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A digital video recorder (200) is provided which provides digital storage of realtime ultrasonic image sequences, replacing the
conventional VCR with a recorder which does not degrade digital ultrasound images by analog conversion and recording. The digital video

recorder (200) includes a user control which enables a user to mark real time images as they are acquired or as they are being reviewed
from storage. The user can skip directly from one marked image to another, or from one marked cardiac cycle to another.
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Ultrasonic diagnostic imaging system with digital video image marking.

This application claims the benefit of U.S. Provisional application no.
60/123,040, filed March 5, 1999.

This invention relates to ultrasonic diagnostic imaging systems and, in
particular, to ultrasonic diagnostic imaging systems which digitally store and retrieve
ultrasonic image information.

One of the advantages that diagnostic ultrasound has had over many other
diagnostic imaging modalities is the ability to produce realtime images. The advantage has
been especially significant in echocardiography where the physiology of a continually
moving organ, the heart, are the subject of study. Realtime imaging has been a virtual
necessity in echocardiography as compared with abdominal and obstetrical applications
where the tissues and organs being studies are stationary and may be readily examined by
static imaging. Echocardiologists, like other practitioners of diagnostic ultrasound, make
records of their ultrasound examinations for subsequent diagnosis, review, and comparison.
Since echocardiography studies use realtime ultrasonic imaging, they are conventionally
recorded on videotape with a VCR, rather than being recorded statically on film or as
photographic prints. A VCR has been an essential accessory for an echocardiography system
for many years.

Over time ultrasonic imaging systems have become increasingly digital,
whereas VCRs have remained recorders of analog video signals. Thus it has been necessary
to convert the digital ultrasound images produced by the digital scan converter of an
ultrasound system into modulated and synchronized video signals before the images can be
recorded by a VCR. This conversion does not contribute to the quality of the image, and
often is detrimental to image resolution. This detriment has been viewed as one which must
be accepted, however, since the VCR has traditionally provided the only efficient means for
recording many minutes of live, realtime echocardiographic image sequences.

The present invention is directed to replacing the VCR with an all-digital
means for storing realtime ultrasonic image sequences, including the capability of marking
ultrasonic images and sequences of particular interest in real time for subsequent review. As

the clinician is acquiring real time images, the clinician can depress a switch or button to
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2
electronically designate an image of interest. In accordance with a preferred embodiment of

the present invention, the electronic mark can designate either a particular image in the
sequence, or the cardiac cycle being viewed. The images and the electronic marks are stored
digitally, and on replay the controls for reviewing the stored images enable the clinician to
jump directly from viewing one marked image to another, or from one marked cardiac cycle
to another for rapid review of the cardiac images of interest.

In the drawings:

Fig. 1 illustrates in block diagram form an ultrasonic diagnostic imaging
system constructed in accordance with the principles of the present invention;

Fig. 2 illustrates in greater detail the digital video storage system and the video
processor of the ultrasound system of Fig. 1;

Fig. 3 illustrates in greater detail the codec processor 6f the digital video
storage system of Fig. 2;

Fig. 4 illustrates a quad screen ultrasound display and the virtual controls of an
embodiment of the digital video recorder of the present invention; and
Figs. 5a and 5b illustrate examples of electronic marking of real time images and cardiac
cycles.

Referring first to Fig. 1, an ultrasonic diagnostic imaging system constructed
in accordance with the principles of the present invention is shown in block diagram form. A
central controller 120 commands a transmit frequency control 117 to transmit ultrasonic
scanning beams of a desired transmit frequency band. The parameters of the transmit
frequency band, fi;, are coupled to the transmit frequency control 117, which causes the
transducer 112 of ultrasonic probe 110 to transmit the desired ultrasonic waves. The array
transducer 112 of the probe 110 transmits ultrasonic energy and receives echoes returned in
response to this transmission. In Fig. 1 these echoes are received by the transducer array 112,
coupled through the T/R switch 114 and digitized by analog to digital converters 115. The
sampling frequency f; of the A/D converters 115 is controlled by the central controller. The
desired sampling rate dictated by sampling theory is at least twice the highest frequency f; of
the received passband. Sampling rates higher than the minimum requirement are also
desirable.

