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The effects of amyl nitrite inhalation (ANI) was investigated if this maneuver
could be used as a stress test for evaluation.of presence and severity of coronary
artery disease (CAD).

On- clinical studies, systolic time intervals were measured in 77 patients (52
with CAD and 25 with no-CAD) before and after ANI. While increase in ET/PEP
after ANI was marked in no-CAD group,(2.91—4.01), it was not so in CAD group
(2.52—2.96), and there was a statistically significant difference between the.two
groups.

The increase of ET/PEP in multi-vessel disease group (MVD) of CAD was
smaller than that in one-vessel disease group (1 VD).

Correlation of ET/PEP changes with ANI and resting ejection fraction was
significant in 1 VD (r=+0.53), but not in MVD, and factors other than cardiac
pump function were considered.

At cardiac catheterization, the increase of LV-dp/dt-max after ANI in no-CAD
group was larger than that in CAD group, and there was a statistically significant
difference between the two groups.

On experimental studies, coronary blood flow (CBF) and myocardial segmental
shortening were measured in 25 dogs with and without coronary stenosis before
and after ANI. While both were markedly increased after ANI without coronary
stenosis, there were not increased following coronary stenosis.

It is our conclusion that abnormal response of ET/PEP seen in patients with
CAD after ANI may be influenced by (a) cardiac pump function and/or (b) grade
and number of coronary stenosis.

In detection of presence or absence of CAD the sensitivity was 92 %, specificity
84 9% and predictive value 92 % when less than 30 % increase in ET/PEP with
ANI was applied.

ANI is safe and simple, and would be able to serve as a stress test for evalua-
ting the presence and severity of CAD.
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Table 1. Mean values and 1-standard deviation of heart rate, blood pressure and
. left ventricular systolic time intervals before and after amyl nitrite in-
halation between CAD and control groups . .
Before amyl nitrite inhalation ﬁi rri?gxiilnﬁgllasgia of amyl
Control group| CAD group | p-Value |Control group| CAD group p-Value
HR (/min) 61+ 9 63+£10 NS 85+16 83+14 NS
) | 12914 125413 NS 8617 87418 NS
BP, diastole ‘
Cnmbgy} | 74£11 72413 NS 50:+12 47411 NS
Q-II (msec) 392+25 389433 NS 343442 347 £ 36 NS
QI ( ».) 495416 496 + 25 NS 488 +26 487 +25 NS
ET (msec) 289420 276 +36 NS 272+33 256 + 35 NS
ETi ( » ) 355416 344429 NS 364421 347 +£28 0.01<p<0.05
PEP (msec) 103+18 113+£19 NS 72+15 91+£20 0.001<p<0.01
PEPi ( » ) 139+18 151+22 NS 123415 140421 0.001< p<0.01
ET/PEP 2.9140.63 2.52+0.58 NS 4.01+0.84 2.96+0.73 $<0.001

NS: non-sgnificant, CAD: coronary artery disease, HR: heart rate, BP: blood pressure,
Q-II: Q-S;interval, ET: ejection time, PEP: pre-ejection period, i: index

*¥%
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Fig. 1. The value of heart rate, blood pressure and left ventricular systolic time intervals
before and after amyl nitrite inhalation between CAD (0) and control (@) groups.

Before After

Before After

ET/

PEP increased markedly in the control group, but it remained low in the CAD group.

Before: before amyl nitrite inhalation,

<p<0.05, **: 0.001<p<<0.01, ***: p<0.001.
abbrev. see Table 1.

After: after amyl nitrite inhalation, *: 0.01

Vertical bars indicate mean+1SD. Other
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Fig. 2. The changes of ET/PEP(4ET/PEP)
with amyl nitrite inhalation in 3 groups
of patients classified by number of
coronary vessels involved. The more
the number of involved vessels increa-
sed, the smaller 4ET/PEP was.
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x: Control group r=—0.22(NS)
o: One-vessel disease r=+0.53(p<0.01)— r=+0.47(p<0.01)
o Multi-vessel disease r=-+0.20(NS)

