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Abstract

U-wave changes on the intracoronary electrocardiogram (ECG) during anterior or inferoposterior myo-
cardial ischemia were correlated with the U-wave changes in the precordial leads of the body surface ECG
in 28 patients who underwent coronary angioplasty of the left anterior descending (LAD group; 17 pa-
tients) or left circumflex (LC group; 11 patients) coronary artery. The intracoronary ECG was recorded
simultaneously with the body surface multiple precordial leads at the baseline and during angioplasty. The
amplitude of the U-wave on the intracoronary ECG was measured quantitatively, and U-wave changes
from baseline to angioplasty were assessed qualitatively on the body surface ECG. Three different pat-
terns of U-wave changes were distinguishable on the intracoronary ECG from baseline to angio-
plasty : change to positivity; no change; and change to negativity. The incidence of each pattern was
similar in the LAD and LC groups (35 vs 36%; 30 vs 18%; 35 vs 46%, respectively). The intracoronary
ECG was more sensitive for detecting U-wave changes during angioplasty than body surface precordial
ECG (LAD group 71 vs 47%; LC group 82 vs 27%). When compared to the intracoronary ECG, concor-
dant U-wave changes occurred in the surface precordial ECG in 67% (8/12) of the LAD group with
accompanying epicardial U-wave changes, and discordant changes in 33% (3/9) of the LC group with
epicardial U-wave changes. The present study provides fundamental information for understanding the
correlation of U-wave changes between epicardial and surface precordial ECGs during myocardial
ischemia in humans. As well as primary U-wave changes in anterior myocardial ischemia, reciprocal U-
wave changes may also be prominent in the surface precordial ECGs in some cases of posterior myocar-

dial ischemia.

Key Words
coronary artery disease,

i U & IC

UEOREIIWFEFLEFHTH 25, £ oHkEIRE
" U KRELHRIE OFEELZBEEZBXTWV5S0,
Gerson b i, ZHEEY 35 WILEBARMNEY ICAERT
LERORBRFEICTHRATSBRMH UK, AT
TGRS 5 WV ITEEFBRTOREICERD THRENT
HBEHE LD, 2ok, BREPGES, SEIIRE

electrocardiography,

U-wave

BT O O RTEELEF R ILOBRIC b kR IEHEIlTA LR
5. Fr-RANIGW2E, &iE, BRGCEROF R
FEIIBWTTEKROEE > THET 5 —aAEREHE
UKOHEL, EREHED 5 WIIEBBRFZE ISR
B LERNBIETHLILE2REL, ZOBFEL L
T, BMFERTH 5B TRECA UM UK ORI
FEHICBIT AL EHEE L. 20K, ZEB
DALY, BERNSOMEZZHETIHLDODRE

HELTHBKRE AR T876 KDBEMTATFH 3-3-24;, 7V X £ ¥kt BRSH, wASERAE £-1%
Department of Internal Medicine, Jikei-kai Nishida Hospital, Oita; *'Cardiovascular Division, Almeida Hospital, Oita; *2The Second Department of

Internal Medicine, Oita Medical University, Oita

Address for reprints : KaTAOKA H, MD, Department of Internal Medicine, Jikei-kai Nishida Hospital, Ohtemachi 3-3-24, Saiki, Oita 876
Manuscript received November 13, 1995; revised January 26, 1996; accepted February 27, 1996

247



248  FF - EZE - BF Eh

Y (VAN

PDlEo &5 (2RI FEES.OCER O U I 0F R
DEEDH LT, BECELTIEELEETHS
EBDbNEYS, b MIBITDEMEEO.LEE U KO
BB LUOGRKRALERNNOERFEESHL M E 2R
i, REELERICBIT S UKOBRMEZROERIZ
BIZETATHA). L Leds, LHEMED.L
RETO U KEE) IR L TORRKRIFFFEEIZD % 9,
T, LRELAERACERL O UKOBEICOWT
IIRBETH 5. FE, Gruentzig HHVEA L7-REE
BIRIZBAR'S 13, BEIIREBORENLZGRFERLE L
TS ER L TELD, RERICHVETA FTA
Y—%@L, SERMAZE ) BILOEREL Y DOLE
BHREBLZ LA TE LD, 22 TAFEIR, UK
DERGEMBE L RO L 10, LEHREY BT 5 L0
T, H5VIdBRTES KR 5 £ R EERZE It
T 5 BEEIRFEEM P ICERLCERI L RREL, AR
2R LEE UK OEEB L 2O RKRERINEOE
B~ OGRS L 7.

