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The frequency properties of arterial beds in organs were studied by temporarily ligatung
the renal, the gasinc, the splenic or the superior mesenteric arteries of rats. Blood-
pressure waves of the tail arteries were recorded before and during the liganons, and
were analysed by Fourier's transformation. Their frequency spectra have been found to
change profiles following specific patterns with the ligations of different arteries. The
results were significant with regard to the frequency selectivities of the organic artenal
beds. Such frequency properties can be clearly explained when the circulation system
is viewed as an electrical circuit network in which the organic arterial beds work as
filvers.
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Blood pressure and flow waves are two important
measurements when studying the carculation
system (Hamilton 1944, Womersley 1958). The
relations between these measurements derive
the impedance of arteries (O'Rourke 1982). The
impedance is usually used not only to explain the
deformation of pressure waves, but also to
characterize the frequency properties of arteries
(McDonald 1990).

Many phenomena concerning the deformation
of pressure waves and the frequency properties
of arteries have still been debared. Many reports
(Womersley 1958, McDonald 199%0) have
concluded that the arteries are designed to
maximize the matched impedance and to lessen
the wave deformation. Some others (Hamilton
1944, Taylor 1973), however, have stressed the
existence of major unmatched sites in arteriole-
artery junctions. There have been a series of
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studies (O'Rourke 1967, O'Rourke er al. 1984)
about the frequency properties of arteries and
wave deformation. A T-tube model has been
suggested to compromise the contraction from
different studies. This model, however, has also
been debated by other experimental reports
(Latham et al. 1985, 1987).

The emphasis in all of these studies has been
on the aorta and large arteries. To be the
terminals of pressure waves, the arterial beds in
organs, meanwhile, have been neglected. Our
carlier study (Young er al. 1989) has shown that
the renal and the superior mesenteric arterial
beds strikingly affect the frequency spectra of
pressure waves. [he study suggested that the
effects of the organic arterial beds should be
separately accounted for when studying the
circulation system.

The frequency properties of the organic
arterial beds have been studied in detail in this
article. We have studied the frequency selectiv-
ities and their effects on pressure waves. The
similarity between the organic artenal beds in
the circulation system and the hlters in an
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cleciric network are also discussed. This concept
has not been explored in other relative literature
(Tavlor 1939).

MATERIALS AND METHODS

Preparation of Ammafs, Twentv-four male, adult
Sprague Dawley rats weighing 380-350 g were di-
vided into four groups to ligate respectively the left
renal, the gastric, the splenic; or the supermesenteric
arteries. The rats were maintained  without food
excepting water overnight before the experiments
began. They were anacsthetized by intraperitoncal
injection of alpha-chloralose (48 mg kg ') and wre-
thane (U6 g kg ') Their airways were mainained
clear 1o keep the respirations spontancous during the
experiments

Blood-pressure waves were recorded by cannulating
the rail arters with a { inch No. 23G LV, catheter
placement unit (CRITIKON, Johnson-Johnson, FI.,
LUSA)L The pressure transducer was a Statham P23Dg
smull-volume strain gauge {(Coulbourn Instruments,
Pennsyivama, USA). The strain gauge and s
amplifier, respectively, had the frequency response up
o IO and 1500 Hy, The assembly system was tested
by a sinusoidal pressure pump (McDonald 1990). lts
frequency response and phase shilt characteristics
were uniform (= 3",) to 45 Hz (about the eighth
harmonic of pressure waves for normal rars).

Expersmems, A rain of blood-pressure waves was
recorded for reference before opening a rar's abdomen,
A munimal tissue was then dissected for exposing an
artery, and hittle disturbance was introduced to the
circulation system. Only one of the left renal, the
gastriv, the splenic or the supenor mesentenic arterics
was exposed in each rat. The exposed artery was kept
manst with physiological saline during the experiment.

\ peniod of 15 min after the surgical operation was
allowed fur the arculation system 1o become stable
The exposed artery was temporarily ligated by a
microsurgical arterial clamp. Little damage was done
tr the arterial surface. Short trains of pressure waves,
abour 10-20 eveles, were taken before and during the
ligatiom. Such records consisted of a pair of compared
data. The artery was then released and a 5-min rest
pericd clapsed w0 allow for the stability of the
circulanion system. The procedure was repeated and
320 pairs of compared data were obtained for each
rat

Data wcgueseran and analyss. An analogue/digital
(ALY converter converted the pressure waves into
digital data. Irs sampling frequency was 1000 Hz. The
A/ comverter sampled 1353~ 180 data for each cvele of
pressure waves, The data were sent 1o an 1BM
personal computer through a WFS-200PC [ /0 board
(DATAL [nstruments, Ohio, USA),

The pressure waves, which had minimal beat-to-

beat vanations over respiratory cveles, were chosen
and analvsed. Their frequency spectra were obtained
by Fourier's transformation. The first nine harmonic
muodull of frequency spectra were caleulared and were
normalized 1o their mean levels (the arca under the
pulsatile waves). The profile changes of the frequency
spectra were achieved by comparing the normalized
harmonic moduh for cach pair of data. The normalized
harmonic moduli during the ligation were subtracted
by their corresponding ones before the ligation, The
results were then divided by the latter, and were
represented in percentage forms.

