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Off-pump Coronary Artery Bypass in High-risk Patients
Tomoki Hanada el al., Departiment of Cardiovascular and General Surgery. School of Medicine,
Shimane University, Izimo, Japan

‘SUMMARY]

In this study, 110 consecutive patients who had undergone off-pump coronary artery bypass
(OPCAB) in the past 2 years were evaluated for early results of OPCAB. Patients were
classified as a high-risk group (H group : 68 patients consisting of 46 men and 22 women) and a
low-risk group (L group : 42 patients consisting of 31 men and 11 women). respectively, and were
evaluated for the early operative results. No differences were noted between the H and L groups

. in the mean number of bypass grafts (2.9+0.9 in the H group, 2.940.9 in the L group), the rates
of complete revascularization (85% in the H group. 93% in the L group), those of various graft

" materials bypassed, or those of sequential bypass. In all patients, we were able to undergo
coronary revascularization by the aortic no-touch technique using arterial grafts exclusively. In
the H group, 1 patient (1.5%) died in hospital, but no patients developed cerebral infarction .
postoperatively, and the frequency of complications was similar to that in the L group. The

 results of OPCAB for high-risk patients were good, and it was suggested that OPCAB using in situ
arterial grafts was very useful particularly in patients with cerebrovascular diseases.

KEY WORDS : high-risk patient/OPCAB
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Development of an Implantablé Oxygenator with
Cross-Flow Pump |

YuicHt Asakawa,* Akio FUNAKUBO,* KazuYOsHI FUKUNAGA, T [cHiRo TaGA, T TeTsuva Hicami,# TsuvosHI KAWAMURA,§ AND
YasuHirO Fuxkui* '

Thrombogenicity, a problem with long-term artificial lungs, is
caused by blood-biomaterial interactions and is made worse
by nonuniform flow, which also causes decreased’ gas ex-
change. To overcome these obstacles, we changed the inlet
and added a uniform flow pump to our previous oxygenator

design, Conventional membrane oxygenators have a %-inch

port for the inlet of blood. These port structures make it
difficult for the blood to flow uniformly in the oxygenator. In
addition, the complex blood flow patterns that occur in the
oxygenator, including turbulence and stagnation, lead to
thrombogenicity. A cross-flow pump (CFP) can result in uni-
form blood flow to the inlet side of an oxygenator. In this
study, we evaluated the usefulness of an integrated oxygen-
ator with a fiber bundle porosity of 0.6 and a membrane

surface area of 1.3 m® The inlet part of the oxygenator is
* improved and better fits the outlet of thie CFP. Each of the

three models of the improved oxygenator has a different inlet”

taper angle. The computational fluid dynamics analysis
showed that, compared with the original design, uniform flow
of the integrated oxygenator improved by 88.8% at the hol-
low fiber membrane. With the integrated oxygenator, O,
transfer increased by an average of 20.8%, and CO, transfer
increased by an average of 35.5%. The results of our exper-
iments suggest that the CFP, which produces a wide, uniform
flow to the oxygenator, is effective in attaining high gas
exchange performance. ASAIO Journal 2006; 52:291-295,

L ung transplant is the treatment of last resort for patients with
‘respiratory failure. Unfortunalely, in many cases, patients have
to wait a long time for a lung transplant because of a lack of
donor lungs. Thus, an artificial implantable lung is a ‘useful
respiratory support device for patients with severe lung failure
awaiting lung transplantation. We have developed two types
of artificial implantable lungs (AIL). The pumpless AlL was
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designed using a multiobjective genetic algorithm.? However,
an AL with a blood pump is also required for patients who
need circulatory support2-4 The right ventricle might develop
cardiac failure due to the resistance created by the oxygenator
if an implantable oxygenator is connected to pulmonary ar-
tery-left atiium (PA-LA) and blood is circulated without a
pump. Though there are many compact centrifugal and axial
blood pumps that are commercially available, it is difficult to
achieve uniform inflow at the fiber bundle inlet of the oxygen-
ator given that the inlet port has a small diameter, and there is
limited space. A high flow speed from the small diameter port
causes complex flow in the inlet part of the AIL5 This complex
flow is the cause of thrombus formation, because the activated
procoagulant molecules easily pool in the stagnation area. To
avoid this problem, the blood pump for the.AlL should be
designed to have a wide and uniform outflow.' We developed
an integrated implantable pump oxygenator using a cross-flow
pump (CFP) that can produce a uniform flow to the oxygenator
within a limited space.-® The blood flow pattern in an oxy-
genator depends on the shape of the inlet part.! Uniform flow
in a fiber bundle is necessary in order to increase the efficiency
of the hollow fiber membrane part. If blood flows out from the
oxygenator without fully contacting the hollow fiber mem-
brane, gas exchange performance deteriorates; however, if
blood stays and does not flow out from the stagnation area
when stagnation occurs in the hollow fiber, gas exchange
pesformance deteriorates. Furthermore, if high_ blood flow
causes channeling, and blood flows through a part of the
hollow fiber membrane, the contact time and the contact area
for O, gas are decreased, and gas exchange performance is
reduced. Because the membrane’s surface area will be used
effectively only if the flow velocity in the hollow fiber is
uniform, the highest gas exchange performance in the oxygen-
ator Is shown under such conditions. To achieve uniform flow,
kinetic energy has to be changed efficiently to pressure energy
at the inlet part. The CFP cah convert kinetic energy to pressure
energy efficiently because it has a wide impeller and outlet. In
this study, we evaluated the effects on the performance of the
oxygenator by examining the uniformity of blood velocity at
the hollow fiber membrane part with the CFP.

Materials and Methods
Cross-Flow Pump

The structure of the CEP is shown in Figure 1. The CFP
impeller has an inner diameter of 21 mm, an outer diameter of
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Figure 1. Cross-sectional schematic of the cross-flow pump.
30 mm, and a height of 67.5 mm. The outlet blade angle is set
at 30 degrees, and the inlet blade angle is set at 90 degrees.
The impelier has 18 vanes.-10 The structure of the impeller is
shown in Figure 2. The CFP has an outlet of 10 mm X 66 mm.
Experimental results show that this impeller design has th
highest energy efficiency. The impeller was connected to a DC
motor through a magnetic coupling. The performance of the
CFP was measured during the in vitro experiments. The circuit
was filled with glycerin having a viscosity of 3.3 cP. The flow
rate and pressure head of the CFP were measured at pump
~ speeds of 1400, 1800, 2200, 2600, and 3000 pm. At each
motor revolution speed, the pressure head, determined as the
difference between the inflow and outflow pressures, was
varied by partial clamping of the outflow tube, and the pump
flow rate was measured. The experimental circuit consisted of
the reservoir, the CFP, a flow meter TS410 (Transonic Systems

inc., Ithaca, NY), and a pressure meter RM-6000 (Nihon Ko-
_hden CO.,, Tokyo, Japan).