Vil &

. ¥ ®
AIMEAFRICL D, ERITITRRE, »5\i3Lm
TRBRE R B & L 7R RS BIARTE BT AT O 41 5E
Blaxtg e Lz, 209 b, BRELLEHESHED 16,
#1455 7% LERIEESGD 8 B, HARD 729 U Ik [FIE 25
THhola BIOFT 13 FUIXRL SR L7, &HF
e T ORMAI 2 AT R ITE 28 61 (5B 21 B, 4741,
EHE 41-80 ) TH o7z, WMRIZIX, TEW7Tay 7,
WPW FEREE, LEMBESIIE T TR, &fF]
THIEEONRIZHESE L 7245, FIABIRER Y ¥
&) ABROBEBNI Lo 7.

2. TWERTAN & BAROER

WIET 5-10 B ISTEEIRER 2 O ICEZEEF % [T,
BRI IIAED 75% DLZ2EEE L. TEk
M B L OCEALER O BAKR 2 FBEITEICOWT
i, ShFEFToOHE® ([TFELV. BBEICHRRS L,
Judkins WL W HA T4 Y T hF—F Ve EBELEZD
LHEREZEITV, T4 FTA4 VY —2RBHALY
TEBHZITRMEINEE, Bz OEETO Ve FFEIC
EHELL. LERREHZ 6 FY yRAVOAEALES

DTS-3290 Z AV TAT\y, #K% D #E 25 mm/min, &
B 1mV=10mm T, ], #FHi2TE 22 FEEC
& L7z, TEROILREIEDS & UREER, NV —
YINEDRER, #MihOEEKREL D L ITHE DN
& o7

3. AR ELADER

% DEFI THEREBIOWRM  MIT L2, 2B, 7
A RTAXY =R/ — Ut EH T — T IVORETMD
BEDOATH LHRILEBHIE TEFIIE V. 5
WEOLERE LTI, 2> bo— VRSt dLgs
WKBWTEMOFEN DLV EEZ SNLLERTE
PEINDE, ZZTEDOLBEREHFOHR LS, TV
FO—VEEERIZBWT ST RALOKR D D\ itsks &
RUZ CoOLEBERESEL D, MErT s be—LvEs
LNV — Y BRPICERBNIIEST L BN ER RS
T, %K ST RiLZ2E2 L 7L BEXRLHFEE IIICH T
7-.

4. LEXRRR O

STHS LTI UKzAH LA, EROERICE
WTIRTE L DEEMICEHRIL, ARELCERICBY
TiE, STEHFIEIRARLEZEL-FEDST L%
EERICEHA, UBRIZEWERMICEHME L. Z2BEHAIC
H1zo T, ST &L PQ MAEEMME LTI AT,
URIZ TP o2 &R L LTHEAT TOREBZAZEL
7z, BICEZOHEIWM CE L BEERAIMEERER
RIS WP IR SN T WA HL -0, KD
STRILDOKE Do 72FETH STRIZOEE (2~ b
O — )VEED ST LNV L @HLRERF O ST LX)V DZE) &
EALERTO ST RILOEE L O %KD ST RAL
DFEIENE (projection index of ST shift) & L 7z.
REERNEFETO U EOERFMIE, I b
0 — VELEEE & ) EEIRIZ AT R L&D U Ik OBk
DEAL, EIBOELICOVWTITo 7. B U KIZ TP
BHCBCTHY LTALhLEERR~ND, Tk
HUKEBEAENOERENE b > TER L. THER
FKEBR P IR BALAES & HBNICER T 5 U IS &
BEMOQT, PREGEZHREL, ThESFEICEEL.
HEERMIFEICBIT 5 UKELX, TEIRE BT
2B OHEMABEAEICHE, 1) BEILTE~DEL-
Mt U BOIRIBHER, F-kBEHE UKORER, BE

J Cardiol 1996; 27: 247-254



UK ORIEES, BEUKDOHEEROMEAELED O
550, 2) EE{L, 3) BEMLHFENOEL-BHEU
BORIGHES, #Hi-zBE UKOBE, B U ED
e, B U RDOHEEORAEGDLELI N 25500 3
BizpgEsns.

5. fetnig

AXFHOKE I FHELFEERFETEL, HKatu®
& L Tid paired 7% & UNIC unpaired t REZ AV, p<
0.05 = HEZDHEL L7-.

& e S

TEIIR AT (X /2B TATHRZ 17 5 (left anterior
descending artery : LAD #f), ZERIIERIHRE 11 Bl (left
circumflex coronary artery : LC #) (Z3F L THEfT S L 7-.
LAD #, LCHORRKE, BBIREXHR, SRLE
MB L CRKRELOERFTROE LD % Table1 IIRT.

