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Contractile and Relaxing Functions of the Left Ventricle and
Its Responses to Nitroprusside in Hypertensive Hypertrophic Heart Disease

Myung Ho Jeong, M.D., Jeong Gwan Cho, M.D.,,
Jong Chun Park, M.D. and Jung Chaee Kang, M.D.

Department of Internal Medicine, Chonnam University Medical School

Ock Kyu Park, M.D.
Department of Internal Medicine, Wonkwang University, School of Medicine

Two facets of the ventricular function, systolic contractile and diastolic relaxing functions, cooporate
in pumping the adequate blood volumes to suffice bodily demands. In some hypertensive patients
with marked left ventricular hypertrophy, the intact systolic function of the ventricle associated
with clinical symptom of congestive heart failure(CHF), which is considered to be a consequence
of diastolic dysfunction.

In this study 10 hypertensive patients(group A) complaining of exertional dyspnea or chest pain
with increased left ventricular mass index and normal systolic function and 6 normotensive controls
(group B) were examined by cardiac catheterization and echocardiography to assess the left ventricu-
lar systolic and diastolic functions and ventricular responses to constant infusion of nitroprusside.
Various systolic and diastolic function indices were measured by cardiac catheterization and echocar-
diography.

1) The ejection fraction(EF), fractional fiber shortening, mean velocity of circumferential fiber
shortening, left ventricular(LV) peak +dpy/dt, change of slope of LV peak systolic pressure-volume
and pressure-dimension relations in group A were not different from those of group B in the resting
states.

2 =R 8AE 19889 HEE@7IeE FAGeH QA I LRIAL

— 15 -



2) Diastolic dysfunction was evidenced by prolonged A;D time, decreased OR slope, decreased
peak negative dp/dt and increased diastolic time constant ‘T’ in group A.

3) Cardiac index by thermodilution method was negatively related to left ventricular mass index
(LVMI) measured by echocardiography, whereas time constant T was positively related to LVMIL
4) With constant infusion of nitroprusside, LV systolic pressure, LV end-diastolic pressure and
pulmonary arterial pressure were decreased, and left ventricular end-systolic stress and stroke work
index(SWI) derived from left ventricular pressure-volume loop area were decreased, EF was increa-
sed, but time constant T was prolonged and cardiac output(CO) by thermodilution method was

decreased in group A.

5) In group B, with constant infusion of nitroprusside, EF, SWI and CO were practically unaffected
and time constant T was not prolonged significantly.

These results suggest that patients with hypertensive hypertrophic left ventricle is associated with
diastolic dysfunction, which could further be exacerbated by a vasodilator such as nitroprusside.

KEY WORDS : Hypertension * LV function * Nitroprusside.
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Table 1. Characteristics of the studied subjects

(left ventricular mass index : LVMI) & 219.2+ 19.6
g/m®olom, KENRES WHEHE 1846+ 54
mmHg, H&Z L 102.6+ 4.1mmHg, F5KE 132.3+ 5.
ImmHg, £ OENES KHEHE 188.2+ 2.8mmHg,
iR K 16,5+ 1.0mmHg, MEINRFHE S 18.1+
1.3mmHgo] 3 ot

BRE-2 340, A 26 o] H o, F#h-S 433+
204 ©] 3 LVMIT 98.5+ 6.8g/m* o[ o8 A&
IREES MR HAEE 115.0+ 6.7mmHg, 42 HEE 70.8+
6.4mmHg, FHE 91.8+53mmHg, ELENES
WFEIEE 11584 59mmHg, HMAELEXE 88+08
mmHg, fiE)HK FHE L 12,5+ 0.6mmHgo] 4 oH( Ta-
ble 1).

Growp ot (ylzﬁfs) Sex NYHA (pwo  EKG (%g (m?r(l)ll;g) (ml;nvl}-)lg)
(S/D/m) (S/ed)
1 % F W 0 LVH+St 2006 195135155 210/21
2 49 F O W LVH+St 3837  205/100/130 212/16
3 5% M O 1 LVH 1784 180/ 90/140 180/10
4 58 M O I LVH+St 2006 170/ 90/110 185/18
A 5 39 M I .I LVH+St 2350  205/110/150 210/18
6 42 M O I LVH+St 1765  180/110/150 180/15
753 M O I LVH+St 2660 170/ 90/120 170/12
§ 41 F I I LVH 1961 190/110/155 185/17
9 6 F W W LVH+St 1981  201/101/138 200/18
0 2 M I I LVH+St 1576 150/ 90/110 150/20
mean 496 2192 1846/1026/1323  1882/165
+SE 25 £196  +54+41/451  +28/+10
1 3 M N WAL 049 10/ 75 92 115/ 8
2 50 M N WNL 1051 120/ 80/104 120/12
B 3 48 M N WAL 66.1 90/ 55/ 70 9/ 6
4 % M N WNL 1207 145/ 85/105 135/10
5 42 F N WNL 977 115/ 70/100 100 5
6 49 F N WNL 1064 110/ 60/ 80 130/12
mean 433 985  1150/708/918  1158/88
+SE +20 £68  +6764/+53  +59/+08

