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Summary

Afterload is defined as stress to the ventricle during systole. Although it is one of the major deter-
minants of ventricular performance, it is not widely measured and used in clinical practice, because of
difficulty in obtaining. There is no accurate index of afterload which can be obtained easily and nonin-
vasively. We propose here, as a new noninvasive index of afterload, mid-systolic left ventricular (LV)
endocardial stress (mid-systolic stress) obtained from echocardiographically measured LV dimension
and wall thickness, and cuff measured systolic blood pressure, and evaluated its feasibility and clinical
significance.

Mid-systolic stress correlated well with invasive indices obtained from simultaneous recording of
echocardiogram and LV pressure with catheter tip manometer evaluated in 12 patients (peak systolic
LV endocardial stress, r=0.909; mean systolic LV endocardial stress, r=0.975). Though mid-systolic
stress was not increased in 6 patients without LV failure (324435 g/cm?, Mn+SE) compared with
normal control (253+10 g/cm?, N=19), it was significantly elevated in 12 patients with LV failure
(445+£35 g/em?, p<<0.001). Mid-systolic stress decreased 13.6% with nitroglycerin (p<<0.02) and
20.8% with isoproterenol (p<<0.005), increased 29.8% with phenylephrine (p<<0.001), and showed no
change with propranolol from control value, evaluated in 12 normal volunteers.

Good correlations between mid-systolic stress and invasive indices of afterload, significant elevation
of mid-systolic stress in patients with LV failure, and theoretical changes with pharmacological inter-
ventions were demonstrated. Thus, mid-systolic stress is a reliable noninvasive index of afterload, and
a useful tool for the determination of LV function. It may be a good index for the noninvasive detection
of LV failure, since afterload is increased in such condition.
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DD AR afterload L iZUERICLERS
i} % stress L EFZEN DY, ZITHITATR preload,
DM UHE S contractility & & b i DHERZHE
FTHEELRFTHY, DBERZITET SO
FERTER WL DO THBY. £E left ventricle
(LV) o afterload 3p§4% dimension (D), E&ig
wall thickness (h), PJFE pressure (P) o 3 # T#
EBENDD, Zh ik 3 IC3BMAIEE, B
e, HESLETHY, IHEHOEED after-
load Z¥EMITRD, THEBEERICHAVDIZIIE
ST, ¥LT, EREATRIFRMLNIC, F
Blizkodoh, BBPOEKHCERO D S
afterload DT IZFEEL V.

Brizbza—HEAY, UEPHTOEEE
LV dimension, f=21£kEiE LV posterior wall
thickness, 3 X O FEBEDIKERAME systolic blo-
od pressure D3 FE L VINETHEELANIKE
stress (mid-systolic stress) #JEBMmAGIZRD, =
s afterload DIFEL L TEEDOHZ LONE
5 EHRET Lz,

p:] i

Feigenbaum?® o HLICHEL T EEx2—X%
L, EXROUUEREA LB I1E S Ok
BEofERIERE L, Z0ATOD(Dms), h
(WTms) 3 X (¢ systolic blood pressure o 3 %
X v midsystolic stress k7= (Fig. 1). Stress
DH Mz ElisiEAkE 7 v & v,

stress =

Figure 1. Identification of the mid-systole.

The first line is the beginning point of shortening of the internal dimension, the third line is the beginning
of the second heart sound (S2), and the second line is the mid position between them. PCG: phonocardiogram,
ECG: electrocardiogram, IVS: interventricular septum, LVPW: left ventricular posterior wall, Dms; mid-
systolic left ventricular dimension, WTms: mid-systolic left ventricular wall thickness.
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Table 1. Clinical diagnosis, blood pressures, and invasive and
noninvasive indices of afterload of the left ventricle

Case No. Age Sex Clinical LVsp sBP STp STmean STms
Diagnosis mmHg mmHg g/cm? g/cm? g/cm?

