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(57) ABSTRACT

Described herein are systems and methods for determining
the cardiac output of a patient. One such method includes
measuring the patient’s height and the velocity time integral
or stroke distance of blood flowing from the heart of the
patient, and subsequently utilising these measurements to
determine the cardiac output of the patient based on a valve
cross sectional area estimate.
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1
METHODS AND SYSTEMS FOR
DETERMINING CARDIAC OUTPUT BASED
ON A VALVE CROSS SECTIONAL AREA
ESTIMATE

FIELD OF THE INVENTION

The present invention relates to the measurement of blood
flow in the body and, in particular, to the measurement of
cardiac output from the heart.

BACKGROUND OF THE INVENTION

Cardiac output and measurement of cardiac dimensions
and haemodynamics are very important indicators in measur-
ing health or detecting disease. The cardiac output, the vol-
ume of blood ejected by the heart per minute, is an essential
measure of cardiac health.

Unfortunately, it is often difficult to measure actual cardiac
output. Whilst normal fluid flow outputs consist of a flow
velocity times a cross section area, it is often difficult to
accurately measure the cross sectional area of cardiac vessels.
Hence, there is often a large degree of error associated with
actual cardiac measurements.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide for an
improved or alternative way for measurement of cardiac out-
put.

In accordance with a first aspect of the present invention,
there is provided a method of determining the cardiac output
of a patient, the method comprising the steps of: (a) measur-
ing the patients height; (b) measuring the velocity time inte-
gral or stroke distance of blood flowing from the heart of the
patient, (c) utilising the two measurements in step (a) and (b)
to determine the cardiac output of the patient.

Preferably the method also includes the step of measuring
the correlation between the patient’s height and cross sec-
tional area of a cardiac valve of a population of individuals
and utilising the correlation in step (c) to determine the car-
diac output of the patient. The population can be selected
having similar body characteristics to the patient.

The step (c) can comprise utilising the formula substan-
tially of the form: aortic annular diameter=0.010xheight
(cms)+0.25 cm to determining the diameter of the aortic
annular and then determining a cross sectional.

The step (c) can comprise utilising the formula substan-
tially of the form: pulmonary annular diameter=0.0106x
height (cms)+0.265 cm to determine the diameter of the pul-
monary valve and then determining a cross sectional area.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the present invention will
now be described with reference to the accompanying draw-
ings in which:

FIG. 1 is a side perspective view of a cardiac monitoring
system;

FIG. 2 and FIG. 3 illustrate screen dumps of CW ultra-
sound type devices; and
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2

FIG. 4 illustrates a flow chart of the steps of the preferred
embodiment.

DESCRIPTION OF PREFERRED AND OTHER
EMBODIMENTS

In the preferred embodiment, a new method is provided for
measurement of cardiac output through the utilisation of cor-
relations between height measurements and integrated trans-
valvular haemodynamics.

Recently, in PCT application No. PCT/AU99/00507 and
U.S. Pat. No. 6,565,513 entitled “Ultrasonic Cardiac Output
Monitor” the contents of which are hereby incorporated by
cross reference, a system was proposed for the continuous
wave Doppler direct measurement of transvalvular cardiac
flows. Such a system can readily be adapted for use with the
preferred embodiment of the present invention to measure
flow outputs.

FIG. 1 illustrates the system described in the aforemen-
tioned patent specification wherein an ultrasonic transducer
device 1 is interconnected to a small processing computer 3
and utilised to monitor blood flows within the heart of patient
2.

Turning to FIG. 2, there is illustrated a screen dump from
an ultrasonic transducer device being placed in accordance
with the teaching of the aforementioned application so as to
measure transvalvular flows. In FIG. 3, there is illustrated an
analysis of the image of FIG. 2. With such an output, cardiac
output (CO) can be calculated by measurement of the Dop-
pler spectral flow profile of the image of FIG. 2 to determine
the area under the curve or the velocity time integral (vti) or
stroke distance—the distance a single red blood cell travels
per beat. In FIG. 3, there is illustrated the vti 10 which is an
“area under the curve” measurement. Further, the heart rate
can be determining from the spectral flow profile as the time
between peaks e.g. 11, 12.

From a measurement of the cross sectional area of the flow
(XSA), it is possible to determine the stroke volume (SV) by
multiplying the vti so that SV=vtixXSA. SV is the volume of
blood ejected by the heart per beatin cm®. CO is a function of
SV and heart rate (HR), or the volume per beat times the
number of beats per minute, so CO=SVxHR in liters per
minute.

