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Summary
The effect of amy] nitrite (AN) inhalation on the left ventricular function was evaluated by mechano-

cardiography and echocardiography. The patient’s group consisted of 110 cases with ischemic heart
disease (IHD) and 25 cases of dystrophia musculorum progressiva (DMP) of Duchenne type. The
former was a representative of impairment of blood supply and myocardial involvement, and the latter
was of predominant myocardial disease. The control was age-matched 32 normals for IHD group
and 17 cases for DMP group. Left ventricular function was mainly evaluated by systolic time intervals
(STI) and the echocardiographic correlates. Fifty-five cases of IHD group were tested by coronary
angiography and left ventriculography and these data were compared with the noninvasive measures.
The results were as follows:
I. IHD group:
The ratio of ejection time (ET) to pre-ejection period (PEP), ET/PEP, did not change so much as
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in controls after AN inhalation, and this percent change was much smaller in cases with lesions of the
left anterior descending artery (LAD) than in cases with lesions of the right coronary artery (RCA).
On the other hand, mean posterior wall velocity (mPWYV) and posterior wall excursion (PWE) changed
greater in patients with LAD lesion than in those with RCA lesion. In cases with LAD stenosis, percent
change in ET/PEP was smaller in cases with asynergy than in cases without it, disclosing more significant
impairment of the left ventricle in the former.

II. DMP group:

In severe cases, ET/PEP was small even at rest, and percent change by AN inhalation was smaller
than control in mild cases and smallest in severe cases. This seems to be useful in evaluating the severity
of the diseased process. The mPWV and PWE showed impairment of left ventricular motion even at
rest, but it was clearly showed in severe cases after AN inhalation.

These results indicate that impairment of left ventricular function induces the poor response
to AN inhalation and this, in turn, results in the lack of hyperactivity of the heart produced by this drug.
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SElclEE T B L L. $74bb IHD #
OEREET 3241 (B 18 4, &tk 14 4], EHeE
# 50.4+13.8 ), DMP E:oxfEBRET 16 5] (3B
11 5, £t 56, FHEE 15911 ®)Th
3. 723 IHD B o iR AFHEZE 76 4] (544 60

B, %16 4, FiER 50.1+10.6 B, MR
TRERESE 37 45, RitBErPRRAEE 23 4, AUBEREZE 11
B, AMUBEEEZE 4 ), (UBEEEZE 1 1), F{EMEBRL
JiE 34 Bl (B2 4, KHESHI, e 551+
103 %) Th 5. %7c DMP BHi3EAR HEME
RN A MEXIFFEEE D3 HIE U 7o BRERE B I &
S &, stage II~V oiRE A #94) (FHFER
12.7+1.5 %) L stage VI~VIII n&EE B # 16
5 CE4ER 16.7+1.0 %) 0 2 B ICHFH L=,

FHik: ETHRRE L LRMBLLE L, ILE, O
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AN # J[EECRA S ¥ 2%, KR OLHAEIC
R % CRERORRE ZER L TITY, KiFkFs X
O AN BABULHERER O BaToME, O
¥, UEHLCEEHEMT (systolic time intervals:
STI), B & o= =2 —[KEkIC & 5 FHEOMERIE
BrflE L. THD #o 55 55 ) (LHEE
41 4], i 14 41) i2ix left ventriculography
(LVG), coronary angiography (CAG) #%#ifT
L, area-length gkic k& 5 BRHH=R (ejection frac-
tion: EF), asynergy nfFE, TEEIRMZAEHAL &
BE, MRIMTEZECo>VWTRAM L.

