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The Effect of PTA on Cerebral Vessels
in Experimental Vasospasm :
A Histopathological Study

Naomi Fujiwara', Motoomi Ohkawa?,
Masatada Tanabe”, Keiko Irie?
and Seigo Nagao?

Although the percutaneous transluminal angio-
plasty (PTA) is an useful procedure for the treat-
ment of symptomatic vasospasm after subarach-
noid hemorrhage, the morphological changes in
spastic intracranial vessels after PTA are not yet
clear. The purpose of this study was to evaluate
the effects of PTA angiographically and his-
tologically. Chronic cerebral vasospasm was in-
duced by producing a blood clot in the subarach-
noid space around the top of internal carotid
siphon in Japanese monkey. After angiographic
recognition of vasospasm, PTA was carried out
with silicone microballoon at 1 atomosphere, 3
times for 10 seconds. Angiography after PTA
disclosed significant dilatation at the site of PTA,
without any significant dilatation of distal spastic
vessels. Papaverine hydrochloride was then in-
fused intra-arterially, which resulted in signifi-
cant dilatation of distal spastic vessels. Upon
histological examination, deformation and some
denudation of endothelial cells were noted in the

Research Code No. : 503.9
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intimal layer. At the site of denudation, attach-
ment of platelets was observed despite general-
ized heparinization. Internal elastic lamina and
the media were also stretched and myocytes were
irregularly. These
changes were not uniform all over the vascular
walls. We conclude that the prolonged effect of
PTA may be caused by mechanical damage of
endothelial cells and myocytes, and the nonunifor-
mity of histological changes in vascular wall may
be a leading cause of its rupture during PTA.

deformed and arranged
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BEsh OB I D TRRT L 72,

MRBLUFE

1. XERE)

LB IR, KET7-14kg 0 9L HAHY )L
(Macaca fuscata) # ME#ED 5 7% < FH L 72,
7B Z DEBRILFNERAE T E BRI -
THEIT L 72,

2. EBREE
(1) T B B 1fn 457 3% 7

Bk 7 2 v (6-10mg/kg) I L UBEEE T |
vt (1mg/kg) ##/hEE, ARikL ) Rk,
»7waz= s (0.1 mg/kg/hr) #iElC TESL
%, 5.5-6.5 Fr. #fifF¥F = —7 (Portex ##) %
SEWICHRE L2, RiRigiz, v AL —9—
(v / WYEr S SN-480-5) ##/ L normocap-
nia iz L, KB 37°CIoHEER L 72,

BESEWEL, & (bswidzk) KESIKZ
FIHEL o0 b Mg EEICANIBE 2 N 2 4.5 Fr.For-
mocath® (Becton-Dickinson # #) % 4R a9z
HANEEIRICHE AL 72, FH L 12T 300 mgl/ml
DIEA F o ERR T 45mlEAL, RS

el 72,
(2) B A5 s = 7 L /e
ARTEREARHEE (180 % B <) MadTHe, FTH

SR (Zeiss @) #HwWT b 2%k

’

(4) Silicone microballoon catheter inflated at 1 atmo-

sphere

TR 64 4 H 25 H
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EWNBEBhAR, HoRBMEIAR, AUANEEINR 2 HERR L,
<3 B2 Sl L 7, oA o0 i A RAE & RS |45,
ZOMALIC HFEEM B (ATRTIC Sml ¥R L, =
RICTHE LB L 72 L o) Zidids, iEE
BAUPAEE L 72, 1401%, ZARTSEMEEBIEE % 47,
LUTF RIBE o J5 B Tl i 45 864 & 70 % Vel L
e

AFNEEEEA A R F 72> (0.06mg/ke) B
& UBEEET e > (0.02mg/kg) BHEICLD
ioARIE A ) x—2 L, MRCKEED +4 et %
o THAF L 72,
(3) PTA