ABBR. NYHA : New York Heart Association functional classification, KW - Keith-Wagener classification of hyperte-
nsive retinopathy, LVH ! left ventricular hypertrophy, St : strain, LVMI : left ventricular mass index,
AoP * aortic pressure, LVP  left venttricular pressure.
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He B & BHREANN LEFHES NP3
o fALEFE HAAEFIKS Seldinger o=
#hlste] Kimiol thermister’t 2% 7F Swan-
Ganz catherters A3t Efrfl HiEHIK Ol
EfALE BOFA AAAA LY, £UEFE Bl
KEREDHR S Seldinger i o= % #Iste] 8F K%
#/ M introducing sheathE A ¢} 3t ¥ pig-tail exten-
sion®] ¥ 8F micromanometer-tipped catheter( Mil-
lar Mikrotip® catheter pressure transducer, Millar
Instrumentiit) &, BB &Rl W nEREFAY
& o] 2 micromanometer-tipped catheter7b A
BIREELS 5 etA %3 4 $ol< pig-tail cathe-
terS AYstd LLEA ZLHEE A Ll
F9 LBEHEE 2.25MHz9 probeE o] &3}qd,
ELEEN 2 EOEENY My g (dp/d), O
EEY 7 VR-12 simultrace recording system
(Honeywellit) & °l&3td 7154 &% 50~100
mm/sec® 7] 539 1L, dp/dt 2 K B (time con-
stant) T 712245 150 mm/secZ 7| 53t9 &
A8t A (Fig. 1). O HE S Swan-Ganz catheter &
5otd 0~5°CY AHAHK 5mlE Swan-Ganz ca-
theter o] ATz Lo {E53 F 9250 A Cardiac Output
Computer(American Edward Laboratoryiit) & o] &
sto] Bk (thermodilution method) 2.2 53] it
E34%d HFAE F3A

ZErikaES £ OZE N 2 dp/dt, MEBIAREE, £.OE
LDBEEES 7123ty LHHES 33T § K

,Jl'll,j||1000ll..e|l||l||k||'|k|lllklll|
- I

(recording speed 50mm/sec)

H# kS 53t sodium nitroprusside(Rocheiit) &
infusion pumpZ ¥ 50~100pgd £E2 L%
WekE EE-S 23k ). Nitro-prusside S A3 15
B5o| #HEAS ALEA OA HiaLe HHEL
2 EOEEN 2 dp/dtst DEBFERSE S 7]
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Fig. 2. Time constant of left ventncular isovolumic

pressure fall(T) by logarithmic method in a
hypertensive subject.

| l—%1000 msec - ! ‘J\-' —
- EKG~—/\——1"> B —— T ey
%m«.—;\ e e T e £t ke = ki Bkl It i

(recording speed 150mm/sec with time
& pressure lines)

Fig. 1. Simultaneous recording of EKG, M-mode echocardiogram, left ventricular pressure with its first derivative
by VR-12 simultrace recording system in a normotensive(LVP : left ventricular pressure, dp/dt * first
derivative of LVP, IVS ! interventricular septum, LVPW : left ventricular posterior wall).
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LB WiEgiEes CBENER BmEK 5§
R, VY AREREESS, DEFESR O
FENY mA+dp/dts OEEES, nitroprusside
FHEpigke CBEEES CETFRES SA Al
gt ALEAE W3 BhY #r]1e7], &
LDEREA Hg Bhe 8t71&7], LUERRE
ol dgt REY 718719 8k 3 KwEER
#E BaAsty YA ELZUHEHFERES
EUEBNY ELENES computerd] ANAIA
EOEY B - 5K 12 (pressure-volume loop) &
Fato] WEHEH S WFHAE computerd] 3 B
58 F ARHAPOR Yo A3

FOEY igEe FAMERNRE(ADRE)
KEBRIR KB REE (ORI 278 LHBBEES
Abgste A LOEENY RA-dp/dtst
BEFE T LEFHRES Adstd 439 ¥
7ht o B B TS LnP=At+B(P : left ventri-
cular pressure, t . time, A and B . constants) ¥ 2
Aol & T=—1/A(logarithmic method) 2 738t
o (Fig. 2)-

EoF p>0.1 ol P>0.1 mvef [
(%) (%) (c/sec)
504 301 T 1.01
257 151 0.5

B

A2D 1 ORT —dp/dt ]
(msec)] p<0.01 (em/s) p<0.005 (mmHg/s)
100 - 1500
50 1 1000

B

Table 2. Echocardiographically measured indices of sy-

stolic and diastolic functions of the left ventricle
in hypertensives(graoup A) and normotensives
(group B)

Group A Group B

(mean+ SE) {mean+ SE) P value
LVIDd(cm) 54+ 0.2 50£02 >01
LVIDs(cm) 38+02 33102 >0l
EF(%) 654+ 3.6 682+43 >01
%BFS(%) 334+ 26 327+£27 >01
mVef(cre/sec) 106+024 1.00£005 >0.1

A2D time(msec) 1040+ 85  666+38 >001
OR slope(cm/sec)  25+03 45+06 >0005

Abbr.