Oxygenator

Based on our hypothesis, the standard deviation of the flow
rate was used as the evaluation index that indicated the vari-
ation of flow velocity in the fiber bundle. When blood flows
uniformly to the fiber bundle, the standard deviation of the
flow rate is smaller. The standard deviation of the flow rate in
the fiber bundle was calculated using the following formula:

. 1 n -\1
o= EE', (x; - x)
Outlet angle

Inlet angle

Inner diameter

-
<

\ 4

-
A

Outer diameter
Figure 2. Blade profile for the impsiier.

288

¢

Figure 3. Shown is the standard model that used an improved
inlet part of the oxygenator to fit the outlet of the CFP,

where o is the standard deviation of the flow rate in the fiber

bundle, x; is the flow velocity in each cell, xis the average flow
velocity of the target cell, and n is the number of cells. The
second objective was to minimize the standard deviation of
the flow rate in the fiber bundle to obtain better gas exchange
performance.

The improved model of «CUBE 6000 (Dainippon Ink &
Chemicals Co., Tokyo, Japan) was used as the original design.?
The oxygenator has a 3/8-inch port. The fiber bundle (DIC
membrane) porosity is 0.6, and the membrane surface area is
1.3 m?, Priming volume is 210 ml. Figure 3 shows the oxy-
genator model that uses an improved inlet port to fit the outlet
of the CFP. The oxygenator has an inlet port of 10 mm X 66
mm. Each of the three models of the improved oxygenator has
a different inlet part, The design parameters set up an inlet
taper angle « (Figure 4). We selecled three representative
shapes of the inlet housing that resulted in different a values.
Design 1 was the improved standard model. In design 2 « was
10 degrees, while in design 3 o was 40 degrees.

Simulation software, STAR-LT {CD-adapco, Japan), was em-
ployed to simulate the flow in the oxygenator. The fluid func-
tioned as a Newtonian fluid. In the current study, the physical
properties of blood were assumed to have a viscosity of 3. 3 X
107 Pa's and a density of 1060 kg/m>. The inlet flow rate was
3 Vmin. Itis difficult to model on a computer the hollow fiber
bundle with a complicated structure such as a filter. The
hollow fiber bundle part was calculated as a porous medium.,
The calculation conditions and boundary conditions are
shown in Table 1.2.1112

In Vitro Experiment

Gas exchange performance was measured in an in vitro
experiment and was evaluated using the single path- method.

Figure 4. Design variables of the inlet angle. The inlet taper angle
a is changed and selected D degrees, 10 degrees, 40 degrees.
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Figure 5 shows the experimental circuit which consists of an
integrated oxygenator with the CFP (n = 4), a reservoir, the
TS410 flow meter {Transonic Systems inc.), and a BF41 water
bath (Yamato Scientific CO., Tokyo, Japan). The index artificial
_lungs used aCUBE 6000 (Dainippon Ink & Chemicals Co.).
The oxygenator and the original model were connected to the
roller blood pump Mera HAD101 (Senko Medical Instrument
Mfg., Tokyo, Japan). The experiment used bovine blood with a
hematocrit of 35%. The blood reservoir was placed in a tem-
perature controlled bath at 37°C. Standard bovine venous
blood (O, saturation, 65 * 5%; hemoglobin, 12 g/dl; and
partial pressure of carbon dioxide, 45 + S mm Hg) was sup-
plied to the inlet to evaluate O, and CO, transfer rates. Gas
exchange performance was evaluated at blood flow rates of 1,
- 3, and 4 Umin, with blood and gas flow ratios set at 1. O, and
CO, transfer rates were estimated from the blood gas analysis
data. O, and CO, transfer rates were calculated using the
following formulas:
Oycontent = (Hb X 1.34 X SO,)/100 + PO, X 0.003
O, transfer rate = (Ca0,-Cv0,) X Q
Total CO,=HCO; +0.03 X PCO,
CO; transfer rate=22.3 X (1CO,v— tCOa)
where Hb is the hemoglobin, PO, is the oxygen partial pres-
sure, Ca0, is the arterial oxygen content, CvO, is the venous
oxygen content, Q is the blood flow rate, HCO, _ is the plasma
bicarbonate ion concentration, PCO, is the CO, partial pres-
sure, tCO,v is the venous total CO,, and tCO,a is the arterial
total CO,. Blood gas samples were analyzed using the gas
analyzer Ciba Corning 248 (Bayer Medical inc., Tokyo, Japan).
Values are expressed as mean * SD.

" Results

The relationship between flow rate and pressure head in the
CFP at different motor speeds is illustrated in -Figure 6. The
maximum flow rate of the CFP'was 5.38 /min at 3000 rpm
when the pump head was 142 mm Hg.

Computational fluid dynamics (CFD) analysis results are
shown in Figure 7, and Table 2 shows a comparison of the
uniformity of the blood flow at the hollow fiber membrane
part. The standard deviation of the blood flow of the original
design at the hollow fiber membrane part was 6.99e-5. The
standard deviation of the blood flow for design 1 was 7.80e-6;

_for design 2, 1.17e-5; and for design 3, 3.42¢6-5. Compared 1o
the original design as the standard, the uniformity of blood
velocity was improved by 88.8% in design 1, by 83.3% in
design 2, and by 51.1% in design 3.

