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Changes of Monophasic Action Potentials During PTCA

Ho Joong Youn, M.D., Wook Sung Chung, M.D., Tae Ho Rho, M.D,,
In Soo Park, M.D., Chul Min Kim, M.D., Jac Hyung Kim, M.D,,
Kyu Bo Choi, M.D. and Soon Jo Hong, M.D.

Department of Internal Medicine, Catholic University Medical College, Seoul, Korea

Background .| Monophasic Action Potential(MAP) recording using contact electrode is very
sensitive method to detect the ischemic changes of myocardium. The purpose of this study
were to investigate changes of MAP during percutaneous transluminal coronary angioplasty
(PTCA) and to evaluate through MAP whether or not a brief episode of ischemia influenced
on subsequent ischemic episode during PTCA.

Method : MAPs using endocardial contact electrode were recorded before, during the first
and second inflation and 3 min after PTCA in 7 patients undergoing PTCA.

Results :

1) MAP amplitude significantly decreased to 79.1+ 11.0% during the first inflation(p<{0.05)
and to 863+9.0% during the second inflation(p<{0.05) and recovered to 92.7+37% at 3
min after PTCA.

2) MAP duration to 9% repolarization(MAPD 90) significantly decreased to 914+ 5.1%
during the first inflation(p<{0.05) and to 953+ 35% during second inflation(p<(0.05) and
recovered to 973+ 28% at 3 min after PTCA.

3) Double products showed no significant difference between the first and second inflation.

4) The changes of MAP amplitude and MAP duration during the second inflation was
significantly lower than that recorded during the first inflation.

Conclusion . MAP recording using endocardial contact electode may be safe and very sensi-
tive method to detect the ischemic changes of human endocardium and the lessened MAP

changes during the second inflation supports the concept of preconditioning ischemia.

KEY WORDS : Monophasic action potential - PTCA - Preconditioning ischemia.
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2y #3E N F 44 % < (percutaneous translu-
minal coronary angioplasty, ©|3} PTCA) ot #4%F
o e ged 2o ARF AEF 7MY H HPASH
H7td AT 3E, HEATY &4 e 2
AEEY ABF ARE Z4Ho| 1 F & 7t
F Ae AAEEe o A nEFE dAoln

1983'd Franz'o] & Ao} e AFAA #E
% A ¢ (transmembrane action potential, ©] 3} TAP) %
2 mgo] & {413 A #E A Y (monophasic
action potential, ©]3} MAP)& 7|&% + e F&
A7 T Eo N, SRR Ade T
Fated Be Tl A =HAon =¥ Y =
Aol M) 7] WA Hgg FH8] w2
A HA

9 1986 Murn?e 39 o whEdE 42
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A%E B8t o] F preconditioning ischemia(©] 3t
PO) T 3ttt pCY 71AE A2 oA ALY
W32 227449 48 adenosinet®), heat shock
protein®)Eo0] A1 Qo o} 7x A &s
A AAE @d. pC AP GFFHoE HEAM
o] o7 de Mg FFol AU FajolA B
A2 A=t Akony, PTCA AEF AHA B
te A FASEA FEolU sTHY W 3
AT A Aol FAHPWE BHidME 9

&7 vl YTk 222 PTCAE A3telA 719 H D

Table 1. Patients characteristics
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1. CHAMEER)

1992'd 9YHE 1993 8¥ Alojo] FEW AU
Y3t PTCAE A& 78 d=2:5, B
% 56M)S ez s WA F 69
AFE FAZFoIU 192 A2 BT FAFIA
of. #A5Y 294 9d¥BFE 693, T H
Aol 190 ATH(HE 1).

