JACC Vol. 20, N, 1
Tuly 1992:98-106

Effects of Atrial Nairiuretic Peptide on Myocardial Contractile and
Diastolic Function in Patients With Heart Failure

MARC J. SEMIGRAN, MD, CONSTANTINE N. ARONEY, MBBS,
HOWARD C. HERRMANN, MD, FACC, G. WILLIAM DEC, Ir., MD, FACC,
CHARLES A. BOUCHER, MD, FACC, MICHAEL A. FIFER, MD, FACC

Boston, Massachusetts

Atrial natriuretic peptide alters left ventricuiar performance in
patients with heart failure. To assess the direct effects of this
hormone ¢ myocardial function, its actions were compared with
those of the pure vasodilator nitroprusside in 10 paticnts with
heart failure. Simultaneous left ventricular micromanometer
pressure and vadionuclide volnme were obtained during a baseline
perdiod, during nitroprusside infusion, ducing a second baseline
period and during atrial natriuretic peptide infusion, The baseline
erd-syniviic pressure-voiunie relation wis generated I8 nige pa-
tients from pressure-volume loops obtained during the two base-
line periods and during afterload reduction with nitreprasside.
Mean grierial pressure decreased with atrial natriuretic pep-
tide (89 £ 3 to 80 £ 2 mm Hg, p < 0.05) and by a greater amount
with nltroprussnde (90 £ 41073 = 3 mm Hg, p < 0.05). Left
d-diustolic pressure also with atrial natri-
urefic pepiide (34 = 2 t0 16 = 3 mm Hg, p < 0.65) and by a
gveater amount with nitraprusside (24 = 2t0 13 + 3mm Hg, p <
0.05). Cardizc index increased during infusion of each agent from
2.0 £ 0.2 to 2.4 % 0.2 liters/min per m? (p < 0.01). Heart rate

slightly with nitropi but did not change with atrial
natriuretic peptide. Peak positive first derivative of feft ventricu-
iar pressure (dP/dt), ejection fraction and stroke work index were
unchanged by either agent. The relation between end-systolic
pressure and volume during atrial natriuretic peptide infusion was
shifted slightly leftward from the baseline value in four patients,
slightly rightward in four and not at all in one patient, indicating
no consistent inotropic effect. Both agents shertened the time
conctant ef Bovolum clazativn caliulated by e logarithmic
method, but only nitroprusside shortened the time constant cal-
culated by the derivative method. Feak filling rate was unchanged
from baseline with either agent, Atrial natriuretic peptide did not
shift the end-diastolic pressure-volume point away from the
relation constructed from baseline and nitroprusside points.
It is coneluded that atria) natriuretic peptide has no direct
effect on myacardial confractile or diastolic function in patients
with heart failure.

(J Am Coll Cardiol 1992,20:93-106)

Atrial natriuretic peptide is a 28-amino acid peptide released
by atrial myocytes in response to stretch (t,2). It induces
diuresis, natriuresis, vasodilation and inhibition of aldoste-
rone secretion in normal humans (3-5). In resp to atrial

action of atrial natriuretic peptide accounts in part for its
hemeodynamic effects, there has been continued speculation
regarding possible direct etfects of the peptide on myocardial

nairiuretic peptide, stroke volume decreases (6-13) or does
not change (3,14) in animals or humans witk normat left
ventricular systolic function. In contrast, atrial natriuretic
peptide increases stroke volume in patients with heart fail-
ure, with a simul d in p y capillary
wedge pressure (3,14-18).