The effect of the uniformity of the blood velocity at the
hollow fiber membrane part on oxygenator performance was

“evaluated by gas exchange performance in an in vitro exper-

Table 1. Analysis and Boundary Conditions

Porosity of the holiow fiber membrane 06

Blood contact sutface condition Nonslip

Outlet flow condition ‘ Free from pressure
Inlet flow rate - 3 Vmin .
Gravitation force From outlet to inlet
Fluld type Newtonian
Viscosity of blood 0.0033 Pas
Density of blood 1060 kg/m 3
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Reservoir

Reservoir

TIlow meter
=
Q

N { >
Water bath  Integrated oxygenator
with CEF'P

Figure 5. The measurement circuit of gas exchange performance.
Gas exchange performance was evaluated using the single path
method. The experiment used bovine blood maintained at a tem-
perature of 37°C.

iment. The O, and CO, transfer rates are shown in Figure 8
and Figure 9. The O, and the CO, gas transfer performance of
the original design were 211 mU/min and 116 m¥min (V/Q =
1), respectively, at a blood flow rate of 4 Umin. With design 1,
the O, and the CO, gas transfer rates were 255 mb/min and
157 mi/min, respectively. The O, and CO, transfer rates with
designs 1,°2, and 3 were higher than in the original design.
Overall, when the blood flow rate was 4 V/min, O, transfer
rates were increased by 20%, and CO, transfer rates were
increased by 35% in design 1 as compared with the original
oxygenator. : 4

At the high flow rate, designs 1, 2, and 3 achieved a higher
gas exchange performance than the original oxygenator using
a 3/8-inch port. However, no differences in gas exchange
performance were found between designs at the low flow rate.
The average outlet PO2 of the original design was 531 16
mm Hg at a blood flow rate of 1 ¥min. The average outlet PO2
for design 1 was 541 % 16mmHg; for design 2, 555 £ 19 mm

Hg: and for design 3, 555 * 13mmHg at the same flow rate.

Discussion

The performance requirements of an artificial implantable
lung include having a low resistance, achieving adequate gas
transfer performance, being nonthrombogenic, and’ having a

250 =—4—1400rpm.
‘ = 1800tpm.
200 =22 00rpm.
@ ' =2=2600rpm
:g . —#—3000rpm
=1 150 =~
e
&
-1
& 100
0
I
&0 -
+——te ‘
0 1 ) k., - 1 A L
0 1 2 4 5 6

3
Flow rate [L/min]

Figure 6. As shown in the graph of pump perfomance, the CFP
generated 5.38 Vimin at 3000 rpm when the pump head was 142 mm Hg,
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7.8 men

Figure 7. Results of CFD anal-
ysis. Shown is the blood velocity

T8 mry

Des

compact size. Much research has been conducted to improve
these performance problems in order to achieve clinical ap-
plicability of the artificial implantable lung. Because an inte-
grated oxygenator uses a blood pump, oxygenator resistance
that might cause cardiac failure is of no concern. We evaluated
the effects of various changes on integrated oxygenator perfor-
mance by using a combination of CFD analysis and in vitro
experiments,

Overall, the standard deviation of the blood flow at the
hollow fiber membrane part was low with the improved oxy-
genator models; design 1 had the lowest standard deviation,
followed by design 2 and then design 3. One can surmise that
the membrane surface area would be used effectively, because
the low standard deviation value indicates uniform flow at the
hollow fiber membrane part. O, and CO, transfer rates indi-
cated high gas exchange performance, with design 1 having

. the highest performance, followed by design 2 and then design

3. From these resuits, it can be deduced that uniform blood
flow in the hollow fiber membrane part influences gas ex-
change performance. Thus, uniform blood flow can be used as
a design parameter for the oxygenator. We compared the gas
transfer relationship between the port inflow oxygenator and
the wide inflow oxygenator. The blood was fully saturated with
any inlet design, because the bundle is overdesigned for a fow

Table 2. Comparison of Results

Improvement
Standard Deviation Rate (%)
Original design 6.99e-5 —
Design 1 7.80e-6 88.8
Design 2 1.17e-5 83.3
Design 3 51.1

3.42¢e-5
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at the hollow fiber membrane
part.

Design3 | b

flow rate. Therefore, at low flow, there is very little difference
in the gas exchange performance between the port inflow and -
the wide inflow. However, the difference between the perfor-
mances of the oxygenators increased at a high flow rate. When
the oxygenator with the port inflow was used, a high flow rate
caused channeling and decreased the efficiency of the hollow
fiber membrane. Therefore, gas exchange performance was
reduced. However, use of the wide inflow oxygenator
avoided channeling because the CFP produced a wide uni-
form flow to the oxygenator. Therefore, the oxygenator used -
the membrane surface area effectively to achieve a high gas
exchange performance. Compared with design 1, design 3
had nonuniform flow and low gas exchange performance.
The space between the infet housing and the hollow fiber
membrane was small in design 3. Therefore, channeling was

B Original Desizn n=4 mean=xS8D
[ mDesignt
ODesign2 .
- @Desizn3

8 & 8

02 transfer vato [mlimin]
g

38
Flow rate {L/min]

Figure 8. Relationship between O, transfer rate and flow rate. O,
transfer rate of the design 1 was 2565 mVmin (V/Q = 1) at a blood
flow rate 4 /min.
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Figure 9. Relationship between CO, transfer rate and fiow rate.
CO, transfer rate of the design 1 was 157 ml/min (V/Q = 1) at a
blood flow rate 4 Vmin.

caused in the hollow fiber membrane part, and gas ex-
change performance was reduced, because the membrane
surface area could not be used effectively. In design 1,

kinetic energy was effectively converted to pressure energy, -

because there is a large space between the inlet housing and
the hollow fiber membrane, and the membrane surface area
could be used effectively. However, design 1 needed a big
priming volume because of the large space. We are plan-
ning further studies of integrated oxygenator size, thrombo-
genicity in the oxygenator, and gas exchange performance

Conclusuon

The result of our experiments suggests that a CFP, which
produces a wide uniform flow to the oxygenator, increases the
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efﬁciency of the hollow fiber membrane part. We think that
this 'device can be used as an implantable pump oxygenator.

5.

10.

1.