Fig. 3. Relationship between resting ejec-
tion fraction(horizontal axis) and changes
of ET/PEP(4ET/PEP) with amyl nitrite
inhalation(vertical axis) in 3 groups of
patients. In one-vessel disease group
there was a positive relationship between
the two (»=+0.53), but in multi-vessel
disease group there was no significant
correlation.
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Fig. 4. The changes of ET/PEP with amyl
nitrite inhalation(4ET/PEP) in 3 groups
of patients with ejection fraction of
0.6 or more. 4ET/PEP was again small
with increase in numbers of vessels
involved even in normal pump function
group.
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Fig. 5. The changes of ET/PEP with amyl
nitrite inhalation (4ET/PEP) in patients
with angina pectoris and with myocardial
infarction. In patients with angina pe-
ctoris 4ET/PEP was small with increase
in numbers of vessels involved.

& ¥ F sTeDic L, BROFERET 20 %L
TREEF DL BIDETH 57z,
® AN &fiizED CAD BHEIZ k15 &
W o B RN - EPER (Table 2)
Fig. 2 @R+ & 5 exdf@ee & CAD o5 Bt
12ix, 4ET/PEP ofiz +30 % ZETHD
MY L B ht. 2T 4ET/PEP 234+30%

Table 2. Detection rate of CAD when less than 30%

increase in ET/PEP with amyl nitrite inhalation

@ ET/PEP o&{t=E &

(4ET/PEP) was applied

CAD mjERE L DBIE

(Fig. 5) M CAD group |Control group
£ Predictive
POVERE & LEERCH Positive test 48 4 positive avalue
T ##+5 L, 4ET/PEP . Predictive
VSRR AR IR B RS - Negative test 4 21 negatlv‘éf%:/alue
O EN CHREEY RS L Sensitivity | Specificity
hrote. —F ke RERE T 2% 84%
OAFFRZERE O R LI E T positive: 4ET/PEP<30%, negative: 4ET/PEP=30, CAD:

4ET/PEP #320 % LI'F D

coronary artery disease, AN: amyl nitrite
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DONWT L. 25 Flicks\ T 1 @[ A
FERCSHETT2ED RESR BfTLicE
A, WMEMOMBBERIUL r=+0.93ThHd, B
HHEIEFCRIFTH 7.
@ LHT—TABRERCKTS AN ALk
DOLREFEDZE) (Table 3 - Fig. 7)
AN &7t CAD B & W HREE & DRI,
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N R &

s
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(1st)

A pep . .
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r=+0.93(p<0.001)
n=25

0 20 40 /|EV/pgp (2nd)
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Fig. 6. ‘Reproducibility of the changes of
ET/PEP with amyl nitrite inhalation
(4ET/PEP). The correlation coefficient
of the first and second 4ET/PEPs was
satisfactory (r=+0.93).

B —38%)% IRIIE, AZEEHIER WAL
LI ARECERRE LR L. EZEIRERR
BIFE, AEE 3 X O Pressure rate product
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73, CAD BT BERMINE R LI DA T Wk
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Table 3. Mean values and 1 standard deviation of hemodynamic data before
and after amyl nitrite inhalation (clinical studies)

Before amyl nitrite inhalation

At maximal effect of amyl
nitrite inhalation

Control group| CAD group ' p-Value \Control group| CAD group | p-Value
HR (/min) 68.£12 67 +£14 ’ NS ’ 91+15 88417 NS
AoP, systole
o %n;mHg)} 157 +22 139419 NS 94420 88+12 NS
oP, diastole
(mmHg)} 91+10 84+13 NS 61+14 56+12 NS
LVP (mmHg) \ 141429 } 132420 \ NS \ 92+18 84+14 NS
LVEDP (mmHg) 11.445.3 \ 11.746.9 NS 7.244.7 7.6+6.4 NS
dp/dt-max
e lg/sec) | 23124417 | 21563303 NS 30194655 | 2443+346 | p<0.05
RAP (mmHg) | 64213 7.042.7 NS 5.5+1.7 6.4+3.1 NS
PRP ‘ 953343113 | 9094+ 2326 NS 842241798 | 80352612 NS

HR: heart rate, AoP: aortic pressure, LVP: left ventricular pressure, EDP: end-diastolic
pressure, dp/dt-max: peak rate of ventricular pressure rise, RAP: right atrial pressure,
PRP: pressure rate product, NS: non-significant, CAD: coronary artery disease
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Fig. 7. Hemodynamic data in clinical studies with amyl nitrite inhalation.

