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Description

[0001] The present invention relates generally to the
field of medical ultrasound diagnostics and, more specif-
ically, to a method and apparatus for ultrasonically meas-
uring and/or detecting flow of a non-sinusoidal periodic-
ity.
[0002] Early defibrillation is critical for successful re-
suscitation of a sudden cardiac arrest patient. The ab-
sence of a detectable cardiac pulse in a patient is a strong
indicator of cardiac arrest. Defibrillators currently do not
assess the patient’s heartbeat or blood circulation and
the responder has to manually check for the pulse, a
procedure known to be very subjective. Hence, an auto-
mated assessment of pulsatile blood flow would be im-
portant for an automated or manual defibrillator as well
as in monitoring situations and other clinical applications.
One example is continuous monitoring of a patient’s vital
signs in the intensive care unit (ICU), operating room, or
the emergency room (ER). Another example is the as-
sessment of the pulse of a cardiac arrest victim both be-
fore and after the application of a defibrillation shock.
Defibrillation therapy is applied in cardiac arrest situa-
tions in order to convert non-perfusing electrical activity
such as ventricular fibrillation to a normal rhythm. In these
situations, it insufficient to monitor the patient’s ECG
alone, since the heart’s electrical rhythm could appear
normal, but be of a non-perfusing nature, such as in the
case of pulseless electrical activity (PEA). It is important
to determine whether the patient has regular and pulsatile
blood circulation, the absence of which would indicate
the need for cardiopulmonary resuscitation (CPR) and/or
appropriate medications. Moreover such an assessment
is preferably done in a continuous manner without user
intervention, from the scene of a cardiac arrest event all
the way to the ER and ICU.
[0003] Doppler ultrasound is a known tool for assess-
ing blood flow and has been proposed for assessment
of the state of the pulse of a cardiac victim. However the
use of Doppler ultrasound for automated assessment
without an image display and a trained person for inter-
pretation is quite challenging. Making an assessment
purely based on the total Doppler power is difficult since
there is a need to select a suitable threshold. The total
Doppler power measure is dependent on the strength of
the backscattered echo, which depends on level of at-
tenuation in the intervening tissues, as well as the scat-
tering properties of the patient’s blood. These parameters
are highly variable from one patient to another, making
a predetermined, fixed threshold impractical. In order to
select a threshold, it is also necessary to have a precise
characterization of the noise level in the electronics of
the Doppler device. Relying on such a characterization
is not a robust approach since a periodic self-character-
ization might be needed. Also unknown is the level of
interference and motion artifacts that may contaminate
the Doppler signal. Hence a simple threshold for deciding
that flow exists may not be possible. Furthermore, the

total Doppler power gives no indication of the regularity
of the blood flow in that it does not determine whether
the flow is pulsatile or not.
[0004] In order to address many of these issues, esti-
mation of a periodicity index based on the Doppler power
within a specific frequency band, e.g., 1-1.2 kHz, is de-
scribed in the parent patent application. Hereafter, the
Doppler power within a specific frequency band is re-
ferred to as the banded Doppler signal. When a suffi-
ciently high enough Doppler frequency band is chosen,
this signal when plotted as a function of time, fluctuates
periodically from a high value during systole to a low value
during diastole. The method of the parent application us-
es auto-correlations and Fourier transforms of the band-
ed Doppler signal in order to determine whether there is
periodicity in the banded Doppler signal. In this method,
the fundamental peak frequency in the spectrum of the
banded Doppler signal is first located. Then the ratio of
the power within a narrow band around this fundamental
frequency to the total power, termed pulsation index, is
computed. This pulsation index is high when there is a
periodic flow, and is low when a periodic flow is absent.
[0005] This technique is premised upon a model of pul-
satile cardiac activity as sinusoidal. However cardiac
blood flow pattern is not periodic in a purely sinusoidal
manner since the time spent in systole is typically less
than the time spent in diastole, and the shape is usually
not a sinusoidal one. This usually leads to the presence
of a few harmonics in the frequency spectrum. Hence a
sinusoidal periodicity detection scheme may not be ad-
equate in such cases, and the pulsation index would be
lower than what it would be when the non-sinusoidal char-
acter of the periodicity is taken into account. Accordingly
it is desirable that the measure or detection of pulsatile
cardiac activity consider this non-sinusoidal character of
the physiology.
[0006] In RAJU B I ET AL: "A NOVEL ULTRASOUND
BASED AUTOMATED PULSATILE FLOW DETECTION
METHOD FOR RESUSCITATION" PROCEEDINGS OF
THE IASTED INTERNATIONAL CONFERENCE ON BI-
OMEDICAL ENGINEERING, a method for determining
pulsatile flow based on spectral analysis of Doppler sig-
nals is disclosed.
[0007] In accordance with the principles of the present
invention, an ultrasonic method and apparatus are de-
scribed as defined in claims 1 and 10, which take into
account the non-sinusoidal behavior of pulsatile flow.
This is done by the inclusion of several harmonic peaks
in the computation of the pulsation index, while taking
care to avoid peaks due to noise (when no flow exists).
The noise level is computed by considering that, for pul-
satile flow, the regions between the peaks in the spectrum
must be due to noise. Comparison with a noise threshold
derived from these regions ensures that valid pulsatile
activity has been detected, aided by the frequency res-
olution in the spectrum being sufficiently high enough to
individually resolve the fundamental and harmonic peaks
of the flow spectrum, with the bandwidth being sufficiently
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small to ensure adequate separation of the main lobes
of each of the peaks. This inventive method has the ad-
vantage that a better separation of the pulse and pulse-
lessness states is possible. The calculated pulsation in-
dex would be much closer to unity for the pulse case and
would still remain close to zero for the pulselessness
case. This in turn leads to better sensitivity and specificity
for pulse assessment.
[0008] In the drawings:

