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treatment at 3 to 5 mg/day suppressed cardiovascular mor-
tality in patients with Alzheimer’s disease.” Moreover, the
lower dosed donepezil still possess a cardioprotective effect
on rat myocardial infarcted heart. Thus, the present results do
not necessarily indicate that the dose of 5 mg kg™ -day ' is
required for the treatment of human CHF.

The main objective of this study was to confirm the ret-
rospective clinical finding® about the protective effect of
donepezil on cardiovascular mortality, to simply test the
working hypothesis that chronic donepezil can improve
the prognosis of CHF with an animal model, and not to
clarify the mechanism. Therefore, cellular and molecular
mechanisms for the beneficial effects of donepezil are little
clarified in the present study. To establish the therapeutic
strategy, further investigation on action sites, dose-
dependent effects, and adverse effects of donepezil on
CHF is required. And other cholinesterase inhibitors had
severe side effects and therapeutic range was reported to
be narrow (0.1 to 0.3 mg/kg, intraperitoneally) for in vivo
mice model,*? unlike donepezil; therefore, we didn’t per-
form further studies using those inhibitors.

Conclusion

The present study demonstrated that oral donepezil
improved survival of CHF mice through prevention of
pumping failure and cardiac remodeling. However, the
mechanisms of anti-CHF actions of donepezil and the
appropriate protocol for the treatment of CHF are still
unsettled and should be investigated: To establish the ther-
apeutic strategy shown in the present study, large-scale and
long-term clinical trials are required as well as animal
studies.
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Biolnstrumentation

. INTRODUCTION

HE field of biomedical instrumentation continues (o
T attract a considerable amount of research activity and
effort worldwide in order to produce more convenient, reli-
able and useful apparatus for medical science. This covers
numerous aspects of the field such as measurement principles
and methodologies as well as transducers. and. instruments,
with applications for diagnosis and/or health care. In this
review, four topics are briefly introduced; based on recent
publications in this area. These are:: 1) ballistocardiography
revisited; 2) current studies on noninvasive measurement of
arterial blood pressure; 3) electrophysiological measurement
with" dry electrodes; and 4) recent advances in noninvasive
optical measurement of blood constituents.

I1. BALLISTOCARDIOGRAPHY REVISITED

Ballistocardiography is a measurement method based on the
detection'of the small change in body weight caused by the re-
coil of shifts in the center of mass of the blood ejected by ven-
triculdar contraction. The: first report of the ballistocardiogram
(BCG) measurement was in 1877 [1]. This is now considered
as only a preliminary description, but; in 1936, Starr developed
what is regarded as the epoch-making bed BCG measurement
device [2]. Following this, many BCG studies were done over
a three or four decade period, but; the use and study of BCG
decreased in the latter half of the 1970s and then the method at-
tracted little or no further scientific research interest in the field
of biomedical ehgineering.
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Ballistocardiography, however, is an attractive method due
to the fact that it has the potential to allow truly noninvasive
assessment of cardiac ejection function. This feature can be
understood by considering the origin of the BCG as follows:
As shown in Fig. 1(4), according lo Newton's second law, the
reaction force originating from blood ejection by ventricular
contraction during the systolic period, F'(t), i.e., the BCG,
is a derivative of the momentum, P(t), (F(t) = dP(1)/dt).
The momentum, P(t), is the product of blood velocity, v(t),
in the ascending aorta and the mass of ejected blood, mn(t),
where () is the product of ejected blood volume, V (t), and
blood density coefficient, p, i.e., m{t) = pV (). Therefore,
F(t) can be expressed by F(t) = pd(v(t)V(t))/dt. Then
V(t) is derived by integration of v(t) during systole, and thus
F(t) = pd(v(t) [o(t)dt)/dt. It v(t) is given as shown in the
top panel of Fig. I(b), then F({) can be calculated as shown
in the bottom panel of Fig. [(b). The pattern of the calculated
F(&) is quite similar to the measured BCG during systole,
as shown in Fig. I(c). Thus it can be seen that the BCG can
contain information about cardiac ejection [unction.