The heart rates and the mean pressures were also
monitored. A paired f-test was used for checking the
variations of the harmonic moduli, the heart rates, and
the mean pressures.

Theory and physical explanation. When blood-
pressure waves propagate in the circulation system,
reflecnions are generated from arterial beds. The
reflective waves mix with the incident waves. Separ-
ating the reflective waves from the mixed waves is
difficult. The mixed waves can, however, be physically
decomposed nto two components

Pul, +F, (n

£, 15 the incident pressure wave generated by the left
ventricular contraction. P is the reflective pressure
wave generated from all arterial beds.

The reflective waves affect and deform the pressure
waves in the circulation system. P_can be decomposed
into P, P, P, P, and P,, in arder 1o consider the effect
of an individual organic arterial bed. £ P, P and P,
respectively represent the reflective waves from the
arterial beds of the kidneys, the stomach, the splecn
and the intestine. P, is the residual reflective wave
from the other arterial beds. The propagation and
reflection of pressure waves in an arterial bed must be
affected when an organic artery is ligated, The pressure
waves, by ligating the renal artery, can be represented
as

P=F,+R+E+F+F +P, (2)
A=FR,+E+F+FP+F +P, (3
P, =P-P, (4)

= A~k (5)

P, 15 the pressure wave recorded when ligating the
renal artery, P is a new reflective wave gencrated near
the clamping site. P, is the difference between P and
P, . It must include the effect and characrenstics of the
renal arterial bed on the circulation system. £, F,_ or
P can also be obrained by ligating the gasiric, the
splenic or the mesenreric arteries. They can be used o
study the characteristics of the organic arterial beds,

RESULTS

Figure 1 illustrates the pressure waves before
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Fig. 1. The pressure waves before and during artery ligation. Each P means the waves before
ligation. P, P,, P, and P, refer 1o the waves during the ligation of the left renal, the gastric, the

"o

splenic, and the supermesenteric arteries. £, P P_ P, _refer 1o the differences between each

[T e

Pand P, P, P, o P.,.

and during the ligations of artertes. F,_, B, , P,
and F. were the differences between each two
waves. They differed significantly from cach
other; however, such results were hard to
mterpret quantitatvely.

The frequency spectra of the pressure waves
have been shown in Figure 2. The frequency
spectra before the ligations of arteries were
almost the same in all groups. Their harmonic
moduli were plotted as blank bars. Another set
of hars were the harmonic moduli of P, P P,
and P_,. There were changes among the absolute
values of harmonic moduli; but the changes
were ambiguous in such a form.

Figure 3 indicates the percentage vanations of
the harmonic moduli before and during the
ligations of arterics. The renal group had
significant variations (P < 0.01) from the second
to the fifth harmonic modub. The values varied
from —18.75 to —519,. The vartations of the
gastric group were significant in the second

(15.109,), the third (20.269,) and the sixth
(11.88%) harmonic moduli. The splenic group
varted significantly from the third to the seventh
harmonic moduli. The values varied from
— 18.66 to —42.63°%,. The superior mesenteric
group had significant variations from the third 10
the fifth harmonic moduli. The values from
17.11 o 19.739%.

The heart rates and the mean pressures before
and during the hgations have been shown in

Table 1. No significant changes (P> 0L])
occurred.
DISCUSSION

The organic arterial beds are viewed as lumped
elements, and they have been isolated from the
circulation system by temporarily ligating
arteries. The frequency properties of the organic
arterial beds and their effects on pressure waves
have been studied. Such a total occlusion method
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Fig. 2. The normalized harmonic moduli of cach group.

. the harmonic moduli before artery

ligation m=== the group ligated with the renal artery. =0 the group ligated with the gasiric

arfery. o

the group higared with the splenic artery. oe==: the group ligated with the

supermesenteric artery. The error bars represent the standard deviations.

Table 1. The heart rates and the mean pressures before and during artery liga

difference was found (P = 10.1)

Renal
Heart rate Beture fh.37+0.37
During 6,17 + 046
\ariation (L16+0.12
Mean pressure Before .7+ 2.6
Dwuring 105.8+28
Varmtion 35+1.2

—

Gastric Splenic Mesentenic
660 +0.28 6.39+10.34 6.41 +0.29
646 +0.31 6.30+0.37 6.28+0.27
0.15+0.16 0.10+0.08 0.131£0.04
042429 105.6+3.3 108.8+3.3
106.0+3.7 105.3+4.7 105.5+4.3

+5+18 44+1.5 4.0+1.3

= as — . .

has also been widely used for studying the
properties of arteries (Greenwald & Newman

1982, O’Rourke 1982, Latham 1985). The
frequency spectra of P, P, P_and P, in this

study changed differently from cach other. The
specific frequency  properties of the organic
arterial beds were suggested by this phenomenon.