The echo signal samples from the individual transducer elements are delayed
and summed by a digital beamformer 116 to form coherent echo signals. The digital coherent
echo signals are then filtered by a digital filter 118. In this embodiment, the transmit

frequency f; is not tied to the receiver, and hence the receiver is free to receive a band of
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3
frequencies which is different from the transmitted band. The digital filter 118 can thus pass

harmonic frequency signals of a fundamental transmit band of frequencies. A preferred
technique for separating harmonic signals is described in U.S. Patents 5,706,819 and (appl.
SN 08/986,383). The received echo signals may then be further processed, for instance by
proce'ssihg to remove artifacts such as speckle, by a digital signal processor 124.

The echo signals are detected and processed by either a B mode processor 37
or a harmonic signal detector 128 for display as a two dimensional ultrasonic image on the
display 50. The echo signals are also coupled to a Doppler processor 130 for conventional
Doppler processing to produce velocity and power Doppler signals which may be used to
produce a colorflow or power Doppler 2D image. The outputs of these processors are also
coupled to a 3D image rendering processor 162 for the rendering of three dimensional
images, which are stored in a 3D image memory 164. Three dimensional rendering may be
performed as described in U.S. Pat. 5,720,291, and in U.S. Pats. 5,474,073 and 5,485,842, the
latter two patents illustrating three dimensional power Doppler ultrasonic imaging -
techniques. The signals from the harmonic signal detector 128, the processors 37 and 130,
and the three dimensional image' signals are coupled to a video processor 140 where they
may be selected for two or three dimensional display on an image display 50 as dictated by
user selection.

In accordance with the principles of the present invention, the video processor
140 is coupled to a digital video storage (DVS) system 200 which processes digital video
signals and audio in realtime for recording, transmission, or reproduction. As Fig. 1 shows,
the DVS system is coupled to storage, transmission and reproduction media such as disk
drives, printers, networks and modems. The DVS system processes this information while the
user is simultaneously observing the realtime image sequence on the display 50. The DVS
system also replays recorded digital video information on the display 50 when commanded to
do so. The DVS system operates as a digital video recorder which replaces the conventional
VCR with a realtime, all-digital recorder and player without the analog conversion
degradation of the VCR.

Referring to Fig. 2, portions of the video processor 140, the 3D image memory
164, and the DVS system 200 are shown in greater detail. Digital image data produced by
any of the aforementioned processors or detectors is coupled to the input of a digital scan
converter 142, which processes and converts received echo information into an ultrasound
image of the desired format, e.g., sector-shaped or rectangular. The image data can also be

stored in a Cineloop® memory 164°. The Cineloop memory is a random access memory
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(RAM) temporary storage buffer which can hold a number of still or realtime images for

immediate review or processing. For example, a typical Cineloop memory can hold a loop
(realtime sequence which is replayed) of 400 images for continual replay and review. At a
realtime frame rate of 30 frames per second, the Cineloop memory can hold a twelve second
loop, for instance. At lower realtime frame rates, e.g., 15 frames per second, the loop will
play for a greater duration. An image or loop stored in the Cineloop memory is replayed
through the scan converter and a video display processor & D/A converter 144, which

processes the digital video signals into analog video signals with synchronizing pulses for

- display on a display monitor 50. The Cineloop memory can also receive scan converted

digital images by way of the video display processor & D/A 144, which is useful for
assembling and storing a 3D image sequence, as explained in the aforementioned U.S. Patent
5,485,842, |

In accordance with the principles of the present invention, digital video signals
are coupled to a codec (compression/decompression) processor 202 of the DVS system 200.
In a constructed embodiment the digital video signals are digital RGB (red, green, blue)
signals. The codec processor assembles received images into formats determined by user
selected protocols, optionally compresses the image data as selected by the user, and puts the
processed data onto a host system bus 218. The data on the host system bus is directed to the
desired storage, transmission or reproduction medium by a CPU 204. The data can be stored
on nonvolatile digital storage media, including a hard disk 210, a magneto-optical disk 212, a
CD-RW disk 214, or a digital disk 216. A preferred digital storage device is one using a high
density removable disk media which is capable of holding the data from several ultrasound
studies such as an LS 120 floppy disk. The ultrasound data can also be transmitted over a
fiber optic network by way of a fiber coupler to printers and other reproduction and storage
devices over a 10/100 base-T network connection, by modem, or by wireless transmitter. In a
constructed embodiment the DVS system is integrated into the ultrasound system and is
operated by the ultrasound system’s user interface 60 (keyboard, control keys, trackball,
softkeys, and displayed controls and hand controller).