Before

After

In control group

(@) dp/dt-max markedly increased, but it remained low in the CAD group (0). HR:

heart rate, AoP: aortic pressure,

LVP: left ventricular pressure, LVEDP: left ven-

tricular end-diastolic pressure, dp/dt-max: peak rate of left ventricular pressure rise,
RAP: right atrial pressure, PRP: pressure rate product, Other abbrev. see Fig. 1.

<2 REMFR>

—A MELHE—

HERERUA 25 31 CPO%E 21.5ke) % A\,
pentobarbital ERFREE (25 mg/kg) WX B A
TR ST & 5 I CBElR, O EE SIE
L R BIRET T 178 % 58 1 XA D 43 I5CHT T
L., LT XoMic B KET (AKX
FALEL MF-27T8) B 7 » —7 (flow meter
probe) %, FORMMENZ constrictor #FH
FThE#ELEL, BRECBEC L DEMAEDE
b % R RV EHAI L 7.

TERRAE L SPEIMITE BN WA L R B BE
(60~85 % DEBHMRMAR T YT 51) DA
(BEA) &, PR mMRED 2 50 1T B
TLREORBERERE PEB) O 2EE(E
B .

%72 15 BT RELe inz <, A FAT RO 3
o EZEOHONE P EEREEIC AT e

FLOW METER
PROBE 1

\\— FLOW METER PROBE
CONSTRICTOR

ULTRASONIC DIMENSION SYSTEM

Fig. 8. Schematic diagram of experimental
preperation.
artery, LA : left atrium, LCX : circumflex
branch of left coronary artery, LAD:
anterior descending branch of left co-
ronary artery, Other abbrev. see Fig. 7.

Ao: aorta, PA: pulmonary
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blood flow ]
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. omml-lg |
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mmH

LV dp/dt 2000
1000

0 :
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(3£8% H2% 1982

Fig. 9. Effect of amyl nitrite inhalation on dog. With no coronary stenosis aortic pres-
sure was dropped suddenly, coronary blood flow increased markedly, segment length

was shortened and dp/dt was increased.

ALY 51—t BEW 7 V A x4 (ultrasonic
cristals) # i 2 A &, A7 45 v F#HBD
ultrasonic dimension system &k b, oD
o BT OFEMRER A RRCHE L. Itk
IEERIIR « ERPROBIERHIC VT
Sasayama b DFGED L.

XHRERE « EERERPE « £ZE—K
W « RBIIRIE « FHEIIRE « GBI « L
HERSIOOER (IHFE) *isglic. Ik
EEELI 78~ 75y 75 VAT
- — Y%, KEIIRE « MiBIIRE S X A BRI
BB S VAT o~ ERER L. OHHE
ERBRESETC S e — T2 EE L, EELLA
BROBRBKENCI VHIEL 2.

F i —EMORES] Tk PAETLHIRD KA A

CHh5F—TriEAL, TERE (perfusion
pressure) *i#HlFEL 7= (Fig. 8 - Fig. 9 Fig.
12).

ST A A RS ARERCEEE RM
-85z X b, #EEDEERA 200 mm/sec T
Fote., ANWZT7 v/ AT B 1ok, AL
WMo 2gH ) Ahn X b ATHE T RA
X, AN ABHT « &« 8o EERHE OFIE
Tote. 7ok AFC LB BAWREREY —EIC
Thloic, KEIRED TREEZH 30 Zais
WCied X 5B ARR AL 7o,

—B. ﬁ %_.