FIG. 1 illustrates a frequency spectrum of banded
Doppler signals during normal, non-sinusoidal flow.
FIG. 2 illustrates a sigmoid weighting function used
to suppress contributions from noise.
FIG. 3 illustrates a flowchart of a non-sinusoidal pe-
riodicity detection method of the present invention.
FIGS. 4a-4d illustrate a Doppler spectrogram and
resulting pulsatility index, comparing a technique of
the present invention with a technique of the parent
application.
FIG. 5 depicts a block diagram of an exemplary ap-
paratus of the kind that may be used for ultrasound
diagnostics in accordance with one embodiment of
the present invention.
FIG. 6 depicts a flow diagram of one exemplary em-
bodiment of the inventive method for ultrasound di-
agnostics that may be used during an illustrative pro-
cedure of assessing the perfusion or blood pulsing.
FIG. 7 depicts a block diagram of an exemplary de-
fibrillating system including the ultrasound diagnos-
tic apparatus of FIG. 5 in accordance with one em-
bodiment of the present invention.

[0009] Herein, identical reference numerals are used,
where possible, to designate identical elements that are
common to the figures. The images in the drawings are
conventionally simplified for illustrative purposes and are
not depicted to scale.
[0010] The appended drawings illustrate examples of
the invention and, as such, should not be considered
limiting the scope of the invention that may admit to other
equally effective embodiments.
[0011] A pure sinusoidal function exhibits no harmon-
ics and, when analyzed in the frequency domain, is seen
to exhibit only a fundamental frequency component.
However, the usual cardiac blood flow pattern is not a
pure sinusoid. This is because the cardiac activity spends
more time in diastole than systole, giving the flow pattern
a non-sinusoidal character. When this characteristic is
analyzed in the frequency domain it exhibits frequency
peaks as illustrated in FIG. 1, which is a spectrum of a
banded Doppler signal having a fundamental frequency
component 10 at 1.64 Hz. The non-sinusoidal nature of
the pulsatile activity gives the spectrum several harmon-
ics of the fundamental. In this example higher harmonics
12, 14, 16, and 18 can be seen ranging up to about 8 Hz.
In the following embodiment of the present invention the
power within a small band around each fundamental and