¥, EHEECXBEOlENL, student’s t-
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Table 1. Hemodynamic parameters before and after amyl nitrite (AN) inhalation in
ischemic heart disease (IHD)
Ps Pd HR ET ETc PEP |ET/PEP| PWE [ mPWV | mVef
before AN | 1386 [81-8 62.8 305.0 |401.6 [99.1 3N 12.5 36.9 1.24
+17.0| +9.7| *n.4| *2.3| +185| Fn.9| Fo.a1| *20| *70| +o.21
Controls after AN | 108-1 60.7 88.3 275.9 412.0 75.0 3.90 15.6 52.8 1.72
n=32 +11.6| 10.9| 155| +20.0| *23.1| *14.0| +0.83| +2.4| +106| *o0.32
pohange | —228 | —25-2 [42.2 —9.7 2.7 —24.5 |23.8 26.0 44.5 40.0
behange | 4 9 3| +10.9| +15.7] *6.8] 4.2 *100| +18.3] 8.8 215 179
before AN | 124:2 *[75.9 66.6 285.0 |389.7 *|99.6 2.92 12.5 38.9 1.07
+18.1| +1.2| +12.2| +38a| *16.6| +13.8 Fo0.52| *+25| +82| +o.29
HD group [ N | %83 60.4 86.3 264.1  |397.0 °|88.7 *|3.08 *|14.1 4%6.8 1.36 *
n=110 Lo +14.7| +8.9| +17.3| +20.8| *158| +18.1| *0.62| +2.9| +1.9| Fo0.42
opchange| —20-4 | —19.8 [30.0 —8.0 [1.9 -na*[sa *|i2s *[238 *|27.9
change| 4+ 79| +95| +165| *57| +3.4| *n.6| *13.4| *n.8| +19.6| +28.2

* p<0.001 (IHD group vs controls)

IHD=ischemic heart disease; Ps=systolic blood pressure (mmHg); Pd=diastolic blood pressure (mmHg);
HR=heart rate (/min); ET =ejection time (msec); ETc=ejection time corrected for heart rate (msec); PEP=
pre-ejection period (msec); PWE = posterior wall excursion (mm); mPWV=mean posterior wall velocity (mm/sec);
mVcF=mean velocity of circumferential fiber shortening; Control group is age- and sex-matched.

test #fvy, p<0.001 24> THEL L.

154 "

1. IHD

1) @F, OE%o%E (Table 1, Fig. 1)
Table 1 iZ;r4 % 5z, IHD #, sFBEEOW
FhicBWTh, fFEE AN BAK X Y I
JE (Ps), #LARHAE (Pd) & bICIETF LR, Zo
bR (% change) IFEEEMICENRLeh o, &
7oA AN RAK X VR L bIME RL,
ZOERITTWHEFATER 2T, KIEL,
FERRliczhER B L, AN AR 5 EOK
TFEE, Fig. 1l o L, RERFERICL3E%
Bonhoten, THD g, xtREE L Lot
v, DR OEMBEEC 2EMER L. 2
L, WEEREOLREOEMBICIEEER2h-
7z.

2) STI 0% (Table 1, Fig. 2)

EXIM AR (ejection time: ET) 3&#EIc T
THD 2 oxtfRE & VKL & 2 EHRICH - 7225
HEEZEX o, £l AN AFFIC X Y HEL
b ET @M L2, 2 0EERIzE Engh
7. ET 00 cIEL )z ETc iz, ¥,
AN A7tk L b THD BEoxtfE L v KEE R
L7ehs, Z0EMRICIEEZEN -7, HiER

M (pre-ejection period: PEP) (3Zc#isicid
Rt cE» 2 <, AN Afi%k IHD B oiEx
RL, ¥rroEfFRie IHD #cEEITNTH
-7z. ET[PEP 3%#msic i3 MBI cASEMN
edoteh, AN ARzt VBT 311 2
390 LRk&E<KHAL-micxt L, THD gcix
292 H 6 3.08 Lzl A EEHBET, Z0EIE
ETbH-o1 (Fig. 2).

