long piece of 20 gauge Teflon |
sleeving is placed around the leads to aid in inserting the crystal into the myocardium. i

10 or 20 MHz Epicardial Patches

These probes are used to measure ventricular wall thickening with the displacement I
module. Two standard types are available: a 2 mm disc or square of 10 MHz material

attached to a wire loop in the shape of a shamrock or clover leaf for use on large \
ventricles (dogs), or a similar 1 mm square of 20 MHz crystal for use on thin ventricles

(rats). Each can be sutured to the epicardium. )

10 or 20 MHz Catheter Stub Probes

These probes are used to sense flow in an exposed vessel by holding
the probe against the side of the vessel. They are commonly used
intraoperatively during reconstructive procedures to verify flow in
anastomosed arteries and veins. They are available in 5, 6, or 7 French
sizes, 4" long with 6' leads and can be used on vessels as small as 0.5
mm dia. They are lighter than needle mounted probes and less likely to
be damaged if dropped.

Tubing or Needle Mounted Probes

For applications where a rigid, end-mounted transducer is required, we
can mount crystals to the end of a piece of tubing or needle. The smallest
size is a 16 gauge needle (recess for 1 mm dia 20 MHz crystal), and the
largest is 1/4" brass tubing (recess for 5 mm dia 10 MHz crystal). We can e
also mold epoxy lenses to the crystal face to focus the sound beam. This type of focussed probe has
been applied in mice to measure cardiac and peripheral blood velocity noninvasively.

10 MHz Catheters Doppler catheters for research use in animals can be made as small as 3 French
(1 mm dia) on a custom basis. For clinical applications, standard and custom catheters operating at
10 or 20 MHz are available from Millar Instruments.
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