harmonic peak is compared to the total power in the band-
ed Doppler signal in the assessment of pulsatility.
[0012] A flowchart illustrating a method of the present
invention is shown in FIG. 3. As in the apparatus and
method of the parent application, the banded Doppler
signal within a certain frequency band, e.g., 1-1.2 kHz,
is obtained in step 20. In step 22, a median filter is applied
to the banded Doppler signal to improve assessment un-
der noisy conditions, as supported by empirical studies.
A non-linear filter like a median filter is desirable because
of its ability to preserve the signal structure compared to
a linear filter. The frequency spectrum of the filtered band-
ed Doppler signal is obtained in step 24, which in this
example is taken over a span of 5-second windows that
are progressively marched in time in 1-second intervals.
The calculation of the frequency spectrum can be done
by taking the Fourier transform of the auto-correlation of
the banded Doppler signal, or directly by any means com-
monly employed for power spectrum estimation (e.g., av-
eraged periodogram, etc.) In step 26 the fundamental
peak frequency (fpeak) in the spectrum is located through
peak searching (using second derivative tests) within a
frequency span that is physiologically meaningful such
as 0.5 to 4 Hz. If no peak is located, then the method
concludes at 28 with a determination of the absence of
pulsatile flow and no further processing is done.
[0013] If a fundamental peak is found as a result of
step 30, a peak-searching algorithm is conducted in step
32 in regions around the locations where harmonics are
expected (2fpeak, 3fpeak, etc.) in order to determine if
harmonics are present. Typically up to four harmonics
may be searched, although a greater or lesser number
of harmonic regions may be chosen in a particular im-
plementation or for a particular patient signal. For each
of the frequency peaks found (fundamental and harmon-
ics, 10-18 in FIG. 1) in the spectrum, a normalized power
ratio is computed in step 42 as the ratio of the power
within a small bandwidth around the peak to the total
power in the banded Doppler signal. Each peak is sep-
arately processed in the method of FIG. 3 by initializing
the peak count to one and setting the pulsatile index to
zero in step 36.
[0014] If pulsatile flow is present, then the normalized
power ratios are expected to be high, with the highest
value usually for the fundamental frequency 10, and pro-
gressively decreasing for each harmonic 12-18. If the
sum total of these power ratios is taken to be the pulsation
index, a normalized sum will have a value close to unity
for the pulsatile flow case. However, when pulsatile flow
is absent, then these power ratios (if peaks existed for
the fundamental and harmonics) are simply based on
noise. Summing these values would inadvertently raise
the pulsation index leading to false positives in the pulse
assessment.
[0015] To overcome this a noise level in the banded
Doppler signal is determined at step 34. If periodic flow
is present, then the spectrum can only have peaks at
fundamental and harmonic locations, and regions in the
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spectrum between these peaks would constitute noise.
Hence, once fundamental and harmonic locations 10-18
are determined, the method also looks at regions in be-
tween these peaks in step 34 and calculates a mean
noise level. Alternatively, the noise level could be com-
puted by looking at frequencies that are sufficiently high
where no effects of pulsatile activity are expected.
[0016] If each peak in the spectrum is truly significant
(the flow case), then the SNR defined as the ratio of the
power around the peak to the noise level, would be high.
When flow does not exist, then the SNR would be low.
Hence a suitable weighting function is applied in step 44
to the normalized power ratio contributed by each peak
frequency (step 42) as illustrated by the sigmoid-type
weighting function 60 shown in FIG 2. The weighting func-
tion 60 suppresses contributions from the peaks if the
SNR is low while still maintaining contributions from true
peaks that have a high SNR. The sigmoid type function
is of the form: 

where w is the weighting function, x is the SNR at a peak,
and a is a shape parameter typically 0.4. Other weighting
functions can be used as desired. Once the power ratio
contribution due to a peak is weighted in step 44, the
pulsation index is incremented by this weighted value in
step 46. This is done for each of the peaks by increment-
ing the peak count in step 48, comparing the count to N,
the number of harmonics used in the computation, in step
50, and repeating the computation for each peak. When
all of the peaks have been included in the pulsation index
the index is compared to a threshold in step 52. If the
pulsation index is high enough there is pulsatile flow (54)
and if not, then it is concluded that pulsatile flow is absent
(28).
[0017] FIGS. 4a-4d compare the performance of an
embodiment of the present invention with that of the tech-
nique of the parent application. FIG. 4a illustrates a Dop-
pler spectrogram 70 of for a subject experiencing ven-
tricular fibrillation during the interval 72. This event is also
reflected in the ECG waveform of FIG. 4b and in the blood
pressure graph of FIG. 4c. FIG. 4d shows a pulsation
index 74 determined in accordance with the sinusoidal-
based technique of the parent application, and a pulsa-
tion index 76 determined in accordance with a non-sinu-
soidal-based technique of the present invention. A com-
parison of the lines 74 and 76 show that the pulsation
index 76 is higher during the pulsatile blood flow before
and after the VF interval 72, and remains low during the
non-pulsatile flow condition of interval 72.
[0018] FIG. 5 depicts a block diagram of an exemplary
apparatus 100 of the kind that may be used for ultrasound
diagnostics in accordance with one embodiment of the
present invention. In one exemplary application, the ap-
paratus 100 can perform assessment (e.g., detection