3) Lxa—[E Y EE L ELEIES X 0
F/RPEEES) (Table 1)

i) LRy 7BECES: LKLV
< EHESRIEHP A S RF % (mean velocity of
circumferential fiber shortening: mVcF) 11, %
#rpic THD B CIRMEZ & 2R IC S - T2 23 R
BELEEE IR, AN ARtk IHD gof
EWEEE R L. AN &Ik 5 mVCF n#
T FHE L LT IHD BET/hTh o720,
o2& NKREL, WBERLFEZER D 2h
-7z,

i) AEZRFEEES) 0L : £ EHEERIE (pos-
terior left ventricular wall excursion: PWE), 3
YJiE R EBEINHEEEE (mean posterior wall velo-
city: mPWYV) 13 & 4 ic o8 ic i3 R c& 08
2o 72 hs, AN ATt BEE oKk L THD
BOBERKRIFREI/INI P o7,

—917 —

—917 —



%, &M, = EH
Young aged group (~39years)
e IHD
BP HR o Controls
ISBMFG [—p<0.05—] beats/min [——n.s.—l I}meants.b,
100 /
100 Al
. } /
50
L_h.s.—]
J 50} —ns—
1
before after  before after 0 before after  before after
AN AN AN AN AN AN AN AN
Middle aged group (40~59years) e HD  n=64
BP HR  © Controls
—FP <0.05—|
mmHg beats /min }% mean+S.D.
150 —ns——
100
100 g . ;
% }
nT 52T ;n.s—l
Y before after  before after Y Tbefore after  before after
AN AN AN AN AN AN AN AN
High aged group (soyears~)
e IHD n=30
BP HR o Controls
P00, { { mean+S.D.
' beats/min -
100} "
4

mmHg
150
—ns—
before after
AN

AN

100}
50
L ne—l
50;
before after 0 before after
AN AN AN AN
Changes in systemic blood pressure (BP) and heart rate (HR) after AN inhalation

0 before after
AN AN
in three age groups of IHD and normal controls (8 cases in young aged group, 18 in middle
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Fig. 1.
aged group, and 11 in high aged group, respectively).
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ETPEP [ ns————
T
4.0
3.0 1 Fig. 2. Changes in ET/PEP after AN inhalation
(IHD).
There is no significant difference in ET/PEP at
rest between controls and IHD group. Controls show
a remarkable increase in ET/PEP by AN inhalation,
2.01 0.0 while ITHD group' has a very little ch'fmge. Itis Sl:lg-
gested that impairment of left ventricular function
0J~ in the latter group is uncovered by amyl nitrite
before AN before AN inhalation.
Controls IHD ET=ejection time; PEP=pre-ejection period;
n:32 110 IHD =ischemic heart disease.
E/PEF  ET/PEP Fwe PWE s MPWV  ROA stnosis
3.54 20 oy angsis
504 _
3.0+
151
40
2.5
10+
2.04 30+ )
R B\ AN
0

T J 1 T T 1 7 'l be' fr .
be‘fme a};ﬁr bi'ﬂre akﬁy beAfﬂe akﬁr %’ﬁ'e akﬁr beA%re al Alﬁr A&re af Atﬁr
Fig. 3. Changes in ET/PEP, PWE and mPWYV after AN inhalation.
RCA=right coronary artery; LAD=left anterior descending artery; ET =ejection time; PEP=

pre-ejection period; PWE=posterior left ventricular wall excursion; mPWV=left ventricular mean
posterior wall velocity.
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ET/PEP

3.04

2.57

LAD stenosis group
2.0 without asynergy
n=12

LAD stenosis group
with asynergy
n=5

before after before after
AN AN AN AN

Fig. 4. Changes in ET/PEP after AN inhalation.
ET=ejection time; PEP=pre-ejection period;
LAD=left anterior descending artery.

4) BT L Oxt

s&EDH s LVG, CAG L AN AffgkL &
2RI ICHEIT LB 55 flico &, kot
ﬁfﬁo 7.

i) EEHIRBZEENL I &k 3 Al = (Fig.
3); CAG LMRIBWER O REISFEH Tl LS
%<, AEBR (RCA) MO ICHE (575
%) DR HT 5 RCA A 5SH L, ETE
WRETF 178 (LAD) iffifi oA B oWz - F
+% LAD Bzt Sl &L 2l +3 &, LVG &
v 187~ EF 13 RCA Mz T3 66%, LAD
Al TR M% L, BEOLELEY THEE
EENFENE. —F, AN &fiick 3 ET/PEP
1%, Fig. 3 i7"+ X 5ic, RCA Mgt cix 28
2o 31 kLot L, LAD Mg ci
27 b 25 L ARA L, LAD Mtiico
I VEELELR THEREL M Lz LB X
shiz. —%, PWE, mPWV 1 AN &fiffic
BB TR LA SEN -, AN ARk
o= LAD et & v RCA gt o/l
L, AERL VBEORPEEESEELHL 2
LB LEZ BN,

