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DERIVING PARAMETER INFORMATION FROM BLOOD FLOW SIGNAL

Field of the Invention

The present invention relates to the field of signal monitoring and, in particular,
discloses a method and apparatus for deriving parameter information from a signal.

Background of the Invention

Blood flow within the human body is cyclic and is responsive to the changing
pressures generated by contraction and relaxation of the heart muscles. This cyclic
contraction and relaxation produces pulsating blood flow. Known Doppler ultrasouﬁd
techniques can measure the phase shift associated with this flow and display the signal
on a screen. An example of such a system is provided in Patent Cooperation Treaty
Publication Number WO 99/66835 entitled “Ultrasonic Cardiac Qutput Monitor”, the
publication of which is incorporated herein by cross-reference.

The Doppler Ultrasound flow profiles provide important clinical information. An
example of a time v. velocity flow profile is shown in Fig. 1 for a measurement taken
utilising the technique of the aforementioned PCT Publication. Unfortunately, it is
often the case that any derived parameters are currently measured using a manual trace
method so as to provide multiple haemodynamic parameters reflecting the underlying
flow characteristics. This measurement can be time consuming and depends for
accuracy upon the mechanical co-ordination of the operator.

Cardiac contraction and relaxation varies both in rate and force from beat to beat, so a
comprehensive understanding of the function may require multiple sequential or serial
measurements.

Fully automated edge detection methods have been used with limited success in

peripheral vessel and simple flow applications, however intracardiac flow is
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characterised by artefacts which are random and cannot be easily described using fully
automated methods. Automated methods are generally not positively accepted in
clinical practice because of the inherent error and insensitivity.

Summary of the Invention

It is an object of the present invention to provide an alternative form of deriving
parameters from a signal output device.

In accordance with a first aspect of the present invention, there is provided a
method for measuring parameters in a Doppler Flow Profile utilising a computer
display device, the method comprising the steps of: (a) displaying a background image
of the Doppler flow profile on the display device; (b) displaying a series of interactive
graphical objects over the background image, the elements having adjustable position
parameters; (c) providing an interactive capability for a user to adjust the position of
portions of the graphical elements; (d) calculating the parameters from the relative
position of the portions of the graphical elements.

The interactive graphical objects can include a first objeét substantially
intersecting the apex of a series of adjacent Doppler flow profiles. At least one of the
interactive graphical objects preferably can include a substantially triangular shape
sized substantially to fit around an initial portion of a flow cycle. The apex of the
triangular shape can be located substantially at the peak flow velocity of the
background image. At least one of the interactive graphical objects further preferably
can include a segment from a base of the triangular shape to an adjacent initial portion
of a flow cycle. The triangular shape preferably can include a series of manipulation
points along at least one side thereof.

Brief Description of the Drawings
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Preferred embodiments of the present invention will now be described by way of
example only with reference to the accompanying drawings in which:
Fig. 1 illustrates an example Doppler Flow Profile;
Fig. 2 illustrates the utilisation of -template structures in conjunction with a
5 Doppler flow profile; and
Fig. 3 illustrates one example computer architecture on which the preferred
embodiment can be carried out.

Description of the Preferred and Other Embodiments

The preferred embodiment provides a semi-automated digital method for
10 measuring Doppler flow profiles which is quicker and often more accurate than the
current manual methods.
Tuming to Fig. 2, the preferred embodiment provides for the overlay of various
template structures on a standard received flow profile e.g. 1. The profile 1 can be a
screen snapshot taken from a Doppler flow measurement unit. As shown in Fig. 2, on
15 top of the profile 1, a simple flow template is presented having interconnected
structural elements 2,3. The elements 2,3 being shown for the characterising of a
normal flow profile, being a simple systolic ejection cycle for transpulmonary and
transaortic flow.
When alternative flows are visualised, other templates can be provided. For
20  example, a biphasic pattern is selected for transmitral flow and a monophasic pattern
for transmitral flow in atrial fibrillation. A user interface and template can be provided

for selecting the appropriate profile.
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The template components 3 are initially interconnected at an intersection 4
representing the peak flow velocity. The point 4 is adjustable by the user in the vertical
direction. |

The component 2 forms an adjustable base line and is constrained to be always
horizontal. The template also includes adjustable points 5.,6,7,8, 9. The points 5,6,7 are
movable along the base line 2. The points 8,9 are moveable in a horizontal manner and
control attached line segments.

At each point 4-9 there is a digital handle which can be moved by mouse in the
instance of conventional digital display, or by stylus if the application is for touch
screen display, to allow for exact superimposition of the template point over the
underlying flow profile.

From the positioning of the template points, a number of conventional
haemodynamic parameters such as peak flow velocity, mean flow velocity, peak flow
velocity, mean pressure gradient, velocity time integral, ejection time and heart rate can
be calculated. The input of other clinical variables by a user allows'for derivation of
other clinically useful haemodynamic variables such as stroke volume and cardiac
output.

Once the template is adjusted to superimpose the underlying flow profile, the
template can remain on the screen as the Doppler flow signal is re-activated, allowing
for a simple visual comparison of the real time signal with the prior measurements.
When further measurements are required the streaming Doppler signal can be frozen,
and the entire template moved in a single action to superimpose the new flow profile

for measurement. Minor adjustments using the digital handles ensures accurate



10

15

20

WO 2004/084735 PCT/AU2004/000343
-5-

superimposition of the new flow profile and a new set of variables can be derived. T he

minor adjustments can thereby result in a recalculation of the template points.