12,
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EFFECTS OF ORAL BERAPROST SODIUM, A PROSTAGLANDIN I,
ANALOGUE, ON ENDOTHELIUM DEPENDENT VASODILATATION IN
THE FOREARM OF PATIENTS WITH CORONARY ARTERY DISEASE

Shuzo Ohata,* Yutaka Ishibashi,* Toshio Shimada,* Nobuyuki Takahashi,* Takashi Sugamori,* Takeshi '
. Sakane,* Yoshifumi Hirano,* Nobuyuki Oyake,* Yo Murakami* and Tetsuya Higamit
*Division of Cardiovascular Medicine, Department of Internal Medicine, Shimane University Faculty of Medicine, Izumo City,

Shimane, Japan and ' Division of Cardiovascular Medicine, Department of Cardiovascular Surgery, Shimane University Faculty
of Medicine, fzumo City, Shimane, Japan

SUMMARY

1. Previous clinical studies with prostaglandin I, (PGI,)
analogue beraprost sodium suggested the potential effects on
protection of cardiovascular events in patients with peripheral
artery disease. Although the mechanism is not well known,
experimental stadies have shown protective effects of endothelial
cells. This study was designed to examine the effects of hexaprost
sodium on vascular endothelial function in the forearm of
patients with coronary artery disease.

2. Beraprost sodium (120 pg/day) was orally administered to
14 coronary artery disease patients for 4 weeks and then stopped
for 4 weeks, Eleven control patients did not receive beraprost
sodium treatment. Reactive hyperemia was induced In the
forearm, endothelium-dependent vasodilatation was assessed by
plethysmography, and urinary 8-iso-prostaglandin F,, (8-iso-
PGF,,) was measured at baseline, 4 wecks and 8 weeks.

3. Both groups had similar reactive hyperemic responses at
baseline. In the control group, reactive hyperemic response and
urinary 8-iso-PGF,, remained unchanged for 8 weeks. In the
beraprost group, maximum forearm blood flow increased signifi-
cantly (P = 0.01) after 4 weeks of treatment and returned to base-
line at 8 weeks. Duration of hyperemia increased significantly
(P = 0.003) after 4 weeks, and remained greater than baseline at
8 weeks (P = 0.02). Urinary 8-iso-PGF,, decreased significantly
(P=0.03) after 4 weeks, and tended to be lower at 8 weeks
(P =0.07). Changes in reactive hyperemia correlated weakly but
significantly with changes in 8-is0-PGF,, (P < 0.001).

4. Beraprost sodium decreased oxidative stress and improved
forearm endothclium-dependent vasodilatation in coronary artery
disease patients. The favorable effects on vascular endothclium
could potentially lead to a decrease in vascular events.

Key words: 8-iso-prostaglandin F,,, beraprost sodium, pro-
staglandin I,, reactive hyperemia.
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INTRODUCTION

Prostaglandin 1, (PGl,), which is synthesised in vascular endotheliat
and smooth muscle cells after appropriate stimulation by specific
agents, shows antiplatelet action' and vasodilating action.? In
addition, PGI, acts in toncert with nitric oxide, ectonucleotidase and
other endothelial molecules to maintain vascular homeostasis and
vasoprotection.’ Beraprost sodium is a stable and orally active PGL,
analogue and it has antiplatelet and vasodilating properties. Beraprost
sodium has been widely used for treatment of pulmonary hyper-
tension and atherosclerotic peripheral arterial disease. The treatment
effects with beraprost sodium have been well knowa in pulionary
hypertension.*% In contrast, there are conflicting results showing that
beraprost sedium as an effective’ or ineffective® treatment to improve
symptoms of intermittent claudication in patients with peripheral
arterial disease. However, these previous studies suggested the poten-
tial benefit in cardiovascular events. If beraprost sodium has a
protective effect on cardiovascular events, it may improve vascular
endothelial function as one of the mechanisms. The favourable effects
of beraprost sodium on vascular endothelial function have been
reported in experimental in vivo studics.*'® However, human study
regarding the effects of beraprost sodium on vascular endothelial
function has not been fully documented.

The present study investigated the ability of beraprost sodium to
improve endothelium-dependent vasodilatation in the forearm
vessels of patients with endothelial dysfunction. Furthermore, the
present study was also designed to examine the effects of discon-
tinuation of treatment with beraprost sodium, because we have
experienced some cases that show improvement of symptoms in
patients with peripheral artery disease after cessation of treatment
with beraprost sodium,

METHODS
Study population and design

The study was performed prospectively in 30 patients with coronary artery
disease. Patients were randomly assigned to either a beraprost group, treated
with beraprost sodium, or a control group, treated without beraprost sodium.
Beraprost sodium (120 pg/day) was orally administered to 15 patients for
4 weeks, followed by 4 weeks without beraprost sodium. The other 14 age-
and gender-matched patients were followed but not treated with beraprost
sodium. All other medications were continued throughout the course of the
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study in all the patients and all drugs including beraprost sodium were stopped
12 hbefore the study. Current smokers and patients with a history of smoking
within the past 2 years were excluded from the study. This study was approved
by the Human Subjects Research Committee of Shimane University Hospital.
Written informed consent was obtained from all participants.

Measurements of forearm blood flow

Forearm blood flow (FBF, mL/min per 100 mL forearm tissue volume) was
measured using mercury-filled silicone strain-gauge plethysmography as
previously described elsewhere."? Briefly, a strain-gauge was placed in the
widest part of the left forearm and the arm was slightly elevated above the
level of the right atrium. The strain-gauge was connected to a2 Hokanson EC-
SR Pletitysmograph (Hokanson, WA, USA) that was calibrated to measure
percent changes in volume, and this was connected in turn to a chart recorder
torecord the flow measurements. For each measurement, a cuff placed around
the upper arm was inflated to 40 mmBg with a rapid cuff’ inflator (E-10,
Hokanson, WA, USA) to occlude venous outflow from the extremity. A wrist
cuff was inflated to suprasystolic pressure 1 min before each measurement
to exclude the hand circulation. Flow measurements were recorded for 58
_ every 15 s and four readings were obtained for each mean value.

