Clinical Studies on the Mechanism of
Nitroglycerin Action for the Improvement of
Myocardial Ischemia due to Coronary Artery
Stenosis
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Fig.1. Right coronary angiographic findings of a patient with angina pectoris caused by

right coronary artery spasm (Spasm-AP).

A, no significant stenosis was seen in right

coronary angiogram. B, right coronary angiospasm was provocated by ergometer
exercise. Two spastic lesions were visualised in segment 1 (75% stenosis) and segment 3

(50% stenosis).
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Fig. 2. Scores for the criteria of coronary stenosis
index proposed in the present study. RCA, right
coronary artery; LCX, left circumflex artery:
LAD, left anterior descending artery: LCA, left
coronary artery; AV, atrioventricular branch;
PD, posterior descending branch; S, segment ;
0, score of coronary stenosis index.
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Table 1. Hemodynamic data of 13 patients with angina pectoris
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W, watt; Max, maximum; EDP, end diastolic pressure; EF, ejection fraction; MBP, mean blood pressue; SWI,
stroke work index; TPR, total peripheral resistance: A, maximal value- value at rest; A’, value after administration
of nitroglycerin- value before administration of nitroglycerin; after NG, after administration of nitroglycerin; HR,
heart rate; M, male; %; mean value * standard deviation
Table 2. Hemodynamic data of 12 normal control subjects
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W, watt; Max, maximum; EDP, end diastolic pressure; EF, ejection fraction; MBP, mean blood pressure; SWI,

stroke work index; TPR, total peripheral resistance; A,

of nitroglycerin- value before administration of nitroglycerin; after NG,

heart rate; M, male; ; mean value tstandard daviation

maximal value- value at rest;

value after administration
HR,

o'
after administration of nitroglycerin;
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Table 3. Coronary arteriogram and electrocardiographic

changes in patients with angina pectoris

% stenosis of coronary arteriogram in segment ZST (mm)
ase 4 [o13]]
© 11218 ——5|6(7/8|910]11]12[13|14 15 perere e | sy
1{k.m|99| |50|50 3 15| 0|15
2lo. 1] |50 75 2 [1.0]/05]0.5
3li.m 75 3 |20(15]|05
4|m. A|75!25 3 |15)15| o
5(F.H 75| |25 3 |25|20]05
6|s.Y|25/25|50 75 99|50 4 (23| o0l23
7M.y |25 90|75/ 25 25 (25 5 /38| 0|38
8[H. A 25| (75 |90 25|25(25|25( |25(25| 4.5/3.3[0.5] 2.8
alv.s 25 75 25 25|25 6 |9.5(3.5]|6.0
10M.N| |50(50|90 50({90(25|90| |25| |90|s0 65/4.0| 0]4.0
11K.M|25(25(|25| |75] [s0(75 99 55/6.0| 0]6.0
12|H. T| 25|25 |75 75 25| |75 6 38| o038
13/ Y. U 75| |25 3 [25]0.5]20

CSl, coronary stenosis index; AV, atrioventricular branch; PD, posterior descending branch;
NG, nitroglycerin; ARST, ZST after administration of nitroglycerin ~-ZST before administration

of nitroglycerin.
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Fig.3. Effect of sublingual administration of
nitroglycerin on SWI. The Effect of sublingual
administration of nitroglycerin on SWI. The
bar represents the +standard deviation. Sta-
tistical difference: ***, p<0.01. .o, before sub-
lingual administration of nitroglycrein ; =, after
sublingual administration of nitroglycerin.
SWI, stroke work index; ASWI, SWI at
maximal exercise-SWI at rest.
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Fig.4. Correlation between ASWI and ST (a), and between A’'SWI and ASST (b).
a) Solid line represents the linear regression analysis between ASWI and ZST.
b) Solid line represents the linear regression analysis between A’SWI and ASST.
SWI, stroke work index ; ASWI, SWI at maximal exercise-SWI at rest; A’'SWI, ASWI
after sublingual administration of nitroglycerin- ASW1I before sublingual administration of
nitroglycerin; ASST, ST after sublingual administration of nitroglycerin-2ST before

sublingual administration of nitroglycerin.
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Fig.5. Correlation between ST and CSI. Solid
line represents the linear regression analysis
between =ST and CSI. CSI, coronary stenosis
index.

101
ATST= 1.15CS! — 2.23
r=0.883

—- P <0.01
£
£
i
(]
<

0 1

CSt
Fig.6. Correlation between ASST and CSL Solid
line represents the linear regression analysis
between ASST and coronary stenosis index (CS]).
ASST, SST after sublingual administration of
nitroglycerin-SST before sublingual administra-
tion of nitroglycerin.
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5. CSI & ASWI & D%

BEIE, r=—0.644 THE (p<0.01) DEDIERA
pEpont: (K7).