2. PTCAYE

PTCAE 7939 88 #oj A femoral approach® 3}ej
over the quide wire system2 2 A3t} JF X
PTCAE PTCA A 3F #3549 §F WAl 50
%o|3t2 ZA}L YFHoZ FFol LA
% ZLE B3

3. Al MAPS| 7IE

MAPY 7122 e B34 EFIY 7S¢
243 (MAP recording/pacing combination cathe-
ter, EP-Technologie, USA)(2¥ 1)& $& o539
S 53 $A42 AYAA AP a7 Audie A
Wet 2slo] 430z PEAA Agtdon (1Y
2), 7184 ¥ #3L DC-coupled preamplifier(EP-

. X i Severity of Ejection
Age/Sex History Site of lesion L Collateral .
stenosis( % ) Fraction
55/M angina LAD prox. 85% - 67 %
53/F angina LAD prox. 70% - 65%
67/F angina LAD prox. 80% - 79%
63/M Post MI RCA prox. 70% - 53%
45/F angina LAD prox. 90 % - 76 %
56/F angina LAD prox. 80% - 70%
56/F angina LAD prox. 80% - 68 %
RCA prox. 95% -




Fig. 1. MAP recording/pacing combination catheter
and DC-coupled preamplifier.

Fig. 2. Recordings of monophasic action potentials
using endocardial contact electrode(white ar-
row) during PTCA.
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Fig. 3. Monophasic action potentials from human en-
docardium.

Technologie, USA)$} A A1 ¥ preamplifiere mu-
ltichannel oscilloscopic recorder(Electronics for medi-
cine VR-16, USA) o] @23 strip chartd] 50~100
mm/sec®] £52 7]S3AH(TY 3).

Fig. 4. Method of analysis of MAP signal. The MAP
amplitude is defined as the difference between
phase 2 and 4. MAP duration(MAPDS0) is the
interval to 90% repolarization from phase 0. Nu-
mber denoted each phase in action potential.

MAPY| 7|5 PTCA Al&d, AWA 2 FHA
F4%g 7] 9 PTCA A&F 329 44 £33}
Aok MAP A EL 17 49X 9} Zo] A 4 F(phase
4)o 25 A 2 Z(phase 2)7H71 9] EolE A3 A
I MAP A7)t MAPZ} Aoz A5S A%
e FA 90%7HA ARFHE ANARAY A
(MAPD 90)& ZA3lo PTCAAY S-S =X
23t 7z A719 g& %2 FEASAG

4. SAHEH 24

Ade P+ FFAUZ FAGY o, TAEE.
#AARE 95t paired t-testE ©] 83k, 0.050] 3}
PEE Hole ASE sttt Hristoh

& ot

1. MAP ZIZ9| ¥3}

MAPZIZL R¥A 2 FHA FHFF L7
PTCA A& 9] H)3ld 79.1+11.0% L 86.3+9.0%
2 7rasg o (z4z p<0.05), PTCA A &% 387
92.7+3.7% 2 3| E3}HHH 5).

2. MAP X|%7|ZH(MAPD90)2| s}

MAPD90S WA 2 FHA FAFZFL7
PTCA A& Aol v 8t 91.4+5.1% L 95.3+35% 2
ZAasgon (27 p<0.05), PTCA Al &3 387 97.
3+28%2 3]EHAHH 6).

3. Double product2| {5}
AR L FHA FHAEFR7)0] heart rateX

blood pressure productE 22} 5.9+ 1.0mmHg. sec™
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Fig. 5. Changes of % MAP Amplitude during PTCA.
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Fig. 6. Changes of % MAP Duration during PTCA.
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Fig. 7. Responses of MAP to 1st & 2nd inflation during
PTCA.
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MAP %2 AWUA ¥ FHA FHIFZL7)
PTCA A& o H3te 747} 20.9£11.0%, 18.7£9.0
% ZAste FUA FHAEZA] MAP JE9 ZHh
A=t AAA N v gt HAH(P<0.05).

MAPD90L AWA 2 FHA FHAEFL7
PTCA Alg o) ¥]8}o] 247} 8.6+ 3.5% 2 4.7£3.5%
#aste] FHA FHEFA MAPDI0S HAAEV}

AR w3t A H(P<0.05) (218 7).
i &

MAP= Al EU 8% A ¢ (intracellular action poten-
dqa) o AEF A7IE AEE & e AEYA
128 5AY BYoltn FAY & A0, 1983
d Franzol] 93 A2 &3& F2 e AFAF0)
Mol Ao @ AT ALHA MAPY
ZHo| 7hsstd P o2 T AIHEAA v
AASTE o] &3t 7158 FEF AL oS- A
238 E, Ede AZdA JH 715 F A H
ATH). MAPE TAPo H]te] 1 R Zo)| zton gt
254 A5 =7 o #ed o)A AF AT
N 23 AZAEY BAEI AR FHAHQA
Hol A EAtdo] Qe AEZLERE 71257 9
Eolp). 28y MAPE Al 24 2 A3 4o olz&
AEE FHR oM TAPET O] 3AF JRE UL
F ooz g o AW BYIA, T
o] 471 HeE A7t W {83 HAp
Yol ohh,

