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IN1988, the first DynaPulse cuff-sphygmomanometer was built and
recorded the digitized pulse waveform during a blood pressure
measurement. Since then, increasing interest has been directed to, not
only the nature of bell-shaped oscillometric pulse signals, but also the
gradually changing patterns of pulse waveform when cuff pressure
decreases from higher than systolic to below diastolic. Figure 1 below
illustrates this Pulse Dynamics phenomenon and the five-waveform types
of interest, W-1 to W-5, that are observed.

Figure 1. The Oscillometric signals of DynaPulse cuff sphygmomanometer
and the five pulse waveform patterns

Following are descriptions of these 5 waveforms and their most likely
associations to the five phases of Korotkoff sounds.



W-1: The first pulse with its waveform displaying negative pressure at the
bottom or beginning of the diastole cycle (the end of systole cycle). This
indicates that a small amount of blood is flowing through the cuff-
restricted brachial artery area, an effect of the Bernoulli principle. This
point (W-1) at the cuff pressure is determined as the Systolic of Pulse
Dynamics, or the DynaPulse Systolic blood pressure. It was compared
and validated against central aortic systolic blood pressure measured by
catheterization method (146 +/- 4 vs. 145 +/- 5 mmHg, n=36, r=0.94) at
UCSD Medical Center with results published in American Journal of
Cardiology, 1997; 80:323-330, Reference [1]. Af point W-1, the amount of
blood flowing through the brachial artery under the cuff is small, resulting
in small pulse amplitude, and may not have strong enough force to
generate Korotkoff phase-1 sound (K1).

W-2: Where cuff pressure further decreases, its restriction to brachial
artery became less, and significant amount of blood flowed through,
pulse amplitude increased, which interacted and applied enough force
to brachial artery, and Korotkoff phase-1 sound (K1) can be detected by
a stethoscope placed under the cuff and on the down-stream of the
brachial artery. As described in the ANSI/AAMI 1987 guidelines [2], the
Korotkoff phase-1 sound (K1) was described below:

Korotkoff Phase | (K1 sound) - begins with the sudden appearance of a
faint, clear, tapping or thumping sound that gradually increases in
intensity.

Many medical text books and early publications indicated the difficulty of
understanding the physics of how and why the Korotkoff sounds were
generated, and previous studies found dependencies to age or brachial
artery elasticity or stiffness, as well as the hearing ability of human ears [3].
Studies comparing DynaPulse Systolic to K1 systolic reading at mean ages
of 47 (n=132, 38 male) [4] and 30 (n=803, 313 male) [5] resulted with
DynaPulse systolic W-1 of 5 mmHg and 9 mmHg higher than K1 Korotkoff
phase-1 readings respectively. Another study, applied DynaPulse to
children as young as 2 years old. Results indicated that the W-1 systolic
could be as high as 13 mmHg above the K1 reading [6]. For simpler
comparison of DynaPulse W-1 Systolic (W1) to the Korotkoff phase-1 (K1)
reading, and using them with the JNC-7 guideline for classifying and
managing hypertension [7], Table-1 provides a summary of our suggested
DynaPulse K1 equivalent systolic (DynaPulse K1-eq.) reading for different
age groups:



Table 1. Estimation of DynaPulse K1-eq. Systolic vs. Age*

Age range: 40 and up 18-39 17 and younger
DynaPulse
K1-eq. Systolic (mmHg) = W1-5 W1-9 W1 less (9 to 13)**

* Note: The above DynaPulse K1-eq. estimation is intended for use as a
reference only. It may vary from person-to-person depending on his/her
cardiovascular conditions, where blood pressure waveform and phenotype are
different and hemodynamic profiling is required.

** DynaPulse is designed for use with small/medium/large adult size cuffs. Using
DynaPulse on children with smaller cuff would require calibration and adjustment
of the DynaPulse unit. DynaPulse monitor used in reference [6] study was not
adjusted and calibrated for small children cuff by Pulse Metric.