Although it has been demonstrated that the vasodilator
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tractile and diastoli ion, It has been suggested (15)
that the increase in cardiac index seen in response to atrial
natriuretic peptide infusion in patients with heart failure is
due to a positive inotropic effect. In contrast, the decrease in
stroke volume shown in some studies of subjects with
normal gjection fraction has led other investigators (7,11) to

late that atrial iuretic peptide exerts a negative
inotropic effect. A negative inotropic effect would explain
the decrease in stroke volume index without a change in
preload observed during atrial natriuretic peptide infusion in
patients with hypertension (7). Studies in cat papillary mus-
cles (19) and isolated perfused hearts (20) have suggested
such a negative mou—oplc eﬂ‘ect of a!nal natnuretlc pepude,
whereas a study in the cl instr
dog found no inotropic effect (21). It has also been observed
(19) that atrial natrivretic peptide causes early relaxation of
cat papillary muscle. Thus, the hemodynamic effects of this
peptide wuld be due in pan to direct influences on myocar-
dial or ion, or both
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In studies of the intact circu'ation, it is difficult to isolaie
the inotropic effect of an agent that aliers prejoad or after-
load, or both, because most measures of systolic function
are influenced by loading conditions. 1he end-systolic pres-
sure-volume relation is a relatively load-independent mea-
sure of left ventricular contractile function (22.23). The
baseline end-systolic pressure-volume ralation can be gener-
ated in patients with heart failure by infusion of nitroprusside
(24); the inotropic actions of a drug can be judged from a
drug-induced shift away from the bascline relation (25.26).
[ndexes of diastolic function are also influenzed by changes
in loading conditions as well as by direct myocardial effects
{27). The direct actions of an agent on myecardial diastolic
properties may be inferred from a comparisor of its effects
with those of a “‘pure” vasodilator such as nitroprusside
128.29).

Therefore, to determine whether atrial natriuretic peptide
bhas direct effects on myocardial contractile and diastolic

i we iall drnini: d nitroprusside and
atrial natriuretic peptide to 10 patients with chronic heart
failure.

Methods

Study patients. The study group comprised 10 patients: 7
men and 3 women, aged 58 £ 4 (mean = SEM) years, with
chronic New York Heart Asscciation class 11 to IV heart
failure due to either coronary artery disease (S patients) or
idiopathic dilated cardiomyopathy (5 patients). All patients
were treated with digoxin, diuretic drugs and vasodilators;
seven also received antiarrhytbmic medication for ventricu-
lar arrhythmias. Radionuclide ieft ventricular ejection frac-
tion was 0.14 = 0.01 (range 0.10 to 0.20}. All patients were in
sinus rhyifim. The studv protocol was approved by the
Subcommittee on Human Studies of the Massachusetts
General Hospital on September 15, 1587; written, informed
consent was obtained from ail patients.

Hemedynamic measurements. Digoxio. diuretic drugs
and vasodilatars were discontinued 12 to 24 % before cathe-
terization; auiiarthythmic therapy was continued. No pre-
medication was given. Left heart catheterization was per-
formed by the femoral approach with a mi -
tipped catheter (Millar Instruments) in nine patients and with
a fnid-filled catheter {n one patient (Patient 1). Right heart
catheterization was performed from the internal jugular vein
with a triple-lumen balloon-tipped thermodilution catheter.

The following hemodynamic variables were recorded:
heart rate, right atrial pressurs, pulmonary artery pressure,
pulmonary capillary wedge pressure, left ventricular pres-
sure, mean systemic arterial pressure, and, in eight patients,
first derivative of left verdricular pressure (dP/dt) (by elec-
tronic differentiation). 1eft veatricular dP/dt was not re-
corded in Patient 1, whe had a fluid-filled catheter, or in
Futient 9, because of a technical error. Tardiac output was
determined by the thermodilution technigue in eight patients
and by the Fick oxygen technique in two. Calculations were

ATRIAL NATRIURETIC PEPTIDE AND MYOCARDIAL FUNCTION

b

SEMIGRAN ET AL, &

made by using the following formulas: Cardiac index {liters/
min per m*} = (Cardizc Output)/{Body Surface Area); Stroke
Volume Index (mim?) = (Cardiac Index)(Heari Rale);
Stroke Wark Index (g-m/m?) = (9.0136) (Mean Arterial Pres-
sure — Left Ventricular End-Diastolic Pressure) (Stroke
Volume index); Systemic Vascular Resistance {dynes-sicm®)
= B0 {Mean Systemic Arterial Pressure — Right Atriai Pres-
sure)/{Cardiac Output); and Puimonary Vascular Resistance
{dynes-sicm’) = 80 (Mean Pulmonary Artery Pressure —
Pulmorary Capillary Wedge Pressure}/{Caidiac Output).