In fact, several studies on BCG measurement have been
made in this decade for the assessment of cardiac function,
For example, we recently developed a new BCG monitor using
a weighing scale with high resolution and accuracy that was
installed in a toilet. This has successfully demonstrated BCG
measurements, as well as the evaluation of cardiac functions
such as cardiac output (CO), during the use of the toilet [3], {4].
More recently, the interest in BCG measurement has increased
and further studies have been made by several groups. Inan
et al. reported BCG measurement using subjects in a standing
position and demonstrated a relatively tow-cost BCG monitor
that was based on a commercial scale {5], [6]. They also tried
to estimate CO changes derived from the BCG. Recordings of
BCGs from subjects after treadmill exercise were made and
compared with CO changes determined by Doppler echocar-
diogram signals from the left ventricular outflow tract of the

1937-3333/$26.00 © 2009 IEEE
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Fig. 1. Diagramatic representation of the origin of the ballistocardiogram
(BCG) (a), an example of numerical simulation showing ejecting velocity
(v(t)), ejecting blood volume (V' (1)) and caleulated reaction force (F(t))(b),
and an example of measured BCG (c). Abscissa in (b) indicates time (1)
normalized by systolic period (Ts). See text for further explanation,

heart. The results showed a relatively good correlation be-
tween them [7]. Han et al. developed an enhanced chair-type
BCG measurement device implemented in a wheelchair and
demonstrated BCG monitoring together with ECG in a disabled
person [8], [9]. Mack et al. tried to measure BCG signals in
bed to assess heart rate during sleep using a force sensor placed

beneath a bed sheet [10]. Chen et al. [11] and Motoi et al. [12]
also demonstrated the BCG measurement during sleep using a
flat-type sensor under a pillow.

Despite the increasing number of studies aimed at re-exam-
ining ballistocardiography, as described above, the method has
still not become widely-accepted for clinical applications in the
way that other methods such as ECG measurement have. Be-
sides the need for new instruments using modern techniques,
further clinical applications will need to be proven if the method
is to recapture the past glory days.

1. CURRENT STUDIES ON NONINVASIVE MEASUREMENT OF
ARTERIAL BLOOD PRESSURE

Noninvasive or indirect measurement of artérial blood pres-
sure (BP) is an age-old topic and still of great importance in
biomedical fields. Although several methods for noninvasive BP
measurement have been proposed in the last two decades, val-
idation studies against the gold standard of direct BP measure-
ment with intra-arterial catheterization, have been lacking. Re-
cently, Chemla et al. provided a review of recent advances in
noninvasive BP measurement in the field of critical care [13].
These authors have drawn an important conclusion that in hemo-
dynamically unstable patients when critical decisions are re-
quired direct BP measurement is preferred over noninvasive
methods. Furthermore they also concluded that current com-
mercially available BP instruments based on the auscultatory
and/or cuff-oscillometric method may provide valuable infor-
mation only for hemodynamically stable patients.

Advances in the field of noninvasive BP measurement are still
required, either through further improvements to existing tech-
niques or by means of entirely novel approaches. Within this
contexi, Muehlsteff et al. tried to estimate BP by the use of a
conventional pulse arrival time method [ [4]. Shin et al. reported
the measurement of systolic BP from the BCG and compared
the resulting BP values with those derived by Finapres, a com-
mercially available BP monitor [15]. Suzuki ef al. attempted to
estimate BP by analyzing photoplethysmographic signals and
the BP values were compared with those from a commercial
cuft-oscillometric type BP monitor [16}. A-new cuff-less BP
measuring method based on hydrostatic pressure has been pro-
posed by Shaltis er al., results being compared with data from a
Finapres monitor [17}].

Despite these new approaches, it is noted that in the reported
studies no definitive evaluations were made by comparison with
the direct BP measurement, As previously reported, the auscul-
tatory and cuff-oscillometric BP values tend to provide a signil-
icant underestimation as compared to intra-arterial BP values
[18], [19]. Moreover, the reason for this difference is still un-
clear and remains under discussion {20]. The discrepancy is
most likely to be caused by both practical and theoretical prob-
lems of these noninvasive BP measurement techniques [21],
[22]. In order for the field to advance, further scientifically rig-
orous investigations, in which noninvasive BP measurements
are compared to direct BP measurement as the gold standard,
will be required in order to achieve methods with high accuracy
and reliability.