W-3: In this area, DynaPulse oscillometric pulses display peak amplitude
and following pulse with its lower part of pulse waveform, known as the
diastolic cycle, shows a balanced “V" shape. The associated cuff
pressure at this point is applied to determine the mean arterial pressure
(MAP). The DynaPulse MAP was compared and validated against
invasive catheterization pressure at central aorta with results of (100 +/- 3
vs. 100 +/- 3 mmHg, r=0.95) [1]. In general clinical practice, MAP may be
estimated from Korotkoff K1 systolic and K4 diastolic readings as MAP =
1/3*K1-SBP + 2/3*K4-DBP. Pulses around this W-3 area is most likely where
the Korotkoff sounds phase-2 and phase-3, as described in ANSI/AAMI
1987 Guideline [2], would become detectable:

e Phase Il - phase | ends and phase Il begins when the sounds
change to a loud "swishing" murmur.

e Phase lll - the beginning of Phase Il occurs when the sounds
assume a loud, distinct, knocking quality. These sounds are less
intense than those of Phase |.

W-4: While cuff pressure continues to drop, the pulse waveform,
specifically the diastolic cycle or lower portion, changes shape
significantly. This may associate closely to the “tone” change, or the
“muffled” or *murmur-like swishing” of the Korotkoff phase-4 (K4) diastolic
sound, as described at ANSI/AAMI 1987 Guideline [2]:

e Phase IV - begins when the sounds suddenly become muffled and
have a faint murmur-like or "swishing" quality.

A study comparing the Korotkoff phase-4 (K4) and phase-5 (K5) diastolic
readings, determined by the protocol of Bogalusa Heart Study [5], to



DynaPulse Diastolic (W-5, discussed below), indicated that K4 diastolic
was approximately 5 mmHg higher (=803, mean age=30, 313 male).

W-5: Af this cuff pressure, the DynaPulse oscillometric pulse waveform has
its diastolic cycle, the wave's lower portion reach a steady state and
remain unchanged for the following several pulses. The beginning of this
phase is the determined point of DynaPulse Diastolic pressure (W5). When
compared with invasive catheterization central aortic diastolic
measurement, we found DynaPulse W-5 Diastolic to be approximately 3
mmHg higher (80 +/- 2 vs. 77 +/- 2 mmHg, n=36, r=0.91) [1].

The study [5] at Bogalusa Heart Study, comparing DynaPulse W-5 Diastolic
to the Korotkoff phase-5 (K5) diastolic reading, indicated that DynaPulse
W-5 Diastolic was less than 1 mmHg higher (n=803, mean age=30, 313
male).

For reference, the Korotkoff phase-5 sound described in ANSI/AAMI 1987
Guideline [2] was: "Phase V - begins when silence develops.”

Table-2 is our suggested DynaPulse K4 and K5 equivalent readings (K4-eq. and
K5-eq.) vs. DynaPulse W-5 Diastolic (W5) value.

Table 2. Estimation of DynaPulse K4-eq. and K5-eq. Diastolic

Korotkoff Phase: K4-eq. K5-eq.
DynaPulse Diastolic
K-sound equivalent (mmHg)* = W5+5 W5

* Note: The above DynaPulse K4-eq. and K5-eq. estimations are intended
for use as references only. They may vary from person-to-person
depending on his/her cardiovascular conditions, where blood pressure
waveform and phenotype are different and hemodynamic profiling is
required.
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NOTE to DynaPulse users: Applying DynaPulse K-sound equivalent systolic
and diastolic to JNC-7 Hypertension Guideline - Please note that JINC-7
guideline and many clinical studies published in the US measured K1
systolic and K5 diastolic readings of the Korotkoff sound phases. For
comparison with JNC-7 and these studies, use of DynaPulse K1-eq. Systolic
and K5-eq. Diastolic is recommended. For other studies and studies in
Europe and overseas, Korotkoff sound phase-4 (K4) diastolic might be
applied in their publications.
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