A B

LVIDd : left ventricular diastolic internal
deimension, LVIDs : left ventriuclar systolic
internal dimension, EF ! ejection fraction,
% FS  fractional fiber shortening, mVcf :

mean velocity of circumfrential fiber shorte-
ning, A2D time ! isovolumic relaxation time
from the onset-of A2 sound to D point of
mitral valve echocardiogram, OR slope :

slope from O pont to R point of aortic root
posterior wall echocardiogram

p>0.1 +dp/dt p>0.1
{mmHg/s)

1500

1000

Fig. 3. The left ventricular systolic and diastolic functions in hypertensives(group A) and normotensives(group

B.

Abbr. EF © ejection fraction, A2D  isovolumic relaxation time from A2 sound to D point of mitral valve
echocardiogram, OR : OR slope of posterior aortic wall motion, dp/dt * first derivative of left ventricular
pressure, T  time constant of isovolumic pressure fall, %FS : fractional fiber shortening, mVcf : mean

velocity of circumferential fiber shortening.
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20 40 LVESVI(mi/m?)

Fig. 4. Left ventricular peak systolic pressure(LVSP) plotted against end-systolic volume index(LVESVD) at
two levels of loading before and during constant infusion of nitroprusside for each of hypertensives(group
A) and normotensives(group B).

LVSP
(mmHg)
200

ggroup A

100 T aroup B Group

mmHg/cm/m?

1138
103

o >

i

1.0 2.0 3.0 LVESDI
(ecm/m?)

Fig. 5. Left ventricular peak systolic pressure(LVSP) plotted against the left ventricular end-systolic dimension
index(LVESDI) at two levels of loading before and during constant infusion of nitroprusside for each
of the hypertensives(group A) and normotensives(group B).

Nitroprusside 9% A OEHEEY M3l WM oo, MY MEEY %9 FEMXS 'Student
R EOLEY RA+dp/dtst —dp/dt, BEEE T,  ttest' &, nitroprussidedX Hai 9 £R HE S
Wi HAF IR, LALE 58 328d 78R ‘paired t test’ & o] &3t p@t S T PLO.
. 05¢! A4-E BRI #A}AY.

ZAAY e i+ EEEE(m+ SE)E BN
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T (msec)

Cl(2/min/m*)
4.0 * 754 o
[¢] O . group A
® . group B
r= =0.53
<0.05
30 ** o r-16 50
2.0
25-
4
v 100 200 300 UM /) 5 5 &

Fig. 6. Cardiac index(CI) measured by thermodilution L (g/m)
method is negatively related to the echocardiog- Fig. 7. Time constant of isovolumic pressure fall(T)
raphically measured left ventricular mass index measured left ventricular mass index(LVMI) be-
(LVMD. fore nitroprusside.

Table 3. Hemodynamic responses before and during infusion of nitroprusside

Group ¢ LVSP(mmHg)  LVEDP(mmHg)  m PAP(mmHg) SCL(msec) EF(%)
ﬁge before  during before during before  during before during before during
1 210 150 21 18 19 14 680 850 50.8 66.3
2 212 160 16 4 17 8 1,500 1,300 689 758
3 180 125 10 5 20 12 850 700 56.9 759
4 185 140 18 12 21 12 980 1,100 54.7 59.6

A 5 210 140 18 16 20 15 1,050 1,060 50.8 66.3

6 180 150 15 12 10 9 960 880 545 719
7 170 150 12 6 13 11 1,000 1,040 59.2 68.0
8 185 160 17 13 16 12 720 620 822 80.7
9 200 170 18 8 25 12 900 900 - -
10 150 130 20 8 20 18 760 600 794 813

mean 1882 1475 16,5 10.2 181 12.3 940 905 63.3 718
+SE  +60 +42 +10 +14 +13 +08 +699 +674 £35 +23

. p<0.05 p<0.05 p<0.05 NS p<0.01

11 115 100 8 5 12 9 950 930 86.6 739

12 120 110 12 8 14 11 750 850 76.1 759

13 95 65 6 5 12 6 1,300 1,000 60.5 70.3

B 14 135 120 10 9 15 14 1,000 780 612 72.7
15 100 85 5 4 10 9 1,080 760 68.5 73.2

16 130 115 12 11 12 10 800 680 68.2 713

mean 115 99.2 8.8 7.0 12.5 9.8 980 833 68.2 729

+SE  +59 +20 +038 +09 +06 +09 +743  +437 +4.3 +0.7

p<0.05 p<0.05 p<0.05 p<0.05 NS

Abbr. LVSP : left ventricular systolic pressure, LVEDP : left ventricular enddiastolic pressure, mPAP : mean pulmonary
arterial pressure, SCL : spontaneous cardiac cycle length, EF : ejection fraction.
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BmEY £ ORIEAES KiElE 2 OmEcED
(Table 2, Fig. 3).