The logaritamic time constant of left veatricular isovolu-
metric relaxation (T,) was calentated from the micromanom-
eter-obtained left ventricular pressure by the method of
Weiss et al. £30). The period of isovalumetric relaxation was
taken to be from ihe aortic dicrotic notch pressure 16 the
pressure corresponding to the peak of the v wave of the
simuitaneous pulmonary capillary wedge tracing. The nega-
tive reciprocal of the slope of the linear fit of In{left ventric
ular pressure) versus time defined T,. The derivative time
constant T,, was calculated by the methed of Rafi and Giantz
{31} during the same time interval as T, from the negative
reciprocal of the stope of a linear fit of lefi ventricular ¢P/dt
versus pressure. This method allows for a non-zero pressure
asymptote, Py,

Hemodynamic data were obtained during a baseline pe-
riod. during constant infusion of nitroprusside, during a
secona baseline period and during atrial natrivreiic peptice
infusion. Nitroprusside was infused initially at a rate of
25 up/min, which was titrated upward to achieve a 35- to
20-mm Hg decrease in mean arterial pressure. Measure-
ments during nitroprusside infusion were made 5 min after
the desired hemodynamic effect was achieved, and basefing
measurements were repeated 10 min after nitroprusside was
discontinued, when hemodynamic variables matched those
in the first baseline period. Anaritide (Wyeth-Ayerst Labo-
ratories) is a synthetic 23-amino acid peptide (human atiial
natriuretic peptide 102-126) that lacks 3 amino acids from
itie amino terminus of human atrial natriuretic peptide, and
has similar biotagic activity (investigational brochure,
Wyeth Laboratories, 1985). The atrial natsiuretic peptide
infisw ~ was titrated either to achieve a decremient in mean
arterial pressure similar to that obtained during the nitro-
prusside infusion or to achieve a maximal rzte of 0.6 ug/kg
per min. Measurements were made at least 10 min after the
fina} infusion rate of atrial natriuretic peptide was begun.

Radionuclide scanning. Left ventricular volume was cal-
culated from gated blood pool images in nine patients as
previously described (24-26,28). Images were not recorded
in Patient 10 because of a technical error. After in vivo
fabeling of the patient’s red blood cells with stannous pyre-
phosphate and 30 mCi of technetium-99m, supine gated
blood pool images were acquired in the anterior and left
anterior oblique views. The timing of the first frame of the
scan corresponded to the peak of the R wave of the electro-
cardiogram. which was recorded simultaneously on the
pressure tracings. The acquisitions were then normalized te
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the frame with the maximal number of counts. A time-
activity curve was constructed by using a semiautomated
edge detection method with a variable region of interest.
Rackground count density was calculated from an area of the
frame adjacent to the left ventricle, and subtracted from cach
frame. The time-activity curve was smoothed by using a
3-point weighted moving average (coefficients: 0.25, 0.50,
0.25). Ejection fraction was calculated as (End-Diastolic —
End-Systolic Counts)/End-Diastolic Counts.

Baseline left ventricular end-diastolic volume was calcu-
lated from the anterior and left anterior oblique views using
a previously validated geometric biplane area-length method
(32). Volumes at other points in the cardiac cycle and during

b scans were lated from the left anterior
oblique scan as the ratio of counts in a given frame to those
in the baseline end-diastolic frame muftiplied by the baseline
end-diastolic volume. The number of counts in scans subse-
quent to the baseline scan were corrected for differences in
acquisition time and frame duration as well as for physical
and biologic decay of the isotope.