The DVS system 200 includes a conventional computer sound card 206 to
digitize and reproduce audio signals such as audio Doppler uitrasound, and a conventional
computer VGA card 208 for the processing of ultrasound image graphics such as patient
name and image depth markers. Preferably the CPU 204, sound card 206, and VGA card 208
share the same motherboard, and a portion of the host system bus 218 is provided by the

motherboard. These modules may be connected to the DVS system by various bus
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architectures which may be compatible with the specific module. For example, the VGA card
may be connected to an AGP bus, the sound card and floppy disk may be connected to an
ISA bus, and the hard disk and codec may be connected to a PCI bus, all of which comprise
the host system bus.

Turning to Fig. 3, the codec processor 202 is shown in greater detail. Digital
RGB video is received by the processor 202 at the input of an LVDS (low voltage differential
signal) receiver 302. At the output of the LVDS receiver 302 the digital RGB signals
comprise thrée bytes (red, green and blue) of eight bits each and in a constructed embodiment
are received at a rate of 24.5 MHz for NTSC signals and 29.5 MHz for PAL signals. The
digital video signals are then assembled into a full image frame in an acquisition frame buffer
306 under control of an acquisition FPGA (field programmable gate array) controller 304.
The acquisition FPGA controller can also crop an incoming image ﬁame so that only a
specified region of interest of the full image is retained. The assembled image frame is
coupled to a color space converter 310, which converts the 24 bit RGB signals into 24 bit
YUV signals. The YUV signals then may be compressed if directed by the user under control
of a compression FPGA controller 314. Compression is performed by a high speed
compression/decompression FPGA 312, which may perform various levels of lossy
compression such as JPEG, MPEG or wavelet, or lossless compression such as RLE. The
compressed data is stored in a frame buffer 316 by the compression controller 314. RLE
compression, an interframe compression technique, will operate separately on the Y,U, and V
components of a single image frame. Other compression techniques such as MPEG and JPEG
operate on multiple frames simultaneously. The compressed data is transmitted through a bi-
directional FIFO 318 and put on a local bus 320 in four-byte words. The compressed frame
data is then transferred to CPU memory by way of a PCI bus 218’ by a DMA controller
residing in the PCI bridge 324. At this point the frame data is stored on one of the digital
storage devices or transmitted or reproduced under control of the CPU 204.

When an image sequence is to be stored without compression the acquisition
FPGA controller 304 transmits the image frames directly to biFIFO 330 and onto the local
bus 320, from which the image frames are stored under control of the CPU 204. Incoming
image sequences may also be processed and then stored or displayed without compression. In
this alternative the incoming image frames are transferred from the acquisition FPGA
controller 304 to the lookup table 332 and the scalar 334 which can, for example, colorize the
images and then scale them to a dual or quad screen format size. The image frames are then

transferred by the display FPGA controller 336 to the local bus 320 by way of the biFIFO
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330, from which the images can be stored, or to the graphic overlay buffer 340 for
transmission by the LVDS transmitter 344 to the ultrasound system for display.

The components of the codec processor are all operated under control of a
local processor 322, which transmits control words to the various controllers by way of
biFIFOs 318 and 330. The local processor provides realtime control of the various codec
operations as commanded by the CPU 204. A memory controller 324 is under control of the
local processor and directs control messages through the biFIFOs to the various controllers.

