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Summary

A mechanism for the genesis of early relaxation of the left ventricle was assessed. For 18 patients
with coronary artery disease, biplane left coronary cineangiography was performed and the coordi-
nates (x, v, z) of the points of the artery were measured by frame to frame basis throughout one cardiac
cycle. The spatial distance (segment length) between any two points was calculated on each frame as

V(%0 —Xu P+ (Yo —Ym )+ (2o = Zm)?
to investigate shortening and relaxation characteristics of the ischemic and nonischemic segments.
Coronary angiography was repeated during right atrial pacing to aggravate ischemia, and following
nitroglycerin administration to ameliorate ischemia.

From data of six normal subjects, 43 segments were calculated. All showed shortening during systole
and lengthening in diastole. Right atrial pacing caused early relaxation in only two of the 43. Two
hundred and fifteen segments were calculated for 18 patients with coronary artery disease. All but eight
segments showed normal relaxation on control angiography. Following pacing, 115 segments showed
early relaxation, and in 107 of the 115, normal relaxation were restored after nitroglycerin. Among the
107 segments, 44 were ischemic and 63 were normal. For 34 segments with early relaxation by pacing,
pacing was repeated after administering nitroglycerin, and 15 did not resproduce early relaxation.

The present study showed that early relaxation was observed in patients with coronary artery
disease, which was effectively ameliorated by nitroglycerin, suggesting this phenomenon is closely
related to the development of myocardial ischemia. The decreased active tension, reduced duration of
tension, development and delay in electrical depolarization in the ischemic segment can be a reasonable
inducement to early relaxation. These abnormal contraction patterns in the ischemic portion might
elicit asynchrony and enhance relaxation in the nonischemic portion, and this might be a reason for
the induction of early relaxation in the nonischemic segments.
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Fig. 1. Pressure-length loop during atrial pacing in a patient with chest pain syndrome.

In the upper part, measurements are performed during normal sinus rhythm. Note that the onset
of relaxation coincides with the pressure drop of the left ventricle. Atrial pacing (lower part: red) does
not change the onset of relaxation relative to the pressure drop. Two pressure-length loops shown on
the right side show almost identical contours, indicating that shortening and relaxation characteristics

in relation to pressure changes at sinus rhythm are maintained during pacing.
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Fig. 2. Change of pressure-length loops by atrial
pacing and nitroglycerin administrajion.

The pressure-length loop shows counterclockwise
rotation in normals (normal loop). If the segment
shows early relaxation, the loop is collapsed and
twisted like a figure 8 configuration or is rotated
clockwise (abnormal loop).

disease : Fig. 2). = 0 5 b B EBIRELEDOT
Wiz 3 2 B % &EA TS segment 13 20 fHTH -
7z. Segment DR MAET LY FHO AT H
D, MESERDOKICH S segment ix 77,
WL bERAPEDI W2 AR KA TS segment
18 ETH . zh b 215{@D segment T
RSN 3E - RSB, 84 2%, control
#1213+~ T normal loop #75% L T (Fig. 2).
RUBER—v v 7A&MTE, 115@o loop ic
£ % # (abnormal loop : Fig. 2), =# & o seg-
ment Tl 3T SHARBIALE A Bz £ U (early
relaxation), E T L v { segment 0 23485t
Bz k& 2378, loop LR L. Fig. 3 iz
‘%mlﬂgﬁ#.:@Mﬁm&—vyfﬁ,Ei
EREIEEL, BHMET L TWR WAL S

BYRAER TR Y, JE - RIBERESRE
BCRETHS. =V U RIVE RS
NEF LI segment &, =buZ Yty L EF
BE#OBEIRER Ti2iE & A EIER OEER
~tRol (Fig. 2). ERERLE 107 @HoR
i, segment DWYEE LHEEAREHIRNEL R
+3% segment 22 11, KO ABBREHD b D
233ME, FE D ERERLON6IET b ok
=R YY) UTEFKLRP o 8 HONR
X, ARASRERO2MEL, FEAEFEOLD6
BChHotz. _—v v 7AW, FTiz abnor-
mal loop ©& -7 8 @ segment ¥, FEHE L D
WERO b0 1{E, Fior 3 RERLE, &
DO OEIRFEHREVEERTCHol. =bu sy
) VREBICR—V U SARE LI T HID i
34 @D segment M Eh, 05 b 15 EIR
=btrs Yy LEREFID - v S T early
relaxation, #>-> abnormal loop #7 L7235, #
EBOR—yVITRIE - BE B I EE T,
early relaxation [T EEB X% h -7z,

E 2=

SE otk X hiE, early relaxation |2 X 3
IE - E&ph# (pressure-length loop) DZEW T,
EFATRIELAERORY, BitELEBICAH
bhdZ b, DFFRMLEEENSZLDLTF
Beshs Fre=tu2YVtey o #E T early
relaxation kL, HERII—Y L 7AFTE
MEXTHLEEBEZ vz th b, ZoHKRK
DHEMPERBEELTWS EEX S,

BT early relaxation Bz 2 FED—> L
LT, BOF, O OBRDBERRIELT S
EREFTEZONS. LEBECLHFER bV —
VEMELTRANRE R A L, BlE, 2o
SOBERINIFC, »oENFHRER L ERT 5
TEBMOERTWEY. ZOEAS0EHHBEMIC
HxhiE, ZToOMIZNEIC XY ZEHRYICE] &M
&h, early relaxation L LTBRIN3DTH
5. BE_OWMF L L TROHRAER AR A0 T

— 692 —



ZE S RERL IR

PACING-INDUCED EARLY RELAXATION OF THE ISCHEMIC SEGMENT
AND ITS AMELIORATION BY NITROGLYCERIN
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Fig. 3. Early relaxation of the segment by atrial pacing and its amelioration by nitro-
glycerin administration.

At control (left side: black), the segment starts to relax when the left ventricular pressure begins to
fall. During atrial pacing (red), the onset of relaxation precedes the pressure drop indicating that it
starts earlier than control, giving the abnormal pressure-length loop. Administration of nitroglycerin
ameliorates this change (blue). After nitroglycerin administration, pacing does not reproduce early

relaxation (right side: red) in this patient.
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