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AESTRf+CT

Mlcro,Oave bal 1oon anqioplasty (MBA )
combines traditional angloplasty techniques with
m!crm~la~)e heating as an a.nc]llary modal if;~ to
h~]p c,pen narrot.ved arter Ies and reduce the
accurence 0+ restenosis. NBf+ was used in
anesthet! ied rabbits to !nduce tissue
modl+lcat ion In the end~thel Ium and media.
lie~.ults ot Initial in-,)ltro and {n-vlvo
e’<p?r lments are presented, and the potential
ad~}an?aqes a+ adding microwave heat!ng to
ballc,on anqloplasty are-discussed.

lNTRC@LICTION

ioronar:c arterf disease IS a leadlnq
cause o ; mortal It:r, and rnorbldity In the United
States. Each (ear , several hundred thousand
people die o+ acute mvocardlal ln+arctlor}, ar,d a
STll) larger number suffer the chronic effects
0+ cc, r c,rjar Y arterv disease, Clcc]uslcln 0+

corcmarv arteries rJ,{ atheromatous plaque results

I n obstruction o+ blood +Ioi.u necessary to supply
~xyqen and nutrients to cardiac muscle, Thus,

lnJurY to, c,r death of affected cardiac muscle

can ensue. ‘rechnlqu@s to r@5tore blood 5upplY to

reqlon:. clf the heart aftected by cclronary arter-;~

steno51s are varrred, and range from medical
therap~’ for I ess severe cases, t C* coronary
artery bypass 5urger;# for far advanced
5itlJatlori5,

Percutaneous translumlnal balloon
catheter a.ngloplast;< has become a popular
alterrtati~)e therapy to open heart surgery s!nce
It carries iess risk, and IS less expensive,
than surger:.. This method involves the Insertion

of a catheter. tipped by a deflated balloon,
Iritcl the 1umen o+ an artery partially occluded

by plaque. The balloon is then Inflated to
enlarqe the lumen and thu= re-establ ish coronary

blood flow.

In this paper, we describe a microwaue
bal loon angloplasty catheter and its in-vitro
and trl–vlvc, effects on arterial tissue.
NlcrmAave energy, produc!ng heat at the end of a
ballocm ar!gioplast;.” catheter, can cause
softening of an arterial plaque prior to, or
during in+lai)on of the balloon. This process
may result In more e++ectiue and longer last[ng
dilatation of previously stenosed arteries.
Furthermore, there is a thermal compression of

the three layers 0+ the artery. Such thermal

compression has potentially beneficial effects,

Including a decrease in arterial elastic recoil,

(1,2)

MICROWAVE DELIVERY ‘Y(STEN

AND I!IITIAL IN-VITRO RESULTS

The microwave system consists O+ a 24s0
MHz s!gnal generator (capabl& of delivering up
to 50W’) , a directional coupler, and two power

meters to measure forward and reflected power. A

thin tlexlble coaxial cable, 0.034” in diameter,

Iwhlch fits within a conventional bal loon

angloplast~ catheter, is terminated by a

radiating antenna. The radiating antenna is
formed by remov!ng a length of the center
conductor creating a slot, fig. (1). A
thermocouple IS Inserted Into the lumen of the
catheter (the same opening through which the
cable/antenna Is Inserted) , and epoxied to the

outer portion of the balloon as shown in fig.
(Za) . “rhe coaxial antenna is positioned within
the balloon, and microwave energy IS broadcast

to surrounding arterial tissue. Tissue

temperatures 0+ 911 degrees centigrade have been

achieved during a procedure. Fiq, (2b) depicts

the microwave delivery system.

The temperature increase and heating

pattern of this slot antenna were measured by
placing the antenna between two saline-soaked
sponges, f+ llquld crystal sheet that changes

color In the temperature range of 2%-30 degrees
centigrade was placed on the heated face of each
sponge, The sponges were heated for 30 seconds
WI th a net input power of 5 Watts at a frequency

of 2450 MHz to measure temperature elevation
(3). The heating pattern o+ the antenna was

hi-directional and uniform over about 1 cm in

length.

Hauing determined the heating properties

of the antenna system, we applied microwave

energy directly to the myocardium of a dog in an

open chest experiment. No arrhythmia was

observed. Fig. (3) depicts the histologic

f!ndings, consistlnq of a discrete area of

tissue disruption, to a depth of 2-3 mm! which

followed the application of microwave energy

through a coaxial cable and radiating antenna.
Centrally, the lesion contains a zone of

severe thermal destruction with resultlng

coagulation necrosis. The extent of the
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coagulation riecrc, sls gradual lY decreases towards
the perlpher~ of the lesion, IQhere norms 1

mycic~rd i a] t f s.sue Is seen. The outer zones at
tissue damage retain some connective tissue

architecture despite th~ destructlcm of

m.’ocardial tissue, and a few surviving

tlhrcthlasts are visrhle. These experiments,

coupled wrth preuious experience w!th mlcrawave

coa:,ial applicators for use in thermother~p’~ of

tlraln tumors {4.J Indicate that suft!clent energ!z

can o e Introduced ln?c, the stenc,trc lumen of a

cardiac artery via a special microwave

tran:ml::lon Ilne,-antenna ~;.,stem embedded in a

catheter. Such a s.,’stem ma;< be used to heat and
:.of ten the plaque and, Iuith the help cl+ a

balloon, to increase the flow through the lumen.