and/or measurements) of perfusion and/or the pulse
state of a patient. Herein the term "perfusion" refers to
blood flow in a blood vessel (e.g., carotid artery) or a
tissue. In other applications, the apparatus 100 may be
used as a component in resuscitation systems and defi-
brillators, monitors and detectors of weak heart beat
(e.g., fetal heart beat), among other medical diagnostic
and clinical systems. Additionally, the apparatus 100 may
also be used in non-medical systems for measuring, for
example, flow or pulsatile activity of colloidal and emul-
sion solutions.
[0019] In one embodiment, the apparatus 100 com-
prises a generator 102, at least one ultrasonic transducer
104 (one transducer 104 is shown), and a data processor
110. In alternate embodiments, the transducers 104, to-
gether, form an array that typically is disposed upon an
application pad (not shown), and the transducers may
additionally be time multiplexed. Such arrays are dis-
closed, for example, in US patent 6,565,914 to Rock et al.
[0020] In the depicted embodiment, the transducer 104
comprises a transmitter 106 and a receiver 108. In this
embodiment, the generator 102 is generally a source of
a continuous wave (CW) radio frequency (RF) signal
(e.g., 1-10 MHz). In operation, the generator 102 via in-
terface 134 activates (or excites) the transmitter 106 to
emit ultrasound (illustratively shown as a beam 132)
propagating in a portion 124 of the body of a patient lo-
cated beneath the transducer. The receiver 108 collects,
within an aperture 130, an acoustic echo signal (i.e., scat-
tered ultrasound), transforms the echo signal into an
electrical signal and transmits, via interface 136, to the
data processor 110. The transmitter 106 and receiver
108 are positioned such that the beam 132 and aperture
130 overlap in a region 128 of a large blood vessel 126,
such as a carotid artery, and the like.
[0021] In an alternate embodiment, the apparatus 100
may comprise the transducer 104 capable of operating
as a transmitter when RF power is ON, or a receiver when
the RF power is OFF, respectively. In this embodiment,
the generator 102 produces pulsed RF power (PW) hav-
ing duration of an ON time interval of about 0.2 to 20
microseconds and a duty cycle in a range of about 0.2
to 20%.
[0022] In one exemplary embodiment, the data proc-
essor 110 comprises a signal acquisition module 112, a
frequency band discriminator 114, and a signal analyzer
118 including a processing module 120 which performs
the non-sinusoidal pulsatility calculations described
above, a perfusion detector 122, and a pulse state de-
tector 123. Components of the data processor 110 may
be reduced to practice in a form of electronic hardware,
a computer program (i.e., software), or both. Alternative-
ly, portions of signal processing performed by the module
110 may also be accomplished using a remote processor
(not shown). Moreover, in another embodiment, the anal-
ysis may be performed in the analog, rather than the dig-
ital, domain, e.g., frequency band discriminator 114 could
be replaced with an analog filter bank, data processor
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110 could comprise a correlator, etc., as would be known
to one of ordinary skill in the art.
[0023] The signal acquisition module 112 acquires the
echo signal and defines a Doppler signal. Herein, the
term "Doppler signal" relates to a signal that is propor-
tional to a frequency shift between the incident ultrasound
and the echo signal. Illustratively, the module 112 in-
cludes frequency converters of the echo signal, analog
and digital filters, memory devices, computer processors,
and other means conventionally used for data acquisition
and digital signal processing. One filter may be a high
frequency pass filter that suppresses the echo originated
in the region 128 by stationary or slowly moving objects,
such as tissues, walls of the blood vessel 126, the like.
In one embodiment, the module 112 stores in a memory
113 in a digital format the Doppler signal that has been
acquired during at least one time interval ΔT1 having du-
ration of about 2 to 20 sec (preferably 5-10 sec). In this
embodiment, from the memory 113, the stored digitized
Doppler signal may be provided for further processing to
the frequency band discriminator 114 in a form of con-
secutive data banks each relating to a time segment ΔT2
having duration of about 10 to 100 msec (e.g., 40 msec).
[0024] In one embodiment, the frequency band dis-
criminator 114 comprises a plurality (e.g., 4 to 10) of band
pass filters 115 (six filters 115 are shown), which selec-
tively decompose the Doppler signal in a plurality of sam-
pling signals 140. Each sampling signal 140 has a fre-
quency range that represents a portion of a pre-selected
frequency range of the Doppler signal, wherein such
ranges do not overlap. Hereinafter, the terms "frequency
range" and "frequency band" are used interchangeably.
Together, frequency ranges of the sampling signals 140
comprise the frequency range of the decomposed Dop-
pler signal or a portion of it.
[0025] The band pass filters are selectively calibrated
to have the same coefficient of amplification that may be
either greater or smaller than 1. As such, the sampling
signals 140 preserve instant spectral power distribution
of the Doppler signal as provided by the signal acquisition
module 112 and, therefore, power of each sampling sig-
nal is proportional to the power of the Doppler signal in
the frequency range of the respective sampling signal
140. In the depicted embodiment, an output of each band
pass filter 115 is illustratively coupled to a respective input
of the power metering unit 116. In an alternate embodi-
ment (not shown), such outputs may be multiplexed (e.g.,
time multiplexed) and be coupled to the power metering
unit 116 using a single transmission line.
[0026] The power metering unit 116 selectively calcu-
lates the power of each of the sampling signals 140 and
outputs to the processing module 120 a plurality of sig-
nals 142 each representing the power of the respective
sampling signal as averaged for duration of the time seg-
ment ΔT2. One skilled in the art will readily appreciate
that the signals 142 may also be multiplexed (e.g., time
multiplexed) and coupled to the processing module 120
using a single transmission line.