HZEATH g8 A3 MAPE AT S F2A7)
AZ Jai e Fa AZ2FN e AF FZ 9%
B2 A ¢Pog g¥Fo| o|FAN BEFH A
B39 gdo] A7 @] o] FoAA YA Ho
2N gETE A3 VA% 2259 AT
HHE- oA F9 bl Akt oA @
A ZA2AFY Ag P o8 Y= Aoz
B3 o

¥H MAPE AT EFAEE Hrhded
AoIAM 2 AGH 7tA7L i g2 HAPPHo A
A2 23L& 2 0. FA FEAYE 2 I
oA Aot £ AU STA A= (mapping) & ]
48 AIHEEAY F43 Whde] &3 o] &HY
oy AT HFolAY Aog Jeggzie,
Z sTES w3l H¥AIAAY I23A A7)
A A wgE HgPnr] Boe A, ¥
A2 3} 3 Y A2l e A7 Aol & Nt
g & A0, ojd @ A7H Holg Yol
Bogste AAERE, HPY2ANAH F47] AL
243 AL 7Y F4E € F Ao 28y
olZd 2UEL AIHY oz AP W3,



539 AA, digitalis E ANF5F M5 9
ANE dojd £ Q7] "] TQ-sTHY Wi}
Y E& HHY A2dAY I8 EYE
AH Bgste AUAAE AsA grh2e), age
2 AL e A¥E "ol T& AIHPY
A 57 2 A= 3y a2y 3 wgsa
HB7HE & de AAYe BaAo) dAE 87
Fey=

ol HolA TAPE 77} AZAX AR &
AEE AH 33E 4 Ue W 2A A2 YA
SRR ¥ E BT A ut g dte AFd e I
7150l g 43HL FFolA Y Agol AY &
7}%3}5}17-23)'

Dillys} Lab?V& F4 AT 3¥& FE8 HA
Ao MAPE 243t Y 42dxM9 HE
A ztel Azl wel MAPY AE3 MAPY A4
Zto] Ayt ABFA FAoz JdEHE AE
FE% vl YT Franz5 0% o] P& A9 Ao
AT 5¥E FEdtd {AIE MAPY HejdHA 9
32 Bastyd.

S8 FagaeE

A A A7 g ¥ ol A
b A7|Roz dAHo A ¥ HE
MAPo] F8§ HAFY A=k
MAP7} 71257 @Erp) 1302 MAPY
e 7tgAQ Y 423 vrtgFA B3N A2
stz o848 & Aok AANES VYT
Aol Ago g o] &= I YE PTCAZL A&
79 A2 e dode ol FAtsd
oA 7k AR A2 A A MAPY] WEtE
#Fstnz Q. MAP R3S 93k AR E
A28+ MAP recording/pacing combination catheter=
PTCA A &% ol§o| 3}, $F&&FdAe o
A Adzgrle 988 & F Ade oJHE #1
. PTCA Al &g Ho] Aufjste A F-9
AZ 9 MAPEAE %3t TAPS 1 #Fo] wf¢
FAHE HFE MAP 4% €8 & AR E 2).
2 A7 A MAP AEL 12~30mVE I, MAP A
£ A7+ 200~350msec2A] Franz59 BaVel &
Arstdon gap wFol H3tAt

AdA 2L FUA FAGEFLI ZFHE MAP
AZ 9 &AL e Hste FAGHoR
T AAE B FEHENA QAR AT 8N

529
Sv=

o ol U2 o I ju 2

Uehd MAPY] W3l AXEE #EE AL,
ANEF Azto] el wel A& FHE MAP
Fo] JEHAG.