Pressure-volume analysis. Left ventricular pressure mea-
surements from 4 or 5 representative beats were traced and
digitized at a sampling interval of 2 ms on 2 Summagraphics
MMI812 Bitpad interfaced to 2 VAX 780 computer. The
pressure was ilien averaged ai iniervais corresponding e the
frame interval of the radivnuclide scan. Pressure-volume
loops were constructed from these pressures plotted with the
corresponding volumes

The end-systolic pressure-volume relation was con-
structed from the two baseline measurements and the mea-
surements taken during nitroprusside infusion by the itera-
tive method of Kass et al. (33). A line was fit to the points in
each cardiac cycle for which the ralio of pressure to volume
{V) was maximized. To avoid giving disproportionate weight
to the two baseline measurements, they were each given a
weight half thai of the measurement during nitroprusside
infuston (26}. The volume at the extrapolated zero pressure
(V) was then subtractcd from each volume in the cardiac
cycle. A similarly weightcd line was again fit from the points
in the cardiac cvele for which (left ventricular pressure}(V —
V4 was maximized. The new V4 was again subtracted from
all the points in the cardiac cycle, and the process repeated
uniil there was no significant change in either the slope o7 the
line or V4. We have previously shown (24) thal the end-
systolic pressure-volume relation is linear in patients with
heart failure in the range of end-systolic pressures and
volumes obtained in the baseline state and during graded
infusion of nitroprusside. This linearity allowed us to ap-
proximate the relation by using only two afterload condi-
tions, an important consideration in view of the time con-
straints inbeient in a left heart catheterization study.

A change in left ventricular distensibility during nitro-
prusside ar atrial natriyretic peptide infusion was defined as
2 left ventricular pressuve change =3 mia Hg from baseline
dunng the period of overiap of the passive portions of the

lic pressure-volume Because right atrial
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pressurc has been shown to approximate intrapericarcial
pressure (34), the diastolic transmural pressure-volume re-
lation was created by plotting left ventricular intracavitary
pressure minus right atrial pressure versus volume. The
end-diastolic pressure-volume relation was constructed from
left ventricular end-diastolic pressure and volume during the
two bascline periods and during nitroprusside infusion. An
expancatial function was fit 1o these points, with the two
baseline periods given half the weight of the nitroprusside
period.

Statistics. Results are expressed as mean value = SEM.
Comparisons among the four treatment periods were made
by two-way analysis of variance, and subsequent compari-
sons of group means by the Newman-Keuls test with a
significance level of 0.05.

Results

Baseline measurements (Table 1). Baseline left ventricu-
far end-diastolic pressure was elevated at 24 + 2 mm Hg and
cardiac index depressed at 2.0 = 0.2 liters/min per m’. The
baseline left ventricular end-diastelic volume of 327 = 26 ml
indicates marked left ventricular dilation. There were no
significant differences between tne two baseline periods in
any of the measured or derived variables.

Hemodynamic responses 1o nitroprusside and atrial natri.
uretic peptide (Table 1). During nitroprusside infusion (79 +
13 pg/min), mean systemic arterial, right atral, pulmonary
artery and pulmonary capillary wedge pressures and sys-
temic and pul y vascular resi all d d
while heart rate increased slightly. Left ventricular end-
diastolic pressure decreased from 24 = 210 13 = 3mm Hg (p
< 0.01), while cardiac mdex increased from 2.0 = 0.2 to 2.4
+ 0.2 litersimin per m? (p < 00[) Left vemncular end-

Jiastolic and ¢nd-systoli

Infusion o etrial natrivretic peptide (0.4 * 0.05 pgfig per
min) also resulted in decreases in mean systemic artevial,
right atrial, pulmonary artery and pulmonary capillary
wedge pressures. Systemic vascular resistance decreased
but pulmonary vascular resistance was unchanged; heart
rate was unchanged. Left ventricular end-diastolic pressure
decreased from 24 = 2 to 16 = 3 mm Hg (p < 0.01), while
cardiac index increased from 2.0 * 0.2to 2.4 = 0.2 liters/min
per m* (p < 0.01). As during nitroprusside infusion, left
ventricular end-diastolic and end-systolic volumes de-
creased.