[0027] To assess the perfusion, in one exemplary em-
bodiment the processing module 120 selectively com-
putes a measure of periodicity of the Doppler signal se-
lectively in each frequency band of the signal using, e.g.,
a ratio of the power of the Doppler signal to baseline
noise. A peak value of the ratio and the data identifying
the frequency band having such a ratio are transmitted
to the perfusion detector 122. In the perfusion detector
122, the computed peak ratio is compared with pre-de-
termined settings to assess a velocity of the blood flow
in the examined blood vessel (e.g., carotid artery). Data
relating to a specific pattern of the spectral power distri-
bution of the Doppler signal may also carry additional
diagnostic information regarding mechanical activity of
the patient’s heart and, as such, be preserved, e.g., in a
memory of the signal analyzer 118 or, alternatively, data
processor 110.
[0028] To assess a measure of periodicity of the Dop-
pler signal and, as such, the state of the pulse, in one
exemplary embodiment the processing module 120 se-
lectively computes a measure of periodicity of the Dop-
pler signal selectively in each fundamental and harmonic
frequency band as described above. The aforemen-
tioned noise analysis is performed, and the contribution
of each fundamental and harmonic signal is included in
the pulsatility index. The pulsatility index so determined
is validated against a threshold and presented to the user.
One computational technique includes auto-correlation
analysis of the power of the Doppler signal over a pre-
determined time interval to determine if an auto-correla-
tion function has periodically spaced peaks identifying a
pulsatile activity of the heart. Results of the auto-corre-
lation analysis are transmitted to the pulse state detector
123. In the pulse state detector 123, the intensity of blood
pulsing may be assessed using, for example, a pulsation
index as previously described and like measures of the
periodicity. The computed value of the selected measure
of periodicity may be compared with other pre-deter-
mined settings and/or thresholds to define and assess
the state of the pulse in the blood vessel 126.
[0029] In one embodiment, the processing module 120
collects output signals 142 during a period of time that
encompasses several cardiac cycles. Illustratively, the
processing module 120 may acquire the signals 142, in
a form of blocks of data each relating to the segment ΔT2,
for duration of the time interval ΔT1 extending over sev-
eral cardiac cycles and selectively process each such a
block of data. The processing module 120 may utilize
computational techniques known to those skilled in the
art, such as algebraic and Boolean logic operations,
spectral analysis, Fourier analysis (e.g., Fast Fourier
transform (FFT) analysis), correlation analysis, and other
signal processing techniques.
[0030] FIG. 6 depicts a flow diagram of one exemplary
embodiment of the inventive method for ultrasound di-
agnostics. The method may be reduced to practice, e.g.,
using the apparatus of FIG. 5 for performing an illustrative
procedure of detecting blood perfusion and/or the pulse
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state of a patient.
[0031] The method starts at step 601 and proceeds to
step 602. At step 602, at least one ultrasonic transducer
104 is activated to emit ultrasound towards the blood
vessel 126 (e.g., carotid artery) and collect the echo sig-
nal scattered in the region 128 of the body of a patient.
The ultrasonic echo signal is converted to the electrical
format and transmitted to the data processor 110. At step
604, the echo signal is acquired for duration of the time
interval ΔT1, digitized, and stored in a memory, as dis-
cussed above in reference to FIG. 5. The time interval
ΔT1 typically encompasses several (e.g., 3-6) cardiac cy-
cles. Alternatively, the time interval ΔT1 may have a pre-
determined duration. At step 606, spectral power distri-
bution of the Doppler signal is defined in a plurality of
discrete frequency bands and averaged within time seg-
ments ΔT2 of the time interval ΔT1. At step 608, a fre-
quency band having, during a cardiac cycle, maximal pe-
riodic variations of the Doppler power is defined and, at
step 610, the pulse state of the patient is calculated, as
discussed in detail in reference to FIG. 3. At step 612, a
frequency band having, during a cardiac cycle, a peak
ratio of the Doppler power to baseline noise is defined
and, at step 614, the perfusion is calculated as discussed
above in reference to FIG. 5. At an optional step 616,
data collected using simultaneously operating electro-
cardiograph (ECG system) may be used when, e.g., the
method is reduced to practice in a defibrillating system,
as discussed in reference to FIG. 7 below. In this case,
timing of the ECG data should be conventionally adjusted
for a time lag between the ECG and ultrasound spectro-
grams. In one embodiment, steps 608, 610, 612, 614,
and 616 may be performed substantially simultaneously.
Upon completion of steps 610 and 614, the method pro-
ceeds to step 618 where the method ends.
[0032] FIG. 7 depicts a block diagram of an exemplary
programmable defibrillating system 700 in accordance
with one embodiment of the present invention. Illustra-
tively, the defibrillating system 700 comprises the ultra-
sound diagnostic apparatus 100 of FIG. 5, an optional
ECG system 702, an optional blood pressure monitor
703, an analyzer 704 of diagnostic information, a defi-
brillating unit 708, and a programmable controller 706 of
the defibrillating unit.
[0033] The apparatus 100 provides to the analyzer 704
diagnostic information relating to the mechanical activity
of the heart and including at least one of the perfusion
and the pulse state of a patient (e.g., the pulsation index
PI). Ultrasonic diagnostic information may be obtained
using the measurements performed on the patient’s ca-
rotid artery. Such information may additionally be used
in diagnosing, in real time, the state of blood supply to
the brain of the patient.
[0034] In one embodiment, the ECG system 702 and
the apparatus 100 acquire the diagnostic data simulta-
neously. In this embodiment, the signal related to the
spectral distribution of the power of the Doppler signal
may further be cross-correlated with an ECG signal. Such