1. BB K&

LAD # D) bRETELHBEEDOBE % 4 FlICRRO 7
A, B RFELERE, EEQHKIELL, Mo 13
BlIRERIETH o 7. BEIREE TIX, 16%
BrEefir—BRECH o7, LCHTHE, 4PICTE
BEOHFELRD, I b 2P TTEFECTEE QML
HIE L7, o LC BEMIIZTERELET, 765
—IRE, ABIDERIRER TH o7z, HERIEME T
BIZLADED 46, LCED 28I TALNT:. LADE
OLHAIE T Y b O — VER 74.5+8.4 (56-85)/min, &
BIARFZ LA 73.1£8.4 (58-85)/min TZEALIZ % ¢, LC
D ZNEN 69.516.9(57-77), 68.818.6(54-83)/min
TEII o7,

2. BARDER & HREAMEFEETOSTRANL
54

TERLERIICBIT A STRMAIZEHICHEIEL, LAD
HO16I0ETUNI27BIE b LR TH o7, RIL
DERFEIILCEIILADEICHLATH -7 (16.8+11.9
vs 6.65+58 mm, p<0.02). AAREATHIB-LER Tit
LAD #i3&f) & b ENLER L RAMD STIRA % 7R~
L, F/LCEIZ76]64%) CTSTIRTZEL /.

J Cardiol 1996; 27: 247-254

LREA U EOERKREANORS 249

3. ST ZHDHEHRIE
LAD BEO#E51=13 0.424+0.16 T, LCEHD 0.05+
0.05 ICHLAEICKTH o 72 (p<0.001).

4. BARLERDOU KRR

BRLERICBITS 3 Y ba— VEEO UEEDFY
(&, LAD #0.5+135mm (—3-+3), LC B 127+
24mm (—3-+4) TAEZIFDON o7, BB
ARFZEEARIC & 5.0 R ISR I D UIRDEIIX, &
HHE~NDOEAL, EEL, BEFA~NDOELD 3R
FEISN, ZIhb 3 BOBIEERIE, FhFh LAD
B 35%, 30%, 35%, LCH#: 36%, 18%, 46% T
HY, LADBLLCHEIIMAKETH -7, S TEANLE
MiZBWT ST ER %2 L7-fEF (LAD #H#D 1 5% B
Cefl) 2dg L LT, LRED UKNOELE ST R
NEZONTH L, BEAHAANDOUEKEEILEZL
FEB (n=10), BHEALFENDES (n=10) DIRHIE
X, FNFEN109+4.75, 145+ 14mm THEEIT R
WS, EELEE (n=7)13 7431431 mm LRI 2EICH
~, KEDCHEATH > 72 (p<0.1).

5. UBRELOBALER &AM LER & DOERS
{3

TEEMRTZEAMT IC & 2 BILEEICHED U RO LI,
HE@ARROERICESR, BALERICBVWT, &
DEBICERFIN. b, BRLERE BIEE
LERTO UREILORERIE, EhENLADFET
71vs47%, LCEET 82vs27% THhH o 7-.

TR OERTHE SN URELORIRELER A
DG EFHT S &, LADBEICBWTIE, BALER
TEALD A S N7 H o 72 5l (Table 1-A; LAD D%
Bl 7-11) T, FEEEEHOCERICBWTHELE
{, $7-BHEFE~NDOELEE L7 66 FEF 1-6), &
5UICRREAIM~NDE L E 72 L7 6 B (FEBI 12-17)
Tid, ZNENEAHI(67%) 12BWT, BIWEOER
TREALER & FEFEDOEIIHE L. LC BicBw
Tix, BN LEMTELD A o722 Bl (Table 1-B;
LC #DER 5, 6) T3, REELERTD EbR ],
EALERTURELOAS T 9 Bl 3 5] GEF 8-
10) DRIWELERICB VT, BERLERE 3R H
D U RELAHIL 7.



250 KR - X5 - B E3h

Table1 Clinical, coronary angiographic, body surface precordial electrocardiographic and intracoronary electrographic findings

A. Left anterior descending artery (LAD) group

Bs-ECG U-wave

Ic-ECG U- am| Ic-E! T shift Bs- i P
Pt Age (yr)/ Tar.get C wave amp polarity and change c-ECG ST shift Bs-ECG Mx ST shift Projection
No Sex lesion index of
o . . . . .
(%stenosis) Before During Before During  Change Before During Lead Before During ST shift

(mm) (mm) (mm)  (mm) (mm) (mm)