Effects on contractile funclmn. Peak positive leﬂ ventric-
ular dP/dt was unch d by either or atrial
natriuretic peptide (Table 1). Similarly, neither gjection
fraction nor suroke work index changed significantly during
infusion of either agent. The resuits of left ventricular
end-systolic pressure-volume analysis are depicied in Figure
1. There was no shift away from the baseline end-s3stolic

- precsure-volume reistion during atrial natriuretic peptide

infusion in Patient 2, a slight leftward shiit in Patients 1, 3, 7
and 9 and a slight rightward shifl in Patients 4, 5, 6 and 8.
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Table L. Effects of Nitroprusside and Atrial Natriuretic Peptide on H
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s and Indexss of C il

and Diastolic Function

Baseline

Atriz} Natriuretic

Nitroprusside Baseline Peptide
Heart rale (beals/minj W=6 97 + §* 9% x4 91 % 5t
Pressures {(mm Hg) 90 =4 73+ 3 39+3 80 = 2%
Mean arterial
Right atrial 82 4= 0W=x2 e
Pulmorary artery B3 20+ 3 35x3 B3
Puimonary capillary wedge 42 1323 16 = 3*F
LV end-diastolic PIED) B3 A2 16 = 3°
LV peak systolic N5 =8 99 = 6% ns+6 106+ 77
Cardiac index (liters/min per m*) 2+02 24 =02 2=02 24 x02%
Stroke volume index (ml/m) 72 26+ 30 n2=2 2% =2t
Stroke work index (g-m/m?) 0=3 202 Wx2 B2
Systemic vascular resistance 1978 = 162 1368 = 144° 1935 & 140 1,91 = 122
(dynes-sicm®)
Pulmonary vascular resistance 210 + 40 159 = 207 268 = 50 241 x 45¢
(dynes-s/cm’)
LV peak +dP/di (mm Hg/s) 142 = W=7 1054 = 104 1025 * 82
LV peak —dPidt {(mm Hg/s) [Rirk Rl L > 103 1,020 = 85 998 - 65
Ty (ms) 06 [ B=Es &£ 6"
Tp (ms) i6=7 89 £ 8¢ st 106 %133
P, (mm Hg) ] —4z 5" -9=xs -14=z3
LV ead-diastalic volume (mi) nr=wn 292 = 2B 24=30 303 = 28t
LV end-systalic volume (ml) B4:27 247 =27 282227 262 2 18*
LYV ejection fraction 0.14 £ 0.01 0.16 £ 0€2 .13 + 0.01 016 + 0.01
LV pesk filting rate (ml's) 2425 205 = 37 98+ 19 W08+30

*p < 0.05 versus preceding baseline value, *p < 0.05. atrial patriuretic peptide versus nitoprusside. Values are given as mean value = SEM. dP/dt = first

denvative of left ventricular pressure; LV =
ventricular isovolumetric relaxation.

‘This analysis indicates no consistent inotropic effect of atrial
natriuretic peptide at the rloses studied.

Effects on diastolic fi Peak neg left ventricu-
lar dP/dt was unchanged during nitroprusside and atrial
natriuretic peptide infusion (Table 1). The time constant T,
decreased with both agents, whereas T, decreased only with
nitroprusside, Neither agent affected peak filling rate.

There was insufficient overlap of the diasiolic pressure-
volume relations during the first basehne period and nitro-
prusside infl to allow of a
change in left ventricular distensibility in eight of nine
patients. In the remaining patient, who did have sufficient
overlap of the diastolic pressure-volume relations, the refa-
tion was shified upward during nitroprusside infusion. The
diastolic pressure-volume relation during atrial natriuretic
peptide infusion overlapped with the relation during the
second baseline period in four of the nine patients. In three
of these four patients (Patients 1, 4 and 9), the relation
shifted downward during atrial natriuretic peptide infusion,
whereas there was no shift in Patient 8 (Fig. 2). When left
ventricular volume was plotted against left ventricular pres-
sure minus right atrial pressure (an approximation of trans-
mural left ventricular pressurej, the downward shifts ob-
served during atrial natviuretic peptide irfusion in three
patients decreased in magnitude but wsre not eliminated.