correlation may further increase accuracy and reliability
of interpreting the diagnostic information by the analyzer
704.
[0035] In a further embodiment, each of the signals
142 may be coupled to the analyzer 704 where the sig-
nals 142 are selectively cross-correlated with the ECG
signal to provide most accurate assessment of the per-
fusion, whereas the ABP monitor may be used as a
source of data characterizing an overall state of mechan-
ical activity of the heart. Alternatively, the analyzer 704
may use only the diagnostic information provided by the
apparatus 100.
[0036] It should be noted, however, that the ECG signal
corresponds to the electrical activity of the heart. Exclu-
sive use of the ECG diagnostics in the system 700 may
result in masking the lack of the mechanical activity (i.e.,
blood pumping functionality) of the patient’s heart by the
pulseless electrical activity (PEA) of the heart and, as
such, cause erroneous clinical decisions.
[0037] The analyzer 704 performs analysis of collected
information to determine whether to defibrillate the pa-
tient and define parameters of a defibrillation procedure.
In operation, the analyzer 704 outputs the results of the
analysis to the programmable controller 706 that config-
ures the defibrillating unit 708 comprising a controlled
source 710 of high voltage and application electrodes
712 (two electrodes 712 are shown) for executing the
procedure.
[0038] In illustrative embodiments discussed in refer-
ence to FIGS. 5 and 7 above, many portions of apparatus
100 and system 700 are available in medical ultrasound
and defibrillation systems and application specific inte-
grated circuits (ASICs) available from Koninklijke Philips
Electronics N.V. of Eindhoven, Netherlands.

Claims

1. An ultrasonic method for detecting and/or measuring
pulsatile flow comprising:

- acquiring ultrasonic Doppler signal information
from a flow site;
- determining from the Doppler signal informa-
tion a power spectrum within a specific frequen-
cy band;
- identifying fundamental and harmonic peaks
of the power spectrum;
- determining the Doppler power in each band
including the identified fundamental and har-
monic peaks; and
- determining a measure of pulsatility from the
Doppler power in the bands, wherein determin-
ing a measure of pulsatility comprises summing
up the Doppler power normalised to the total
power in the bands thereby forming a pulsation
index.
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2. The method of claim 1, wherein identifying further
comprises identifying a fundamental and a plurality
of harmonic peaks of the power spectrum.

3. The method of claim 2, wherein identifying further
comprises identifying a fundamental and four har-
monic peaks of the power spectrum.

4. The method of claim 1, wherein determining the pow-
er further comprises calculating the normalized pow-
er in each band including a fundamental or harmonic
peak.

5. The method of claim 1, further comprising weighting
the power in the bands as a function of noise.

6. The method of claim 5, wherein weighting the power
in the bands further comprises weighting the power
in the bands with a sigmoidal weighting function.

