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RESTRACT the three
compression
Micronave balloon  angioplasty  (MBa» tncluding

traditional angioplasty techniques with 1,2
heating as an ancillary modality to

narrawed arteries and reduce the
of restenosis. MBa was used in

layers of the artery. Such thermal
has potentially beneficial effects,
a decrease in arterial elastic recoil.

MICROWAVE DELIVERY SYSTEM

rabbits ta induce tissue AND THITIAL IN-MVITRO RESULTS
n the endothelium and media.

initral in-uitre and in-yivo The microwave system consists of a 2450
are presented, and the potentral MHz signal generator <{capables of delivering up
of adding microwave heating to te S0WY, a directional coupler. and two power
batlocon angioplasty are discussed. meters to measure forward and reflected power. A
thin {flexible coaxial cable, 0.034" in diameter,
which  fi1ts  within a conventional balloon
INTRODUCTION angtoplasty catheter, is terminated by a
radiating antenna. The radiating antenna is
Coronary artery disease 1z a leading formed removing a length of the center
mor tality  and morbidity in the United conductor creating a siet, fig. 1y, A
Each vear, several hundred thousand thermocouple 15 inserted into the lumen of the
die of acute mvocardial infarction, and a catheter «(the same opening through which the
larger number suffer the chronic effects cable/antenna 15 inserted), and epoxied to the
COFGRNAr Y ar terv disease. Occlusion  of outer portion of the balloon as shown 1n fig.
arteries by atheromatous plaque results {2a). The coaxial antenna 15 positioned within
obstruction of bloed flow necessary to supply the balloon, and microwave energy s broadcast
nutrients te cardiac muscie, Thus, to surrounding arterial tizsue. Ticsue
orr death of affected cardiac muscle temperatures of %0 degrees centigrade have been

achieved during a procedure. Fig., (2b) depicts
the microwave delivery system.

are wvarried, and range from medical The temperature increase and heating
tor less <cevere cases, to corcnary pattern this slot antenna were measured by
bvpass surqery for far advanced placing the antenna between two saline-soaked
sSponges. 1iquid crystal sheet that changes
Percutaneous transiumingl balloon color 1n  the temperature range of 25-30 degrees
angioplasty has become & popular centigrade was placed on the heated face of each
therapy to open heart surgery since sponge. The sponges were heated for 30 seconds
tess risk, and 15 less expensive, with a net input power of 5 Watts at a frequency
surgery. This method 1nvolves the insertion of 24530 MHz to measure temperature elevation
catheter, tipped by a deflated balloon, (3). The heating pattern of the antenna was
Tumern of an artery partially occluded bi-directional and wunttorm over about 1 cm in
The balloon is then inflated to length.

the lumen and thus re-establish coronary Having determined the heating properties
of the antenna system, we applied microwave
this paper, we decscribe a microwave energy directly to the myocardium of a dog in an
angioptasty catheter and its ipn-vitro open thest experiment. N arrhythmia was
inzvivo  effects oh artertal tissue, observed, Fig. [§c)) depicts the histologic
energy. productng heat at the end of a findings, consisting of a discrete area of
angioplasty catheter, can cause tissue disruption, to & depth of 2-3 mm, which
of an artertal plague prior to, or followed the application of microwave energy

inflation aof the balleon. This process through a coaxial cable and radiating antenna.

tn more effective and longer lasting
of previousty stepnosed arteries, severe

there is a thermal compression of coagultation
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Centrally, the 1lesion contains a zone of
thermal destruction with resulting

necrosis. The extent of the
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coagulation necrosis graduxslly decreases towards

the periphery of the lesion, where normal
myacxrdial tissue 1s ceen. The outer zones of
tissue damage retain some connective tissue
architecture despi te the destruction of
meocardial tissue, and a few surviving
fibroblasts are vieifle, These experimente,

coupied with previous experience with microwave
coaxial applicatorzs for uce in thermotherapv of
brain  tumors v4s indicate that sufficient energy

tntreduced into the stenctic lumen of a
cardiac artery via a special microuwave
tranemiszion  linesantenna system embedded 1n &z
catheter, Such a srstem may be used to heat and
soften the plaque and, with the help of &
baltoon., to 1ncrease the fiow through the lumen.

can  bLe

IN-VIVD MICROWAVE BaLLOON ARGIOPLASTY

UN RABBIT wRTERIAL TISSUE
The 1B procedure 1s similar to a normat
catheterization, where a catheter wire 15 guided
through the artery to the site of the lesion.
Studies were performed on New Zealtand White
Rabhbite, which Were anesthetized with
weeFromazine and Ketamine, The balloon catheter
tntroduced along the guide wire into the
carpotird arterv. and positioned in  the iliac
artery or the dictzl xbdominal aorta. Once the
prosttion ot the balloon catheter was established
wueing  fluorcscopy and contrast material next to
the =zi1te of the plague, for exampier, the guide
wWire was removed, and the same lumen wac uced to
ingert the coaxral microwave sycstem, The antenna
mae  pozitroned in the center of the halloen. The
balloon was inflated &t 2 atmospheres for 19
seconds, and the microwave generator was then
turned O . The fluid inside the balloon
vderonized waterd and the balloon 1iself are
transparent to microwave energy, thus allowing
tor girect tiesue wvolume heating to occur
mithout ioss of energy. Microwave power of
between 10-1% Watte was delivered +For 320-45
secaonds, heating tissues to 70-90 deagrees
centigrade. Temperature was monitared by &
thermocoupie on the =urface of the balloon
zdiacent to the gap antenna. At the end of power
delrverv, the baltloon inflation was maintained
far an  additional 20 seconds, allowing the
tiseue to cool down., Deflation of the balloon
immedately after the delivery of microwave
power has resulted in balloon rupture. The
znimale were <cacrificed 3-4 hours after the
micromave thermal ballcon angloplasty., After
fixation in formalinm, H & E, trichrome. and 'NG
stains were performed. These preliminary studies
have demonstrated that there 12 coaculation
necrosts  of bhoth intima and media., Fig. 142,
Thie effect was warijable in circumferential
extent, possibly related to changes i1n the small
clet antenna caused by tortuosity of the vessels
negotiated.
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168

of

modification
shows
acute
recotl
Fig.
L4,
and

These =tudies demonstrate the feasibility
using microwave energy to 1nduce thermal
af wvascular trssue. This modality

promise as an ancilltary means of treating
dissections, reducing arterial elastic
as evident in the in-vitro measurements,
\3&,5b2 forming & biological stent, Fig.
decreasing plaque resistance to ditatation,
approaching the difficult problem of

restenosis,

balioon
Local
centrgrade
the
locxlized
myocardium

CONCLUSTON

Freliminary microwave

angioplasty
temperatures
with a

studies utilizing
at 2450 MHz were conducted.
were ratsed to 90 degrees
power of 15 Watts input into
diameter coaxial cable, producing
ticsue modifications in both dog
in-vitro and rabbit arteries in-vivo.
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Fig. 1 Semi-rigid coaxial cablesantenna
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Fig. 2 a. Balloon catheter,

b. Microwave delivery system.

Fig. 2 Histological cection af dog mvocardium
following thermal disruption by
microwave energy.
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Fig. 4 Histological section of rabbit illiac
artery following in-vive microwave
baltoon angiopltasty.

a
b
Fig. 6 Luminal view of rabbit artery before
{center? and after {sides) in-vitro
balloon microwave angicplasty.
Fig. 8 fateral view of rabbit artery before

{above) and after (below) in-vitro
balloon microwave angioplasty.
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