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Table 1 Clinical characteristics of the study Subjects
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Age (years) 61 %18
Male
Female 5
Pulmonary arterial pressure (mmHg)
Maximum 2716
Minimum 6+2
Mean 15+4
Patient diagnoses
Ischemic heart disease 4
Valvular heart disease 6
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Figure 1 A representative fast-speed recording of phasic pressure
waveform in the supravalvular portion of the main pulmonary artery
in the lower panel, and the second time derivative of pressure (dp/dt*)
in the middle panel. AT, time from the peak of the R wave in the
ECG to the first peak of the dp/dt* curve.
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Figure 2 A representative fast-speed recording of phasic pressure
waveform in the distal portion of the main pulmonary artery in the
lower panel, and the second time derivative of pressure (dp/dt®) in the
middle panel recorded in the same patient as in Fig. 1 AT,, time from
the peak of the R wave in the ECG to the first peak of the dp/dt* curve.
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Figure 3 Representative example of a slow-speed multisensor cath-
eter recording in the same patient as in Fig. 1. Displayed from the top,
pulmonary flow velocity (Vm), ECG, computer-derived pulmonary
reflected pressure (Pb) and measured pulmonary pressure (Pm). It can
be seen that during the early systole (depicted between the dashed

lines) almost no reflections (Pb) exist (arrow).
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Figure 4 Pulmonary pressure (Pm) and velocity (Vm) loop (PV-
loop) during a cardiac cycle from the waveform shown in Fig. 3. The
slope of the initial part of the PV-loop indicates the wave speed of 2.1
m/s. and the solid arrow indicates the slope (y = 215.9x) of the linear
portion of the loop in early ejection. The dashed line indicates the di-

rection of the loop in late ejection.
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Figure 5 Relationship between PWV1 (derived from the water-
hammer formula) and PWV2 (measured by conventional two-point
method). Data from 14 subjects are plotted. The x-axis shows PWV1,
and the y-axis shows PWV2 in the unit of m/s. The regression
line was y = 0.93x + 0.38, and the goodness of fit, r, was 0.97.
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Validation of the Water Hammer Formula for Measuring the Regional Pulse Wave
Velocity in the Main Pulmonary Artery Using a Multisensor Catheter
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arterial reflection

Conventional methods of measuring PWV have mainly been based on two point measurements (PWV2), ie., measurements
of the time of travel of the pulse wave over a known distance. This paper describes the method of “one-point” measurements
of PWVI1 (W-H method), which is based on the linear relationship between pulmonary flow velocity (Vm) and pulmonary
pressure (Pm) during early systole, when effects of wave reflection are minimal, and compare the results with those (PWV2)
obtained by conventional two-point measurement method. Simultaneous measurements of Vm and Pm at the same site
in the main pulmonary artery (MPA) were made in 14 patients without pulmonary diseases using a multisensor catheter.
PWV1 was calculated from the slope of the linear regression line between Pm and Vm where Pb exhibited the minimal
in early systole by the following water hammer formula, PWV1 = (Pm/Vm)/p, where p is the blood density. PWV2 were
also calculated by conventional two-point measurement method as the distance/traveling time of the wave between 2 mea-
suring sites in the pulmonary artery between which the MPA is included.

Flow velocity (Vm) vs. pressure (Pm) in the MPA was highly linear during early systole, with Pearson’s coefficients ranging
from 0.9917 to 0.9994. Average value of PWV1 and PWV2 was 2.0 £ 04m/sec. and 2.2 + 04m/sec, respectively. The regression
line of the PW V1 on the PWV2 was y = 093x + 0.38 (r = 0.97, p < 0.001). The validity of the one point measurement of regional
pulse wave velocity based on water hammer formula (W-H method) in the MPA was confirmed invasively in comparison

with the conventional two point measurement method in the clinical setting. (J Jpn Coll Angiol 2009, 49: 411-416)
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