7. The method of claim 1, further comprising comparing
the pulsation index with a threshold.

8. The method of claim 1, further comprising determin-
ing a measure of noise from the spectrum between
the peaks.

9. The method of claim 8, further comprising normaliz-
ing the measure of noise to total spectral power.

10. A defibrillator for carrying out the method of claim 1,
comprising:

- a pair of electrodes;
- a shock delivery circuit coupled to the elec-
trodes;
- an ultrasonic Doppler transducer;
- a Doppler processor, coupled to the Doppler
transducer, which operates to produce a Dop-
pler spectrum;
- a peak detector operable to detect a funda-
mental and at least one harmonic peak in the
Doppler spectrum;
- a pulsatility processor, responsive to the de-
tected peaks, configured to produce a measure
of pulsatility from the Doppler power in the vicin-
ity of the detected peaks by summing up the
Doppler power normalised to the total power in
the bands thereby forming a pulsation index.

11. The defibrillator of Claim 10, further comprising an
ECG signal processor coupled to the electrodes and
to the shock delivery circuit.

12. The defibrillator of Claim 10, further comprising a
Doppler signal transmitter coupled to the Doppler
transducer.

13. The defibrillator of Claim 10, wherein the Doppler
processor further comprises means for producing a
banded Doppler signal.

14. The defibrillator of Claim 10, further comprising a
noise detector operable to immunize the pulsatility
processor against the effect of noise.

Patentansprüche

1. Ultraschallverfahren zum Detektieren und/oder
Messen des pulsatilen Flusses, das die folgenden
Schritte umfasst, wonach:

- Ultraschall-Doppler-Signalinformationen von
einer Fließstelle erfasst werden;
- anhand der Doppler-Signalinformationen ein
Leistungsspektrum innerhalb eines spezifi-
schen Frequenzbandes ermittelt wird;
- fundamentale und harmonische Peaks des
Leistungsspektrums identifiziert werden;
- die Doppler-Leistung in jedem Band mit den
identifizierten fundamentalen und harmoni-
schen Peaks ermittelt wird;
- ein Pulsatilitätsmaß aus der Doppler-Leistung
in den Bändern ermittelt wird, wobei das Ermit-
teln eines Pulsatilitätsmaßes das Zusammen-
fassen der Doppler-Leistung, normiert auf die
Gesamtleistung in den Bändern, umfasst, wo-
durch ein Pulsationsindex gebildet wird.

2. Verfahren nach Anspruch 1, wobei das Identifizieren
weiterhin das Identifizieren eines fundamentalen so-
wie mehreren harmonischen Peaks des Leistungs-
spektrums umfasst.

3. Verfahren nach Anspruch 2, wobei das Identifizieren
weiterhin das Identifizieren eines fundamentalen so-
wie von vier harmonischen Peaks des Leistungs-
spektrums umfasst.

4. Verfahren nach Anspruch 1, wobei das Ermitteln der
Leistung weiterhin das Berechnen der normierten
Leistung in jedem Band mit einem fundamentalen
oder harmonischen Peak umfasst.

5. Verfahren nach Anspruch 1, wonach weiterhin die
Leistung in den Bändern als eine Funktion von Rau-
schen gewichtet wird.

6. Verfahren nach Anspruch 5, wobei die Wichtung der
Leistung in den Bändern weiterhin die Wichtung der
Leistung in den Bändern mit einer sigmoidalen Wich-
tungsfunktion umfasst.

7. Verfahren nach Anspruch 1, wonach weiterhin der
Pulsationsindex mit einem Schwellenwert vergli-
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chen wird.

8. Verfahren nach Anspruch 1, wonach weiterhin ein
Rauschmaß aus dem Spektrum zwischen den
Peaks ermittelt wird.

9. Verfahren nach Anspruch 8, wonach weiterhin das
Rauschmaß auf die gesamte spektrale Leistung nor-
miert wird.

10. Defibrillator zur Ausführung des Verfahrens nach
Anspruch 1, umfassend:

- ein Elektrodenpaar;
- eine mit den Elektroden gekoppelte Schock-
zuführungsschaltung;
- einen Ultraschall-Doppler-Transducer;
- einen mit dem Doppler-Transducer gekoppel-
ten Doppler-Prozessor, der so arbeitet, dass er
ein Doppler-Spektrum erzeugt;
- einen Peak-Detektor, der so arbeitet, dass er
ein fundamentales und mindestens ein harmo-
nisches Peak in dem Doppler-Spektrum detek-
tiert;
- einen Pulsatilitätsprozessor, der auf die detek-
tierten Peaks anspricht, der so konfiguriert ist,
dass er ein Pulsatilitätsmaß aus der Doppler-
Leistung in der Nähe der detektierten Peaks er-
zeugt, indem er die auf die Gesamtleistung in
den Bändern normierte Doppler-Leistung zu-
sammenfasst, wodurch ein Pulsationsindex ge-
bildet wird.