The values for these formulae can be derived from direct
measurement of the Doppler flow profile of FIG. 2 and FIG.
3, with the exception of the flow cross sectional area.

One possibility for measuring the flow cross-sectional area
is to measure the flow diameter using two-dimensional ultra-
sound, and calculating the XSA using nir*. However, normal
values for flow diameters obtained are in the order f1.5t0 2.5
cm. The resolution of 2D B-Mode ultrasound at 3 Mhz is
approximately 1 mm or about 5%. This 5% linear error is the
best possible result and, if 95% confidence intervals define
sensitivity and equal two standard deviations then the error is
approximately 10%. If this error is squared when applied to
the mr® formula to determine XSA, the resulting potential
error in measurement of the cardiac output is approximately
21%.

It will be noted that the error associated with measurement
of the Doppler functions alone for application of these hae-
modynamics equations is less than 5%. The figures for sen-
sitivity of Doppler echo detection of changes in CO are
reflected in clinical data.

In the preferred embodiment, a more accurate method of
measuring flow diameter is utilised to provide an increase in
the sensitivity of Doppler ultrasound to detection of changes
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in cardiac output and to hereby improve the clinical useful-
ness of Doppler flow measurements.

CO measurements are generally made from Doppler flow
profiles across the aortic and pulmonary valves. However, it is
also possible to determine CO from the flow across the mitral
and tricuspid valves. Measurement of Aortic annular diam-
eter, the two dimensional measure from which the XSA is
derived, can generally be performed with reasonable accu-
racy because the arterial walls are normally perpendicular to
insonation in the parasternal long axis position, resulting in
high levels of reflected signals. Measurement of the pulmo-
nary annular diameter is more problematic because the vessel
walls am often parallel to the ultrasound beam and reflected
signal less intense. Of additional importance, the pulmonary
artery is the most accessible flow signal for Doppler measure-
ment of CO.

Recently, Nidorf et al (Nidorf S M, Picard M H, Triulzi M
O, Thomas I D, Newell J, King, M E, Weyman A E, “New
perspectives in the assessment of cardiac chamber dimen-
sions during development and adulthood”. J Am Coll Cardiac
1992; 19:983-8) in a study of 268 normal persons aged 6 days
to 76 yrs, there was presented information that height was a
significant predictor of the cardiac linear dimensions.

Regression coefficients included aortic annular diameter
(r=0.96), Left atrial size (r=0.91), LVDd(r=0.94) and LV
length (r=0.93). Further, this study found that the heart and
great vessels grew in unison and at a predictable rate after
birth reaching 50% of their adult dimensions at birth, 75% at
5 yrs and 90% at 12 yrs.

Height has the additional benefits of being a non-derived
unit, is easily measured, and is a commonly patient informed
value. Through subsequent analysis, it has been found that the
size of the aortic annular diameter can be approximately
described by the regression equation as 0.010xheight (cms)+
0.25 cms. Ifthe heart grows in unison and at a predictable rate,
then the pulmonary artery annular diameter will show con-
stant a relationship to the aortic annulus at any age. Hence, the
Cardiac Output can be predicted using the aortic annular
diameter regression equation and integrated haemodynanics.
As input CO equals output CO in the absence of shunt or
significant regurgitation, a height referenced equation to pre-
dict the pulmonary artery annular diameter can also be uti-
lised. This can then be applied to standard haemodynamics to
determine flow XSA, SV and CO.

FIG. 4 therefore illustrates a flowchart 20 of the steps
involved in the preferred embodiment. Firstly, the height of
the patient is determined at 21. Next, from the output screen
dump of the transducer monitoring device, the heart rate is
determined at 22 and the velocity time integral is measured at
23. These parameters are then utilised to calculate the corre-
sponding AV and PV diameter which can then be utilised to
calculate the cardiac output at 24.

In a first initial embodiment a measure for a population of
individuals was studied and derived vti values of children and
adults found in a sample population to be: Pvti=20.76+3.36
cm and Avti=23.38+3.38 cm, with a vti PV:AV ratio of
1:1.126.

Whilst the above values were used in calculations, obvi-
ously other population samples could be utilised.