1. JI 31 M AR+MR 125 156 535 368 520
2. MG 29 M MR, Af 103 108 351 251 326
3. MM 31 M MS+AR, Af 103 110 254 187 248
4. MI 34 F ACP 121 132 335 210 226
5. NS 25 M AR 136 158 327 229 312
6. MI 35 F VSD 99 100 310 170 222
7. MB 28 M SCM 101 110 335 238 323
8. SI 32 M AM+HT 150 158 439 298 379
9. TN 27 M CAD 101 110 392 313 377
10. SM 49 F ACP+HT 180 188 392 268 319
11. ET 25 F AR 127 142 281 200 267
TNG 0.6 mg 124 136 254 178 234

12. SI 42 M AR 165 180 443 362 475
TNG 0.6 mg 164 176 426 348 454

LVsp: left ventricular systolic pressure measured with a catheter tip manometer, sBP: systolic blood pressure
measured with a cuff manometer, STp: peak systolic left ventricular endocardial stress, STmean: mean systolic
left ventricular endocardial stress, STms: mid-systolic left ventricular endocardial stress, AR: aortic regurgitation,
MR: mitral regurgitation, Af: atrial fibrillation, MS: mitral stenosis, VSD: ventricular septal defect, SCM:
secondary cardiomyopathy, ACP: atypical chest pain, HT': hypertention, TNG 0.6 mg: sublingual nitroglycerin

0.6 mg administration, CAD: coronary artery disease.

ZBE(I— 2‘%), (a=LV long axis, b=LV short
axis) XL VY, L= =a—FE a/2=b=D r»
RED D &ITERIE stress=lz6— X Ph—D vz h
Bk,

F3°% 1 B & L T mid-systolic stress 23IEfE
iz LV o afterload 2% b 1L 530 L5 28M
B TR L. 124 0 ARS8 8% (Table
1) iz b 57— 5 VREHE{THE, Echoline 20 8 X
U Millar #:8 catheter tip pressure transducer
RV, #3% v 200 mm/sec 2 TAEET a—
M, E2ER X ODONLFE L&KL, EERE
#LVed X » 20msec Z ¢ iz P,D,h % S; »ff
WA ETEERNEL, R TOLONEE stress &
sk, #DEEE % peak systolic stress, % 7z 21X
WEHIC - B stress DIEHY % mean systolic stress
LLli. 2% % LV afterload gL L,
JEE I 12 >k ¥ 7= mid-systolic stress & D FEEIRY
BERE L. Zh o 0BRSS < 3.0

#, DEMEF T S OMERITL, T oYHE
¥Rz, KENRFASIALIE D 2 Flicid nitro-
glycerin (TNG) 0.6 mg nET#5%, BUTE
L, fRfTicnx7z. fERI4, 9 0EZE =a—[&,
IEEEFRRER X OULEH stress D1k # Fig.
2 TR

Afterload Z.OFREOHMBRCCERT 52 & BE
CmohTwa*. ZZTIOLDEEAN, 64
DELDAZEFEDRVLRES], 8LV 12 40
ELAREFIzBvwT, Aloka #2 SSD 90 /v,
2% b #EE 100 mm/sec i Tt 2 —R &2 EBE L,
Z 0 3 B <o mid-systolic stress DZER &Rt
Lic. ZZRELARLFILITRA4EENI B
2IEAM EEWZT b L L .

1) New York Heart Association ¢ functional
classification IT EEpL |, 2) FHBHAREEAIE, $7=
i3 LVedp 15 mmHg £/ |-, 3) LV cineangiogram
I TERHAYEIS 5024 LT, 4) EEx=—-HTE
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Fig. 2. Simultaneous recording of echocardiogram,

STRESS

200

electrocardiogram (ECG), intracardiac

phonocardiogram (ICPCG), and left ventricular pressure (LVP).

Left ventricular endocardial stress (STRESS) is plotted every 20 msec from the end-diastole through systole.
A : peak systolic stress, — : mid-systolic stress, ll: mean systolic stress.

The left side of the picture is obtained from a 34 year-old female with chest pain and normal coronary
(Case 4), and the right side is taken from a 27 year-old male with coronary artery disease and diffuse left
ventricular hypokinesis (Case 9). While the peak stress is at the beginning of the ejection, and it falls rapidly
thereafter in the normal ventricle (left side), the peak stress is seen after the beginning of the ejection, and stress
is sustained during the systole in case with left ventricular failure (right side).

RPN JE T A B 0 M 754 T 4. (0.80 circ/sec
LLF).

5 3 BB T3 12 Bl O IEH N TR AR 21TV,
afterload »#E4&E L L T mid-systolic stress 23 Bz
ERBYVOEILETRTHEIPERIT 2 B T,
TNG 0.6 mg EFTF#5, phenylephrine (PHEN)
50 pg/min &5, isoproterenol (ISOP) 0.075-
0.1 ug/min S5, B X ¢ propranolol (PROP)
4 mg OEIRNEE 21TV, mid-systolic stress %
WE L. $H2, 53 BETOFBMMHBRIIE
AR < SO, LEMEH T 10 Lo
SE¥E &3k 7=. Mid-systolic stress & peak sys-

tolic stress, mean systolic stress & o HEFICIZE
BEIRHE 2TV, %2 BEE T group t test %
Fv, & 3 Bp¥cid paired t test # VW THEHL
BHE{To7c.

