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A micropump with a magnetic
fabricated.  The

micromachine was composed of a permanent magnet

spiral-type
micromachine  was magnetic
and a spiral coil. When a rotating magnetic field was
applied, the machine rotated and produced a thrust
force in a liquid. However, the machine remained still
and pumped the liquid at the point of equilibrium
between the thrust force and a force created by the field
gradient. We experimentally examined the basic
properties of the pump, such as the flow rate and
pressure. As a result, we found that the latter two
properties can be controlled by adjusting the frequency
of the rotating magnetic field. The pump was able to
produce a maximum pressure of 116 Pa and a flow rate

of several ml/min.
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micropump, magnetic field, magnetic field gradient,
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Fig. 1 Schematic view of the magnetic micromachine.
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Fig. 4 Main parameters of the micropump.
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Fig. 5 Relation between frequency and flow rate in the
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Fabrication of a Magnetic Micromachine Trailing a Wire

K w], (L
FALKF AR BIEHII,

¥, iEHE, AlfE, SsHE—
WETHFERE 2-1-1 (T980-8577)

K. Kikuchi, A. Yamazaki, M. Sendoh, K. Ishiyama, and K. I. Arai
Research Institute of Electrical Communication, Tohoku University, 2-1-7 Katahira Aoba-ku, Sendai 980-8577, Japan

A magnetic micromachine capable of trailing a wire
was fabricated. The micromachine was constructed of
a permanent magnet, a copper tube, and a spiral
shape made from a tungsten wire. The magnet was
magnetized in the direction of its diameter. When a
rotational magnetic field was applied, the machine
rotated and moved in silicone oil. Experiments
showed that a spiral shape produced the largest
thrust force. The. micromachine was able to trail a
wire in a small waterway created to simulate a blood
vessel. These results show that the micromachine has
great potential for navigating medical catheters.

Key words' magnetic micromachine, catheter,

spiral structure, rotational magnetic field
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Fig. 1 Schematic view of the magnetic micromachine.
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(a) 30 deg. Number of spirals: 1

(d) 45 deg. Number of spirals: 2

Fig. 2 Photographs of the fabricated micromachines.
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Fig. 6 Photographs of a micromachine capable
of trailing a wire.

BRI, T TCEBTAVALAVYOEEIZ 70 mm Th
5.

3.2 EBKFE

ME&EE LB OER Y Fig. TICART . B 5 mm
DORWIEDN, A 150° CEHAE 10 mm OXWMEIC
DIRN o THNAREZEE L, KOMESHMOIME
WR~A/n~w UL Y EES - FETDHZLNE
EBROBWTHAD. ZOMELHEELLREL YA v
FEETHT LU REMEIX10 mm/s DY Y g A
N SN EORBIZAN, SHILZORRE:
[E#RE SR L S~ AR A I A VNEIC AR T 3R
BRafTofe. HINBERME, ANBERAEAREITEnFh
9.6 kA/m, 10Hz Th 5,

3.3 EEREER
Fig. SIZ VA V&£ LARRLOBR~vA A s/avwry
DAEOEBRFERLZFT. LD~V REDOEVG

HAGAMSHEEAE Vol 29, No. 2, 2005



B b ikE L (Fig. 8(a), 80 PRI HOREROHR T
VDL BIBORCHEEICEANT D0 EHR L (Fig.
8b). #D®IIE ey bTUA YREHEHTZ 2T,
T E A VIIEORNRBICA VAL L EERL
7= (Fig. 8(c). VA YHREEHEHTZ L XEMB LT —TF
NEBRBEELVHLACEELZBMELCRY, KERD
R ERT DO TR,

CORENSRBEEE T T b00, B LMK
KA 7w RV AYEESTETHY, HUNBR
PEEEHZELX D L VEEFACBHEAETHD
TERALN LTS

4. FED

HRABRORI DR A /< BERL, #
HHEEBIUHAZME L. #HARBEKRERDIBRIE
HHARE 45° - LHAEH 1 THH, BKRT 103 uN
BAEL, vV UOAEQImMme%EELEWT, H79mg
DAWMETEITRETHS., ZOBRO= U EHOT
EBERFTo R, EEEIKT T 00, v
BUAYEES L CKEIFRETHY, AHFATRELL
v VY OBRPMERREN T

LSHIEIERD vV UBEORBE(LEITY, BT T
REINTIME~A 7/ n~ L VEROEDORTET S
FTETHD.