When video data is to be replayed from one of the storage media and
displayed, the data retraces its compression path and is decompressed. Under command of
the CPU 204 video data retrieved from the storage device and transferred over the PCI bus
218’, where it is put on the local bus 320 by the DMA controller residing in the PCI bridge
324. The digital video data on the local bus 320 is coupled to the cofnpression controller 314
by way of the biFIFO 318, under control of the local processor 322. This time the
compression controller 314 sends the compressed data to the compression/decompression
FPGA 312 where the data is decompressed and the decompressed YUV data is stored in a
frame buffer 316. The controller 314 sends the decompressed data to the color space
converter 310 where it is reconverted into RGB video. Frames of RGB video are coupled by
way of the acquisition FPGA controller 304 to a lookup table 332 which performs operations
such as gamma correction and color mapping. The output of the lookup table 332 is coupled
to a scalar 334 which performs magnification or minimization of image frames as requested
by the user. The frame data is then assembled into a desired display frame format such as
full, dual or quad screen in a display frame buffer 338 under control of display FPGA
controller 336. The controller 336 synchronizes the previously stored ultrasound image frame
to the timing of the ultrasound system’s video display processor & D/A 144, so that the user
can switch seamlessly back and forth between stored image sequences and live image
sequences currently being produced by the ultrasound system. Graphic data is stored in a
graphic overlay buffer 340 from which it is synchronized to the timing of the stored
ultrasound image frame so that the ultrasound image can be overlaid with graphical
information as needed. Stored physiological data such as ECG traces are also synchronized
and combined with the ultrasound image in this manner. The graphical and video physio
information is retrieved from the storage or transmission medium by the VGA card 208 under
control of the CPU 204, is stored in a graphics memory 342, then combined with the
ultrasound image frame in the graphic overlay buffer. The final display frame in 24 bit RGB
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bytes is applied to an LVDS transmitter 344 and then to the video display processor & D/A
144 for display on the display monitor 50.

When uncompressed images are retrieved from storage for display, they
retrace the path by which they were stored. Uncompressed image data is transferred by the
biFIFO 330 to the acquisition FPGA controller 304, from which it can be colorized or
mapped by the lookup table 332, scaled by the scalar 334, and put into the desired display
format by the display FPGA controller 336. Alternatively the biFIFO 330 can transfer the
image data directly to the display FPGA controller 336 for display.

The codec processor 202 also has the ability to combine stored and live image
sequences in a single realtime display frame. A realtime image sequence can be stored on one
of the digital storage devices, then retrieved in synchronism with a live realtime image
sequence that is currently being produced by the ultrasound system. The retrieved image
sequence data is decompressed if necessary, transferred to the acquisition FPGA controller
304, then scaled and formatted by the display FPGA controller for display in one area of a
multi-image (dual or quad screen) display. The live image sequence is synchronously
transferred by the LVDS receiver 302 to the acquisition FPGA controller 304, then scaled
and formatted by the display FPGA controller for display in another area of the multi-image
display. The multi-image frame is overlaid with graphic data as needed, then transferred for
display on the system display 50 by the LVDS transmitter 344.

The ability of the digital video system 200 to record extended durations of
digital ultrasound images approaching that of a VCR is a function of the digital information
of an image, the capacity of the digital storage media, and the speed (bandwidth) and
performance of the digital processors used, in particular the CPU 204 which mediates the PCI
bus. A fourth factor which has a very significant impact on storage capacities is the level of
compression selected by the user. In a constructed embodiment an NTSC format image is
composed of 480 lines of 640 pixels per line. With each RGB pixel comprising three bytes, a
full image is seen to comprise just under one megabyte of data. Using a 200 MHz CPU, the
constructed DVS system 200 can store data on a disk drive at rates of 10-17 megabytes per
second, which translates to the storage of realtime image sequences having frame rates of 10-
15 Hz. This rate for uncompressed images can be increased appreciably through
compression. The constructed embodiment performs lossless RLE compression at levels up
to 4-6:1, and lossy compression such as JPEG at levels up to 25-30:1. The user is provided
choices of lossless, low, medium, or high compression. These choices connote a quality

factor of the compressed and then uncompressed images, since the compression is a function
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of the image data itself and cannot be quantitatively specified with great precision. At these
compression levels frame rates of 30 Hz are readily attainable. Storage of five, ten, or twenty
minutes of realtime images are possitle depending upon the level of compression used. An 8
Gigabyte hard disk can thus store many minutes of realtime images and serve the purpose of
a VCR for many echocardiography exams.

Echocardiography images are frequently accompanied by scrolling traces of
physiological functions displayed on the ultrasound image display such as a QRS cardiac
waveform. To further enable high speed digital storage, the present invention digitizes
physiological information such as ECG, pulse and phono signals and transmits the digital
data for storage in one of the last lines of the 480 lines of image data, lines which are not
used for ultrasonic image display-data. Thus, the physiological information is simultaneously
stored with the image data to which it relates with no increase in the éize of the block of
image data. Audio signals such as Doppler sounds which are produced concurrently during
imaging are digitized by the sound card 206 and stored in synchronization with the
concurrent image data. During replay the digital audio data is routed back over the PCI bus
218 to the sound card, is converted to an analog signal and reproduced through the speakers
of the ultrasound system during display of the accompanying image sequence.