Now the ratio of PV:AV was found to be 1.126. As
CO=0TxHRxvti, and pulmonary flow equals systemic (aor-
tic) flow in the absence of a shunt or significant regurgitation,
then

PV XSAXHRXPVvti=AV XSAxHRxAVvti
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As XSA=nr® and AV diameter=(0.01xht+0.25)and AV
radius=(0.01xht+0.25)/2 then

(x(PVd/2)*)x20.76x HR=(mx((0.01xht+0.25)/2)?)x
23.38xHR
If HR PV=HR AV then
(@x (PVd/2)?)x20.76=(rx((0.01xh2+0.25)/2)?)x23.38/
20.76
(x (PVd/2)?)=(mx((0.01xht+0.25)/2)?)x23.38/20.76
Tx(PVd/2Y=mx((0.01xht+0.25)/2)?x1.126/n

(PVAr2y>=((0.01xht+0.25)/2)?x1.126

Taking the square root of both sides implies:
V(PVA2?=/((0.01xht+0.25)/2)°xV1.126

PVd/2=(0.01xh1+0.25)/2x1.06
PVd/2=(0.01xh1+0.25)x1.06/2

Then PV Radius=PVd/2=(0.01xht+0.25)x0.53=0.053 xht+
0.1325 and PV diameter=PVd/2x2=(0.01xht+0.25)x
1.06=0.0106xht+0.265

Therefore both the aortic annular and the pulmonary annu-
lar diameter can be determined from simple height measure-
ments as

AVd=0.01xht+0.25

and
PVd=0.0106xht+0.265

As aresult, the above formulas can be utilised to calculate
the cross-sectional area of the aortic and pulmonary valves.
From this calculation, the stroke volume and CO can also be
determined.

The flow cross sectional area, XSA, in cm? is required to
calculate flow volumes and can be determined from direct 2D
measurements or calculated from height referenced algo-
rithms. From the above, the XSA algorithms are:

Aortic

As AVd=0.010xh1+0.25
Pulmonary

As PVd=0.0106xht+0.265

then PV XSA=n((0.0106xht)+0.265)/2)*

Stroke Volume

Stroke volume, in cm?, is the volume of blood ejected from
the heart per beat and is equal to the cross sectional area times
the flow vti. Therefore:

SV AV(adult+children)=m((0.010xk2+0.25)/2)?x AVvei

SV PV(adult+children)=m((0.0106x/+0.265)/2x
PVvii

Cardiac Output
Cardiac output, in liters per minute, is the volume of blood

ejected from the heart per minute and is a function of the cross
sectional area, the flow vti and the heart rate.

CO AV(adult+children)=m((0.010xAkt+0.25)/2)?x AV-
viixHR

CO PV(adult+children)=m((0.0106x/2+0.265)/2’x
PVviixHR
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By using the above formulas, a determination of important
cardiac morphologic dimensions can be made from a subject
height measurement. This measurement provides an alterna-
tive to the currently practiced direct measurement of these
dimensions using complex imaging. This can allow for stand
alone Doppler instruments to determine accurate measures of
cardiac function without the use of complex and expensive
imaging devices. This results in an improved method of deter-
mining CO in echocardiographic practice.

The foregoing describes only preferred embodiments of
the present invention. Modifications, obvious to those skilled
in the art can be made there to without departing from the
scope of the invention.

The claims defining the invention are as follows:

1. A method of determining the cardiac output of a patient,

the method comprising the steps of:

(a) measuring the patient’s height;

(b) measuring the patient’s heart rate;

(c) measuring the velocity time integral or stroke distance
of blood flowing from the heart of the patient via the
pulmonary valve;

(d) calculating, using a single variable formula, the diam-
eter of the pulmonary valve of the patient wherein the
single variable is the patient’s height, and thereby cal-
culating the cross sectional area of the pulmonary valve;

5
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6

(e) calculating a value for the cardiac output of the patient
as the product of the heart rate, the velocity time integral
and the cross sectional area of the pulmonary valve; and

f) measuring the correlation between the patient’s height
and of the diameter of the pulmonary valve for a popu-
lation of individuals, wherein said correlation is deter-
mined through the utilization of a first ratio of the rela-
tive speed of the flow velocity through the pulmonary
artery and the flow velocity through the aortic annulus,
and a second ratio of the patient’s height to the aortic
annulus diameter.

2. A method as claimed in claim 1 wherein said population

is selected having similar body characteristics to said patient.

3. A method as claimed in claim 1 wherein the single

variable formula is:

pulmonary annular diameter=0.0106xheight(cms)+
0.265 cm

4. A method as claimed in claim 1 wherein the first ratio is
substantially equal to 1.126.

5. A method as claimed in claim 1, wherein measuring the
velocity time integral or stroke distance of blood flowing from
the heart of the patient via the pulmonary valve is performed
with an ultrasonic transducer device.
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