LBt 7 B BiC 25 RET I 08
L., Mo 58 % MERR 4RI PTA #ifTL 72, &
ERicEEL2AT—F L, 6.0Fr.+4 o>
AT —T v (Cook #:#) T, Zh%NHEIHIRS
EERICBE L THA T4 7 AT—TLEL,
PTAHRIZ2.0Fr.i)a>y Np—rA5F—Fv
(Dow Corning #:8) ##iAL 2, ZH ) 2
PUNN— AT =T NIIEBRRICERLZLD
T, ERRETHEIN MM, EE22mm Lo
FHALZ (Fig. 1Q)., »~Sn—r DiiskizE
i3, ERREARC Ty a—A L BAR
0.05-0.06 ml DEFIc K EZ D, mKELOR
ETH-72, FOBEEOL—r A Lid, HWE
2.2mm, E26.5mm Th-7, BHETICTH
BHEIRD C1 T T/ SN—> A T—F e AL

= HiAT

Fig. 1

artery
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#i L 72 NSHEYIR DR 55EMT % 17 - 72 (Fig. 1(B),
2S— DPEERER 1.0 JE, dEIERMIZ 10 B
T, 3D 6 4 EERD KL THATL 2. EBH
13, BRMNICIERER DA T —T L 2H/A LE
BEOIC BRI 2 W5 L 72, PTA Mif7#, IS
SREFERR O T2 H 0 I IE RS 2 AT - 72,

(4) HEEE <) i E

PTA &, ILEIERE %47\ KA 0 o 4k SRS
# M Lo MR THE L 72, SRREOR
B 3Pzt L TR < ¥ 1) > (40-100 mg)
DB % MiAT L 72,

#5705 8:0%, Tracker-18 # 7 — 7 )L & N ¥ )
WA 75 > EE THAL TEDEILIC AT —T
NEREL, 1HILIEEE < v~ > 40 mg % Ff
Lic T 1~24r40F T 1 mEhE, R 1 80
mg % 1~24 1 C1EEE ol flkEE
2NA) > 100mg B ARICEL L TLE% 60
ml & L 1R T TEHER > 7 THAL 22,
BGHT RICHERO M ER 21T - 72,

(6) MEERY EZAbiz x4 2 Bl

WATE & MR 7 4 Lo L TIERE L

2. BEEALIE, PEBIRO C1 (NSEBIIK Y 4

i

FEBRIGN M2 9 5 PTA 4780 mAF8E 0 M2 kic D v T

7 & > BB b BIRBEEIAR, P ORREEIIR O 4 3
ToOES), HREEEINRD M1 (B8 R o0 7k
FEBSY) B & URTAMEIIRD A 1 (PNSEE) RS I
#h7 &5 BIZGHEEIR £ TOFES) DT o
Gl Lz, WO 7 4 Vb EOBER 100% & L

Table 1 The percent caliber values in seven monkeys

VESSELES
ICA MCA ACA
No.

SPV PTA PPV |SPV PTA PPV |SPV PTA PPV
1151.2 108 6.8 61.8 - |56.8 57.0 -
2 |42.3 104 104.6/33.8 80.4 89.4| 1.9 45.3 77.8
3 |50.8 101 106.8|58.6 53.4 90.2|90.4 52.0 73.5
4 (43.8 108 - |39.4 62.7 - |61.4 56.0 -
5 (42,1 110 112.4|39.8 57.9 91.8|77.8 60.4 74.1
6 (40.1 109 - [34.0 53.8 - |52.1 73.5 -
71447 - - |43.5 - - |86.5 - = ‘

(%)
ICA=internal carotid artery, MCA=middle cerehral
artery, ACA=anterior cerebral artery, SPV=spastic
vessels seven days after operation, PTA = percutaneous
transluminal angioplasty, PPV =rpapaverine hydroch-
loride was infused after PTA, -=not done

4
‘.gl 5

of the right carotid artery

48

() A baseline angiogram (B

tained seven days after
subarachnoid hemorrhage.
Severe vasospsms of inter-
nal carotid artery, middle
cerebral artery, and ante-
rior cerebral artery are evi-
dent.