B AFGN PTCA NEF MIA AHEA ST
W37 F38] 4L A9oE MAP IE 3 MAP
A& Make AFgorng, MAPE HE A
ZoA 8 Axo] dF U AFE o]§E F
AsS B2AFAG

Deutsch592 PTCA A& WA FTAGHA
A A vEtd 55 FE, AT STH W9
Za oz AdAY /% € A2 24 ALY
Fo] A4S FFYY. oY FHA FHEF
o2 % #AEH HHA dBH, AP, BF
A8 e 2 A W AR EHE 32
AWA FHERF A2 ol g 2 go] Lojut7]
HEQ Aoz Bu Qo

g9 AFolM AHA € FHA FAGFA
double product’de] A2 zHo|7t RFE &
F3t3 MAP A E 2 A &AZHe] AT FHA
FAEZA o AUY AL FHUA FHASZA A2
3¥ol o HA dof Wk £ F ot ojE L
&43el tisted olml 1970 Dusek? & AT M o
Yol o A= isoproterenol A FA ol g Aol
AL HA3tY “myocardial resistance” e £ &
A3, 1986 Mary?v A2 SHE-ABF7}
BRSNS o F&EHe A2 HEA AT &39
AEE R2ANAFE U7 ASE BFSA oE
“preconditioning ischemia” 2} 3¢ u} Slct.

PCY EFE 5% ol FHe BYEH FFol
gl o] wEsE Pl YojuA Hey
HFEN e SAHY-ARFA B ol REH
Z.ARF7E HEE golz Yot & gloH, ol
HaE ARG A/FIE pCol IFHY AL
o). o]3 pC AFE 4PHo2 FoMe
FFEAEE 908 F, MM 180% Fos 24
g Aoz vehgr)

PCY 71A & o} AR £93 HA AAE 4ot
HAE A3 o] HEHE wPGANF TG cate-
cholamineo] 2R H o] F& 5= A2 A catecho-
laminedl] 9 A2ERY At g Aog A
g o} oled 7L JanesEio] A2EHEFY

7} A Z(stunned myocardium)©} WA 2} o]
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St B-AAeA e o7t BAAZ A7)8
S TRTLEAN T AW Aol HojA.
e2A EA 7HF dE AR e
AR 0111—1 A darel WyelT, & 4T -
By AlZ ATPY AREE _4:57} 7+
HUA WY o] AR o]
Aolth A ATP A% &7} 72+AEA
€ mvosin ATPase 849 74z A% A
148 &2 7179 A2 o] FEFHASY
do] Zef o] A2 ATP AR o] 24 8HA
L 71E A RARoRE PC EBE MY
01@‘4-‘& As7t A FHo o). BHAR,
3“3 oA FElHe o8 ol tAMEE-glyco-
gen, adenine nucleotide ¥ 1 -3 AHEQ &4 HY,
NH; % inorganic phosphate®] S o] Ao 2 H
A2 8 Al A X9 osmotic loadingg 9511 che-
motactic factor®] £ & A3l FFTHoE HE
el gt g a2 Qg AE9 IALE helEtt
AdHoz BAEd HIAAYAEE HhE 3o
PCE Fo7A H4Y, ol @ x| A A &
AT ©E RYdME pC ATV YeIGS B3
T AReZ R o] pCo] e EHo] sA o
AR E Aoz BAYY. pcg whrfste B3
Z & adenosine, 5-nucleotidase & mitochondrial AT-
Pase5-o] A&5 1 Q53839 39 198313 Noma'?
off olafj A, A2 A X9 ATP-sensitive Potassium Cha-
nnel(o] 3} Kapp)ol BEE Ao 8 M E9 oz
Atz Aol w9 F23HA #o3itie Aldo] ¥y
At & Kappe MXEW ATPYo] F33eiel 10%
oz ZtAsH AP EN, AX 4F¥FHFY
A F7H7F dojut ol mE FF HYUIEY
@Fo] A2 F2EE FaAUIA g9 1gER
Karpd B43= AW ATPY ZE T3, 9 XA
AR HIZFG A £4E Y Aoz REH 4
AEE B3ste 48E T 5 YHY. H2 Ky E
kA 71 glibenclamide® 2] ¢F2o| PC 3 E o
A doke A7 dHEo]l BuHAA PC ARXE
7St EE UM Karp HES T84S AL
FI YA o) HF Kapps BELE F 457
Bods, S84A2NA f8 89+ adenosine] GE¥Y
ol ozt Al FE&A N ZFFO2ZH KppE &
A 7e Aeg Buoy.
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T3 HI2E AAAS 1L D stress T T
FgolM fAda B wsld X FEE 5
W& ol A 2 heat shock proteinE0] 412 5 oA
PC E#E Ve Ed #ddtes Ao g g8 A dgs
7