i) Asynergy oFEIZ X 5 L0 % (Fig.
4): LAD 1 icEEOHAELXHFL, WRIERD
BENEH W fliconT, LVG T asyn-
ergy 2@ 1241k, ERLE D 40% Ll LI
asynergy #g o7 SfHjliconT AN Affkick
D EELRE R RET L 2.

LVG icx % EF 3 asynergy o7\ BETid
-4 58%, asynergy &F 3 HHf TiXFEH 5% T
b Y, asynergy DIFEMNELBIEIC K Ihie
LEx bhiz. R AN g3 %475 &, Fig. 4
iRtk 9iz, asynergy ok ET/PEP
FbhFhieno WRT 545, asynergy & FHT 5
HTE»rz2->TEITRHMREL, Fkick 3
STI oZEBI» D, BEOLY BEERELRL T
BREEELHET 2 LAFETHI LELLN
I=.

4) it (Figs. 5, 6)

AN Afficx 5ME, %k, STI, ExESE
OB 2 EH TRT

Fig. 5 |3 /5#67 HIBERESE 0 49 s Bk <, AN
AfFiC X b M E i 104/68 mmHg 75 86/52
mmHg, .0MA¥E 59/min 25 76/min L 4L,
L, ET/PEP i3 22 5 24 LbFiiclikL
TW3, Lhxa—Ric@E» bhiziERFEo hy-
pokinesis ¥, AN &% bkEw 3+, Fig. 6 i
TTREEORIGEEF L VB ERLE.

2. DMP &

1) fufE, LR 0nES (Table 2)

DMP i e IR I e~ T fUE 2 K
, BoBIRTH 2 OPHYHTH-7. BET
i AN ARtk o MEETE 3 & oL mEsEmE
EBEL VBRSNS, ABLoMicbEr
Bz,

2) STI o%#) (Fig. 7)

ET 3% A, B B L b BEEL Y KiE:
swL7z. AN Afitk, &8 L b ET 0@z s
b, FOEERIZEEN P>, ETc 13 B
HORHEIEE B A I VIKEELRLE
B, DRERERITIIX REE L E M e o 2. PEP
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Fig. 5. Left ventricular echocardiograms from a patient with extensive anterior myo-
cardial infarction recorded before and after AN inhalation (M.C., 49 y, male).

Left panel: before AN inhalation (BP=104/68 mmHg, HR=59/min, ET/PEP=2.2). Right
panel: after AN inhalation (BP=86/52 mmHg, HR=76/min, ET/PEP=2.4).

IVS =interventricular septum; PW=nposterior left ventricular wall; BP=Dblood pressure; ET=
ejection time; PEP=pre-ejection period.

R i ‘
. ’ . . . * i ’ L .

Y . ‘ . [ . .

Fig. 6. Left ventricular echocardiograms from a normal subject recorded before and
after AN inhalation (T.H., 24 y, male).

Left panel: before AN inhalation (BP=143/78 mmHg, HR=73/min, ET/PEP=3.7). Right panel:
after AN inhalation (BP=138/58 mmHg, HR=128/min, ET/PEP=5.0). Marked increases in ET/PEP
and left ventricular wall mortion are seen after AN inhalation.