1) 0B MK (ejection fraction : EF)-& AB¥ 65.
4+36%, BE 68.2+4.3%2ZA WALl frojd
ol AT

2) KUE 5 BEHE (fractional fiber shortening
D %FS)& ARF 334+26%, BR 32.7+27% 2A
mEEALo o g A T

3) F15 [E R % E (mean velocity of circumfe-

i

Table 3. (continued)

rential fiber shortening : mVcf) & AR 1.06+0.24
circ/sec, BEf 1.00+ 0.05 circ/sec2A HiEEAL] ol
fo ae AT

4) LEFEA 93 EOEBRNY RA+dp/dte
A%¥ 1568+ 77.2mmHg/sec, BF 1683+ 92.3mmHg/
sec2A FBEALolo ol Ate gl

5) Nitroprusside ¥ ¥ £ R BRI
(left ventricular end-systolic volume index : LVE-
SVD ol thet A O WeHEHARE (left ventricular systo-
lic pressure : LVSP)9 w¥3l7]&7]= A# 280
mmHg/ml/m?, B# 2.78mmHg/ml/m?ol % 2.8, %L
FWAEIIA PN EIEE (left  ventricular end-systolic

max +dp/dt max—dp/dt T Cco SWI
Case (mmHg/sec) (mmHg/sec) (msec) (1/min) (mmHg.ml/m?®)
Group No - - - - -
before  during before during before  during before during before during
1 1100 900 —1320 —1210 213 66.2 3.74 238 3018 1119
2 1400 1450 —1450 — 840 581 81.8 298 297 12016 5454
3 1900 1900 —1800 —1950 498 76.9 385 362 4489 3176
4 1800 1620 —1140 —1080 758 84.7 6.16 529 3827 307
A 5 1680 220 —1400 —1000 526 83.8 4.90 327 13197 7292
6 1400 1500  —1300 —1000 625 76.9 463 4.58 5766 5435
7 1300 1400  —1300 —1600 645 78.7 3.88 3.66 6869 6753
8 1700 1600  —1600 —1500 476 50.5 527 475 4676 7920
9 1800 1800  —1200 —1200 431 435 321 3.00 - -
10 1600 1500 —1100 —1600 4.7 449 3.60 365 3961 1320
mean 1568 1587  —1391 —1298 520 68.9 422 3.72 6424 4530
+SE  £772 +1030 +600 +£1047 +44 +438 +030 +£027 41160 +898
NS p<0.05 p<0.05 p<0.05
1 1900 1800  —1800 —1500  40.1 445 525 4.68 4946 1364
2 1600 1850  —1550 —1250 454 435 525 5.05 4056 1930
3 1900 1800 2000 —1800 172 294 6.83 5.88 1486 3279
B 4 1900 1600  —2000 -—1500 265 275 529 542 4826 5260
5 1400 1500 —1200 —1300 155 135 3.56 445 3874 3183
6 1400 1400  —1500 —1300 246 285 443 379 3012 3514
mean 1683 1658  —1675 —1441 282 311 5.10 487 3700 3088
+SE  +923 +689 +1176 +8l2 +35 +43 +040 +027 £7267 +5072
NS NS NS NS NS

dp/dt - first derivative of left ventricular pressure, T : time constant ‘T, CO : cardiac output by thermodilution method,
SWI © stroke work index derived from pressure-volume loop area.
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dimension index) | tf & LVSPS W38} 7] & 7= A
113.8mmHg/cm/m’, BE 103.0mmHg/cm/m?e] At}
(Fig. 4, 5).

6) AL Z AT LHEHEFEH (cardiac in-
dex : CD)&= AB¥ 2,53+ 0.18 I/min/m*, B 2.99+ 0.25
I/min/m*2 A ABNA FadHo Aoy f93
kol AL, AR 2 BROIAM S LLEHE
BB T8 & A BBAT A} r=-053,
p<0.05, Fig. 6).

SIS DHIEKAES £ Ot EEE(Table 2,
Fig. 3).

Table 3. (continued)

D OFERE 2 LBEEEZ 33T LUEERH
285 (left ventricular isovolumic relaxation time
. A:D time)S AR 104.0+ 8.5msec, B# 66.6+ 3.8
msec2A AR A o stAl A3 = o AR P<O.
01).

2) KERBOBEEE AN KEIRBKES OF
7 RE S 71 €712 AT KBIRIBREES) BRM
(OR slope)= A 2.5+ 0.3cm/sec, BB 4.5+ 0.6cm
[sec2A AR A o 8tAl ZaE o AATHPLO.
005).