This touchpoint method of tracing simple gebmetric screen elements, allows for
rapid, and reproducible measurement of important cardiac haemodynamic Doppler
flow profiles.

The method can also be utilised in any screen measurement of a simple geometric
signal, which will include Doppler flow profiles from other vessels in the body. This
method is able to improve the currently practiced direct trace of these profiles which is
both time consuming and dependent on the co-ordination skills of the operator. The
application of this method has significant time and cost effectiveness consequences in a
variety of applications where rapid and accurate tracing of displayed signals is required.

The preferred embodiment can be implemented by suitable programming of an
interactive graphics package by the skilled graphics programmer. The implementation
can be formulated, for example, in Visual C++, TCL/TK etc.

The preferred embodiment is pfeferably implemented on a standard workstation
type computer arrangement utilising standard computer graphics programming
languages. A suitable hardware arrangement for programming can be as shown in Fig.
3 with central processing unit 41, memory 42, Disk store 43 and IO Device Controller
44 arranged around a central bus 45. The anangement 40 can be suitably programmed
in the usual manner to carry out the operations of the preferred embodiment.

Whilst each point can be fully moveable, preferably when first used, various
defaults are provided. For example, the points 8 and 9 shall always have their Y
coordinate half way between the points 5 and 4. The points 5, 6, 7 shall always have

their Y coordinate equal to the O level on the scale.
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The default sizes can be as set out in the following table:

PCT/AU2004/000343

Point +. - X Y
5 0 0
8 15%5t06 50% 5to 4
4 50% 51to 6 5to4
9 85% 51t06 50% 5to 4
6 5to6 0
7 5to7 0

Table 2 Default Touchpoint

Where

5 to 6 distance = 0.4 seconds

5 to 4 distance = 220/256 of the 0 to lower scale distance

6 to 7 distance = 0.9 seconds — 5 to 6 distance

The user moves the 6 points of the template to encompass the flow pattern on the

flow display. All points shall be able to be dragged to a valid location. The valid

locations for points are

Point 5 must be to the left or equal to 8
Point 8 must be between points 5 and 4
Point 4 must be between points 8 and 9
Point 9 must be between points 4 and 6
Point 6 must be between points 9 and 7

Point 7 must be to the left of point 5

This shall be achieved by moving the 6 points as follows

Touching to the right of midway between points 5 and 7 shall move the 7

pointin a Y direction to the position of the touch
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. Touching to the left of midway between points 6 and 7 or to the right of
midway between points 6 and 9 shall move the 6 point ina Y direction to
the position of the touch.

. | Touching to the left of midway between points 9 and 6 or to the right if

5 midway between points 9 and 4 shall move the 9 point ina Y direction to
the position of the touch.

. Touching below the midway between point 8/9 and 4 will move point 4 to
the position of the touch. The 4 point can be moved in an X and Y
direction. When the Y location of the 4 point is moved the Y position of

10 the 8 and 9 points shall be re-located to be halfway in the Y plane between
points 5 and 4

. Touching to the left of midway between points 8 and 5 or to the right of
midway between points 8 and 4 shall move the 8 point in a Y direction to
the position of the touch.

15 . Touching to the right of midway between points 5 and 8 shall move the 5
point in a Y direction to the position of the touch.

The following measures shall be calculated from the Touchpoint

Measure Units Abbrevation
Peak Velocity m/s Vpk
Mean Pressure Gradient mmHg Pmn
Velocity-Time Integral cm vii
Heart Rate bmp HR
Minute Distance m/min MD
Ejection Time Ratio % ET%
Stroke Volume cm® SV
Cardiac Output 1/min CO
Cardiac Index 1/min/m? Cl

20 Table 3 Measures
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The forgoing describes only one embodiment of the present invention.

Modifications, obvious to those skilled in the art, can be made thereto without

departing from the scope of the invention.
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We claim:
1. A method for measuring parameters in a Doppler Flow Profile utilising a
computer display device, the method comprising the steps of:

(a) displaying a background image of the Doppler flow profile on the display
device;

(b) displaying a series of interactive graphical objects over the background image,
said elements having adjustable position parameters;

(c) providing an interactive capability for a user to adjust the position of portions
of said graphical elements;

(d) calculating the parameters from the relative position of said portions of said
graphical elements.
2. A method as claimed in claim 1 wherein said interactive graphical objects include
a first object substantially intersecting the apex of a series of adjacent Doppler flow
profiles.
3. A method as claimed in any previous claim wherein at least one of said
interactive graphical objects includes a substantially triangular shape sized substantially
to fit around an initial portion of a flow cycle.
4. A method as claimed in claim 3 wherein the apex of said triangular shape is
located substantially at the peak flow velocity of the background image.
5. A method as claimed in claim 3 wherein said at least one of said interactive
graphical objects further includes a segment from a base of said triangular shape to an
adjacent initial portion of a flow cycle.
6. A method as claimed in claim 3 wherein said triangular shape includes a series of

manipulation points along at least one side thereof.
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7. A method substantially as hereinbefore described with reference to the
accompanying drawings.

8. A computer system when implementing the method of any of claims 1 to 7.
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