Figure 3 demonstrates that the group mean end-diasiolic
pressure-volume point during atrial natriuretic peptide infu-

teft ventricular; P, = pressure asymptote: Ty, = derivative time coastant: Ty =

logarithmic time constant of leht

sion was not shifted relative to the exponential end-diastalic
pressure-volume relation derived from the data obtained
during the baseline and nitroprusside periods.

Side effeats. Three patients comnlained of flushing during
the ritroprusside infusion. There were no side effects of
atrial patrivretic peptide infusion.

Discussion

Previous studies have assessed the inotropic effect of
atrial natriuretic peptld\, in expenmemal models. Wangler et
al. 20) d pic effect of atrial
natriuretic peptide in |he |sola!ed perfused heart ard attrib-
uted the effect to coronary vasoconstriction. In the intact
circulation, the direct inotropic action of a substance with
vasodilator properties is difficult 1o separate from effects

diated by all of loading conditi The di in
stroke volume noted in several studies of atrial natriuretic
peptide (6-10,12,13) could be due to an associated decrease
in preload. However, in both anesthetized and conscious
dogs, Kleinert et al. (11) observed a decrease in cardiac
output with no alteration of filling pressure. Similarly, Volpe
et al. (7) found that atrial natrinretic peptide decreased
cardiac output without significantly changing filling p
in patients with hypertension. In contrast, Faicl and Hintze
(2t) maintained preload constant during atrial patriuretic
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PRESSURE (mm Hg)

450

VOLUME (mi)

Figure 1. Left ventricular pressure-vulume loops in rine patients
during the first (O—0) and second (A~—4) baseline periods and
during nitroprusside (@—@) and atrial natriuretic peplide
{&—A) infusions. The selid fine indicates 1he end-systoiic pres-
sure-volume refation deiermined from the two baseline loops and
ihe nitroprusside loop, as described in the text, Four patients
(Patients 1, 3, 7 ard 9) had slight teftward shifts away from the
end-svstolic pressure-volume relation during atriat natriurstic pep-
tide infusion and four paticats (Puticnts 4, 5. 6 and B) had slight
rightward shifts. One paticnt (Patient 2) had no shift from the
baseline end-sysielic pressure-volurre relation during peptide infu-
sian.

peptide infusion by aortic acclusion in conscious dogs, and
observed no change it peak left veatricular dP/dt,

Becouse of the influence of load on many measwies of
ventricular systolic performance, we utiliced the left ventric-
ular end-systolic pressure-volume relation, a relatively load-
independent measure of ceontractile function (22,23). to as-
sess the inotropic effect of atrial natriuretic peptide in