Reference
1) Y. Haga, M. Esashi, Transaction IEE of Japan A pulication
of Sensors and Micromachines Society, 120, 515 — 520,
(2000)
2) M. Sendoh, N. Ajiro, K. Ishiyama, M. Inoue and K. I. Arai,
IEEE Transactions on Magnetics, 36, 3688 - 3690, (1999).
3) M. Sendoh, A. Yamazaki, K. Ishiyama, K. I. Arai, T. Inoue,
Transactions IEE of Japan, 120-A, 301-306, (2000).

4) M. Sendoh, N. Ajiro, K. Ishiyama, M. Inoue T. Hayase and
K. 1. Arai, Journal of Robotics and Mechatronics, 12,
165-171, (2000).

HARARSFELEE Vol 29, No. 2, 2006

(c) 125 s.

Fig. 8 Photographs of various stages of the
trailing experiment.

5) K. Ishiyama, M. Sendoh, A. Yamazaki, K. I. Arai, Sensors
and Actuators A 91, 141-144, (2001).

6) A. Yamazaki, M. Sendoh, K. Ishiyama, T. Hayase, K. L
Arai, Journal Magnetic Society of Japan, 26, 645-648,
(2002).

7) A. Yamazaki , M. Sendoh , K. Ishiyama , K. I. Arai, T.
Hayase, Sensors and Actuators A 105-1 103-108, (2003).

2004 4E 10 B 06 A HE, 20044 12 A 14 BE&H

179



J. Magn. Soc. Jpn., 30, 302-305 (2006) _ (Paper)

Study of a Cantilevered Magnetic Actuator with a Magnetic Thin Film

C. Yokota, A. Yamazaki, M. Sendoh”, S. Agatsuma, K. Morooka, K. Ishiyama, and K. I. Arai

Research Institute of Electrical Communication, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan
*Miyagi Organization For Industry Promotion, 1-714-2 Kamisugi, Aoba-ku, Sendai 980-0011, Japan

Reprinted from
Journal of the Magnetics Society of Japan, Vol. 30, No. 2, 2006



J. Magn. Soc. Jpn., 30, 302-305 (2006) (Paper

Study of a Cantilevered Magnetic Actuator with a Magnetic Thin Film

C. Yokota, A. Yamazaki, M. Sendoh”, S. Agatsuma, K. Morooka, K. Ishiyama, and K. I. Arai

Research Institute of Electrical Communication, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan
*Miyagi Organization For Industry Promotion, 7-14-2 Kamisugi, Aoba-ku, Sendai 980-0011, Japan

This paper describes a cantilevered magnetic actuator driven in a low magnetic field. Magnetostriction was
used as a driving principle in this study. We studied the displacement of the cantilevered magnetic actuator by the
magnetostriction. FeSiB with the thickness of 0.7 um was used as a magnetostrictive thin film. The dimensions of the
cantilever were 1 mm X5 mm. We used polyimide films with thicknesses of 30 um and 7.5 um and Ni foil with a
thickness of 5 um as substrates. As a result, the cantilevered magnetic actuator was able to function in a magnetic
field of 10 kA/m. The maximum displacement of the cantilevered magnetic actuator was about 40 pm with an Ni
substrate.
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(b) Displacement by magnetostriction.

‘Fig. 1 Configuration and displacement of
the magnetic actuator.
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Neutral plane

Fig. 3 Structure of the cantilevered magnetic
actuator and neutral nlane.
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Fig. 4 Magnetic property in the width direction of
the cantilevered magnetic actuators.
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Fig. 5 Relation between the magnetic field and the
displacement, 8, caused by magneostriction.
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Table 1 Calculated and experimental values for the
displacement of the cantilevered magnetic actuator.