Reactive hyperemia and bleod sampling

All participants were instructed to abstain from eating food and drinking caf-
feinated beverages for at lcast 12 h before the study. The study was performed
in the supine position in a room air-conditioned to a temperature of 25-26°C.
After measurement of resting FBF, the effect of reactive hyperemia was
measused, To induce reactive hyperemia, FBF was occluded by inflating the
cuff on the left upper arm to 20-30 mmtg above the systolic bload pressure
for 5 min. After the ischaemic cuff occlusion was relensed, FBF was measured
for 5 min. The same procedure was repeated after an interval of 15 min.
Forearm blood flow values were obxained by averaging the two measurements.
Three parameters were used to assess the intensity of reactive hyperemia:
maximum FBF; minimum forearm vascular resistance (FVR) calculated from
mean bleod pressure and FBF; and duration of reactive hyperemia defined
as the interval (seconds) between the release of occlusion and the return to
+5% of resting FBE" Blood and urine samples were 1aken before the study.
Scrum analysis was performed for chemical factors including total cholesterol,
high density lipoprotein (HDL) cholesterol, low density lipoprotein (LDL)
cholesterol, glucose, haemoglobim Alc, vitamins C (ascorbic acid) and E,
fibrinogen, thrombomedulin (TM), von Willebrand factor (VWF), highly
sensitive C-reactive protein (hs-CRP) and interleukin-6 (LL~6). The urinary
concentration of 8-iso-prostaglandin F,, (8-iso-PGF,,) was also measured.
Blood pressure was measured with a cuff sphygmomanometer placed on the
contralateral arm at rest and every 1 min afier release of cuff occlusion. These
measurements were repeated at 4 and B weeks after enrolment in this study
in the same manner. :

Calculation of forearm blood flow

Forearm blood flow was calculated by two independent observers with no
knowledge of the subjects’ profiles, including the drugs used. Intra-observer

_ and interobserver coefficients of variation were 2.1 £ 2.6% and 4.2  3.6%,
respectively, in restixig FBF, 5.7+ 4.9% and 7.2 £ 5.6% in maximum FBEF,
6.5+ 4.9%and 8.6 + 5.9% in minimum FVR and 1.3 £3.1% and 2.6 £ 3.6%
in duration of reactive hyperemia. In the preliminary study, the mean
values in age-~ end gender-matched apparently iealtly subjects (30 male and
18 female) were 2.951 1.02 mL/min per dL in resting FBF, 31.15%
9.07 mL/min per éL in maximum FBF, 3.1 & 1.1 mmHg/mL per min per dL
in minimum FVR and 131 £ 27 s in duration of reactive hyperemia.

Laboratory measurements '

Fasting blood samples were obtained at baseline and st the end of each 4-
week period. Serum and EDTA plasma samples were stored at —80°C and
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analysed at the end of the study. Total cholesterol and LDL cholestero] were
measured by enzymatic procedures. High density lipoprotein cholesterol was
quantified after precipitation with phosphotungstic acid magnesium chloride.
Frozen serum o7 plasma was used to measure ascorbic acid by high performance
liquid chromatography, TM and VWF by enzyme immunoassay, hs-CRP by
latex immunonephelometry and 1L-6 by chemiluminescence enzyme
immunoassay. Urine for measurement of 8-is0-PGF,,, was sampled in tubes
containing indomethacin and stored at ~80°C until the end of the study.
Measurement of 8-iso-PGF,, was perfonmed by enzyme immunoassay (Assay
Designs, MI, USA). The mean values in age- and gender-matched apparently
healthy subjects (n = 30) in our laboratory were 7.5 £ 2.4 mg/dL in vitamin C,
1.5+ 0.2 mg/dL in vitamin E, 280 £ 100 mg/dL in fibrinogen, 3.2 + 1.5 FU/mL
inTM, 128 % 66% in VWF, 10 + 6 x 100 ng/mL in hs-CRF, 1.5 £ 0.5 pg/mL
in IL-6 and 142 + 72 pg/mL in 8-is0-PGF,,.

Statistical analysis

At the follow-up for 8 weeks, four patienis had dropped out because of infec-
tion (1 patient), brain attack (1 patient) and lumbago (1 patient) in the control
group and diarrhea (1 patient) in the beraprost group. Statistical analysis was
consequently performed for 11 patients in the control group and 14 patients
in the beraprost group. Data are expressed as meantSD unless otherwise
indicated. A value of P < 0.05 was considered statistically significant.
Intergroup differences were analysed with the chi-square test or unpaired
t-test for baseline characteristics, except for BNP, hs-CRP, IL-6, VWF and
8-is0-PGF,, levels. Either the Mann-Whitney U-test or Kruskall-Wallis
analysis of variance (anova) followed by Scheffe’s post hoc test was used
1o compare the non-parametric variables BNP, hs-CRP, IL-6, VWF and 8-
iso-PGF,,. Comparisons of time-course curves of percent chauges in FBF
during reactive hyperemia were analysed by two-way (group and study point)
aNOVa for repeated measures followed by the Bonferroni correction for
multiple-paired comparisons. Maximum EBF, minimum F VR_ang duration
of reactive hyperemia were compared with two-way (group and study point)
ANOVA followed by the Scheffe's post hoc test.

RESULTS
Baseline characteristics

The baseline clinical characteristics of the beraprost and.control
groups are shown in Table 1. There were no significant differences
between the two groups in age, body mass index, blood pressure,
heart rate, lipid data or haemoglobin A,.. Coronary angiographic
findings and left ventricular function were comparable, as were the
drugs being administered, listed in Tables 2 and 3.

Table 1 The baseline characteristics of the study patients

- Control Beraprost
n 1 14
Age (years) 72+ 8 6916
Sex (M/F) 87 10/4
BMI (kg/m?) 2313 2413
Mean BP (mmHg) 83113 869
_ HR (beats/min) 65113 59%11
T-cho (mg/dL) 173 1 31 170 £27
LDL-cho (mg/dL) 99 127 104 + 20
HDL-cho (mg/dL) 9+9 42+12
BbAlc (%) 5809 54105

Data are meantSD. BMI, body mass index; BB, blood pressure; HR, heart
rate; T-cho, total cholesterol; LDL-cho, low-density lipoprotein cholesterol;
HDL-cho, high-density lipoprotein cholesterol.
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Haemodynamics before and after administration of
beraprost sodium

Haemodynamics during reactive hyperemia are shown in Table 4.

At baseline, blood pressure and heart rate at rest were similar between
the beraprost and control groups. Forearm blood flow at rest

Table2 Clinical characteristics in study patients

Beraprost

Control

Prior myocardial infarction (n) 8 9
Prior bypass graft surgery (1) 0 1
Prior angioplasty (n) 7 7
LVEF (%) 53+9 5910
BNP (pg/mL) 95.6 + 134.8 702+ 1124
NYHA (n)

I 4 6

n 4

or .2 1
Coronary angiography ()

1-Vessel disease 4 11

2-Vessel disease 4 3

3-Vesse) disease 2 0

Data are mean+SD. BNPF, B-type natriuretic pepﬁdc; LVEE, lefi ventricular
ejection fraction; NYHA, New York Heart Association Classification.