(© Angiogram following
percutaneous luminal an-
gioplasty shows that the
internal carotid artery has
returned to almost normal
size.

Fig. 2

HARBE R 43t

(D) Angiogram obtained
after infusion of papaverine

normal
the

demonstrates a
diameter
baseline.

size as
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CLIVR (4)

120
100
80

60 -

20 |

PRE=before opera-
tion, SPV = spastic
vessels seven days
after operation, PTA
=percutaneous tran-

HE |

i w7

[J internal carotid artery @ middle cerebral artery

PPV = papaverine
hydrochloride was in-
fused after PTA

Pk
[127]

ﬁ"'f sluminal angioplasty,
w3

M anterior cerebral artery

Fig. 3 Percent mean (+SD) caliber in the vessels : Significant dilatation of
internal carotid artery and middle cerebral artery by percutaneous trans-
luminal angioplasty (*=p<0.01 and **=p<0.05 respectively) as compared
to the respective spasm data as well as significant peripheral dilatation of

middle cerebral artery and anterior cerebral artery by percutaneous trans-

luminal angioplasty and infusion of papaverine (***=p<0.01 and ****=p<

0.05 respectively) as compared to the respective percutaneous transluminal

angioplasty data was obtained.

T INENDMEEE % THRI L 72,
(6) AHRhSAORET

PTA#T1#% (PTA &R <) > 50 3
BITIZ, #5502 RHK), £6L5 K0T T
Ny boSvE F— vl GBI L, B L T
AREEERNIZ 196G =7 2 7 —gt& AL, 150

(A} The intimal layer with flattened endothelial cells:
Note the alternating layers of smooth muscle cells
producing a regular media pattern (H & E: x240).

cmB,0 FETREER # HEA L 72, BERIE, i
HIZ 10% & =1 > 500 ml, #EH I (% Kar-
novsky # 500 ml % L7z, BEGREEM, B
LIEomE s L Bz HH L7, gnEFnon
] 52 N1 24 WF RS L 72 00 B S TR o) P SE 8D IR
C1, wokhsdhir M1 % otz i 8 % R0 L 72,

-ta-!

(B} The internal elastic lamina is continuous (Elastica
van Giesson : »240).

Fig. 4 Light micrographs of internal carotid artery of normal monkey

Fri6F4H25H

49



382 SERRAYIE MBS IC N 5 PTA HAT# O M BE MBIz D» T

e o S L @Y e
(&) The spastic vessels show marked corrugation of the
intimal and elastic lamina. The endothelial cells reveal

swelling and vacuolization, and the medial layer demon-
strates thick proliferative changes accompanied by cell
infiltration (H & E: x240).

KSR I~ P X ) > - A D Pl T
FAFH T X -V Rz L AT 72,
3. XIRERER

2 T BWTIEH ME ORES L O IEH iz
9 5 PTA o3 % MM ENICHRETT 220
i, MEER % T4, AWNESIkIC PTA % #

i
:
1
I
i
i
|
|
|

(B) The internal elastic lamina has marked corruga-
tion (Elastica van Giesson: X 240).

Fig. 5 Light micrographs of internal carotid artery of
subarachnoid hemorrhage induced monkey

FEIME & 8 U &M TilfTL, Rkl & Cillikz
FRPLL 72,

S

1. mE&EF Loz (Fig. 2 A)-0)

(&) The intima reveals loss of endothelial cells (H &
E: x300)

(B) The internal elastic lamina is stretched, wavy and
dehiscent between the elastic lamina and the media
(Elastica van Giesson: % 300).

Fig. 6 Light micrographs of internal carotid artery after percutaneous transluminal angioplasy

in normal monkey

50
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9

31
(A) The intima reveals loss of endoth- (B) In the media some myocytes are
elial cells: The internal elastic lamina stretched and flattened with corkscrew
is stretched and dehiscent between the nuclei. The arrangement of medial
elastic lamina and the media (H & E: smooth muscle cells is disordered (H
*%300). & E: X300).