Magnetic thin film (© FeSiB FeSiB | FeSiB
Substrate () Polyimide|Polyimide| Ni
Thickness of (f) t¢ (um) 0.7 0.7 0.7
Thickness of (s) ts (um) 30 7.5 5
Calculated value (um) 34 41
Experimental value (um) 30 40
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Fig. 8 Magnetic property in the width direction
of the cantilevered magnetic actuators.
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displacement, §,, caused by magnetostriction.
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Abstract

Background: There are few reports of late complications in patients who have undergone pancreatic
resection with intraoperative radiation therapy (IORT), because carcinoma of the pancreas (PCa) and
the bile duct (BCa) have a poor prognosis. The purpose of the present paper was to review gastrointes-
tinal (GI) bleeding occurring with occlusion of the portal system (PVs) as a complication of IORT in
patients surviving long term without recurrence.

Patients:. From 1990 to 1999, 45 patients underwent surgical resection of the pancreas with IORT.
Eleven of these patients survived >3 years without recurrence, and occlusion of PVs was recognized in
five patients at follow-up examination. Three of these five patients received repeated blood transfusions
for GI bleeding.

Results: One patient had BCa and two had PCa, and pancreatoduodenectomy was carried out. The
delivered radiation doses of IORT were 30 Gy (two patients) and 35 Gy (one patient). The postoperative
periods to initial GI bleeding were 36, 26 and 9 months, respectively. In all cases, angiography revealed
occlusion of PVs and the collateral circulation. The bleeding points were esophageal varix (case 1), rem-
nant stomach varix (case 2) and a jejunal ulcer (case 3), and blood transfusions were carried out totaling
44, 60 and 16 units, respectively. The GI bleeding disappeared spontaneously in case 1, developed spo-
radically in case 2 and was stopped by metallic stent insertion in PVs in case 3.

Conclusion: During long-term follow up after pancreatectomy with IORT, it is necessary to monitor
patients for GI bleeding. A clinical trial on optimum doses, long-term safety and benefit of IORT is
necessary. . .

© 2005 Blackwell Publishing Asia Pty Ltd

Key words: bile duct cancer, complication, gastrointestinal bleeding, intraoperative radiation therapy,
occlusion of the portal system, pancreatic cancer.
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Late complication in patients undergoing pancreatic resection with
intraoperative radiation therapy: Gastrointestinal bleeding with

" INTRODUCTION

Carcinoma of the pancreas (PCa) and the bile duct
(BCa) have a poor prognosis."”? The only therapy pro-
viding a possibility of cure is surgical resection. How-
ever, postoperative survival rate is low, and various
kinds of adjuvant therapy have been attempted to
improve the treatment outcome.”” Many reports have
discussed the benefit of intraoperative radiation therapy

J
g

{

. (IORT) as adjuvant therapy in PCa®""* and Bca,'*'¢

but its efficacy remains controversial. Although it is
reported that there are no short-term complications
after IORT,>'®" there are few reports on long-term
safety because patient prognosis is extremely poor. In
the present study we review the prevalence of gas-
trointestinal (GI) bleeding occurring with occlusion of
the portal system as a complication of IORT in patients
surviving long term without recurrence.
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METHODS
Patients

From January 1990 to December 1999, 139 patients
underwent surgical resection of the pancreas at the
Department of Gastroenterological Surgery, Aichi Can-
cer Center Hospital, Nagoya, Japan. Of these 130
patients, 41 with PCa and four with BCa underwent
IORT (Table 1): a single dose of radiation ranging from
25 to 35 Gy (mean, 30.5 Gy) was delivered to the
tumor bed just after resection. Eleven of the 45 patients
survived >3 years without recurrence, but occlusion of
the portal system was recognized in five of these 11
patients at follow up, In three of the five patients,
repeated blood transfusions were carried out for GI

bleeding, and the postoperative courses of these three-

patients are reviewed in detail.

RESULTS

One patient had carcinoma of the distal common bile
duct and the other two had carcinoma of the head of the
pancreas (PhCa). Pancreatoduodenectomy (PD) was
carried out in all three patients and the reconstruction
method of Imanaga was adopted, which entails an end-
to-end gastrojejunostomy, end-to-side pancreatojejun-

Table 1 Patients with surgical resection of the pancreas

Y Shimizu et al.

ostomy and choledochojejunostomy.'” In one case (case
2), wedge resection of the superior mesenteric vein
(SMV) was also performed. The delivered doses of
IORT were 30 Gy in two patients and 35 Gy in one
patient, and the postoperative periods to initial GI
bleeding were 36, 26 and 9 months, respectively
(Table 2).