6. CSI & A'SWI & DFEfR
mERZE, r=0.833 TEE (p<0.01) DIEAEEHS
Fpshi (K8).

7. =2buZYe) ik B RBIMEERELED
%EE (VTPR) & CSI RV, LERSTEFEO=
poZ ) REBHEBE (ASST) & OBHE
ATPR(= a2V 2V v #5% ATPR-= b0

50 7
ASWI= ~6.71CSI + 39.0

- " r=—0.644

£ P< 0.01

"

@

2

E

s

S254
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U ]
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csi
Fig.7. Correlation between ASWI and CSI. Solid
line represents the linear regression analysis
between ASWI (stroke work index at maximal
exercise-stroke work index at rest) and CSI
(coronary stenosis index).

100+
ASWI = 12.2CS1—15.8 s
r=0.833
P<0.01

o

ASWI (amibeat-m')
"
=4

1

o

A
0 1 2 3 4 5
csl

Fig.8. Correlation between A'SWI and CSI.
Solid line represents the linear regression analy-
sis between ASWI and CSI. SWI, stroke work
index ; ASWI, SWI at maximal exercise-SWI at
rest; A’SWI, ASWI after sublingual administra-
tion of nitroglycerin-ASWI before sublingual
administration of nitroglycerin; CSI, coronary
stenosis index.

V&Y 58] ATPR) & CSI Dz iz, HEOH
BRERIIED 5 1$, A'TPR & ASST L Ofic b A
EOHEBRED s Eh oI,

IV, WEARBAE &0 L g5t

=rus) ) rREROENEH CIRSTET
T~L, = a2z ) Y BEHOESARKTIZ, STE
THZED o2 Bo BENEHRNELE T 5%
TERIROE 4 61, HRBIRENEIC & 2 H7ERIOE 1
Bl, BIUEHRNBEIM OV, EBERICE
L, PHEINREEAE % o0 IATENRE & FIRRHIE L 72,

1. SWI & FBIfREAE & OBE%

EENIEEE, OER, SHEROER, &21T0
WTEBAR, FEEATN, BLUBRKARRD
SWI, FMBIIRSEALE £ 2 hehiitsh, s L7 BiE
TEROLTE, MDD LS nUBEHEEERL .

EFEFBEHETCE= s ) ) vi5H%E b2,
EBAFICHECFIER—OEBEHR L2, AR RS
TOEEER L, Thicatl, ROERETE, =
w07l yREROESHER BV THBIREA

g
:

SWI (gm/beat.m?)

"
&

v T T -

10 20 30
PWP (mmHyg)

Fig.9. Correlation between SWI and PWP before
and during ergometer exercise. The bar re-
presents the +standard deviation. ®—®,
normal control before sublingual administration
of nitroglycerin; O--- 0, normal control after
sublingual administration of nitroglycerin; A
—a4, patients with angina pectoris before
administration of nitroglycerin; &---A, patients
with angina pectoris after sublingual administra-
tion of nitroglycerin; ®—m, Spasm-AP before
sublingual administration of nitroglycerin; o
-~ 0, Spasm-AP after sublingual administration
of nitroglycerin; PWP, pulmonary wedge
pressue ; SWI, stroke work index.
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E, —ELHEEROESATWREIZA ZNT.5%
1.3(4)mmHg, 60.9+17.0( 4 )gm/beat*m? & IEH
BRELERERZ Lo/, PEEANS L URKE
Tk 2HBREAED EERERBCLLEE (p
<0.01) K&, —~ELEBEEOEAIERE (p<
0.05) il & h, LEEEHRIE BREOAT A I
Bl =tel)e) vREETIHEBSERICE S
MEREAEC LR IBEL 7Y, —BELEEEDH
momsliigE s h, DEgEmRE LTk, LA
BiL, EENBEELEML-RE R TERE
ML BHED LFIRKIRT LI E=ba Y
Y VETHREE, #5%L b, ROEFHLIZIEE
Bl LBERERRER R LTz,

2. AEOMEREAE:R2RYT [=ba /Y v) >~
BRERMOPEEESARNEE & =ty &
EHOBKRERE] OMITEIRED LK

BOECBVTE, (=02 ) v ETRERO
FEEEBATRE] OMBREAE: =o'«
U vETHREBROBRKETR] OBIIREALE L,
BIRRASOEERLE. 22T, W& ST, SWIL X
U, RPP ®L# L7 (4). SST L TIEAI#E
BOTDH 1.520.4(4)mm O STETERL, &&
KBWTI, £ STETR2RE 257, SWIIKH
LT, BRI ENRIFICLL, ARCEES
Rl £, RPPZBL T HBE BT ZEWEIH
BT BEICEL, BWEAZRLE, Z0Xdc=
bu ) e ) URERITR, BlEE T 5 MEREEA
FErBnT, =ta)x) v&E%TlE, BEhz2E
I, LR LD REREERTV AL, EEIRE