“[he IIEA procedure !s stmllar to a nc,rmal

catheterliation, where a catheter wire IS qulded

tt, rcluqh the a.rter:, to the site of the lesic!n.

Studies !uere per+ormed on Nel.,1 Zealand Mhlte

Rabbi ts, l,~h Ich l,der e anesth?tlzed with
,+ceprnmazlne and Ketam;ne, The balloon catheter
l.rlas Intro due. ?d alc,nq the guide wire Into the

carotid arter.~, and posft{oned in the IIIJC

artery or the d!st~l abdominal ac,rta. . once the
pG+ltlon o+ the balloon catheter mas estabi !s.hed

,Jusirio tluorc,scop>, and contrast mater!ai next to
tt, e ~lte ot the plaque! +or e.<ample~. the gu!de

wire I,,las remoued, and the <ame lumen was used to

Insert the coa.)al m!cro,.,,aue s;.r~tem. The antsnna
I.la:, po:lt loned in th~ c~nt~r c,+ thg ball ucm, The

balloon ,L(ias inflated at 2 atmospheres for 15

secc,nda, and the microl.vave qeneratc,r was then
f,jrned on . The fluid Inside the balloon

,,c!e]ctnlzed tuater ‘~ and the ball oc,n ltselt are
transparent to mlcrawa,)e energ::, thus allowlnq

t or alrect tissue LJO} urr,e heatlnq to nccur
,,!ltholut 10ss 0+ energy, !Ilcrowave

between

power of
1[1-1’5 Id*tts was dei!vered +cm 3(1-45

seconds, heating tissues to 70-90 degrees

cent! grad~. Temperature was mcmitcu-ed bY a
thermoco\Jple on the surface 0+ the balloon

ad.iacent tc, the gap antenna, At the end of pc,!uer

de] l,,ery, the balloon Inflatlon lwas maintained
f cw a n addttlcin~l ~c1 zecor~ds.~ allcmolng the

tissue to coo] down. Deflation of the balloon

)mmedl ate]:.’ after the del ivery of microwave

Eower ha5 resulted in balloon rupture. The

anlma]s t.lere sacr{+lced 3-4 hcwrs after the
mlcrohla~>e thermal bal loon analoplasty, After
fi~atlon i n forma lin, Hti E, tr ichrome, ancl ‘1’JEi
Stains lwere performed. These prelrrnlnary studies
hatll? demc,nstrated tt,at there ;? Coagulation
necrosis of both Intima and media, Fig, <4>,
This effect [~as {,ar iable I n circumferential

extent, ~osslbly related to changes In the small
slot antenna caused by tcmtuos.it;y c,f the vessels

negotiated.

These studies demonstrate the feaslbil ity
of using microwave energy to Induce thermal
modlflcatlon of vascular tissue. This modality
sholws promise as an ancillary means of treating

acute dlssections~ reducing arterial elastic

recoil as evident in the in:vitro measurements,

FIQ, \5a,5b), forming a biological stent, F!g,

(4), decreasing plaque resistance to dilatation,

and approaching the dtff icult problem of

restenosls.

C.ONC.LU5112N

Prellminar:y studies utfllzing microwaue

bal loon angioplasty at 2450 MHz were conducted.

Local temperatures were raised to 90 degrees

centigrade w!th a power o+ 1S Llatts input Into

the CI,032° diameter coaxial cable, producing

local I:ed tissue mcldiflcatlons in both dog
mycicapdlum in-VltPO and rabbit arteries in-vivo,
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Fig. 1 Semi-rigid coaxial cabl~.,iantenna

assembl ies.
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Fig. 2 a. Balloon catheter.

b. Microwave del i very system.

Fig. 2 Plistalogicai section of dog myacardium
following thermal disruption by

microwave energ;~.
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Fig. 4 Histological section o+ rabbit illiac

artery following in-vivo rnicrcwave

balloon angioplasty.

Fig. 6 Luminai VielA! of rabbit artery before
(center:j and a+ter (sides:) In-vitro

balloon micrmvave anglopl asty.

FiQ. 5 La+eral view o+ rabbit artery be+or

(above] and after <below) in-vitro

balloon microwave angioplast~.
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