Case 1

A 61-year-old man underwent PD with IORT for BCa.
Gastrointestinal bleeding was recognized at 36 post-
operative months (POM). Computed tomography
(CT) at the time of initial bleeding showed an unclear
SMYV but contrast of the intrahepatic portal vein (PV).
Increased blood flow from the remnant stomach wall to
the esophagus wall was detected. Endoscopic examina-
tion (Fig. la) revealed esophageal varix, which was
suspected of bleeding, Portography via the superior
mesenteric artery (SMA) (Fig. 1b) showed occlusion of
the SMV. The collateral circulation went through the
elevated jejunum, and blood flowed into the intrahe-
patic PV around the choledochojejunostomy. The
splenic vein (SV) could not be identified on portogra-
phy via the splenic artery (SA) and we diagnosed that
the SV blood was flowing back through the remnant
stomach and esophagus walls.

Survivor >3 years

GI bleeding with occlusion

Procedure Cases without recurrence of the portal sysytem
Total pancreatic resection 139f 52t 3t
IORT (-) : 94t 41t ot (0
PCa, PEn 20 7 0
PCy 40. 26 0
BCa 16 2 0
VCa 18 6 0
IORT () 45t 11t o 3t (5)¢
PCa 41 9 AN COM
BCa - 4 2 Cortay g

Bca, carcinoma the bile duct; Pea, carcinoma of the pancreas; GI, gastrointestinal; IORT, intraoperative radiation thera'{)y; Pcy,
cystic tumor of the pancreas; Pen, endocrine tumor of the pancreas; Vca, carcinoma of ampulla of Vater,

IORT (-, surgical resection without IORT; IORT (+), surgical resection with IORT,

tTotal number of cases for procedure; *no. patients with occlusion of the portal system.

Table 2 Clinical features of three patients with GI bleeding

Surgical procedure/

Radiation

Patient no. Sex Age Diagnosis reconstruction PV resection ~ dose of IORT (Gy) Initial bleeding (POM)
1 M 61 BCa PD/Imanage - 30 36
2 F 56 PhCa PD/Imanage Wedge resection 30 26
3 M 57 Phea PD/Imanage - 35 9

BCa, carcinoma of the bile duct; GI, gastrointestinal; IORT, intraoperative radiation therapy; PD, pancreatoduodenectomy;
PhCa, carcinoma of the head of the pancreas; POM, postoperative months; PV, portal vein.
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Case 2

A 56-year-old woman underwent PD with IORT for
PhCa. Gastrointestinal bleeding was recognized at

Figure 1 Case 1. Endoscopic examination revealing esoph-
ageal varix (a). Portography via the superior mesenteric artery
(b) shows occlusion of superior mesenteric vein.

Table 3 Patient clinical course
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26 POM., Computed tomography at the time of initial
bleeding (Fig. 2) demonstrated occlusion of the SMV
and collateral circulation. These findings were not noted
at the follow-up examination and GI bleeding of
unknown cause was therefore repeated. Endoscopic
examination at 90 POM (Fig. 3a) revealed bleeding of
remnant stomach varix. Angiography (Fig. 3b,c)
showed occlusion of the SMV. The collateral circulation
flowed back to the PV through the elevated jejunum,
remnant stomach and SV.

Case 3

A 57-year-old man underwent PD with IORT for
PhCa. Gastrointestinal bleeding was recognized at
9 POM. Computed tomography at 11 POM demon-
strated occlusion of the SMV and that the collateral ciz-
culation went through the elevated jejunum, anterior
wall of the remnant stomach, splenic hilus and SV.
Angiography (Fig. 4a) showed occlusion of the SMV,
and percutaneous transhepatic portography (Fig. 4b)
revealed stenosis of the SV at the portal confluence. The
SV blood pressure had risen to 27 cmH,0 and PV
blood pressure was 7.5 cmnH,0. Endoscopic examina-

_ tion at 20 POM (Fig. 4c) revealed a bleeding ulcer in

the elevated jejunum.