Table 3 Background therapies in study patients

Control (%) Beraprost (%) .

ACE-1 7 (64) 9 (64)
ARB .4 (36) 4 (29)
p-blocker 6 (55) 8(57)
Ca antagonist 9 (82) 11 (78}
Diuretics 2(18) 2 (14)
Digitalis 1(9) 1(D

Nitrate 10 (91) 12 (85)
Aspirin 11 (100) 13 (92)
Statin 327 4 (28)

ACE-], angiotensin converting enzyme inhibitor; ARB, angiotensia 11
receptor blocker.

Table4 Changes in haemodynamics at rest and during reactive hyperemia

tended to be higher in the beraprost group than in the control group
(3.60% 1.31 and 2.98  0.46 mL/min per dL, respectively), but the
difference was not statistically significant. During reactive hyperemia,
mean blood pressure slightly but significantly decreased immediately
after the occlusive cuff was released in both the beraprost group

- and the control group (8619 to 841+ 7 mmHg and 83+ 13to 81 %

10 mmHg, respectively; both P < 0.05). Heart rate tended to increase
after release of the occlusive cuff, but the difference was not signifi-
cant (data not shown). Maximum FBF were 22.97 £ 6.63 mL/min
per dL in the beraprost group and 22.45 * 3.03 mL/min per dL in
the control group and there was no difference between the two groups.
Oral administration ofberaprost sodium did not change blood pressure
and heart rate, but significantly increased resting FBF to 4.18 + 1.43 mL/
min per dL (P = 0.03) and maximum FBF to 28.27 + 8.89 mL/min
per dL, P = 0.01) and returned to baseline 4 weeks after stopping
beraprost sodium (22.58 +9.09 mL/min per dL). There were no changes
in the haemodynamics of the control group. Percent changes in FBF
from resting level during reactive hyperemia in the 105-s period after
release of the cuff occlusion were significantly greater after 4 weeks
of beraprost sodium treatment than at baseline in the beraprost group
(Fig. 1). The duration of reactive hyperemia was unchanged over the
8-week course of the study in the control group. In the beraprost group,
however, the duration of reactive hyperemia increased significantly
from 77 £ 27 to 105 + 46 s after 4 weeks of treatment with beraprost
sodium (P = 0.003) and remained longer at 4 weeks after the beraprost
sodium treatment was stopped (86 £ 28 s, P =0.02) (Fig. 2).

- Chemical factors before and after administration of

beraprost sodium .

* Table 5 shows changes in chemical factors over the 8-week period

for the two groups. At baseline, there were no significant differences
in chemical factors between the beraprost group and the control
group. In the control group, chemical factors remained unchanged
through the follow-up, but in the beraprost group, beraprost sodium
{reatment significantly reduced urinary 8-iso-PGF,, from 270
221 pg/mL at baseline to 140 + 53 pg/mL after 4 weeks of treatment
(P =0.03) and the value 4 weeks after beraprost sodium treatment
was stopped tended to be lower than baseline (189 * 116 pg/ml.,
P =0.07). von Willebrand factor, hs-CRP and IL-6 did not change

Rest Reactive hyperemia
HR sBp DBP FBF (mL/min FVR (mmHg/mL Max. FBF (mL/min ~ Min. FVR (mmtg/mL
(bp.m.) (mmHg) (mmHg) per L) per min per dL) per dL) per min per dL) Duration (s)

Baseline

Beraprost 6111 125%22 71411 3.60%.1.31 285+ 10.9 22,97 £ 6.63 4314 771427

Control 6813 125+19 6910 298+0.46 289%175 22.45 +3.03 48+39 7511
4 weeks

Beraprost 66+ 10 (25423 75%14 4181 1434 269+ 17.6 28.27 + 8.89*! 3710 105 + 46*!

Control 66213 125%18 73x14 297x065 289181 23.97+4.46 46+07 75+21
8 weeks

Beraprost 59+ 10 125221 7111 399121 287168 22.58 £9.09 49+25 86 = 28*

Contsol 59+14 123+16 70%13 2.89x0.83 29879 25.48 £5.10 42105 7612

8 weeks in the beraprost group indicates 4 weeks afier stopping beraprost sodium. Data are mean+SD. DBF, diastolic blood pressure; FBF, forearm blood
flow; FVR, forearm vascular resistance; HR, heart rate; SBF, systolic blood pressure.
*P < 0.05 versus corresponding value at baseline. 'P < 0.05 versus corresponding control value.
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Fig. 1 Left panel: Percent changes in forearm btood flow from rest at baséline, after 4 weeks of treatrnent with baﬁprost sodium (4 weeks) and 4 weeks
afier treatment with beraprost sodium was stopped (8 weeks). Right panel: Percent changes in forearm blood flow from rest al baseline, after 4 wecks and

8 weeks without beraprost sodium treatment.
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Fig. 2 Duration of reactive hyperemia at baseline, 4 weeks {4W) and
8 weeks (8W) in the control and beraprost groups. Data are expressed as
meantSD.

significantly after 4 weeks of treatment in the beraprost group, but
decreased significantly 4 weeks after treatment was stopped.

Relationship between duration of reactive hyperemia and
8-iso-PGF,,

The percent changes in duration of reactive hyperemia weakly but
significantly correlated with the percent changes in 8-iso-PGF,,

500 P<0.01
3
E 4004
o
&
-]
[T
ol
&
o .
2 200-
©
0- S
> 25% <25%

Increases in duration

Fig. 3 Urinary concentration of 8-is0-PGF,, at baseline and 4 wecks 4w)
in patients in the beraprost group. Patients were classified into two patient
grodps based on the percent of increase, 2 25% and < 25%, in the duration
of reactive hyperemia from baseline after 4 weeks treatment with beraprost
sodium. Data are expressed as meantSD.