3) ELEBRNY &Kk —dp/dte AR —1391+ 60.0

LVEDVI LVESVI LVSP/ESDI LVSP/ESVI ESS(X10°
Case (ml/m®) (ml/m®) (mmHg/cm/m*)  (mmHg/ml/m*) dyne/cm®)
Group  No : : - ; .
before  during before during before during before during before during
1 115.7 60.8 56.9 205 746 75 3.69 7.32 1826 69.3
2 1444 1375 449 332 83.3 69.5 4.72 481 1113 101.8
3 53.6 536 23.1 129 90.0 759 7.79 9.68 994 477
4 107.0 593 484 239 705 67.5 382 584 167.6 939
A 5 1404 98.6 51.2 332 83.1 639 4.10 4.20 166.5 91.9
6 89.5 1242 40.7 349 706 62.0 442 429 149.0 116.1
7 128.8 100.1 52.6 321 684 712 323 468 126.6 90.2
8 65.0 53.6 116 10.3 1164 104.6 1597 1546 923 756
9 — — _ _ — _ _ _ _ _
10 53.2 26.8 11.0 5.0 923 104 13.65 26.0 63.5 479
mean 99.8 794 378 229 83.3 771 6.82 9.14 128.7 81.6
+SE  +113 +£117 +56 +35 +48 +5.1 +149 +£229 +127 174
NS p<0.01 NS NS p<0.05
11 60.4 27.1 8.0 7.0 753 63.6 131 12.0 56.2 426
12 727 53.0 17.3 12.8 66.6 584 6.9 74 90.1 62.2
13 536 65.1 211 193 54.1 50.5 49 49 1121 975
B 14 111.0 85.1 43.0 232 516 518 2.8 4.2 153.1 972
15 676 49.3 212 132 59.9 62.5 5.1 74 926 67.2
16 65.8 70.2 29.0 20.1 57.1 477 47 5.0 1182 854
mean 718 58.3 233 159 60.7 55.7 6.3 6.8 103.7 755
+SE  +75 +74 +44 +22 +33 +25 +13 +11 +121 +81
NS p<0.01 NS NS p<0.05

LVEDVI ¢ left ventricular end-diastolic volume index, LVESVI . left ventricular end-systolic volume index, LVESDI : left
ventricular end-systolic dimension index, LVSP : left ventricular systolic pressure, ESS ! left ventricular end-systolic

stress.
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mmHg/sec, B —1675+ 117.6mmHg/sec24] 9 p<0.02, Fig. 7).

& 27F AAH(P<0.01). A mEd £OBEAIES nitroprussideft ol o
4) BREHEE T+ ARl A 52.0+ 4.4msec, BEfol A 3 1B KHE(Table 3).

28.2+ 3.5msec2A ABAA FodtA dRHA 3 Nitroprusside® Fo8to OB AR

Ao (P<0.005), BEEH TS LOEHEERE A4 B 40.7mmHg, BHEA H7 158mmHg?

Abolel e Fod oo ABBA} AAG (=063, AHAS 9 1) EOEHEHKES A 165+ 10

LVESD} LVESD}
(em) (em)
50 | 50}
40 40
30 3.0
] J

o éc}\ 25%% < 100 2c')oSS
roup E
(X 10%dyne/cm?®) Group B (X 10%dyne/cm?®)

Fig. 8. Parallel leftward shifting of LVESD(left ventricular end-systolic dimension) to LVESS(left ventricular
end-systolic stress) relations was observed during constant infusion of nitroprusside in hypertensives(A)
and normotensives(B).

T(msec)] T(msec)|
p<0.05 NS
80 / 801
60 60}
% ° 689
48 >—<2
40 52.0 40 %
+4.4 }
31.1
282 Jaa
20 207 135 =
o0
before Group A during before Group B during

Fig. 9. Time constant T before and during constant infusion of nitroprusside in hypertensives(group A) and
normotensives{group B).



CO. p<0.05

(1/min)
6.01
40 %
422
3.0ft 0-30 372
+027

before Group A during

C.0.

(1/min) NS
6.07 \
NI =S—

5.10 . fn
L +0.40 -
4.0 +0.27

307

before Group A during

Fig. 10. Changes of caridac output(C.0.) measured by thermodilution method before and during(at 15 minutes)
constant infusion of nitroprusside in hypertensives(group A) and normotensives(group B).

mmHgolA 102+ 1.4mmHgZ, B 88+08
mmHgol A 7.0+ 09mmHgZ 77k §o3kA #4s
2.8 (p<0.05), FHIMBIMES A2 181113
mmHgl A 123+ 0.8mmHgZ, B 125+06
mmHgl A 9.8+ 09mmHgZ 27t {9 3HA 743t
AH(p<0.05).

2) BT ARl A= 940+ 69.9msecol A 905+
67.4msec® Fadtg oy 1 e FHA R,
B A= 980+ 74.3msecol A 833+ 43.7msecE
o8t A ZasAH(p<0.05).