L #

BMAICH e 7T — & LB B T — % D
st % Table 1 35X (f Fig. 3,4 2R+ 3. £
EIFEHIE LVsp i3 LVsp = 0.93 X sBP — 1.1,
r=0.949 DEE % ¥ - T systolic blood pressure
(sBP) & X < —F L 7=. Mid-systolic stress % peak
systolic stress, mean systolic stress & & VWWAHEH %5
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L (peak systolic stress =0.76 X mid-sytolic stress
+ 108.3, r = 0.909 ; mean systolic stress = 0.70
X mid-systolic stress + 24.3, r = 0.975), FE#i
B91Z 3k ¥ 7= mid-systolic stress #3 LV o afterload
EPROTIWVEETHDZ LERLTNS.

19 Z4 o EEH ©ix mid-systolic stress {3 253
4+ 10g/cm? (Mn 4+ SEM) ¢ 9, EOFAEEEE
b6 flTix 324+ 35g/em? L EEH LE S
¥, 12 floORLp TiE 45 £ 35 glem?® (p<
0.001) L HED LA LR 1 (Fig. 5).

TNG FEMER L OBIROILREZ E 2L, #
IREBH OB DD & LV o preload 2 /4 54, =
wHgic afterload DBV & EFZ e mbNT
»3"®, PHEN 3 BIIROILAEZ &7z L, blood
pressure L afterload & 23N& w3 Z LixAsm
DEETHB?. %z, ISOP i3 contractility o
M S OMHED W & b 72 & L, systolic
pressure 3 B &8 %5, MBIAROILIR LONE
DHE/Nh & diastolic pressure L afterload D{KT
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Fig.3. Correlation between left ventricular
systolic pressure measured with a catheter tip
manometer and brachial systolic blood pressure
measured with a cuff manometer.

Brachial systolic pressure is higher than left ventri-
cular systolic pressure, but good correlation between
them is observed.
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r=0.975
1723
0
2
% boo |—
g .-
L]
g o
o 300 — .
2
.
& -
>
" 200 - ® .
(& .
- .
<]
&
7]
o100 |-
| | | | | )
100 200 300 400 500

MID-SYSTOLIC LV ENDOCARDIAL STRESS (g/emz)

Fig. 4. (Right) Correlation between peak systolic left ventricular endocardial stress by invasive
method (STp) and mid-systolic left ventricular endocardial stress by noninvasive method (STms).
(Left) Correlation between mean systolic left ventricular endocardial stress (STmean) and mid-sys-

tolic left ventricular endocardial stress.

Highly significant correlation coefficiency between invasive and noninvasive indices of afterload (r=0.909,
p<0.001 in Fig. 4 right and r=0.975, p<0.001 in Fig. 4 left indicates that this noninvasive index is reliable for

the determination of afterload of the left ventricle.
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Fig. 5. Mid-systolic left ventricular endocardial
stress is measured as a noninvasive index of
afterload in patients with various heart diseases.

Whereas it is increased in patients with left ventri-
cular dysfunction, it does not differ from normal value in
patients without left ventricular dysfunction with one
exception. This observation indicates that mid-sys-
tolic left ventricular endocardial stress is a feasible tool
for clinical use. Mn4-SD: mean 4 standard deviation,
AR: aortic regurgitation, MR: mitral regurgitation,
CM: cardiomyopathy (secondary), CAD: coronary
artery disease.

EbibT I Epmbh T3, EIRRT
DEXAFRE X TNG iz X v mid-systolic
stress |3 13.6%, /> (p<<0.02), PHEN i
DEFH L ELIZ29.8% L (p<0.001), ISOP
D5 it systolic pressure |t 110 + 8 mmHg
25 12645 mmHg (p<<0.005), L FEiz EHL
7212 L 29 b 5%, mid-systolic stress 13 20.8%,
DY BT (p<0.005). PROP #EizTix
mid-systolic stress DFEOELITH LN -
7 (Fig. 6).

= -
Afterload i1 preload, contractility, heart rate &
ERHCERLE->T, OHEFRE RES 3.