(r = 0.34, P < 0.001). 8-is0-PGF,, significantly decreased from
340£275 to 117146 pg/mL (P=0.02) after 4 weeks in those
patients showing an increase in duration of reactive hyperemia
2 25% of baseline after beraprost sodium treatment, while it did not
change in those patients without an increase in duration of hyperemia
(from 190 112 to 168 + 52 pg/mL, P = 0.69; Fig. 3).
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Table5 Changes in venous and urinary concentrations of chemieal factors

385

Control . Beraprost

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks
Vitamin C (mg/dL) 7246 6326 6.8%15 641217 64+£3.6 50+15
Vitamin E (mg/dL) 1.00£ 0,25 1.12+£0.38 0.86 £0.31 1.13£0.25 1.12£0.31 0.97+£0.28
Fibrinogen (mg/dL) 338+ 10! 282+ 57 269 + 66 298 £ 115 272 1 45 200+23
™ (FU/mL) 33+1.2 34%1.1 32%15 35+1.6 3515 39+19
VWF (%) 198 + 89 182 £ 69 179+ 66 180 % 48 151 +41 125 £ 39%1
hs-CRP (x 100 ng/mL) 30£33 25+ 33 28 £38 29+ 31 19£17 13 £ 15%¢
1L-6 (pg/mL) 3.1£1.9 37127 34116 26£1.5 28108 1.8+ 0.7
8-is0-PGF,, (pg/mL) 238+ 183 220 + 257 218+ 86 270 £ 221 140 1 53* 189 £ 116*

8 weeks in the beraprost group indicates 4 weeks afier stopping beraprost

sodium, Data are mean+SD. hs-CRP, highly scnsitive C-reactive protein; IL-6,

interleukin 6, 8-i50-PGF,,; 8-iso-prostaglandin F,,; TM, thrombomodulin; VWF, von Willebrand factor.
*P < 0.01 versus corresponding value at baseline, P < 0.05 versus corresponding control value.

DISCUSSION

The salient finding of this study is that oral administration of
beraprost sodium, a long-acting and orally active stable analogue
of PGI,, resulted in an increase in reactive hyperemia as an index
of endothelium-dependent vasodilatation in patients with coronary
artery disease. In addition, urinary 8-iso-PGF,,, a marker of oxidative
stress was reduced significantly by treatment with beraprost sodium.
These findings suggest that the beneficial effects of beraprost
sodium on the vascular endothelium in patients with coronary artery
. disease is associated with a reduction in oxidant stress. Furthermore,
‘the forearm vasoreactivity enhanced by treatment with beraprost
sodium was still observed even 4 weeks after the treatment was
stopped.

Effects of beraprost sodium on vasculay endothelial
function

‘Numerous previous studies have demonstrated the beneficial
effects of acute and chronic therapeutic interventions such as lipid-
lowering, "' angiotensin-converting enzyme inhibition,”'* physical
activity, L-arginine,'? and anti-oxidant therapy® on endothelial func-
tion in the forearm and have shown that some of these resulted in
lowering the cardiovascular event rate. However, there have been only
a few reports on the effect of beraprost sodium on the endothelium.
Since Sakai er al.' first demonstrated the cytoprotective effect of
beraprost sodium against chemical injury in cultured human vascular
endothelial cells, experimental studies have reported the beneficial
effects of this agent on impaired endothelial cells. Matsumoto et al.’
showed that impairment of the vasodilator response of the abdominal
aorta to acetylcholine was restored by treatment with beraprost
sodium for 28 days in the diabetic rat. In a clinical setting, Nishimura
et al.? measured TM and plasma tissue-type plasminogen activator
before and after treatment of patients with diabetes by oral admin-
istration of beraprost sodium for 1 month and demonstrated its
favourable effect on endothelial function. Recently, Tomiyama et al.*
demonstrated that single administration of beraprost sodium increased
reactive hyperemia in the forearm associated with a decrease in
plasma TM level in patients with coronary artery disease, suggesting
acute effects of beraprost sodium on vascular endothelial function.
in the present study, despite beraprost sodium not being administered
on the study day, vasoreactivity in the forearm was significantly

increased by treatment for 4 weeks. These previous and present
results indicate a beneficial effect of beraprost sodium on impaired
endothelial function. The favourable effects might lead to a decrease
in cardiovascular events, though the efficacy of treatment with
beraprost sodium for symptoms in patients with peripheral arterial
disease has been conflicting among previous reports.™® Long-term
studies should be performed in the future to confirm the beneficial
effects of beraprost sodium on the endothelial function and the
prevention of cardiovascular events.

Mechanisms of beneficial effects of beraprost sodium on
the endothelium

It is well known that PG, is an unstable eicosanoid secreted by the
vascular endothelial cells that produces strong vasodilatation®* and
suppresses platelet aggregation,'#% thus supporting blood circula-
tion. Beraprost sodium has been developed as a long-acting and orally
active stable analogue to PG, that mimics the biological properties
of PGI,, such as activation of adenylate cyclase and elevation of
intracellular cAMP levels, through activation of the PGI2 receptor.?™?
Elevated cAMP activates protein kinase A, which inhibits cytokines,
the transmembrane receptor tissue factor, E-selectin and vascular
cell adhesion molecule-1 in human monocytic and endothelial cells,
leading to a cytoprotective effect on the endothelium.?**® Previous
studies have furthermore demonstrated many favourable effects on
endothelial cells, such as an anti-inflammatory effect,” inhibition of
superoxide, " and up-regulation of hepatocyte growth factor® and
TM expression from the endothelial cells.??