@® AN AR O LB L TEOZEL
(Table 4 - Fig. 9 - Fig. 10)

AN AT & b KBINR O IRHEIIRE & SRaRIAE
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Table 4. Mean values and 1 standard deviaton of hemodynamic data before and .
after amyl nitrite inhalation (experimental studies)

*: Statistically significant differences from the © group (p<{0.05)

AN

control

AN inhalation

\n ‘ ’5’ 30 sec 60 sec 90 sec ! 120 sec 180 sec
Heart rate o 13942 146427 153428 149 + 28 146+ 28 144+27
e iy [BIA| 13925 146 £ 27 1521 28 149129 145129 143127
Bl 140£27 148429 153+ 30 149129 146 + 28 145128
AoP. systole ||©] 145+18 102420 107 £19 121115 130417 137418
ey B5E| 14517 106 £ 22 107+ 23 122420 129421 137 £20
& MB| 145118 1041 25 107+ 24 121£21 130+ 20 137£20
. o 118+17 75420 76+ 20 97 £17 106+£17 113418
AoP, Qiastole oAl 11817 74+19 78+22 o7x19 | 10719 | 113%18
& “IB| 118%18 75+ 22 78+ 24 9720 106+ 19 113119
o 141118 105417 10820 1194 18 129420 134419
LVP (mmHg) [I5/A 14419 107117 109+ 25 123321 127 %21 135422
B| 142320 106 + 23 103+ 25 121123 129422 135+ 24
LVEDP o 9.0+4.8 | 6.6+£3.5 | 5.7+3.4 | 5.4+2.0 | 6.0+2.2 | 7.9+3.7
tamig) [0A 84x42 | 6.6x3.2 | 6.4x3.6 | 3.3+39 | 7739 | 81+38
8 "Bl 8.6+3.5 | 6.443.0 | 54428 | 6.6+2.6 | 6.942.5 | 7.4%2.6
‘ » o 3312 87 452 63442 47432 40429 34424
CBF (ml/min) [25|A| 32+19 434 23% 31419 31+20 32420 31+19
B| 20116 193 15+ 15% 13 16+ 13 183 14 20+ 16
ol 484493 6674172 | 7194202 | 5994189 | 5514135 | 522+116
CO (ml/min) [10[A| 4794107 | 6641156 | 6841207 | 590+183 | 523+136 | 494115
B| 490+109 | 6241165 | 664+207 | 564X159 | b523+124 | 486%121
ol 3.64+1.25| 4.8942.05 | 5.00+42.19 | 4.30+1.95 | 3.90+1.46 | 3.73+1.23
SV (ml/beat) |10[A| 3.59+1.26 | 4.7011.43 | 4.80+2.06 | 4.13+1.86 | 3.69+1.43 | 3.57+1.23
B| 3.56£1.01 | 4.37+1.40 | 4.63£2.01 | 3.9241.67 | 3.61+£1.20 | 3.44+1.19
ol 10.00 9.364£0.38 | 9.1740.36 | 9.4140.34 | 9.5140.30 | 9.59+0.35
EDL 15A|  10.00 9.44%+0.33 | 9.36+0.38 | 9.53+0.23 | 9.63+0.21 | 9.6830.22
1Bl 10000 9.65+0.23% 9.61+0.39% 9.79+0.39 | 9.87+0.42 | 9.89+0.35
o 8.25+0.54 | 7.25+0.74 | 7.09+0.69 | 7.45+0.62 | 7.68+0.68 | 7.80+0.67
ESL 15/A| 8.16+0.54 | 7.3940.77 | 7.4140.69 | 7.63+0.66 | 7.79+0.66 | 7.88%0.64
B| 85410.47 | 8.1710.68% 8.29%0.62% 8.67+0.54% 8. 68+0.53* 8.59%0.49*
O 18.1244.76 | 23.6245.38 | 23.8245.64 | 21.66+5.03 | 20.25+5.17 | 19.75+5.13
9 Shortening |15|A| 18.48%5.44 | 21.65+6.80 | 20.62+6.81 | 20.4816.36 | 19.36+6.48 | 18.90%6.04
B| 14.11£4.69 | 15.2946.29% 13.54£5.93% 11.261 3. 434 12.09+3.23% 13.66% 3. 46*
dp/dt-max ol 21614550 | 24344691 | 24624639 | 23574572 | 23464620 | 22504567
DL A oy [10A| 2214664 | 22854610 | 21164708 | 20004753 | 2214%775 | 2222062
g B| 21884685 | 2040+747 | 20154743 | 20881671 | 2080+£700 | 2109620
o 49114 | 5.2+41.4 | 5.041.5 | 4.8+1.5 | 4.7+1.6 | 4.7+l.5
RAP’(Tne;%) 10A 5.0+1.5 | 5.3%x1.4 | 50+1.5 | 4.8+1.5 | 4.7+1.5 | 4.8%1.5
& Bl 5.0x1.6 | 53%t1.5 | 50+15 | 48+1.5 | 4.7+1.6 | 4.8%1.6
ol 28+10 30411 29+12 27410 26410 26410
PAP’(SIﬁ;%}e) 100&  27£10 28411 2%6+11 255411 24310 25411
& [Tg|  2rx1l 2812 27+11 %111 24311 24411
. o 24+9 26410 25410 2349 2349 2349
PAD, s [10&] 230 24%10 23311 22410 2119 2139
& B 24x10 24+10 23%+10 21%10 22410 22410