patients with heart failure. We found that atrial natriuretic
peptide did not consistently shift the relation beiween end-
systalic pressure and volume leftward (indicating a positive
notropic effect) or righiward {indicating a negative effect) in
these patients, Rather, we observed small shifts that seemed
randomly distributed lefiward (four patients) and rightward
(four patients) from the baseline end-systolic pressure-
volume relation. The sensitivity of our techaique for detect-
ing inotropic effects is evideat from previous studies show-
ing a leftward shift of the end-sysiolic presswe-volume
relatior, in eight of nine patients treated with the phosphodi-
inhibitor i 25) and 2 rightward shift in 12
of 14 patienis treated with the calcium channel blacker
nicardisine {26}. In the present study, the relation between
end-systolic pressure and velume curing atrial natriuretic
peptide infusion was indisti from that predi
for a pure vasodilator with no effect on contractite functior.
Lack of inotropic effect of atrial natriuretic peptide. Be-
cause of the time consiraints inherent in a left heart cathe-
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sure-volume refations during the seccnd
baseline period {(A——A) and during atrial
natriuretic peptide administration (A——4)
in four patients. Patients 1, 4 and 9 (upper
left and right panels and lower right panel,
Tespectively) had a downward skift of thr
passive portion of the relation with atrial
natriuretic peptide, indicating an improva-
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terization study, we did not independenty vary afterioud
during atrial natrivretic peptide icfusion, and thus did not
attempt to censtruct the full end-systolic pressure-volume
relation on atrial natriurctic peptide. We therefore cannot
draw ccnclusions regarding the slope and volume intercept
of the relation during infusion of the peptide. The relative
effects of inotrepic interventions on the slope and intercept
of the end-systolic pressure-volume relation depend on the
model studied {35,36). We reasoned instead that a positive
inotropic effect would result in a smaller end-systolic volume
for ainy given end-systolic pressure and that a negative
inotropic effect would be asscciated with a larger end-

systolic volume for any pressure. We cannot exclude the
possibility, however unlikely, that the slope and intercept of
the end-systolic pressure-volume relation on atrial natri-
uretic peptide changed in such a way that it intersected the
baseline relation at a point very close to that chtained for
each patient during infusion of the peptide.

Corroborative evidence for the tack of an inotropic effect
of atiial natriuretic peptide comes from the observation that
left ventricular stroke work index, gjection fraction anc peak
positive dP/dt did not change significantly during infusion of
the peptide. However, these ejecuon phase and 1sovolumet-
ric indexes of ctil are sufficiently load de-

Figure 3. Effects of nitroprusside (@} and atrial natri-
cretic peptlde (A) on the relation between left ventric-
ular end diastolic pressure (LVEDP) and left ventricu-
far end-diastolic volume (LVEDV). The end-diastolic
pressure-volume relation is modeled as an exponential
curve (dashed line) fitted to the first {O) and second (A)
baseline and nitroprusside (@) end-diastolic pressure-
volume points. The left ventricular end-diastolic pres-
sure-volume point during airial natrinretic peptide ad-
ministration was not shifted away from this relation.

LVEDP (mm Hg}

° 250 300 350
LVEDV (mi)
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pendent that conclusions from them must be drawn with
caution. An alternative method of evaluating the inotropic
effect of an agent independent of changes in loading condi-
tions is the intr: vy infusion i Applying this
method in patients with normal left ventricular systolic
function, Herrmann et al. {37) found that atrial natriuretic
peptide had no inotropic effect when administered in doses
that did not alter ioading conditions.

Effect of atrial natriuretic peptide on diastolic function. In
most studies, the administration of atrial natriuretic peptide
to animals and humans has resulted in a decrease in filling
pressures, whether systofic function is normal (3,14) or
depressed (3,14-18). Although venodilation or fluid shifts to
the extravascular compariment, or both, may account for
the decrease in filling pressures, it is also possible that an
improvement in diastolic myocardial properties contributes
1o this effect. Meul etal. (19)d ated that atrial
natriuretic peptice induces early relaxation of isolated cat
papillary mnuscles. Herrmann et al. (37) found that atriat
natriuretic peptide shortened the time constant of isovolu-
metric relaxation in patients with normal ventricular func-
tion. Because patientz with heart failure due to systolic
dysfunction may also have abnormalities of diastolic func-
tion (28,38), it is possible that the overall improvement in
ventricuiar function brought about by atrial natriuretic pep-
tide in these patients is due in part to a ben-ficial effect on
diastolic myocardial performance.

luation of diastolic function in humans is difficult
because available indexes assess different aspects (relax-
ation, filling, stiffness) of diastolic function. Furthermore,
indexes of diastolic function, like indexes of systolic func-
tion, may be affected by loading conditions (27,39-41). In
fact, previous studies (28,40,42) have demonstrated benefi-
cial effects of the “pure™ vasodilator nitroprusside on in-
dexes of diastelic function in patients with hieart failvre, We
reasoned that a direct effect of atrial natriuretic pepiide on
diastolic myocardial propertics would be manifested as an
effect beyond that of nitroprusside, and therefore compared
the influences of these two agents on indexes of diastolic
function.