Fig. 4 illustrates a quad display as it would appear on a monitor screen 52
when replayed by a digital video storage system of the present invention. Since the present
invention can replace the standard VCR, a preferred embodiment uses virtual recorder
controls 400 displayed on the monitor screen, which the user would intuitively operate much
in the manner of the controls or remote control buttons of a VCR. The virtual buttons of the
virtual controls are arranged in a softkey toolbar 400 and take advantage of the versatility of
direct digital recording by providing functions not available on the standard VCR. When the
user clicks on the first button 402, the user can scan through consecutive frames in an image
sequence, one frame at a time. The user can scan through all four image sequences in the
quad display simultaneously, or can click on one of the quad images to highlight it and scan
through only that sequence of images. In a constructed embodiment the user uses the select
key of the ultrasound system’s user interface to select a quad display or virtual button, and
then uses the trackball of the user interface to scan through the image sequence.

The virtual button 404, when clicked on by the user, plays the image
sequences in realtime. When the button 404 is clicked during realtime replay, the realtime
display will pause. Repeatedly clicking virtual button 406 will increment the play speed of
the images and repeatedly clicking virtual button 408 will decrement the play speed of the
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images. Virtual buttons 410 and 412 will skip back to a previous mark in a sequence and skip
forward to a later mark in the sequence. Marks are placed at points in sequences when long
sequences are trimmed to one or more short sequences such as a single cardiac cycle which is
of particular interest to a clinician. Such immediate access of points in a sequence of images
is not possible with a VCR, since the user must serially advance or rewind the tape to get to
other points in a sequence or earlier or later sequences. These virtual buttons enable the user
to directly access and instantly replay a trimmed sequence from an editing mark.

Examples of the use of marked images and image sequences are shown in
Figs. 5a and 5b. The upper row of Fig. 5a depicts a sequence of ultrasonic cardiac images
1,2,3,...k+4 which are acquired in real time. These image may be acquired, for instance, in
the course of a stress echo examination when the heart rate of the patient is being accelerated
either by exercise or by administration of an adrenergic drug. Generﬂly the ultrasound
system concurrently monitors the heart cycle with an ECG electrode, and the ECG waveform
501 is concurrently displayed along with the cardiac images. As the real time images and the
ECG waveform are acquired they are continuously digitally stored by the DVS system 200.

As the heart rate is being accelerated, the clinician will observe the real time
images 1,2,3, etc. as they are acquired, looking for characteristics of the heart’s performance
which are of particular interest. When the clinician observes an image of particular interest,
he will depress a “mark” button on the scanhead 110, the ultrasound system controls 64, or a
footswitch. Fig. 2 depicts a mark key 64 on the user interface 60 which, when actuated, sends
a mark command to the CPU 204 over command line 66. A footswitch mark button may be
desirable because it frees the clinician’s hand for manipulation of the scanhead and other
ultrasound system controls. When the mark button 64 is depressed as indicated by the M1
arrow in Fig. 5a, the frame currently being processed for storage by the DVS system, image J
in this example, is electronically marked. Depressing the mark button a second time will
mark another image in the real time sequence, as indicated by image K which is marked by
electronic mark M2. The electronic marks M1, M2 are stored in association with the images
J, K which they designate. The electronic marks may be stored in association with the
individual marked images, or in a file of metadata which is stored in association with the
image sequence. The metadata file can contain pointers to all of the individual images in the
sequence which have been marked, for instance.

After the stress examination is complete, the clinician will review the real time
images to more closely examine those of interest, trim away other unneeded images, and/or

store the images or sequences of interest. An image of interest or a sequence containing that
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image may be used in one of the windows of the quad screen display 52, for instance. The
DVS system is able to jump directly from one marked image to another by use of controls
410,412. When the clinician wants to immediately view image J, for instance, he will click
virtual button 412 to jump directly from the beginning of the sequence to image J, which is
designated by electronic mark M1. Clicking on button 412 a second time will skip directly to
the display of image K, which is designated by electronic mark M2. Clicking on button 410
at this point will jump back to display of image J. The clinician can, for example, trim away
images around the sequence J...J+3 and save only that sequence of cardiac images.

