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Myocardial Perfusion after Transmyocardial Mechanical Revascularlzatlon in Rat
Heart Transplant Model, Acute Model

Yang-Bin Jeon, M.D.*, Sung Ho Shinn, M.D.**, Won Sang Chung, M.D.***, Jung Ho Kang, M.D.***

Background: Transmyocardial revascularization (TMR) in end stage ischemic heart disease results in variable clini-
cal responses. We investigated the acute effect of early reperfusion and the angiogenesis after formation of the
transmyocardial channel in a transplanted rat heart model with acute myocardial infarction. Material and Method:
in the 30 transplanted hearts we induced acute myocardial infarction by ligating the proximal left coronary artery
and inserted a porous 22G intravenous cannula into the left ventricle. After ten minutes of reperfusion, we re-
moved the cannula. At every stage, we recorded the heart rate, QRS size, and left coronary arterial blood flow
using the electrocardiogram and Doppler. One week later the rats were sacrificed and evaluated for the patency of
intramyocardial channels and the angiogenesis. Result: The heart rates after ligation and after cannula insertion
were 239.1+61.7, 235.8+58.0 bpm respectively, and they were statistically significantly slower than that of before
ligation, 277.640.3 bpm (p=0.017, p=0.007 respectively). QRS sizes before ligation, after ligation, and after
cannula insertion were 3.6+3.3 mm, 28+3.3 mm, and 24+22 mm, respectively, and there was no significant
difference in the three groups. Doppler findings after ligation showed that average peak and mean values of
coronary perfusion were significantly decreased from 2.11£0.17 kHz, 1.25%+0.22 kHz to 0.83+0.15 kHz, 0.38=*
0.11 kHz (p<0.05 respectively). After insertion of the porous cannula, the average peak and mean values of
coronary perfusion were 0.61+=0.05 kHz and 0.33+0.05 kHz respectively, but there was no statistically significant
change compared to values after ligation. In all cases except one, pathologic findings showed no patent channels
in the acute stage, however, one case showed the angiogenesis. Conclusion: We confirmed that TMR in a rat
heart transplant model did not show blood flow through the channel in the acute stage. However, reperfusion eff-
ect in some cases had a potential for angiogenesis.

(Korean J Thorac Cardiovasc Surg 2005;38:468-475)

Key words: 1. Ischemic heart disease
2. Myocardial revascularization
3. Angiogenesis

Haelshsa AYY F593eal

Department of Thoracic and Cardiovascular Surgery, Gachon Medical School, Gil Heart Center

"G AN A GOl Fitels)

Department of Thoracic and Cardiovascular Surgery, Asan Medical Center, Unlverslty of Ulsan

sevgobo st o)spuleh 923k

Department of Thoracic and Cardiovascular Surgery, College of Medicine, Hanyang University
A4 120059 549 99, AAERY 12005 7Y 72

ZH%IXVP %‘i%hﬂ (405-760) UHA] 57 79F 1198, 7P Ay A FrA7

(Tel) 032-460-3656, (Fax) 032-460-3117, E-mail: junyb@ghil.com
£ =g A g AANAe AHEFAL ciER-elFes]e) gl

— 468 —



M =

19331 Wearn E{1]o] A2 ol 22 ok3 @ (sinusoids)o]
ZARE FHL olF, AAT ABAYYEL 270l 4
T A7 348 UL RYAT, 2ol % S0

g 23149 STl 5A G ARl
FE fAD Y 4UE 92T ¢ 98
FEAYIA ZAT dBANGA

[+

(5. AR AT B2 %ﬂ’ﬂ‘ﬂ 7H% el o
AL =49 A7t gom[ro) A 2B 44 71z
W3 gk A

AR GAH3 spde] g AAE
VA A7p Aol ¥4 AASa Balslo] AlALAZL
T2 FAT BN U3t FF AL Yol BHw
HGARY, FF ol4] Ad RulldlAe] Ay A gl

B AP = ZA71AE F(collateral circulation)?} 7 2]
g3 AZAALT} A" Al WA EEolq o] A
298 Aol WAL £EY 239z JAY
ANPAEe] 47 AT JF 235 gol Bz slgm
@) AN TheAd S ot Eua slch

CHat 3 2y
) 8 S8

B 7AI7F 200~350 g Ato]o] WA E o] &t FF-
A7} 200~250 gm Alo]9] o7l WA (female rat) & 7|2+
2% dglem, BRA} 300~350 gm Aolel 3w
(male )% FATFLZ 24t oluldt F£4 4217 9]
A eniele) ol AuAE HaFe ohx, ARFE 7]
FAsh w4 A7 soleld oz sl ol F o)A
& Foll Aol ZAAANA 4 BT 30015 47
w9t € AZXe) RE X+ National Research Co-
uncil’s Guidelines for The Use of Laboratory Animals (NIH
publication 85-23, revised 1985)l] whskc}.