ol @ pC AFe AMATY AVE #AAAZ
B ool AusF —'?‘78 N0 MANIEE ZHAA T
e E Bt Aoz HuE o YT Miya-
zakis} Zipes¥ & PCO] Qoi,.l—% s 24 42734
F9 z7lel 27 2 Fagde BFYd F¥9
e o] A78 JEgoR ”"] Adyid & #a
AAE g syt 28y pCe 842N
AE] FAE AAA T AFTHE Hol1 glod,
Aeer F% 9o e FE F Qe EHix
A,

AAE9] AT AME, PTCAANE 5 A o=
AL & PCE wih3le %7‘—459—1 Z A o] FAHZ
@ot7l o, vE s FAGH & H2HY-
AB/FAl MAP H3}e] 7‘}°]-a— PC EFHZ #{X3}7]

o= a7l gloy, MAPE 429 EALE &

daA BoFe AAE g s 9] gleng

2 A7olA MAP AE & )& A7ke] W3yt FH A
A 3A ZAE A HERPEY g2 B F
Atk 1Y B AFAA JeRd MAPA S Wsie
KarpE WI7HZ3te pC Evisle AtE 23z A
oJAL A YA, ABAF A Aozt A2
AR thate] vlxle= GPH BHo] A& Aoz
g

o3& Qokstd QAztolA AUl HEAFE o
€3 MAPY 332 A2HY¥Y I E oﬂﬂda}ﬂl
Wgste vl A <k HAPMPYE O Z A, PTCA Al
€% MAPY A &7 A AuA dAERY
W, A& A4 A 9 J& 2 heat shock protein©l] o g
AT7Eo HuzA H9 pcy 71AE wWilsd ge
=3E F 5 UL Aoz Agd
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AREe e 934 8545 7158 3&A
=& o] 83t PTCA Al &3 A28 Hol 12 MAPY]
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Y- BF7E MAPY 3l vjX] & A
1z g
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799 #AFUAG #AE Yoz Juw a4
A BFAY 71E2F HEAFE o835 PTCA Al
A, AWUA L FHA FHA8F 2] 223 PTCA
AE% 389 AUle MAPE 71E& 9
& I}

1) MAP 21 Z2 A 2 FHUA TG 274
PTCA Alg e H|3te] 79.1£ 11
2 #asgon)(Z7 p<0.05), PTCA A&F 387
92.7+3.7% 2 3 B34t

2) MAPD90S H¥la 3 Tx FHEZ U7
PTCA Al &80 H]8led 91.4+5.1% L 953+35% 2
#4800 (2 p<0.05), PTCA A& ¥ 3874 97.
3+2.8% 2 3E3 A

3) AWA 2 FA FAEAL7o] heart rate X
1

ll

blood pressure producte= 247} 5.9+ 1.0mmHg. see”
2 6.1+ 1.3mmHg. sec ' 224 M2 F23 2ol &
Hol# gtk

4) MAP I Z2 A £ FHA FAGZL7]d
PTCA A& &) 8]t 217} 209+ 11.0%, 18.7£ 9.0
% #adtd FHA FAEGA MAP FF9| A
A7t A vste HAG(P<0.05). MAPDIO
2 AUA 2 FHA FAFZ D)o PTCA Al &3
H3ld 242} 8.6+3.5% L 4.7+35% LAstd %
WA FA BAA MAPD90Y ZARE7 AW A o)
v 3te] A Y oh(P<0.05).
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Avigt &AL o] &3 MAPY EH L 43
o A= g A UsHA Wrgste vl kA At
Wloln, PTCA A&€%F MAPY &% & preconditio-
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AL Aoz Alg€rh
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