sten: stenosis (©: no stenosis, A : stenosis A, B: stenosis B), AN:

amyl nitrite, AoP: aortic

pressure, LVP: left ventricular pressure, LVEDP: left ventricular end-diastolic pressure, CBF :
coronary blood flow, CO: cardiac output, EDL: -end-diastolic length, ESL: end-systolic length,

dp/dt-max: peak rate of LV pressure rise, RAP:

arterial pressure, SV : stroke volume

right atrial pressure, PAP: pulmonary
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TLEBNERE TR/ o, —F dp/dt-max ® AN ﬁﬁﬁ@ggﬁmﬁriog{{t (Table 4-
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Fig. 10. Hemodynamic data in experimental sutdies with amyl nitrite inhalation.

Heart

rate (HR), coronary blood flow (CBF), cardiac output (CO), 2% shortening of segment
length and dp/dt-max all increased. Aortic pressure (AoP), left ventricular pressure

and segment length all decreased.

Left ventricular end-diastolic pressure (LVEDP),

pulmonary arterial pressure (PAP) and right atrial pressure (RAP) did not change.

®: no stenosis, O: stenosis A, a:

stenosis B, EDL:

end-diastolic length, ESL: end-

systolic length, *: statistically significant differences from no stenosis group (p<0.05).

Other abbrev. see Figs. 1 and 7.
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B TR ATECRED, 90 BLIEBIT AR
BEX b BRAOEREERLIC. X BICRAEB T
AMBOKEOBINT 2T, ARE3I0H
X v EAERE KL, 60 BBt —34 % &K
TL, Uk« cARIMEZCEELL. Zh
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(Table 4 - Fig. 11)
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% A Coronary blood flow
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) (Table 4 - Fig. 11)

DR, JEREREETIE AN &7 60 B
B 47 BN o, BRAEA Tik T OHINEK
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fo. AT 30 Bor Y BT £RHEE LT
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® AN &% SEREOZE L (Fig. 12)
FBRAERRETIE, AN AFERBIREDET
CRTL TRBEDOBEREDK FABE IR
fo. ERFARCEMREGEHCHEML .
ZEATIL, REREOEEREIIKEIRECEL
bENCETAA LR, AN ARSITIERAR:
ERBRCET LS, Bl OIS H

% /] Cardiac output

/] % shortening

% : T A dp/dt-max

a0t r/"\ -
| &
i |
10 0 - T
. I 1]
O L ] I I N—"]
* -0}
-20 e —
| | —20
A 1 P i i A i ol 1 1 1
0 30 60 90 120 180 sec 0 30 60 90 120 180 sec

Fig. 11. The changes of coronary blood flow, % shortening of segment length, cardiac

output and dp/dt-max with amyl nitrite inhalation in experimental studies.

These

values were smaller with increase of coronary stenosis. Other abbrev. see Figs. 1

and 10.
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ECG

Segment length

Coronary blood flow
(mean)

Aortic flow (mean)

Aortic pressure

Left ventricular
pressure

Perfusion pressure

mmHg #
Fig. 12. Effect of amyl nitrite inhalation on coronary perfusion pressure in dog. Amyl
nitrite inhalation decreased coronary perfusion pressure.
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