The marking of images in the sequence can be done as the images are acquired
in real time, or while they are being replayed from storage on review. It will be appreciated
that the response time of the user may not enable marking of the particular image which the
user desires to mark in a real time sequence, but an image frame wﬁich is slightly later than
the desired image. The user will be able to find the desired image on review by replaying the
images preceding the marked image, preferably in slow motion, until the desired image is
relocated.

In the example of Fig. 5a the DVS system 200 is conditioned to mark
particular images. In accordance with a further aspect of the present invention, the DVS
system can be conditioned to mark cardiac cycles. Preferably this is done in concert with the
ECG waveform 501, as depicted in Fig. 5b. In this second example, the clinician depresses
the mark button 64 as image J is being viewed. This action will mark the cardiac cycle C1
which includes image J. When the clinician depresses the mark button a second time as
image K is being viewed, cardiac cycle C2, which includes image K, is marked.

On review, clicking on one of the virtual controls 410,412 will skip to the next
or the previous marked cardiac cycle. The ECG waveform delineates the images which are
included in a particular cardiac cycle. The clinician may skip to the first mark M1, which
causes the images of cardiac cycle C1 to be replayed once or continuously in a loop. After
observing this first marked cardiac cycle, the clinician can click on virtual control 312 a
second time to skip forward to cardiac cycle C2, which is replayed for review. As above, the
clinician can use this review process to trim away unneeded cardiac cycles and retain only
the cardiac cycle or cycles of interest. After the clinician has trimmed away unwanted
images, the clinician can use the skip controls 410,412 to skip from the mark of one saved
cardiac cycle to another. The images of the saved cardiac cycles can be saved as a full screen

display, or as one window of a dual or quad display.
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It will be appreciated that the softkey control buttons could bear text which
describes their functions rather than the graphic symbols as shown in Fig. 4, or that textual
descriptions could be programmed to appear when a graphic button is selected. The text
would preferably be available in a number of languages so as to be suitable for use in a
variety of different countries. However the graphic symbols are preferred as they require no
translation and their functions can readily be learned by a user familiar with VCR controls.
While the toolbar 400 is shown in the center of the ultrasonic image display in Fig. 4, in a
preferred embodiment the toolbar can be positioned by the user at any location on the display
screen. A user can thus position the toolbar at the bottom of the screen or at the top of the
screen, as desired.

An embodiment of the DVS system of the present invention, with its own
CPU and digital storage and response to the user interface of the ultfasound system, can
execute stored protocols on the ultrasound system. For instance, the constructed embodiment
stores protocols for stress echo exams which are carried out in the following manner. Using
the ultrasound system user interface including selections displayed on the monitor, the user
selects the desired protocol. The stages to be performed are selected and defined, which for
stress echo are the initial rest stage and the post-exercise stage. The views of the heart to be
acquired are selected, such as 2D long axis, 2D short axis, apical 4 chamber and apical 2
chamber views. The capture format such as quad screen is selected, and the compression
level is chosen. The capture length is also chosen, which can be denominated in time, e.g., 1
second to 5 minutes for each view, or it can be denominated in the number of cardiac cycles
or number of images per view. As these choices are made the ultrasound system displays the
disk capacity and the number of sequences that can be stored on the selected storage medium
at the specified capture length and compression level. Patient images are then acquired one
view at a time both pre- and post-stress.

The acquired sequences are then replayed on the display and arranged in the
chosen quad format by the display controller 336. The user can edit the image sequences to
select out images or heart cycles that are of particular interest. As described above, the user
can select one of the four images of the quad display and select the “trim” toolbar. The user
can manipulate the trackball to scroll through the full image sequence and mark the first and
last frames of portions of a full sequence that are of particular interest. The trimmed sequence
can then be stored as a new image sequence. The user can then replay the quad screen display
in realtime for only the trimmed sequence intervals, continually replaying the image

sequences as image loops.
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The versatility a flexibility of the digital recorder makes possible diagnostic
tool not previously known. For instance, a quad screen display can be formed from three
previously stored image sequences together with one which is just being acquired. Different
sequences in a dual or quad screen display can be replayed at different rates at the same time,
enabling images of the heart cycle at resting pulse rate to be played in moving synchronism
with images of the heart after exercise. The clinician can thus assess the side-by-side
performance of the resting and stressed heart with the two realtime sequences of different

heart rates apparently moving in synchronism.
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CLAIMS:

1. A digital ultrasound video storage system for storing and replaying realtime
ultrasonic image sequences comprising:

a high capacity digital ultrasound image storage medium;

a digital image processor for processing ultrasound images for storage on said
image storage medium,;

an image display which displays stored images; and

an electronic image marker, coupled to said system, for electronically
designating a selected image,

wherein said image storage medium stores a marked image designation in

association with a selected image.