3) BIEES ART LETHREZIAN LLEE
H3 A 7188 LBERE B8l FE
g 349 7158 BAY 9flo A< 63.3+ 3.5% o A
718+ 23% 2 F9&A Z7hstAd e (p<0.01), B

2 682+ 43% A 729+ 07%2 FHstAou
8L g

4) T LEW AR R E (left ventricular end-sy-
stolic stress : LVESS)E AR 128.7+12.7X10°
dyne/cm?ol A 81.6+ 7.4 X 10°dyne/cm’ 2, B# - 103.
7+ 12.1X10°dyne/cm*ol A1 75.5+ 8.1 X 10°dyne/cm?
2 247 f oA A1 (p<0.05), OB K
K A& (left ventricular end-systolic dimension)
7o) #A = nitroprusside T ¥ AH|HHAE
A HA FRBAAHL #AF02 o F3 Y

(A% : r=0.83, p<0.05, B¥ : r=0.96, p<0.005, Fig.
8).

5 ELEEBNY &K dp/dte AF-S 1568+ 77.2
mmHg/see?l 4] 1587+ 103.0mmHg/secZ + ¢ ¥
st7b R BRI ME 1683+ 92.3mmHg/sec] A
1658+ 68.9mmHg/secZ <& #W3l7t gt

6) LLEBNY BA—dp/dte ABES —1391
+60.0mmHg/secol Al —1298+ 104.7mmHg/sec 2,
BR> —1675+ 117.6mmHg/secl A — 1441+ 81.2
mmHg/sec® Zadqou 93 A= g

7) EOBHE K BHIEH (left ventricular end-
diastolic volume index : LVEDVD)<® A2 99.8+
11.3mi/m*l A 794+ 11.7ml/m*E #4332, BE
2 71.8+ 75ml/m*N A 583+ 74ml/m’2 TadH
20U I e SAGHLR 93t g

8) ELUEWHRIIKBSHEIFE (left ventricular end-
systolic volume index : LVESVI) < nitroprusside ¥
of & ABES 37.8+ 5.6ml/m* ol A 22.9+ 3.5ml/m’E,
BR# S 233+ 4d4ml/m* A 159+ 22ml/m*E 7%
o 3tA ZAasAcH(p<0.0D).

9) logarithmic methodol &3 %43 K% &
T< nitroprusside ¥ § A2 52.0+ 4.4msecol A
68.9+ 4.8msecE F93A AFHAL(p<0.05), B
B2 282+ 35msecol A 31.1+4.3msecZ AU
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oy #og Wae A (Fig 9).

10) BfFmEgk os 3 LHLES AR
4.22+ 0.301/min°l A} 3.72+ 0.27/min2 <} 8hA 7
289 (p<0.05), BEANAME 510+ 0.40 1/min°l
A 487+ 027 minZ ZadAoU Fo3tA 4t
(Fig. 10).

11) Computerol 98] £0LE BH-5K #ig

NHEES Tt BRERSE Yv LUK
HAE 458 (left ventricular stroke work index : LV-
SWD & AR 6424+ 1160mmHg - ml/m?ol A} 4530
+898mmHg * mi/m?2 # 9 3tA #HAHAL(p<0.
05), BE-& 3700+ 726.7mmHg * ml/m?d A 3088+
507.2mmHg * mi/m2 Z4E4oU 2 e §94
A F%H(Fig. 11).

250, Pressure Drug : none {(mmHg.m!)
4+ Workarea : 23756.500
(mmHg) Underarea : 3156.500
Drung : nitroprusside
200+ Workarea : 13127.000
Underarea : 2532.500
150+
100+
504
Volume
(mb)
1 1 1 L AN
0 100 200 300 400 500
Swi
SWi
(mmHg mi/m?) (mmHg mli/m?)
15,000 15,000
p<0.05 MS
10,000 10,000(
5,0001 6424 g 5,000}
+ 1160 d {
S > 4530 3700 3088
+ 898 +726.7 ° +607.2
before 15 Amin before 15 .min
Group A Group B

Fig. 11. Left ventricular stroke work index derived from computer-assisted pressure-volume loop area before
and at 15 minutes of constant infusion of nitroprusside(Pressure : left ventricular pressure measured
by catheter, volume : left ventricular volume by echocardiogram, SWI : stroke work index).



ARENE EMmBER AhE)ARER

BHREEY MEIKFHES ARdA 181+
1.3mmHg, B#folA 125+ 0.6mmHgZA ARl A
fostA F7ksol A (p<0.05) nitroprusside
FAA KBIREES] #Aas Tl AR 181413
mmHgol A 123+ 0.8mmHgZ B¥S 125+ 06
mmHgol A 9.8+ 09mmHg2 FEIRES 22 £ 9
A = Ao (p<0.05, Table 3).
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FREY 718 ddshy) e g oA
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Aol Qle BA Y LHIEALE AAF dAH 0,
RS AR Al Wi T g
BERTS Yehlle 255 A2 G 52 &kl
wel SMEEES LHEAY BREIY Bas
b} s mBER ol Wt K 2hol7t e Hoz
Hoprom mmiEd sukd LHIEAS KA
F 7}l CH‘?} A A& gvo] ofd KAEH
MY &3 HERGY YHoR Bye A
% Bt #r,