1V. ELECTROPHYSIOLOGICAL MEASUREMENTS
WiTH DRY ELECTRODES

There continue Lo be attempts to replace or complement the
conventional pre-gelled electrode, used widely for research
and clinical electrophysiological measurement, with so-called
dry-electrodes. During the year since the previous review of
“recent advances” of such electrodes {23] some further attempts
of new dry electrode designs have been appeared. For example,
Chi et al. developed a coin-sized non-contact capacitive biopo-
tential electrode with a low-power amplifier (940 W)Y and ECG
measurement through clothes was successfully demonstrated
[24]. Ng et al. developed a novel dry electroencephalography
electrode with many micro-spikes of about 6 pm diameter and
110 pem length [25]. The micro-spike can penetrate the stratum
corneum of the epidermidis and thereby improve clectrical
conductivity at the skin-electrode interface. These authors
also discussed a mass production technology for the electrode
employing a vacuum casting process that can allow lower-cost
mass production than other methods such as the conventional
electrodeposition forming or the LIGA (Lithographie, Gal-
vanoformung, Abformung) process.

A highly interesting and noteworthy dry electrode as an alter-
native to the conventional gelled electrodes has been reported
by Prance ef al. [26]. They have demonstrated a new approach
to electrophysiological measurement using a capacitive elec-
trode, comprising of an ultrahigh impedance electric potential
sensor. This has an input capacitance of 10 fF, and an input re-
sistance of 101 (2. The sensor characteristics allowed the mea-
surement of the electric field around a human body at a distance
of up to 40 cm, showing that a waveform synchronized with the
ECG was clearly obtained remotely from a human body via a
10 cm air-gap. The waveform obtained with a 40 cm air-gap was
noisier than that with a 10 cm gap, but the cardiac component
could still be observed. This sensor could also detect respiration
signals remotely with a 40 cm air-gap. Although the waveforms
obtained with this method have remained somewhat ill-defined,
this completely non-contact monitoring approach could have the
potential to evolve into an important new physiological mea-
surement methdology.

V. RECENT ADVANCES IN NONINVASIVE OPTICAL
MEASUREMENT OF BLOOD CONSTITUENTS

Noninvasive in vivo blood constituent measurement has a
fong history since the first attempts at oximetry by Millikan in
1942 {27]. Pulse oximetry invented by Aoyagi using a photo-
plethysmograph (PPG) with two [28] or three wavelengths [29]
to measure oxygen salutation in arterial blood is undoubtedly an
epoch-making example of optical measurement. Over the years,
several new attempts at in vive blood constituent measurement
were reported. Ogawa ef al. demonstrated a new calibration
method for pulse oximetry without using the conventional
ratio of absorptions, the approach being based on the use of a
nonlinear regression with Support Vector Machines (SVMsR)
[30]. Although the present pulse oximeter is widely used in
clinical practice and many efforts have been made focusing on
miniaturization, motion artifact rejection and so on, it should
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be noted that there still remain several practically problematic
difficulties, particularly on calibration procedures. The use of
SVMsR may be feasible to solve such calibration procedures.

Besides the use of the PPG for oxygen measurement as
achieved with pulse oximetry, other optical techniques to mea-
sure blood constituents have been anticipated. Recently, pulse
carbon monoxide oximetry, named “pulse CO-oximetry,” has
been proposed and substantiated in clinical use [31}, [32]. It
is also noted that “pulse glucometry” with a very high speed
near-infrared spectrophotometer for the measurement of blood
glucose, which was introduced in the previous review [23], has
also now been combined with SVMsR and nonlinear classifica-
tion analyses to achieve substantive results for the practical use
of this method [33].
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Improvement of volume-oscillometric noninvasive blood pressure measurement method
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Abstract A novel intermittent noninvasive blood pressure measurement method based on vascular unloading technique has been
developed to determine systolic and diastolic blood pressure (SBP, DBP) with clear physical assumption. The accuracy. of the method
was evaluated through the direct blood pressure measurement method, The Bland-Altman plots (=SD) of the SBP, 2.3+ 7.7[mmHg],
and DBP, -1.8:£6.4[mmHg]were obtained. The novel blood pressure measurement method has been well demonstrated with high
accuracy.
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