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Fig 1. Scheme of interactions among various components that regulate cardiac activity. Solid lines indicate and
augmenting effect; broken line represents an inhibiting effect(From Braunwald et al, 1976).

Table 1. Dissociations between pump function and myocardial function

Overall Heart Failure without Myocardial Failure
Acute mechanical overload
Acute cor pulmonale

Malignant hypertension

Acute volume overload(valvular regurgitation)

Chronic severe overload

High cardiac output states(Paget’s disease, beriberi)

Valvular and congenital heart diseae

Impaired cardiac filling
Pericardial restriction

Restrictive myocardial disease
Mechanical obstructiion(mitral stenosis, tumor)

Tachycardia

Lower cardiac output due to heart block or bradycardia

Myocardial Failure Without Overall Heart Failure
Systolic unloading of the ventricle
Mitral regurgitation
Vasodilator drugs
Compensated myocardial failure
Segmental contraction disorders

Trasient myocardial ischemia

Myocardial infarction
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Fig 2. Two different frameworks for describing ventricular function and the effects of atterload mismatch and altera-
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tions contractility. Upper panel: Relation between left ventricular end-diabstolic(LVED) pressure and stroke
volume (SV) or cardiac output in the presence of mild depression of ventricular function but with considerable
preload reserve. Points A to B show the effects of a volume load: the stroke volume and cardiac output
increase. Points B to C show the response to a small dose of a vasopressor, such as angiotensin Il or phenyleph-
rine, and points C to D show the effect of a high dose or vasopressor: a marked increase in left ventricular
systolic pressure and an apparent descending limb of cardiac function [increased LVED pressure with decrea-
sed stroke volume as the LV reaches the limit of preload reserve(heavy dashed line to point D)J. Reduction
of the aortic pressure(correction of afterload mismatch) would move the ventricle back to point C. Point
D may also be seeen as operation of the ventricle on a downwardly displaced “cardiac output curve.” the
curve being displaced by the effects of increased resistance to ventricular election. Also seen are the effects
of a positive inotropic drug(+INQO), administered at point ¢, which shifts the function curve upward allowing
the delivery of a larger stroke volume or cardiac output from the same LVED pressure(point E). Lower
panel: Diagram of the same responses in another framework: left ventricular(LV) pressure-volume loops
and the linear end-systolic pressure-volume relation(ESPV). The curved lower line represents the diabstolic
pressure-volume relation. beat A is a control contraction (corresponaing to point A in upper diagram), showing
the counterclockwise loop during LV isovolumetric contraction, ejection, and isovolumetric relaxation, and
the stroke volume(SV) is indicated. With volume loading there is a mild pressure increase as the ventricle
moves to best B. With infusion of a vasopressor in low dose, the ventiricle moves to point C and continues
to reach the linear ESPV relation at end ejection: thd stroke volume drops slightly(point C). With a marked
pressor stress(beat [3), the ventricle reaches the limit of its preload reserve: it cannot compensate for
the increased systolic pressure and the stroke volume drops markedly(D, corresponding to point D in panel
above). This response is due to afterload mismatch, and not to change in myocardial contractility. The effect
of a positive inotropic agent(+INO) to shift the linear end-systolic pressure-volume relation upward and
to the left as described sy Sagawa is shown, and the stroke volume increases(E compared to beat C).
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Table 2. Potential steps in Assessing ventricular dusfunction

Exercise capacity

Echocardiography
Two dimensional, M mode for ventricular size, ejection
phase indexes, Doppler studies

Radionculide angiography for ejection fraction

Magnetic resonance imaging

Balloon catheterization of right side of the heart
Cardiac output, filling pressure, systemic vascular
resistance

Formal cardiac catheterization
Hemodynamic variables, quantitative ventriculography:
ejection fraction(isovolumic phase indexes): coronary
arteriography

Table 3. New York Heart-Association Functional Classification

Class 1 Patients with cardiac disease but without resulting limitations of physical sctivity.
Ordinary physical activity dose not cause fatigue. palpitation. dyspnea. or anginal pain

Class 11 Paients with cardiac disease resulting in shight limitation of physical activity.
Thery are comfortable at rest. Ordinary physical activity results in fatigue. palpiation.
dyspnea. or anginal pain

Classlll Patients with cardiac disease resulting in marked limitation of physical activity.
They are comfortable at rest. Less than ordinary physical activity causes fatigue.
palpitation. dyspnea. or anginal pain.