Fig. 7 Light micrographs of internal carotid artery after percutaneous transluminal angioplasty in SAH
induced monkey

*’i# ._ e

(A) The spastic vessels have marked corrugatwn of the (B) The medial layer after percutaneous transluminal

intimal and elastic lamina. The medial layer demon- angioplasty and infusion of papaverine is thinner than

strates thick proliferative changes (H & E: x500). the one after percutaneous transluminal angioplasty (H
& E: x500).

Fig. 8 Light micrographs of middle cerebral artery after percutaneous transluminal angioplasty and infusion
of papaverine in subarachnoid hemorrhage induced monkey

FHC64E 4 A 25 H 51
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' b/ i
. ‘ &5 i :
(A) The internal elastic lamina shows marlked corruga-
tion.

Fig. 9 Transmission electron micrographs of internal
carotid artery in subarachnoid hemorrhage induced
monkey : (A) after subarachnoid hemorrahge; and (B)
after percutaneous transluminal angioplasty. (<2000)

WrEf o MAFE AR & e, 7k 7 B Homs
AR T T Pl fllc i BiEHEES bz, &
PlOMEEE % CHHM L 2L D% Tablel 23 L
Joo 1IR3 B M EF OMBIGE 2 HREL 2725
PTARRATL Twiw, $hbb, WE7THE
DIEFEY, WHEEIRC1 45.0% +4.3%, Hk
T B Bk M 1 43.7% +10.2%, il 7 B 8 Ik A 1
56.7% £27.8% Tdh -7z, PTA #o M &EEFEIL,
TNENNEBIKC1 107% +3.4%, vk hidh
kM1 61.7% +9.9%, HikhBhik A1l 57.0%
+9.4% Th 72, WHEBINKC1 &, HRmBBhR
M1icBWT PTARIBTEONTEICFNEFNP
<0.01, P<0.05 THFFHEEEL2ED 2,
PTA M7 M IR R IZ BITFTH - 72
7Y, KMMEDOIERRIIBETH 72, HHL
f2o8 )= DED, IEHEED hARENR M 1
WA D M LTI EIRE TH - 2w, Mg H
MOMAM1 Al omFicN L T3z ef s
W= HHFATE T PTA IRITTE e d > 12,

Wl o) > % PTARICHRE L 72 30T
i, WHBIEIRCL TIix 108% +4.0%, k)
PRM1TIi390.5% +1.2%, RikMBIKALT
1275.1%+2.3% & PTADAfTo2b 0t N #

52

* B

by P il ¥ ; Pk =
(B) The intima reveals loss of endothelial cells: The
internal elastic lamina is stretched. The smooth muscle

cells are flat due to mechanical damage. Monolayer of
degranulated platelets (arrow) is spread across
subintima adjacent to internal elastic lamina.

IEL ; internal elastic lamina, VL ; vascular lumen.

L7z A PEIRAN R AR S A7z, PRI R M 1
&, RIARMEIR ALz T PTA #, HEE <<
A~ VERGHIETEOWRIC ENFN P<0.05,
P<0.01 CTHRHEMAEZEZ RS (Fig. 3).
2, HAREEFRYE(L

(1) JeeSafdRIc X 48Rt

IEHIMAE Tlx, ABEOREIC—RE O W& mias
A b, PYHEPERRIE, HRROGEE & L B2
HoHif, PRIE, TSR O &
LTAaLiLz (Fig. 4), B).

SAH #% 0B HEILE T, PISMEN I E thee /T
L TR 2 ), PIEOFEEEOEEH
ALz, NEMBOBEIZA SN2 H - 72
(Fig. 5@®), B).

PTA # W47 U 72 1E% MAF i3, PRI A TR
AL —EB TR L TV BEpa b abitt:, N
MRS IE 5| AR B Az 2SI & oRIC R
HEBAT A S Lz, R MR L T2 (Fig. 6
(), B).