L Fuks o] JEbv e & il BN OB o A
T AmEY A% A=y BAKKEY A3 ATt
ODIFEAS A} 374 dAgte Aol o H®)
W2Ze OHEAY Aol Falsia ¢ flx U

o.,>; "".I'

il rL )

CHEAY 27t vdh EEY LEREE 4%
32 gebv. olg g Apol7t FUG REAEY ¥
§}4 §79 AoldA, N2 & RELEN £H
AA o gt EHL obH Uk,

2 A7 BgEET I TRESE T
We ARt ke LHEEC 7t SR
E2ZAN LUEY BmE] 50%0l4olH wEkEHk
igol gle dE ddadd. 1 ofv mimkE
UlR %Y £LEY 724 75 34 ¢4
37 Y K BES Htstd gmEel sy
EUEIEAY FREEC oHA Sl i
EERS LU 2Y BKRE Hole flEY KE
REEY T UEEHEES o9 Hsso glon,
Eolgg LR FHEY Wt £UEY K
2 apiEiesee] vigtel SutE AR, FiAH £
fiﬁf"% oo o3 AQILE #&Ed LA FolA
‘?}. L3 olES BRMOZ RS oA, &l

Bl Fteol S7hE RARE ZaMA LU
FEEHS ZANNoEZN £LRY EHED K
KAERR S 7HA, & RIBERE N8 + AL Rol
b @l BT S AlEskaL, Topol 5ol Hadh
e MMt A OERA BEY B2 fI(1261F
66) A A nitroglycering & MEMER7F BKHC
2 RS A B8 FAE R 18
ofGA AYE 4 AL AQME #EY Rz &
o] g},

£ Ao A EF7F50% o] 4F o] il LVMIZF 374 31
A Mo 2 HEE MR KS FRE Kb
stdon LEENME £OEEA 2 #EF ST-
TY ¥t Holi BERENA BEHRES Ho
o EARY 24E Bol A EREMREE] UL
SR EBRRAT e BEHAA LUEHEO]
FHEFE LELES Tastgoy, (KEE EF,
%FS, mVef 2 LHLE T Hd 2 EFEHEBH6
fiek ot zfo 7t fAATh.

EOE Wkl B —AK BRE nitroprusside
FIREH ATl SAstd & RARHY Hstd g2
B -5% Mk Wa71&rle vy giafe
FFgE AA Ee LHKkGEHY REZ AFHD
Ae HEA v, o9 71&7(m) 7t EF BB
N OREREERAlY Aol7t gl &
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YesEhel ZAE Fueles Ao oplge 22 !
Rolch =g (KEK OH S KiEH L Bl £.0
FiEHEC HAHA B FHAMT EEHHIER
Mol Bgfeol S F+ AL S ¢ F A o
EUERAZE A% 45 lkfEgiso]l KERKd< ¥
Audoldets EEeY BRER Fokste 4
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W ool HeFHEY Zavt WiEE £ M
Baee ol=glo] WA AstH et dajre &
A2 B

BIEYE OFRARANAN FEMERESY F71
OR7I €719 74, BRI%E TS F7h ®mA—dp/
dte] 74 5ol e A& migkEs At ASS
dhod 3 1, LVMIS} vl & 8o T7F F7H <
F AANE AL CI9 LVMIZF £& &9 4+
293 #dstd LVMIL $7Hetd
Aot Migae Y 2oy o
DHHES T4E 5 dde 38 B
A g

Nitroprusside ¢ ol & Adp/dt7} H3tat#] &%
& 71 nitroprusside®d FA7F LEFY KIS
WA 72 e e a5 03 dxshe o
o™ nitroprusside ¥4 ¥ & A —dp/dt7} EHA 2
mMEREANA e o2 Aastg o #athdd

ox,

. Mo
o
bt of

2,

=

=

=
mﬁilﬁ‘g
U 22 oox o o mf

™

N
rir

A whe OF i BEEREQ BRFE T
e snEYR CERAIAE A8 dFHAAT
E#EANNE HiHe s FESIA g e 9
Aol #AHAY, ojeld ELEMBEREET
¥ 31 nitroprusside7t DA e ¢S F
A mEEEd e %S A AR B4
oo, 7Y nitroprusside”} o]} #Zo] FHmEEH: L
FIEKE BESY LRl E 9% 74 &
g A% S F 5 ATE LEHY W
fggol M2 OE ol o3 2AHT Y& A
At AH#E2E & 7 Q2™ nitroprusside F
of o BB DB E S OHiti&Ee] BEHA
wrad AL ol Mgy Thd 9g A
ole, o] MHE& HslME LT HEEES &