Class IV Patients with cadiac disease resulting in inability to carry on any physical activity without
discomfort. Symptoms of cardiac insufficiency or of the anginal syndrome may be present
even at rest. [f any physical activity is undertaken. discomfort is increased.




AN AN A SRS H

— 349 —

o] @ 4 b, ek AR LEo AF NS
S &) Aubazo] s C1sje® A, Wi
Ha, A"ade WA, 3BE oA Azl
N E Fare woldRel AlA FA7 AE
A4 7% A} e BAANE £ LEEHS

woly a7k &8 Qe A,

3) RATA HAt

Swan-Ganz® &2 E=AE #HEHe AJTF 4
uzae 24840 ASH4IGE FEE 5 9
o ol e By E5d AgelM Sxgo] Hed
=35 q8qte] FutE FANTAMFZAM ol o]
S50 @A AHTH Ago Wvg %e
ArAz gaped M @y gagsel A=
27) d9Eay e Bed e Bdol HY
Aere) 2o (200ml dextrose solution) & Foig¥
AuhZ 2k cardiac output), ¥HE 29 A5 (stroke wok
index) o] W2 BRE 5 ol AN 7% & oF
= ge xgo ®rh

NECTENE-F]

QNAse Ase) ha EE RUe AT
ux gz AR £HE B2 ¥ 5 Ak 1

B2 S A7) dohE Belsti B 2 e

ogh A0l A ghut Agat 3+ Y1AH ol (mechani-
cal dysfunction)1 2] ZH & W Fo@ ol
B 2ol o] A 7hR) o) el o Ao 7ls &
T 7}aks o] Apbxlol glo] o F AbHEH thE 2t
Eig s

1) £Z&X|E(Contractility Indexes) F47]el +
87 Ags g Bol ol&HE e FEAFE
2 2 ok, F8A % (Ejection Fraction: EF)v 4t
g Ao oW £HOR e gte g divl
ARAARE 067+ 008REANE Favle Gl
nasle] Qe AL AR Ade FHEHS 4h
go] Qi Aoz g F Avh E & ARE
BHFYFHE 2% (mean velocity of circumferencial
shortening: mean Vef)#% 9} 7+ & @& (Persent Fra-
ctional Shortening: FS)E& % 4 &t mean Vcfe
g el o8] #& F drh: mean Vef=(Ced
—Ces)/Ced*ET(Ced: end-diastolic circumference,

Ces: end-systolic circumference, ET: ejection time).

mean Vcfe] A= 24 whydl wet th2uy 1.2d-
rcumference/second °]4toln] TFHTEHE 28% o©f
Agojth, o] AREL AR 3te] Wl FFol A
oo} Z e MatolE ofF Wt FR-37t
ol EAY B ASde FHFY HIFEHHLS
A8 Prhg F el wAel ok vt o
Az2eHE 2o WA 8F N8R 24 Eol
nasyg tHoes g4 78 F dew A4
Aoy 52 ey 2 FEg F£2 A A4
el A 7hg ol AHgEE wWgolth 44 7
o] BybE A FR7E Al wiE E3F
) ZRol oA e |AR APHLR AGHI
Qizul ALY B2 S o] 88 HAWO R FRAFE
3% % glon AARE FA7 0%l 43% A
Lol
tiate] #E WA B Agolut v nEY &
o e FRs7r Ao R4 AHE FA3 T
7] N{Eo] AWl ey g4 tEH #
nEd RAE TL FRAURAF 34 1EYT
e Rty wWale FEASY Tas A
&z M9 YNEAE Ferh wE v
HZ7} gol| 27|87t FadddME
o] Ayl et AAARJN TEES