Licdd> TLEREZITE L, DFESE OIHES %

2% <0.02 0.0 <0.005 ns

N=12

Nitro- Pheny- Isopro- Propra-
glycerin lephrine terenol nolo!

Fig. 6. Percentile changes (A%) of mid-systolic
left ventricular endocardial stress with phar-
macological interventions.

N: number of cases, Mn+SE: mean 4 standard
error of mean. Numbers at the top of the bars indicate
“p” values obtained by paired “t” test, comparing the
absolute numbers with the control values. Theoretically
expected changes of afterload are observed.

XU OTHEES EHRIT B 2D IZiT T h b pre-
load ¥ k ©r afterload #EEAJICRKD 3 = L AR
AR TH D123, LV o afterload i EEHHIZ B 1T
% stress LEZENY, zhix LVo D,P,h i
FoTHEENS A, ERH#ICEIT B stress i3
2FELT B LD TH D, preload ™ ok 5 IHER
BHl— A D stress Lo THERbTZ LI TE AV,
Ratshin &9 3 BRH BA#4 & o stress & b - T after-
load Dg1E % K T 3 A3, Fig. 2 128 & TR
EhieZ b < EFD TIRER MBS AT peak sys-
tolic stress 237 L, LL#£ stress (T &I AT 5
235, AR ©ix peak systolic stress ASERH BASE &
XV BFCHBZ LB T WS, i after-
load FELAREDOHE T LA+ 5549, Ratshin
PR OBEFICBNTIRZINERD AL -T2 L
EEZXTY, BHBAMBO—R O stress 120 Tk
Ho afterload #KbLAEVORIABRTHS.
Hood &% 3 peak systolic stress 2S5 AN24 ©
ALTWBZ L 2RELTBY, R BMAS
afterload }54E L L T peak systolic stress, mean
systolic stress o 2 # #3k®», Zi & mid-systolic
stress B L7z, = OFEE mid-systolic stress
MBEmMIZk® 2 LV o afterload migiEizfty
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IBLDTHHZ L EIEHLE.
¥ 7285 2 BRI 8T, mid-systolic stress 73
ELAREFTEERERLTWE I LERL, Z

DIENERINICEREZ LD THBZ L ERLE.

EOUAEH T KEIARFFASARIE DEF I B W
T, BIEFAGARSEL Y afterload HimAZEH
ThHbBLWVWIHREZITRLR, ZhiZSHOKH
*ET5. Hbohi EOREE By f#EHE
REARFEAGARRAE D 1 iz 5T mid-systolic
stress A% 453 gfem? k LR 23028, Z
DiEH: New York Heart Association® o class
IT g, SkwhZefE L EBIEES OIET 2380, LVedp
9mmHg, EFHER 60%, 0= =2 — iz TEEPNFETE

YiEHEEE 0.98 circ/sec & ELREMER 258 .

EHIAMICRBNT, FRISh EREBYIO
afterload »Z{t % mid-systolic stress {I;x L T
wa3.

FERICBVWTIREEREL DEPROEBEISE
LS, $nEREORBRIERD2ELOREND
Lizstress #EHE L. Lo THLLREDE
FIEOEE 2538 5 FliIEITICEEERL TR LT,
ZOX ) REFICIEERBEL PROBEZHE
HAIEL, FOEHEL v mid-systolic stress #
Kb LER DI LEXBND. ELEORE
ELF LD EEO 2 TR, DALY
DEOWENSKRFICES 2 LiE, X{mbhk
BHETHIN, ZZ THWER stress = 173 X %)
T, EEOWEBROEM,: AL SFHE EORE
B HrThszERmeohTRYY, ¥k,
Ha bE2BREDITHICBNT, KEiIZX B
mid-systolic stress &, Gibson 5" OFEkiz &
» mid- systolic long axis #3k», %(1 — %)
DXL Y EHEICRD Iz stress L R HBEL 7225, W
F oz r=0997 L o 2R, B
B X 0 ERERD T stress OFBEICFERT 5%
EORRWI L ERERL TS,

5
PE3-o0ERERLY, L= a—KEMERH &

B

IEEP#IR P v RIZOWT

Y 3k % 7= mid-systolic stress j&, LV o afterload

OHBMAIERE L L THRKRHLEREZAE TS L0
LR EBR. ¥, EOA2FTEOLRE
FWpi-z Lix, zha afterload ofgEL LT
o, Dxa—RiCk-> TELMMEDHE:
BT 35 —FBRLELTOLVAATHDZ L E2TRRL
T3 LBbhs.
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