> BN 30 N

JAL 5 At EME A9 Tojsol 2 A

(o3

LVSWIZ}F nitroprusside ¥l $of #4dts A&
BAT LY (FEATY 2Ad 2 988§
HoFE o)y, NS 571 e HeeA &
DFY (FEARE BAA7E thigiaeo] BURH o
DEEES 22 4 on, BRHY &E9 o
32 2T+ YS AR 22T F9lon o
HEAGE MBRECI Y £LEMEHRE] 45
HOREEESANA MEFEER T KSBY Gl A
MmAES AdAZte Rav e 2 ik
S G Ll E] ZAasHE RS Topols
ool o A g OEFIEATE S BE
A nitroglycerin ¢ ME KR digoxins o} Btk
BOE7E BARES 4342 £ dde 239
dAskH, 1 o3t S AR v Ao
g AztE

2 A7 AT mmEs CEBREEANA O
HMEES 487 std MERA A 9XAAD
Swan-Ganz8 & &3t S8 MBRES Mg
RmERNS EFHBRRED 846 22 A% @
2% F dAed, o5y fldME ELEHEN
KET F7tH o] glolA o] F7t8 L UEMmEIK
B hAEA MBRmEET 344 F7ht
FA O Agsto MERE S S7HA7 202 47
& & 91oH, nitroprusside 7o 5 KEIRREECI U £
LDEMBARES Zao 2o] MBKEE 743}
qon, FA FAS MMERNE KEMEENY
gol Zt2dE AL A8 N MHEHIKEI Y
Kol BHRKECY KiH o] W1 I
Hop® ol F7ME ALEMBHKREY HAEE
gro] ofd £HERAY Holx dRe FYSH #
ol o) MmERK £ Bhol F7HH A+ E
A AT},

IEF$BE A= nitroprusside T 2 MmEo] 4
AXAAM LHEBEIL FA FEAAT &
BEENY LHBEY S7te Tt G%d A
< AmBEEEIN e BHKBEEY EEto] ¥
A& Vet 232 g Ha0g) Y3 she 2o,

2 AT #2343 LDETFREZNM nitrop-
russide 7| $9] &2 A 7HE<¢Y MHEH KES

ki oo r
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Bgtony ALEY KARMY AT i g
RHETS dAd AojunZ 77 mEHEERTF A
$o [ HEM thage Wt Ut KKES il
FEojop & Aoz AZHH, nitroprusside® 3t of
Uzt et AR EREY ZEENETASY
2y K g3 RS WYPIgH o FL HEE
AL & US Aoz AnrEn, &% A7\ Bk
Mo o3 EREEY OB Hitd 4& 3
&3 REgEHY Aed T80 He 27E 9

H
% 9g Aoz 47en,

BmEYE £ ORIEAS Sd BEAN LLEY
Yok 2 AEHAET nitroprusside T ¥ M)A
RES #2387 3o, Adt LOERAE 508
10619 ApEt mmBEEAR) S 6619 EF M
(BH)E R LHFEEZNAN OEERHE
ol nitroprussideF A AT LEFRHE 2 LBE
BEE ¥ LOEE, MERE, CBH, Lo
BEUHE L RERERE CUEEE LUE BN
-5k g, OHHEY ds §& B2 d g
2e A8E S

1) ABELS HRHE S KiEs R WA
ol LEEANM ELEIEL S ELEEX Z
strainki i, DBEEEE 233 EOSHEAREH
219.2+ 19.6g/m*ol AT, BHES wAEH K
wHagen, LEE ¥ OHEEE FYoln
EOSHERHERE 985+ 6.8g/m?] 3l oh.

2) KOES KiEHBRERES BlX, 5HEHE
R, P BREHEEE, £0F9 &A+dp/dt, Y
Hik B —5K Bk W] 52 Mt
of F9¢ ezt 9T,

3) BT o8 LHEEREE MM F9
g zol7} glled, LEBFEEA A LLERH
BEREdE 98 &9 Ja3A7 A

4) FOES MERGEEE] FEMERE(AD
BefE), KBIARIR (REE HREE(OR7IE7]), A UE
B HA-dp/dt, BRIEE T 5ol J8f 248 £
g7 ABAA frostA AstEo A,
DETE 22 243 BEER TS LBFHE

A& FUEHEBEE Alolde frofs 49 4
dAZE A :

5) Nitroprusside ¥4 % AffolM e £LEY K
2 R, BRI Had webA i
MR COSRREREY 44, FLERNRY F
7h BEEE TY 9%, CEBEY T4 € ksl
fE¥EIREY 248 B2 A eH, HA +dp/dt,
—dp/dtet OEMRRES FES HSE §iddd B
Bl M & nitroprusside B ARE S ol LLE S Mk
2 g RE, MERES A gef L8
FRE LENES ZAdHdoy Bl OF
&, KA +dp/dt, —dp/dt, BREIEE T, KHEEAE
¥i58s W it

ol dArARe HREHE 52 KES ikt
A% ELERAE Shtst sanBREANNE £
DEKHREES Fdolu e A= 9
o, kY OARE BEY HBEAd &3 A
He MEHEEH nitroprusside T 2 O
BaEe MAHAT gkEe ds AstE, L
HHEe o8 Bade 2948 24 F U S
AlAbst R
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