In the present study, beraprost sodium augmented the reactivity
of the forearm vessels in patients with coronary artery disease and
the degree of augmentation of hyperemia correlated with the
reduction of urinary 8-iso-PGF,,, suggesting that this drug has an
antioxidative effect in patients with high oxidative stress, leading to
improvement of impaired endothelial function. This possibility is
supported by previous experimental studies demonstrating inhibi-
tion of superoxide production from human™ and rat* neutrophils.
As another mechanism, the increased resting FBF afier treatment
with beraprost sodium might also contribute to the enhanced reac-
tivity of the forearm vessels, since endothelial cell function might
be enhanced by elevated shear stress in a flow-dependent manner.
However, it is difficult to 2scertain a precise mechanism for this
phenomenon from our results. It is interesting that although 1L-6 and
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hs-CRP were not affected by beraprost sodium afier 4 weeks, they
were significantly lower than at baseline 4 weeks after the treatment
was stopped. This was accompanied by a decrease in VWF-after
8 weeks, suggesting a reduction in endothelial cell damage. The
duration of reactive hyperemia was also still greater than at baseline
4 weeks after the treatment was stopped. These findings might
suggest that beraprost sodium increases the vasoreactivity via the
antioxidative effects in the early stage of treatment and that the effects
might link to suppression of inflammation and cytokine production,
leading to an increase in vasoreactivity even after treatment is
stopped. However, our results do not allow us to draw any conclusions
as to whether the beneficial effects of beraprost sodium arise from
a direct or indirect effect on the endothelial cells. Furthermore, it is
difficult to explain the prolonged anti-inflammatory effects after the
cessation of treatment. Niwano ef al.® recently reported that
beraprost sodium increased the steady-state levels of endothclial
nitric oxide synthase (eNOS) mRNA and protein in cultured human
aortic endothelial cells, indicating NO-mediated protective effects
on the vascular endothelium, whereas PG, had little effect on eNOS
gene expression. Their study might suggest the possibility that
beraprost sodium directly evoke eNOS gene expression in the
endothelial cells, leading to prolonged anti-inflammatory effects via
increased NO production. However, PGI, receptor has not been
identified on the endothelial cells. To clarify this issue, additional
studies will be needed in future,

Study limitations ‘
The present study has several limitations. First, there is methodological
limitations in measurement of blood flow by plethysmography.
Although blood flow values obtained by plethysmography correlate
with actual flow, they may under- or over-estimate the actual flow

in some patients.*® However, this limitation may be obviated by the

‘fact that the present study focused on changes in blood flow in

individual patients rather than absolute blood flow values. Second,
is the effect of background therapies on endothelial function. In the
present study, treatment with angiotensin converting enzyme
inhibitor, angiotensin receptor blocker and statins, which have been
reported to improve endothelial dysfunction,'*™** were continued
throughout the study. Although these agents were unchanged

_throughout the study, we cannot exclude the possibility that these

drugs influenced the present results. Third, is a difference in scverity
of coronary artery disease between the two groups. The control group
included twe patients with 3-vessel disease, whereas the beraprost
group did not. However, we did not find any effect on reactive
hyperemia even in four patients with 1-vessel disease in the control
group. Finally, the small number of subjects and the lack of placebo
control limit the statistical power of the data and may perhaps mask
differences between the two groups.

CONCLUSIONS

The present study demonstrated that beraprost sodium, a stable
analogue of PGl,, caused an augmentation of reactive hyperemia in
the forearm of patients with coronary artery disease accompanied
by a reduction in urinary 8-i50-PGF,, levels. These findings indicate
a cytoprotective effect on vascular endothelial cells for beraprost
sodium, These phenomena might contribute to the protective effects
of beraprost sodium on cardiovascular events, which have been

suggested in previous studies.™® Further studies are needed in a lerger
sample size and in a placebo control study to confirm our findings.
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Pancreatic Acinar Cell Carcinoma Successfully Treated with Combination of Oral TS-1 and Intra-Arterial Cisplatin:
Yoshiki Kataoka, Yoshinori Nio, Seiji Yano, Makoto Koike, Koji Hashimoto, Masayuki ltakura, Tomoko ltagaki,
Takeshi Nishi, Shinichiro Endo and Tetsuya Higami (Dept. of Cardiovascular and Digestive Surgery, Shimane
University School of Medicine)

Summary -

Pancreatic acinar cell carcinomas are rare, and little is reported on their chemotherapy. We report a 49-year-
old male patient with pancreatic acinar cell carcinoma and multiple liver metastases, which responded to oral TS-
1 and hepatic arterial infusion of cisplatin. The patient underwent a partial hepatectomy, MCT abrasions and
excision of the pancrealic tumor. Postoperative pathological studies reveated metastases of acinar cell carcinoma
to the liver and lymph nodes; the primary lesion was undetermined. After surgery, the patient was treated with’
hepatic arterial infusion of cisplalin and oral TS-1. Metastatic tumors completely disappeared, and serum hpase
decreased to normal levels. Abdominal CT one year after surgery revealed a pancreatic body tumor, which was
surgically removed. Pathological studies showed primary pancreatic acinar cell carcinoma, while previous
metastases remained under control. To summarize, TS-1 and cisplatin can be effective freatments {or pancreatic

acinar cell carcinomas. Key words: Acinar cell carcinoma, TS-1, Hepatic arteriat infusion (Received Sep. 5, 2005/
Accepted Nov. 9, 2005)

5 FREHREDINAT, ZORSMECETSRERD R, $E, TS-1BORS L cisplatin FFREFRESRDHL
LERERREFESD 1 e BRU, EOIX 9%, Bit. BREOSED CREESER LS RIUFEEFRR2 AN,
a1 TS-1 2 BOKS5%:, FkBEEEL R & UFABRIRIR L MCT 58213 o k. MRS RBEBRE T, Rk
BEERERY ¥/ WLl s h, REROMERTHTH o, #i%k TS-1 EORS 5 X U cisplatin FBE LTV, iz
BUHER L LHLA L GO CT TRASER 2D, BFHETok. FEBIE Y oL 2R TS ) EER
L o, FEBE G FRERIRBERETSH > fro —RR FEHTR L 51 2 FRFHBEIMHBICN L T TS-1 & cisplatin @)
GHRREVEITH 2 ThHEM TR S hi, ‘
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i 2HBER.
BR(EEE: 20 240, -+ 1B RS S L TS OIS,
FEERFEHBRERE (acinar cell carcinoma: ACC) 23 h 5FET & D7 A3 —VRFEE, BRI,

T L&

T, ZDFHECATIR/EREHTHRw, 5, RIEEE: RHRRE T,
TS-1 &O4%S & cisplatin (CDDP) S Bk frrE o Rh L IRFREE: 2002 4£ 9 B, LEEATEHERDS, CAI-IO
R ACC D 1 PIZEHR LI DTHET 3, : LRI EHBEHEBRE T Icm KO BEAEEE L 4~5
L& @ . - cmRKDESERUFEFT RO UBRBA L o1,
) : ABBEIRGE: #8155 cm, KE 47 kg, RIN (=), &
BE IR Bt : fH(-) EEMEICEBALLFE/RML, EREEDR,
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