AR A% A9 AdAY 22 A U Fofol
o3 4 AL AT & Ak EF A Ad
718 2R F o] A& 7YY ARE FHY
4 Qi Al el FA, ol 2l A 82, AT FE
Aag 4 s gdol vk A HF Ada
e e EOE v WwHoR wol %
i gled Adel FE&E Fehed wol olF
g3 Adel §3 23 FHo| 7he . 53
whd H A AT gol MEREIAE AP o
#go] e fAolM FE3tn P AABAM
P71 F20eE Ay 44d 7% Bkl Bgol

A,
3) AEX AAle @R xS

MEa ARG BEY zgee WY AR
e Adsiord Wayel dAY MBEHA ¥



- 350 — FRHIBE KR I S 1L B T3 88 1992
45 -
% AD= T 0.0956(0,.) +38.7
+25D _ n=130
40 S~o r="083
LV 35 |
PERCENT
FRACTIONAL
SHORTENING
(% AD) 30 -
25 b
20 1 1 1 i 1 . 3 e
20 40 60 80 100 120 140 160

LV END-SYSTOLIC WALL STRESS (o)

[grams/cm?]

Fig 3. Relationship between LA end systollic wall stress(ors) and % fractional shortening( % AD) measured by
echo for 130 control points measured at rest(open circles) or during methoxamine infusion{closed circles).
The inverse relationship defines normal LV myocardial contractility.
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Table 4. Evaluation of left ventricular systolic perfor-
mance: Normal values for some isovolumic
and ejection phase indices

Table 5. Evaluation of left ventricular diabstolic perfor-
mance: Normal values for some indices of re-
laxation and Filling

Contractility Indices Normal Values(mean + S.D)

Normal Values

Isovolumic Indices:
Maximum dP/di 1610 + 290mmHg/sec
1670 + 320mmHg/sec

1661 + 323mmHg/sec

Maximum (dP/dt)/P) 44 +R84sec’!
Viw or peack gs—P‘ 147 +0.19ML/sec
dP/dt/DP ” 376 +12.2sec”!

at DP=40mmHg
Ejection Phase Indices:

LVSW 81 +23gm-m
LVSWI 53 + 33gm-m/M?
41 £ 12gm-m/M?
EF angio: 0.72 £ 0.08
MNSER angio: 3.32 £ 0.84EDV/sec
echo: 2.29 + 0.30EDV/sec
Mean V¢ angio: 1.83 +0.27ED Cir/sec
1.50 + 0.27ED cir/sec
echo: 1.09 + 0.12ED circ/sec

dP/dt=rate of rise of left ventricular (LV) pressure;
DP=developed LV pressure; ML =muscle lengths;
MNSER= mean normalized systolic ejection rate; ED
=end-diastolic; V:=volume; circ=circumference; EF
=ejection fraction.
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Peac-dP/dt 2660 + 700mmHg/sec
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P(logarithmic method, 38 + 7msec
equations 8 and 9) 33 * 8msec
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Py ~25 + 9mmHg
PFR 3.3 £ 0.6EDV/sec
Time to PFR 136 + 23msec

Peak -dh/dt(posterior wall) 8.4 + 3.0cm/sec

8.2 +3.7cm/sec

Peak -dP/dt=maximum rate of LV isovolumic pres-
sure decline; T=time constant of LV isovolumic relaxa-
tion, calculated assuming both zero pressure intercept
(equation 7) and variable pressure (Pp) intercept
(equations 8 and 9); PFR=LV peak filling rate, from
radionuclide ventriculography, normalized to end-dias-
tolic volumes (EDV)/sec; Peak -dh/dt== maximum rate
of posterior wall thinning, measured by echo.
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