PTA #0fif7T L 72 SAH # o 8 & 45 T, X
B DN R AT IER:, 2R LR B LS L <
WRERG LA LN, i, WBMEHUIMEL,
FRER DI G A b BERA L TV 2885 BRI 2 12 A
Liviz, Fiz, FEHMROMIEHERICZERL

HARER S H54% #H5%5
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SERR IO WAL L EfTORLAL S Lz
(Fig. 7(), ®). ZonZibizeRBicB v %
LTI hh - 72,

PTA %%, EE <) > 285 L 236D
M1 oimiE#HIx, SAH #%oE3EmE M1 & g
L THIREFEEHEOE S H5ld L Tviehs, WE
A= PRI X 2 kI3 & 5 e 2 - 72 (Fig.
8@, B).

(2) EFHEEC L 285

ERAVERIC L 2B T, SAH #o M EFi:
PUHAPERR AT AT B Mk oS 2 B L Twiz gy,
PR MBI ZE 002 13 58 oD 7 b » 72 (Fig. 9(),
PTA # o 8 1: NBPERR R L, PR MBI
BidE L, WIEMEICIZ—E ol Mihddas L Tz
(Fig. 9B). F iz, KEB4 o i i 13 F
bl Twiz,

z =

PTA %, 1964 iz Dotter, Judkins'™ AU Ji¥
D E B2 MAF ORI N L ME LR 2 4T it
L7zZ &2t 5, 0, 1974 4F 12 Grunt-
zZig' I PTAH D AN — AT —T V2B L
TLIR, A 7—Fickke et By b, @
IGHIPR AR LERRIC IS IS & N2 L ook -
fz. F o, MEERCN SRR T, 1980 4F i BR
WA O ERIRRES LA 0 PR 22 12 % L Sundt'?, Ker-
ber®”, Mullan®" #* PTA % ififT, #®i%, %<
DEINBI D HEE N L ) 1o 7 5 7228729,

7 B BT MR o B A BRI 0 L CE, 1984
12 Zubkov? A2 33 Bkt L € PTA #4175 72
IR TH Y, RIHEROUGEZ B, BIFiHs
RThHobHEL TS, 20k FoFHE
IZOWTHREIN TR, L Luds, £
DRNFFEBIEF I 2 TEBRIICHRET L 2 8E 13
D,

T4 b bH, Yamamoto 5% (%, IEH M BRED
Ik$ & oERE o R B AR I PTA % 5647 L 41
MESFIOMRT 24TV, IEEEOA# (27—
FHiiE) 2889 2 2 & CENSES RS L N
B EHEZEL T B, Chavez 527 13, IEH JKhdE

TR 644 H 25 B

BRI PTA #5647, BOE 8 RE OHEE % #
PREICHEIE S 2 = &z & ) i o B 7> 35
REMRTELOTE LWk X Tn S, F
72, Konishi &2 [F, 2 FBF M #2056 i 45 dkis
12 TIET L 72504 & 0 s U 72 i & % 158 X
PISEEhIRIC 32 W4 L PTA #5547 L 7245, Pl
BIUHBEOMRIZALNE LOD, WEMED
KL 7 <, BMHEORIR L A LN Lh - 1z L
&L Tw s, FEEic Kobayashi 5 1%, H 4+
iz SAH E 7T VAMESRI% 7T B Hic WEBIIR C 1
#Ric PTA # ii47T L 0BT 24T > Twv 3
DY, PISRAEATS P B I R L T\ 72 AN B AR
BT A LN LD -l EBRNT w5,

FHH L OMBANE TR, ThsnfiEriz
B0, SEmAEIC PTA 26473 2 & N R
IR EL, —ETIHEL T 2890 885
L, PRI L, U L b BT 6 B
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WRERIANE L T B ) T i ok i3 65 SR 12
2 L il o Wizt s & RS B AT O EL
Ny LN, BEIETIE, WD MR
L, WEMIBIEREEL, —icHlEL 25853
A b iLiz, PRI FIBE L 72 56 Tl i~ o
fF& L T aEmrRbd bz, 72, M
fizmEEL, —STERAOELNIRRD L L,