IVS=interventricular septum; PW=posterior left ventricular wall; BP=blood pressure; ET=
ejection time; PEP=pre-ejection period.
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Table 2. Hemodynamic parameters before and after AN inhalation in Duchenne’s dystro-
phia musculorum progressiva (DMP)

Ps Pd HR ET ETc | PEP |ET/PEP| PWE | mPWv | mvef
welore AN [184 |70 [7a5 [27a7 fssa les  [332 |28 [ue |12
+4.0| +24| *46| +54| 46| 32| +on| zos| x28| 005
Conwols | an (-4 [e20 [ fases faas [s3 [am  [1s9  [ess |1
n=16 +45| +210| xe62| +93| +34| 27| 02| +1.0]| *+26| +0.00
dpohanae | 174|271 202 |8 7.7 |-s3.9 [a1s |88 [46.9 [a36
Pl 20| +35| 69| 22| 07| x25| +a1| *a7| s8] £57
boioe an | 1248 7883 |05 *[zsse *[as7  e0n 324 |81 *|3sa *|iis
o +3.4| +34| 45| x64| x50 28| +on| xo7| 23| 0.3
aowp A | aiter an | 1957 C[67:4 *[125.8 *|aw.2 *laas feo.o (a0 *[i06 a0 *[1.60
o +35| 21| +86| *93| +43| x38| +021| +1.0| *38| +o2
ne
—15.9 |—23.8 |44.8 |—7.4 8.0 |[-25.3*[24.4 *[30.9 (321 *[325 *
[
%ohange | 12| +os| o8| x21| +16| +34| *47| +*62| +55| +90
bofore A | 1280 *[00.7 *[o8.3 **T23a7 *[as.0**faas *ol2sa 76 *[7 *[109 *
o +29| *+35| +42| +66| +42| x3.0| +010| +o08| +36| o1
gow B | aier an |33 7|81 **[1285 *|214. 2 [a13a o[zm2 o[z **[87 *c[aa *[121
o +3.4| 36| *45| 54| +50| 60| x04| +1.2| +a2| x0.16
-
—n.3* =370 320 *[—8.2 | 7.6 [—17.7*[125 *¢|19.7 **[36.1 *[18.2 **
shoh ) } ) . )
%ohange| 4 15| 25| 64| 22| *£1.9| +£53| 56| +12.0| +85| =8

* p<0.001 (DMP group A or DMP group B vs controls); o p<0.001 (DMP group A vs DMP group B).

Abbreviations: see Table 1.

VI~VIII), respectively. Control group is age-matched.

ET/PEP
P<0.001-
——s.———p<0.00—]
5.0
4.0 / /
3.0
2.0 |—P<o.00+—#—00—‘p<o.om—‘
P-70.001
belore after before after before after
AN AN AN AN AN AN
Controls DMP group A OMP groupB
n;16 n; 9 n; 16

Group A and Group B indicate mild cases (stage II~V) and severe cases (stage

Fig. 7. Changes in ET/PEP after AN inhalation
(DMP).

There is no significant difference in ET/PEP at
rest between DMP group A and controls. DMP
group B has a lower ET/PEP values than the other two
groups. Controls show a remarkable increase in ET/
PEP after AN, while DMP group A has a less in-
crease and DMP group B has a very little change.
The difference in left ventricular function among
these three groups is uncovered by amyl nitrite in-
halation.

DMP =Duchenne’s progressive muscular dystro-
phy; ET=ejection time; PEP=pre-ejection period.
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Fig. 8. Left ventricular echocardiograms from a patient with DMP group B before and

after AN inhalation (K.T., 18 y, male).

Left panel: before AN inhalation (BP=122/82 mmHg, HR=88/min, ET/PEP=2.2). Right panel:
after AN inhalation (BP=118/70 mmHg, HR=120/min, ET/PEP=2.1). Hypokinetic motion of
the posterior left ventricular wall seen before AN inhalation is not improved after AN inhalation.

BP=blood pressure; HR=heart rate; ET=ejection time; PEP=pre-ejection period; DMP=

Duchenne’s progressive muscular dystrophy.

iZ AN A7FHET, A BTdBRELENRL, B
BTRMo 2L VERLTW. AN AF#4
gL b PEP oGk & 270, = 0EHER IR
B, AR, BEHOIRKAERETL TV

ET/PEP %, &%k A B <Mt L84
<, BEETRo2HL VIKEZTRLE. ANZ
fifick 5 ET/PEP o%@h%2 45 L, *BE TR
3.32 2 476 (Zfbp 41.5%) L K& KT 5
DL, ABETIE 3.24 25 4.03 (I(kx 24.4
%) LHRIINE L, BETE 254 226 286(%
bR 124%) LRI ESIZbTELT, 3HEMD
ZENHRR L 72> 7o (Fig. 7).