Clinical course

Case 1 experienced repeated bleeding from 36 to
52 POM, and a total of 44 units of blood were trans-
fused; however, there were no episodes of bleeding after
52 POM (Table 3). The patient had a relapse at
87 POM and died of cancer at 98 POM. In case 2, the
first episode of GI bleeding was recognized at 26 POM
and its cause was ascertained at 90 POM. During this
period, a'total of 60 units of blood were transfused; cur-
rently, at 98 POM, the patient is under close follow up.
In case 3, the stenosis of SV at the portal confluence
showed occlusion at 24 POM and a metallic stent was
inserted between the PV and the SV. Gastrointestinal
bleeding was not noted again until 54 POM. 3

DISCUSSION

In patients with PCa and BCa, the survival rate after
surgical resection remains very low.)? Intraoperative
radiation therapy is a common adjuvant therapy to
improve the treatment outcome, but its efficacy remains

GI bleeding (POM)  Blood transfusion (total units) Clinical course Recurrence  Follow-up months
1. 36-52 44 52 POM: GI bleeding (-) +, 87 POM 98, DOD
2. 26-92 60 92 POM: close follow up - 98, AW
3, 9-23 : 16 24 POM: GI bleeding (-) - 54, AW

AW, alive and well; DOD, died of disease; GI, gastrointestinal; POM, postoperative months.
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Figure 2 Case 2. Computed
tomography showing occlusion
of superior mesenteric vein
and  collateral circulation
(arrows),

Figure 3 Cage 2. Endoscopic examination de

artery (b) and splenic artery (c) reveals occlusi
(arrow).

monstrating remnant stomach varix (a). Portography via superior mese
on of superior mesenteric vein and collateral circulation through spleni

nteric
C vein

Figure 4 Case 3, Portography via superior mesenteric artery (a) and percutaneous transhe
operative months (POM) shows occlusion of superior mesente
nation at 20 POM (¢), reveals ulcer in the elevated jejunum.

patic portography {(b) at 14 post-
ric vein and stenosis of splenic vein (arrow). Endoscopic exami-

controversial. While there have been reports of reduced Various series of trials were conducted in order to
local disease recurrence'™!13 a4 improved disease-frée  examine the benefits of IORT for PCa,5!-13 [y all
survival and survival rates,'*" it has also been reported series, IORT was considered to have been safe in the
that IORT does not extend survival time,>® short term following surgery,>!i-13 However, because
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treatrnent outcome of PCa is extremely poor, there are
no reports of long-term safety following IORT. Autopsy
analyses assessing radiation damage to various tissues
after IORT have demonstrated fibrosis of the retroperi-
toneal soft tissues and the portal vein.'”* Fibrosis of tis-
sues and occlusion of vessels in the radiation field are
predicted late complications of IORT,'® and one of the
common clinical problems is GI bleeding caused by
portal hypertension occurring with stenosis and/or
occlusion of the portal system. Thus, in the present
study we reviewed the prevalence of GI bleeding as a
possible complication of IORT in patients who have
survived for >3 postoperative years without disease
recurrence. '

Of our 11 patients who survived for >3 years without
recurrence following resection of the pancreas and
IORT, three (27.3%) of the five patients with subse-
quent occlusion of the portal system required repeated
blood transfusions for GI bleeding. Unfortunately we
were not able to determine whether the occlusion
resulted from the operation or the influence of IORT.
During the period of January 1990-December 1999, 41
of our 94 patients who underwent surgical resection of
the pancreas without IORT were observed to survive for
>3 years without recurrence (Table 1). Because CT is
not always performed in patients with benign diseases,
the precise frequency of portal occlusion in these 41
patients remains unknown. However, no occlusion of
the portal system was observed in the follow-up period
for these 41 patients and there were also no episodes of
GI bleeding. Because lymph node dissection and nerve
plexus excision were not always performed in these 41
patients, the influence of surgery on the development of
portal occlusion cannot be compared simply between

patients with and without IORT. However, taken

together, our findings suggest that occlusion of the PV
and GI bleeding occurred as a late complication of
IORT.

Intraoperative radiation therapy at lower doses (up to
20 Gy) with or without fractionated external beam
radiotherapy (up to total 60 Gy) has been reported to
be safe, and there was no GI bleeding as a short-term
complication.>"'* While Reni et al. reported that GI
. bleeding was observed in five patients (6%), the doses
of IORT ranged from 10 to 25 Gy (mean 17.5 Gy) in
their series.!> In the present series patients were treated
with considerably high doses of radiation ranging from
25 to 35 Gy (mean 30.5 Gy), so the risk of this com-
plication may have been raised.