ML DFRD 6, HBENEHEME D PTA 2
& B B e ETREEIT | v BT N 1 R oo B e
o &0 MAFRE IS EAHR I Y, T AU
HMiad ) Z LICBNET 2O THE T WD EHEEL
7z, AREETIX, PTA#BORHOLb R L
72 4%, Chavez 527 % Zollikofer 5292 & i3,
PTAIZ & 5 BB F-00Z:bIZ s v— > D ik
ERERICKFE T 20D TH B L HE LT3, #F
EHLORW 1AIE, 1000, 3-4E& v &4
i3, ERR LS SN T 25/hOETH ) S5k
i B & YA 8 K o) i E10202T3080) |- Hoy
EERRICHDEE L 2 2/ O EME R RE L1
LOTHbH., ZOFRGETIZEWTYMEENZE
FEplic B TEETHY), Chavez 527" O
2 & BIEWMAEICHT 5 PTA 21k £ 1313 FEE
DIERDFL NI,
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Lp»L, T2 CTEETNEZ G, nEFEON
LD FMEC WL & v 5 251613 /MR D 3 2 1R
L, IR H 5 ik /s # e o 3 5 ]
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@ chemical mediator 55 H & FL ML 45 BEIC 2 2k
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TR I EREE, & ICPBOEERE 2 iy
ICHEEE L Tw b e, EEEEGICERT 3
chemical mediator Iz & % It & BED B H 54§
DAREMEIER - 2 HEZEE NS, L Lkd' s, W
BEE~D MAMEDT5 1L, RHHEOERICBWT
ARG & 2 ERAEIR Y 5 2WHeEH»H 3
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.

7z, AAMRERY4 I AT EES R ISR g
2LOTHL o7z, ZOERELY) PTAICLS
SN—DERIL, MEEERIC—fHzmb 5 3
DTIEHWEFZ b, ZHZ &3, Linskey
LM DIEIcA LN S L H iz, BIIREOSEHT
sEE7 ) v B 7 Yo FEEDNGES L #a T
13, BEEDMRIC &) HEEEZTOT VAR
#z2 b, BIREEED PTA AT 12+ % it
BEELILEID L EHZ bR,

PTA OHiAT T & 7 WK ) M 8 iE 1 x4 2
aiREE s LT, Btk < <) > o fhiEg sy
TTbi, W d B2 K0 o dnsRsh £ 975
L7z L FEI T 53937,

FEH 513, PTA AT L D KWHICEAH S I
RN L THEE o) o5 2 RETL,
PTAMAT D & T3+ L HsROG S e b - 72
PORBEBIIR M 1, FIKBMEIAR A 1A &2 dnok
ZRH 7z, MBS OORET TR N I BE5R L
BFEf oMb 2 8D, T§4bb, PTA
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B LU, o 3) » OFERIIZ PTA O & Tl
SN WIRIE O MAEER I LT LA 2 iaH
HBThdeFEzbil, 4453510 KBMB L
BERAREMET 2 M2 TW A BED D B EE 2 LR

7=,

¥F & o

1, HA )L & FH v 72 SEBR A I if 5 88406 12 3 L
T PTA #MiATL, #0m&E&E LRz
b I MR ZE I D W TIRET L 72,

2, 2 LCIERR ) v OBIIRNIEE & 4T,
IR OWT L MBS F o RS, RS
ZE{bic D TRRET L 72,

3. &Y L PTA MATEMLIcBWTHE
DUFEENRAIF SN, KA IR, ) 5
12 & DB E LSRRGS v,

4, FREEAOMET T, PTA MATERL o Mfs
BEIC NE MBI - BEvE, WBEMAROMR, &
BEDMIRE - R E IO ZETR B X UHBHE D 1T
DENDFRD LN hH, FOEAbITMEEE D4
BWTEEICE L Tidwih -2,

fEELBIChY, EBFA SN —2hT—FT L%k
LTnwlkiZniedyao—=2 7« BIEE_ S A2 EHw
ZLET.
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