3) DT a—Kk YRIELLEDHEES X OE
ERFEEER 0 LD (Table 2).

i) LRy FHEEEDES): mVCF 3%t A
BB EN R, BEETIIHREL VK
E&#RFL7. AN A% 3I# L L mVeF o
RN, ZOHEMEIIEE, AR, BEOIE

WWIETL, SHOENHARL - -.

1) AEEFFEEESOLE): PWE, mPWV 1
EbicERs DMP BEoxtfEEE X v KEERL
72, A, B HEoZEZHETE L, o7, AN
A%, *tBEE<ix PWE, mPWV L 45
DR ETRT OIS L, DMP BTix A #o
mPWV, B #» PWE, mPWV oK a7 <,
#iz PWE ominsgix A, B BEcLAEE%
HTe.

4) s B(Figs. 8, 9)

Fig.8 ;x DMP o B #f stage VIg{ e B+ 21815
Bt o, ANAFFICE Y fi/F X 122/82mmHg
225 118/70 mmHg, .>#%kix 88/min 75 120/
min 23355, ET/PEP 1 21 5 22 ¢
BLAERETHS. ELHF, RiCkEHRE
iz# L\ hypokinesis #38#» 525, AN &g
LIREEEE O T W sh v, Fig. 9 3F
< DMP o B g stage VI o 17 i B4 o4 T,
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Fig. 9. Left ventricular echocardiograms from a patient with DMP group B before and
after AN inhalation (K.T., 17 y, male).

Left panel: before AN inhalation (BP=130/85 mmHg, HR=69/min, ET/PEP=2.6). Right panel:
after AN inhalation (BP=106/68 mmHg, HR=109/min, ET/PEP=3.5). Hypokinetic motion of
the posterior left ventricular wall (left panel) is improved by AN inhalation in this case, and an in-

crease in ET/PEP is also seen.
BP=blood pressure;
Duchenne’s progressive muscular dystrophy.

AN g&fic X v fE 1 130/85 mmHg 5 106/
67 mmHg, O 69/min A6 109/min ~ &
2L, ET/PEP ix 2.6 55 3.5 L#ikLTw
5. LHEREEZ%EEIC hypokinesis %5 3 2,
Z OEF T AN AHFiIck - T, DEPIE, %
BEL L BEEEN LS B bh, Fig. 8 ofEf|ic
H LU TELR - e & CICBEEES o T/
PRI TWSE Z LSRR Eh e,

% ES

AN @FE L » S EEMLERBREICHWOAT
BY, ZOEMITTIREALIATHZD, Fiid
FEEFOLBRBS I OO a2 —KEE AW TOEL
BEEGIc A L TwW 3. AkRghEoWH %
SELL, BRARY—EITELNI LR, ¥

HR=heart rate; ET=ejection time; PEP=pre-ejection period; DMP=

DEHEERATHIBRATORD L, ThicfEI K
HBFOREEDMORILL T340 L, BELE
BYRE LIV 2 2VWBRBRAREIDZ Lo, BEED
BCRLBHERT, BHIBIVELKETTES
FRLFELEZBRS.

Fig. 10 3, £ »7—7igERO AN %
ABT#% OKBERE, L83k, double product »
E8z 16 floEHETRLIELOTH B4, AN
% ABEth 20~30 BB I KBREZETFTL, >»
TUREDMEM L7, Fx LD HEE KOS T
CHBEERHI 21T > TV 323, Z ORLE Tl ER
FEEB R L RT L &h 5 double product i AN
WART L EESELWEERRLE. —F, ESEIE
KEIE 3 X OHiBIIREAE X, AN AfficX VY R
Eiew LERERDT 2HRICH - 7Y, £ By
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Fig. 10. Percent changes of aortic pressure,
heart rate and systemic blood pressure times
heart rate after AN inhalation.

AoP =aortic pressure; Ps=systolic blood pressure;
Pd=diastolic blood pressure; HR=heart rate.
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