In the clinical course of case 3, a metallic stent was
inserted between the PV and the SV, causing SV blood
pressure to fall dramatically. Gastrointestinal bleeding
was not seen again until 54 POM. There have been no
reports of stent insertion for GI bleeding caused by
stenosis and/or occlusion of the portal system, but this
treatment is thought to be remarkably effective.

Because GI bleeding occurred with occlusion of the
portal system in three of the present patients, influence
of the operation itself and high-dose radiotherapy on the
development of this .late complication cannot be
excluded. We recommend that GI bleeding is consid-
ered by physicians during the long-term follow up of
patients who undergo pancreatectomy with IORT. A
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“ clinical trial on optimum doses, long-term safety and

benefit of IORT is necessary.
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Hepatic Hemangioma Presenting Atypical Radiologic Findings:
A Case Report

Ayu Hosokawa,” Tetsuo Maeda,* Ukihide Tateishi,* Mitsuo Satake,*
Ryoko Iwata,* Hidenori Ojima,** and Yasuaki Arai* ’

A 69-year-old woman was referred to our hospital due to a liver tumor that was incidentally
noted on ultrasound (US). US revealed a pedunculated mass of 5 cm in diameter, with a hetero-
geneous echo pattern. On arterial phase dynamic contrast-enhanced computed tomography
(CT), a tiny enhancing dot in the upper aspect of the mass was seen; whereas, the main portion
of the lesion appeared as hypoattenuating. The tumor was of low intensity on T1-weighted
magnetic resonance (MR) images, and showed slightly heterogeneous high intensity on T2-
weighted MR images. The most characteristic feature of the tumor was its exophytic appearance.
On post-gadolinium hepatic arterial dominant-phase MR images, the tumor showed nodular
enhancement centrally, with progressive spread of enhancement on later images. Angiography
showed dilatation of the right posterior inferior branch-of the hepatic artery and C-shaped
opacification. Since we could not rule out malignancy for these nonspecific radiologic findings,
a partial resection of the liver was carried out, resulting in a pathological diagnosis of hepatic
hemangioma. This hemangioma had marked hyalinization and fibrosis, causing a heterogeneous
appearance on MR images. The tumor presented an exophytic appearance, which caused some

diagnostic confusion.

Key words: hepatic hemangioma, exophytic appearance, hyalinization

INTRODUCTION

EMANGIOMA, THE MOST COMMON BENIGN HEPATIC
tumor. is frequently incidentally detected by
ultrasound (US) and computed tomography (CT) in
asymptomatic patients. It is therefore important to dis-
tinguish hemangioma from other hepatic neoplasms.
In cases of typical hemangioma with characteristic

findings, imaging modalities are highly reliable for diag- -
nosis. However, there are a few atypical hemangiomas

that may cause difficulties for radiologic diagnosis. We
report the case of an atypical hepatic hemangioma
presenting an exophytic appearance mimicking hepatic
malignancy.
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CASE REPORT

A 69-year-old woman was referred to our hospital due
to a liver tumor that was incidentally pointed out by US.
On physical examination, the abdominal mass was not
palpable. Liver function studies were normal. Serum
levels of carcinoembryonic antigen, a-fetoprotein, and
PIVKA-II were all within normal ranges. Hepatitis B
surface antigen and hepatitis C antibody were negative,

US revealed a 5 cm pedunculated mass with hetero-
geneous echo pattern. Nonenhanced CT scan showed
the exophytic mass in the right posterior inferior portion
of the liver. After intravenous administration of contrast
material, the arterial-phase CT showed minimal and no
enhancement except for a tiny enhancing dot in the
anterior aspect of the mass. Although the delayed-phase
CT indicated more than half of the mass showing slight
enhancement, the mass appeared hypoattenuating
relative to the normal liver parenchyma (Fig. 1). 4

The tumor was of low intensity on T1-weighted MR
images, and was moderately hyperintense on T2-
weighted MR images. Hepatic arterial-dominant phase
post-gadolinium MR images showed nodular enhance-
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