2. The digital ultrasound video storage system of Claim 1, wherein said image
display displays real time ultrasound images as they are acquired; and
wherein said electronic image marker comprises means for electronically

designating a displayed real time ultrasound image.

3. The digital ultrasound video storage system of Claim 2, wherein said
electronic image marker comprises a user control which is actuated by a user when the user

desires to mark a displayed ultrasound image.

4. The digital ultrasound video storage system of Claim 1, wherein said
electronic image marker comprises a user control which is actuated by a user when the user

desires to mark the cardiac cycle of a displayed ultrasound image.

5. The digital ultrasound video storage system of Claim 4, wherein said user

control comprises a pushbutton.

6. The digital ultrasound video storage system of Claim 1, wherein said user

control comprises a footswitch.
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7. The digital ultrasound video storage system of Claim 1, further comprising a

user review control for skipping to an image designated by an associated image designation.

8. The digital ultrasound video storage system of Claim 7, wherein said user

review control comprises means for skipping to a previous or subsequent designated image.

9. A digital ultrasound video storage system for storing and replaying realtime
ultrasonic image sequences comprising:

a high capacity digital ultrasound image storage medium;

a digital image processor for processing ultrasound images for storage on said
image storage medium;

an image display which displays stored images; and

an electronic image marker, coupled to said system, for electronically
designating images of a selected cardiac cycle,

wherein said image storage medium stores a marked cardiac cycle designation

in association with the images of said selected cardiac cycle.

10. The digital ultrasound video storage system of Claim 9, further comprising a
user review control for skipping to a designated image for review of a cardiac cycle

containing said designated image.

11. The digital ultrasound video storage system of Claim 9, wherein said

electronic image marker comprises a pushbutton.

12. The digital ultrasound video storage system of Claim 9, wherein said

electronic image marker comprises a footswitch.

13. A method for designating an image of a real time ultrasonic image sequence
for review comprising the steps of:

acquiring a real time ultrasonic image sequence;

displaying said real time ultrasonic image sequence;

actuating a user control to designate a displayed ultrasonic image as an image

of interest; and
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digitally storing said designated ultrasonic image and an image marker in

association with said designated ultrasonic image.

14. A method for designating the ultrasonic images of a cardiac cycle for review
comprising the steps of:
- acquiring a real time ultrasonic image sequence of the heart of a patient;
displaying said real time ultrasonic image sequence;
actuating a user control to designate a cardiac cycle including a displayed
ultrasonic image as a cardiac cycle of interest; and
digitally storing the ultrasonic images of said designated cardiac cycle and an

image marker in association with said designated cardiac cycle.

15. The method of Claim 14, further comprising the step of concurrently acquiring

a cardiac cycle waveform,

wherein said cardiac cycle waveform is used to delineate the ultrasonic images

of a cardiac cycle.

16. A method for reviewing an ultrasonic image sequence which has been digitally
stored in association with one or more markers designating one or more images of said
sequence as being of interest comprising the steps of:

actuating a user control to skip directly to a marked image; and

displaying said marked image.

17. The method of Claim 16, further comprising the steps of:
actuating said user control a second time to skip directly to a previous or
subsequent marked image; and

displaying said previous or subsequent marked image.

18. A method for reviewing an ultrasonic image sequence of a heart which has
been digitally stored in association with one or more markers designating one or more cardiac
cycles of said sequence as being of interest comprising the steps of:

actuating a user control to skip directly to a marked cardiac cycle; and

displaying the sequence of images of said marked cardiac cycle.
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19. The method of Claim 18, further comprising the steps of:
actuating said user control a second time to skip directly to a previous or
subsequent marked cardiac cycle; and

displaying the sequence of images of said previous or subsequent marked

cardiac cycle.
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