Left ventricular peak negutive dP/dt was unchanged with
administration of nitroprusside or atrial natriuretic peptide.
Both T, and T, decreased with nitroprusside, whereas only
T, decreased significantly with atrial natrivretic peptide.
Thus, the effect of atrial ratrivretic peptide on indexes of
relaxation was no greater than that of nitroprusside. We
attribute the decrease in T, with both agents to a downward
ranstation of the ventricular pressure cnrve, which obligates
a shortening of the time constant of relaxation in 2 model
that cc the p p to be zero (43). A
similar finding of a decrease in T, with na effect on T, during
atrial natriuretic peptide infusion was reported by Herrmann
et al. (37) in patients with normal left ventricular function.
Changes in loading conditions with reduction of left ventric-
ular end-systotic volume may also affect i ic re-
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in T, with nitroprusside (28,41). Peak filling rate was un-
changed with both nitroprusside and atrial natriuretic pep-
tide. It js possible that a tendency toward improved filling
with both medications was bal d by the

itant decrease in pulmonary capillary wedge pressure, which
reflects the driving force for early diastolic filling (27.44}.

Overall left ventricular distensibility throughout diastole
is best assessed by the pressure-volume relation. Marked
decreases in ventricular volume prevented comparison of
diastolic pressure over a common range of volume for the
first baseline and nitroprusside periods in eight patienss and
for the second baseline and atrial natriuretic peptide periods
in five patients. Of the four patients in whom the position of
the diastolic pressure-volume relation during atrial watr-
uretic peptide infusion could be compared with that during
the second baseline period, a downward shift of the relation
was observed in three. This effect was lessened but mot

bolished when the p volume relations were replot-
1ed by using estimated transmural pressure, In a previous
study (28) of patients with heart failure, similar downward
shifts during administration of nitroprusside were also not
completely ahotished after *‘correction’ for right atrial pres-
sure. Because coronary blood flow increases in patients with
coronary stentosis {45) and is not significantly altered by
atrial natriuretic peptide in patients with heart failure (17),
we cannot atiribute the residual improvement to a decrease
in coronary turgor. The effect of atrial natriuretic peptide on
the relation between end-diastolic pressure and volume was
not significantly different from that of nitroprusside.

Overall, the effects of atrial natriuretic pepiide on indexes
of diastolic myocardial function were similar to those of
nitroprusside. Thus, we found no specific influence of the
peptide on myocardial contractile or diastolic function in
patients with heart failure. Additional evidence for the lack
of direct myocardial actions of atrial natrivretic peptide
comes from the radioautographic localization studies of
Bianchi et al. (46), in which the peptide was found to bind to
the endothelial cells of the rat heart but not to ventricular
myocytes.

Limitations of the study, The limitations imposed by the
time constraints inherent in a left heart catheterization study
have already been acknowledged. Several other limitations
of this study need to be considered. First, aithough cardinc
medications were withheld for 12 to 24 h before study, it is
conceivable that residual effects of these drugs could modify
the effects of atrial natriuretic peptide on the myocardium.
Second, it is possible that a change in autonomic tone
occurring during either atrial natriuretic peptide or nitroprus-
side infuston may have affected myocardial contractile or
diastolic furction, or both. Although we did not measure
plasma catecholamine conceitrations in this study, previous
studies (47) in which nitroprusside was administered to
patients with heart failure did not reveal a change in sympa-
thetic tone as measured by plasma norepinephrine and

laxation in patients with heart failure, accounting for the fall

hrine levels. However, heart rate did increase slightly
with nitroprusside in our study group. Third, the study
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patients had severe left ventricular systolic dysfunction. Itis
possible that atrial natriuretic peptide would affect left
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