11. Defibrillator nach Anspruch 10, der weiterhin einen
mit der Schockzuführungsschaltung gekoppelten
ECG-Signal-Prozessor umfasst.

12. Defibrillator nach Anspruch 10, der weiterhin einen
mit dem Doppler-Transducer gekoppelten Doppler-
Signal-Sender umfasst.

13. Defibrillator nach Anspruch 10, wobei der Doppler-
Prozessor weiterhin Mittel zur Erzeugung eines
"Banded" Doppler-Signals umfasst.

14. Defibrillator nach Anspruch 10, der weiterhin einen
Rauschdetektor umfasst, der so arbeitet, dass er den
Pulsatilitätsprozessor gegen den Rauscheffekt im-
munisiert.

Revendications

1. Procédé à ultrasons pour détecter et/ou mesurer un
écoulement pulsatile comprenant :

- l’acquisition d’informations de signal Doppler
à ultrasons depuis un site d’écoulement ;

- la détermination, à partir d’informations de si-
gnal Doppler, d’un spectre de puissance dans
une bande de fréquence spécifique ;
- l’identification de crêtes fondamentales et har-
moniques du spectre de puissance ;
- la détermination de la puissance Doppler dans
chaque bande incluant les crêtes fondamenta-
les et harmoniques identifiées ; et

la détermination d’une mesure de pulsatilité à partir
de la puissance Doppler dans les bandes, dans le-
quel la détermination d’une mesure de pulsatilité
comprend l’ajout de la puissance Doppler normali-
sée à la puissance totale dans les bandes formant
ainsi un indice de pulsation.

2. Procédé selon la revendication 1, dans lequel l’iden-
tification comprend en outre l’identification d’une crê-
te fondamentale et d’une pluralité de crêtes harmo-
niques du spectre de puissance.

3. Procédé selon la revendication 2, dans lequel l’iden-
tification comprend en outre l’identification d’une crê-
te fondamentale et de quatre crêtes harmoniques du
spectre de puissance.

4. Procédé selon la revendication 1, dans lequel la dé-
termination de la puissance comprend en outre le
calcul de la puissance normalisée dans chaque ban-
de incluant une crête fondamentale ou harmonique.

5. Procédé selon la revendication 1, comprenant en
outre la pondération de la puissance dans les ban-
des en fonction du bruit.

6. Procédé selon la revendication 5, dans lequel la pon-
dération de la puissance dans les bandes comprend
en outre la pondération de la puissance dans les
bandes avec une fonction de pondération sigmoïda-
le.

7. Procédé selon la revendication 1, comprenant en
outre la comparaison de l’indice de pulsation à un
seuil.

8. Procédé selon la revendication 1, comprenant en
outre la détermination d’une mesure de bruit à partir
du spectre entre les crêtes.

9. Procédé selon la revendication 8, comprenant en
outre la normalisation de la mesure du bruit à la puis-
sance spectrale totale.

10. Défibrillateur pour réaliser le procédé selon la reven-
dication 1, comprenant :

- une paire d’électrodes ;
- un circuit de distribution de chocs couplé aux
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électrodes ;
- un transducteur Doppler à ultrasons ;
- un processeur Doppler, couplé au transducteur
Doppler, qui fonctionner pour produire un spec-
tre Doppler ;
- un détecteur de crête servant à détecter une
crête fondamentale et au moins une crête har-
monique dans le spectre Doppler ;
- un processeur de pulsatilité, répondant aux
crêtes détectées, configuré pour produire une
mesure de pulsatilité à partir de la puissance
Doppler à proximité des crêtes détectées en
ajoutant la puissance Doppler normalisée à la
puissance totale dans les bandes formant ainsi
un indice de pulsation.

11. Défibrillateur selon la revendication 10, comprenant
en outre un processeur de signal ECG couplé aux
électrodes et au circuit de distribution de chocs.

12. Défibrillateur selon la revendication 10, comprenant
en outre un émetteur de signal Doppler couplé au
transducteur Doppler.

13. Défibrillateur selon la revendication 10, dans lequel
le processeur Doppler comprend en outre un moyen
pour produire un signal Doppler à bandes.

14. Défibrillateur selon la revendication 10, comprenant
en outre un détecteur de bruit servant à immuniser
le processeur de pulsatilité contre l’effet du bruit.
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