The path from the abdominal aorta to the
femoral artery has been reported to resemble a
low pass filter (Li et al. 1981). The pulmonary
circulation system has been shown to have the
strongest effect on the fourth harmonic of
pressure waves (Wiener er al. 1966). Another
study (Farrow & Stacy 1961) has also shown



e

~
X 40t ]
v [ ]
e % T T I 0 o _l,.- -
. — - T L 2 '".." N
° A ?' e l T
‘E '... L '.f -'. - ., A
E # T - "*T i
> og-R--a—A—% A Tr
g \\6-4_‘.: o fﬂ
o . . s
gomr ¥depi
o \ A / 1
E p ]- ]_"- L oA
o -4+ " 0 .. A7
EL - ‘T" -
-60 : : # : T' 1 1 : : _:
0o 1 2 3 4 §5 8 7 8 8 10

Harmonic number

Fig. 3. The percentage variations of frequency spectra before and during artery ligation. Fach
group had six rates. ® Represents items with significant change (P < 0.01). O —O curve was for

the group hgared with the left renal artery. A . ...

gastric artery. A . ... A curve was for the group

£\ was the curve for the group ligated with the
hgated with the splenic artery. @-..—@ curve

was for the group ligated with the supermesenteric artery. The error bars represent the standard

devianions.

great vanation on the third harmonie, even when
the others were stable with the clamp of the
femoral artery. All these results imply that the
organic arterial beds have frequency selectivities.
The organic arterial beds are inhomogeneous to
different frequency components of pressure
waves. Each arterial bed selects specific fre-
quencies on which to propagate and reflect. Asa
result some harmonic moduli are then varied
dominantly when arterial beds become 1solated.

It is reasonable to expect that the organic
arterial beds have specific frequency properties,
and have different effects on pressure waves.
The organic arterial beds are abundant in
arterioles, capillaries and small vessels. In organs
their dispersions and surrounding tissues differ
from ecach other. The beds are artached 1o
the aorta at different sections and with different

lengths of arteries. These effects result in organic
arterial beds having different frequency proper-
ties, as the frequency selectivities show in this
study. The frequency selectivities are heavily
dependent on the positions and the physical
properties of organs. Such a dependence has
been discussed in Wang's report (Wang 1991).
The organic arterial beds vasodilate or vaso-
constrict following special tones (O'Rourke 1967,
Milnor 1985, McDonald 1990). They affect blood
perfusion and pressures (Garcia er al. 1989). The
beds must have specific effects on pressure waves
when they are isolated from the circulation
system. These effects have been demonstrated
by many previous reports (Remington, 1963,
O'Rourke 1982, Latham ¢ al. 1985).
Discussion about different changes when one
kidnev or the spleen is excluded from the
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arculation system in comparison to exclusion of
the stomach or the intestine is interesting. A very
simple physical model has been established for
explaining these results (Wang, 1991). The
kidney and the spleen are more rigidly encapsu-
lated organs, and communicate with the aorta
through shorter arteries. Such organic beds may
couple strongly with the aorta and amplifv the
high-frequency components of pressure waves.
The amphification decreases when these beds are
excluded from the aircularion system. The high-
frequency components then significantly reduce
as the results of this report have shown. The
arteries of the stomach and the intestine are
much longer and more divergent. Such arterial
beds simply work as reflective sites. The sites
move closer towards the aorta when the arteries
arc ligated. The reflection of high-frequency
components then increases, which is contrary 1o
the situation of the kidnev and the spleen.

The frequency selectivities of the orgamic
arternal beds are quite similar to the flter
properties of an electrical circuit network. The
heart is an alternating power supply in such an
analogue network., The arterial beds in organs
are lumped electrical elements which work as
filters. All these filters select specific frequency
components of pressure waves to transfer and
reflect on, Thev deform pressure waves following
speaific patterns in different sections of the aorta
{(Hamilton 1944, O'Rourke 1967, Latham er al.
1983). The resultant design of all arterial beds
minimizes the heart effort and maximizes the
efficiency of the circulation system (Womersly
1958, McDonald 1990, Wang 1991). The same
concept 1s adopted to design filters for the most
efficient power delivery in an electrical network.
The filter properties are good causes of certain
charactenistics of the organic arterial beds. Their
frequency selectivities are precise explanations
for the specific variations of pressure waves
found in this study and other previous reports.
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