M

B & B BB UERICB LTS, o7k Bty
Zru@mwoni (F4),

% &=

AW BV TEE R, EEAFRO MTEER Y,
LENEOBRMUEELL s T 2= bnsyy
D OEREREIL, =l Vel Y OEREES
Poricd sz Lo, EHEMELLT], &
B RRIROFER 2FH £, EEOEMBEERLE%e
BRCERLIBFELLT, Mz TA—5—;
L2 2BRMARRBINL, RRAEEADTVI2E
REFME L, COAMEE, HEHICTNS 255
EdHotons, BEECHL, HETERNE L1002
DEIDIEOWTRMEERD o7, LrL, BRir
W, EEE, BOERO 2HMTEEELRDT, 2
Tz, PHMERDEEEEROTME L b ICHEAE
REWFCELBZ ENTET:,

=raZ V) R, EEHEFCRIZTHR R
T35, PLUEFTIE, —toYe) v B5%08
FERICBWT, STETEEST) DXELZETLL
bz, Th#fen—ELHEEEOERE (ASWDH0
MRS iz, £, EBATIC L 5 STETEL
—EMIEEEREOHBEORE TIE= s Y kY
ik 3 STIETOREE (ASST) £ —ELM{LEEE
KMl okEE (A’SWD) FEMEEE2RL, =tu”s
VeV VI kB RIMEE & A OBEEOWNERERCH
HELTWBZENHsMIENE, ZoKz= o
Ve ) ryREERARNRORMORELRT Z LidH
FINZ I DTEDHSATH Y, FOBFITOVTH,

Table 4. Difference between hemod'ynamic parameters at moderate exercise before

administration of NG and at maximal exercise after administration of NG

in the patients with organic angina pectoris and spasm- AP

Number of PWP ST SWI RPP
Patient patients CmmHa) Cmm) Cemrboatom?)
tested
Organic Moderate exercise
angina pectoris 4 before administration 15.612.6 1.6£0.7 80.0+10.0 180.8169.2
of NG
Maximal exercise . *
after administration 16.5%£1.3 (o] 107.2420.0° 272.1%£50.0
of NG
Moderate exercise
Spasm-AP 1 before administration 13 2.6 78 242
of NG
Maximal exercise . "
after administration 14 O 107 313

of NG

Each data at moderate exercise before administration of NG was compared with that at maximal
exercise after administration of NG. %, P{0.05; %k P <0.01. NG, nitroglycerin ; Spasm-AP,
angina pectoris caused by right coronary artery spasm.
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Abstract

In oder toclarify the mechanism of nitroglycerin action for the improvement of myocardial
ischemia, a two-graded-(moderate and maximal work load) exercise test using a bicycle ergometer
was performed in 25 subjects (12 normal contral subjects and 13 patients with angina pectoris
due to significant coronary artery stenosis) before and after the sublingual administration of
nitroglycerin. The relationship between the coronary stenosis index (CSI) and various hemo-
dynamic parameters was analyzed. In five patients with exertional angina pectoris, pulmonary
artery wedge pressures were recoded during the test in order to compare them with other hemo-
dynamic parameters.

In the maximal work load before the sublingual administration of nitroglycerin, the CSI and
increases in stroke work index (ASWI) were inversely correlated (1=0.644, p<0.01), whereas the
CSI and the degree of myocardial ischemia (ZST) in electrocardiogram were directly correlated
(r=0.732, p<0.001).

After the sublingual administration of nitroglycerin, ASWI increased and ZST was relieved,
demonstrating a significant correlation between the CSI and both &’SWI and AZST (the differ-
ences of ASWIs and T STs before and after the sublingual nitroglycerin admmlstratlon) (r=0.833,
p<0.01 between CSI and &'SWI : r=0.883, p<0.01 between CSI and AZST). However, neither
the CSI nor the degree of myocardial ischemia were significantly correlated with the changes in
peripheral vascular resistance.

Before and after the sublingual administration of nitroglycerin in normal control subjects, the
ventricular function curve, which expresses the relationship between the pulmonary artery wedge
pressure and the stroke work index, was characterized by the same sharp curve. On the other
hand, in patients with angina pectoris due to significant coronary artery stenosis, the curve
shifted downward to the right before the administration, while, the curve approximated that of
the normal group after the administration. This hemodynamic change was the same as that of a
patient with angina pectoris due to coronary spasm.

In the patients with anigina pectoris, preload under the moderate work load before the
administration of nitroglycerin was almost equalled to that under the maximal work load after
the administration. However, only under the condition of maximal work load after the admini-
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stration, myocardial ischemia in electrocardiographic findings, and the stroke work index were
significantly greater than that under the moderate work load before administration.  Thjs
hemodynamic alteration was the same as that of a patient with angina pectoris due to coronary
artery spasm.

From these results, it may be concluded that the main mechanism of nitroglycerin action in
patients with angina pectoris due to coronary artery stenosis lies in direct improvement of
coronary circulation by relaxing the stenotic lesions in the coronary arteries.