2) O

ollell Z(ether) whH W)l Yol vbHE G523 % 50 mL 9
Ageidel Azg UE AT g 2~4 mL A
the A Pl 49 A=A FAEF o

N
ol
=
N:3
2
lo
Jz
4z
i)
o
=N
3]
o2
o
1o
frt

M
=
2
2

>,
ot
=
Rul
L
lo
l
S
i
z
do
i
48
e
£ =
32
L
NIN _1)4
ng
oL

1, o
L LOE N )

o
e
ot
OO
A
}%
2
o
&
o
ofot
ui)
o

N
%
[ “E .
k3
o>
ol

)
K
.FE.::‘.O\QEEEJZ‘J

2
X
bopot
ot
ofet
22
o
)
&
o
3

~—

a

2
n
Hdo tr
oy
=
ox
2
o
'(U |
H o
r-{n:
ACH
o,
914
T
it
o
2
N
o
@
3
g

S ool A o
H 4°C Al A 3
I FelEgich. =g il
ol 7”%—_} —‘?F/I‘&}l Eﬂ%“—‘,‘—% @DP*PO:] 4°C Ael 4l°é-r°ﬂ
}7) ¢} 732 v o g L)
2 E3 o5}

’GP'%‘ g "ﬂ% dhe] eEslgich UM]-’F%B- a3 AxE
olgall AlgW shtor oiFHst dFNE A Az
(clamping)¥t ¥ FHE Fo2 Arfste] 9-0 monofila-
ment FFAS o] &3] Fo] iU A& o 74
(continuous End-to-Side anastomosisys}¢dvt. s3] A =-&
FOoE AMete] Z2 e Fo ATun T
o EiEel B ¥ I HAAE E3 A kg Al
T F ol 4] o] FAAHLE Fole= A&
et oh-F APLE 35iek o[ A9 Hbgo] FAHO
2 3539 3 AgEue] TARZ 80 prolene® B34
= BolthFig 1A). A% % 5% A3 & HA4 3ol
22 G (AE 08 mm) & MEE 152/1 e’ F Zu
AT Fig. 1B). ol skl e g hgkeh o

oft
&2
w m‘o

A
n
a2

mL
T &

& MeEdhe EollA 3 mm YX|o] AF 0.5 mme] 75L&
FZmol wrET WAL ALFA HFstE 6 mm 9

of Ael2 melg BsickFig ). ohE AEetE Eo
A4 W el B3 A BRI 1087 Awe
VT ol £ F AASI HEL o3 AW
o Age] B 3 2e3} 5RE ¢ Foz i%}*} 2
et o 2555 334 3159 5 A2l 54 B

4 2LH
7ol Aol ot Yo
dgich ABAEH A % F AWES 24w, 2
mm €7 5%Z¢] (Koven Technology, Inc, St. Louis, MO) &
Hprobe) 2 2 Ak olel Lo FVLEY WHE 24
stgleh. ik AAE oE MEet A F 10800 A9 2

— 469 —



E=30IPN
2005;38:468-475

Fig. 1. (A) Ligation of the left coronary artery (arrow) in a transplanted donor heart, (B) Transmyocardial revascularization in an

infarcted left ventricle of transplanted heart.
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Fig. 2. A porous 22 gauge intravenous cannula was con-
structed for transmyocardial revascularization. Two holes were
punctured at the sides of the cannula 3 mm from the tip of

the cannula and the silicon ring was fixed at a site 6 mm
from the tip of the cannula.
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Table 1. Doppler ultrasonography readings

Average peak value  Average mean value

(kHz) (kHz)
Pre-ligation 2.11%0.17 125+022
Ligation 0.83+0.15 0.38£0.11
Cannula perfusion 0.61+0.05 0.33+0.05
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Fig. 3. EKG readings in pre-

ligation (A), after ligation (B) and

after transmyocardial porous ca-
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Table 2. Heart rates and QRS sizes

Heart rate (BPM) QRS size (mm)

Pre-ligation 277.6+403 3.6+33
Ligation 239.1+61.7 28+33
Cannula perfusion 235.8+58.0 24+£22
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Fig. 4. Histologic examination shows massive fibrosis and calcification in the endocardium. (A) Masson-Trichrome stain clarifies the
ischemic area in the endocardium as a blue color stain and in the myocardium as a red color stain. x40 (B) Hematoxylin and
Eosin (H&E) stain shows massive fibrosis and calcification in the endocardium. x200.

Fig. 5. Some rats show ossification combined with fibrosis. (A) Masson-Trichrome stain, x40. (B) H&E stain, x200.
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Fig. 6. One rat shows neovascularization. New blood vessels are scattered in the ischemic endocardium. (A) Masson-Trichrome

stain, x40. (B) H&E stain, x 200.
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