Change of Ic-ECG U-wave to positivity during angioplasty compared to baseline

1 56/M 7 (90) —3.0 +15-—15* Flat +—(Vi-V3) Biphasic 0 17 Vs 0 45 0.26
2 74M 6 (90) 0 +4.0 —(Vas, Vs) + Positivity 0 11 Vs 0 5.0 0.45
3 67/M 7 (75) +1.0 +2.0 + + No 4 11 Vs 20 5.0 0.43
4 80M 7(90) 0 +1.0 Flat + Positivity 3 9 Vs 0 3.0 0.50
5 67/M 6 (90) +1.0 +2.0 + ++ Positivity 2 10 Vs 15 4.0 0.31
6 73M 7090) +15-—1.5* +2.0 + + No 2 13 Vs 0 8.0 0.72
No change of Ic-ECG U-wave during angioplasty compared to baseline
7  41M 7099 +1.5 +15 + + No 0 7 Vs 0 2.0 0.29
8 73M 7 (90) 0 0 Flat Flat No 0 10 V2 10 5.0 0.40
9 69M 7 (90) +2.0 +2.0 + + No 2 4 Vs 05 1.5 0.50
10 70M 7 (90) +1.0 +1.0 + + No 2 6 Vi 05 1.5 0.25
11 63/F 7(99) 0 0 Flat Flat No 0 4 V2 05 1.5 0.25
Change of Ic-ECG U-wave to negativity during angioplasty compared to baseline
12 71IM 7 (80) +3.0 +1.0 + + No 0 15 V4 0 5.0 0.33
13 73/M 7 (90) 0 —15 Flat Flat No 2 12 Vs 1.0 4.0 0.30
14  62M 7 (90) +2.0 —0.5 + +—(Vs) Negativity 0 3 V2 05 1.5 0.33
15 69/M 6 (99) 0 —25 Flat —(V3, Va) Negativity 0 V2 05 2.0 0.75
16  69/F 6(99) +1.0 —15 Flat —(Vas, Vs) Negativity 0 Vs 0 2.5 0.63
17 60/M 799) —1.0 —2.0 +—(Vs) —(V3-Vs) Negativity —2 —10 V3 0 —3.0 0.38
B. Left circumflex coronary artery (LC) group
Change of Ic-ECG U-wave to positivity during angioplasty compared to baseline
1 65/M 13 (90) -3 +5 + + No 4 21 No remarkable change 0
2  T8/F 11 (90) +1 +2 + + No 0 7 No remarkable change 0
3 59/M 13 (99) -1 0 Flat Flat No 1 8 Vi 0 —-1.0 0.14
4 T4 13 (99) +3 +5  +—(V4, Vs)+—(Vs4, Vs) No 2 20 Vi —05 -—15 0.06
No change of Ic-ECG U-wave during angioplasty compared to baseline
5 76/F 14 (90) +2 +2 + + No 0 13 V2 0 —1.0 0.07
6 73/F 13 (90) -2 -2 + + No 3 15 No remarkable change 0
Change of Ic-ECG U-wave to negativity during angioplasty compared to baseline
7 69/M 13 (90) +4 +2 + + No =5 22 No remarkable change 0
8 69/F 11 (90) +2 +1 + + Positivity 0 17 Vs 0 —1.0 0.06
9 68M 13 (90) +3 -1 Flat + Positivity 3 15 V3 0 —1.0 0.08
10 6I/M 13 (90) +4 0 + + Positivity 0 48 V2 1.0 —15 0.05
11 68/M 13 (50) +1 -1 + + No 1 8 Vs 0 —1.0 0.14
Polarity and amplitude of U-waves on the body surface ECG is shown as : — =negative deflection; +— =coexistence of negative and positive

deflections; + =positive deflection; ++ =enhanced amplitude of positive U-wave during angioplasty compared to baseline ECG record.
Precordial lead number in parentheses indicates the leads in which negative deflection of U-wave was detected.

*Biphasic U-wave on the intracoronary ECG.

Pt=patient; ECG=electrocardiogram; amp=amplitude; Bs-ECG=body surface ECG; Ic-ECG=intracoronary ECG; M=male; F=
female; Mx=maximum.
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Fig.1 Examples of simultaneous recordings of intracoronary electrogram (Ic) and body surface precordial ECG at the

baseline (a) and during coronary angioplasty (b)

A : Recording from patient 2 of LAD group. At the baseline, the U-wave on the intracoronary electrogram is flat, and
U-waves in the precordial V4 and Vs leads are negative. During angioplasty, a positive U-wave is noted in the
intracoronary electrogram with simultaneous U-wave positivity in the precordial Vi to V4 leads of the body surface
ECG (arrow indicates U-wave).

B : Recording from patient 15 of LAD group. At the baseline, U-waves in the intracoronary electrogram and
precordial leads are flat. During angioplasty, inverted U-waves appeared in both the intracoronary electrogram and
the precordial V3 and V4 leads of the body surface ECG.

C : Recording from patient 9 of LC group. On the baseline, the U-wave on the intracoronary electrogram is positive,
and the U-wave in the body surface precordial leads is flat. During angioplasty, the U-wave on the intracoronary
electrogram changes to negative. Conversely, positive U-waves appear in the precordial V2 and V3 leads of the body
surface ECG.

Abbreviations as in Table 1.
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