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Objectives. This study examined the relation between neurohu-
moral activation and severity of left ventricular and

bmcorrehﬁonloejeﬂionfruﬂﬂ(rho——o.ﬂ,p<m1)

congestive heart failuve In a broad group of patients with de.
pressed left ventricular function who were not recruited on the
basls of eligibility for a therapeutic trial,

Background. Previous studies have established the presence of
neurchumoral activation in patients with severe congestive heart
failure. It is not known whether the activation of these neurobumoral

is related to an inleft fanction.

Methods. From the 6,273 patients recruited Into the Studies of
Left Ventricular Dysfunction Registry (SOLVD), a subgroup of
859 patients were randomly selected, and their plasma norepi-
nephrine, plasma renin activity, arginine vasopressin and atrist
natriuretic peptide levels were correlted with clinical findings,
New York Heart Association functional class, left ventricular
ejection fractlon and drug use.

Results, There was a weak but significant correlation between
ejection fraction and an increase in plasma noreplnephrine (rho =
~0.18, p < 0.0001), plasma renin activity (tho = —0.24, p <
0.0001) and arginine vasopressin (rho = —0,12, p < 0.003). The
only exception was atrial natriuretic peptlde, which showed the

class was more with in-
mual-mhlm'lneikpepﬁde(p = 0.0003) and plasma resin
activity (p = 0.0003) and less with an increase in pissma novepi-
nephrine. Of the clinical variables, elevated jugular venous pres-
sure and third heart sound (S,) galiop were significantly associated
with increased levels of plasma

was associated with an increase in plasma renin activity snd atrial
natriuretic peptide levels.

Concl N ivation in patients with heart
falture (s related to severity of left ventricular feactional depres
sion, and this relation s independent of functional class or con-
comitant drug therapy.

(J Am Coll Cardiol 1994;23:1418-20)
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Plasma norepinephrine (1,2), plasma atrial natriuretic pep-
tide (3) and plasma renin activity are increased in palients
with heart failure (4). Despite progress in understanding the
pathophysiology of heart failure, the mechanisms underlying
the activation of the neurolumoral systems in patients with
long-standing congestive heart failure are not well under-
stood. In particular, it is not clear whether severity of
impairment in left ventricular function or degree of symp-
toms relate to the level of neurchumoral activation. When
cardiac output decreases after myocardial damage. neuro-
hormones are activated to preserve circulatory homeostasis.
Thus, the severity of myocardial damage, impairment of left
ventricular function and severity of symptoms may relate to
the degree of neurohumoral activation. For example, an
increase in arginine vasopressin levels in patients with
congestive heart failure has been found to correlate directly
with hemodynamic severity of heart failure (5). Further,
these neurchumoral responses may also be modified by
patient age and by etiology of the disease. In the experimen-
tal study by Watkins et al. (6), a reduction in cardiac output
and decrease in blood pressure resulted in efevation of
plasma renin acuvxly and assocndled vasoconstriction and
sodium T 3! , the circulati b al
mechanisms returned to normal during the compensated
state of heart failure as plasma volume and cardiac stroke
volume increased. Previous clinical studies in patients with
stable heart failure have demonstrated only a modest corre-
lation between impaired left ventricular function and neuro-
humoral activation (7.8). However, none of the studies took
into account the interrelation of factors, such as age, sever-
ity of symptoms or use of drugs.

The Studies of Left Ventricular Dysfunction (SOLVD)
Registry included patients with a wide range of depressed
left ventricular function to explore the relation between
neurchumoral activation and severity of left ventricular
dysfunction in congestive heart failure. In a randomly se-
lected group of patients from this SOLVD Registry. we
tested the association of plasma neurohormone levels with
left ventricular ejection fraction, New York Heart Associa~
tion functional class and other clinical variables after con-
trolling for selected covariates. In particular, we examined
those neurohormones that have been previously demon-
strated to be increased in patients with cougestive heart
failure (1-5).

Methods

Study design. The SOLVD was a multicenter program of
research in patients with left ventricular dy ion and
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classes 1l and 11 with left ventricular ejection fraction
=35%) with symptoms of heart failure requiring treatment
(10). The registry was conducted in 18 of the 23 SOLVD
centers. Patients with ¢jection fraction =0.45% or a radio-
logically confirmed discharge diagnosis of congestive heart
failure during the period January 1, 1988 to February 28,
1989 were invited to participate. Patients with nonvalvular
congenital heart disease, any noncardiac life-threatening
disease. lack of rcliable means of follow-up or failure to
consent were excluded. Baseline information abstracted
irom the patients’ charts included the following: demo-
graphic data. clinical histary, physical examination. ¢jection
fraction. etiology of the disease, chest X-ray film, medica-
tion used, electrocardiogram (ECG) and laboratory results.

From the 6,273 patients recruited into the SOLVD Reg-
istry a subgroup of 898 p: were randomly selected on
the basis of etiology to obtain more data on “‘rarer”” etiolo-
gies (36%% of registry patients with ischemic or hypertensive
heart disease, 1009 of patients with other etiologies). Details
of registty methods and sampling procedures have been
published elsewhere (11). In this subgroup a detailed history
was obtained, and physical exanunation, two-dimensional
echocardiography. ejection fraction, chest X-ray film. 12-
lead ECG and a 6-min walk test (12) were conducted. Of
these patients, 859 {96%) had at least one measurement of
neurohormone levels; the present enalyses were cenducted
using this sample. In addition, neurohormonal levels were
obtained in 56 age- and gender-matched control subjects
with no history or physical findings of heart disease or
hypertension. None were taking medications known to in-
fluence neurchormone levels.

The study protocol was approved by the local hospital
review boards and the National Institutes of Health. All
control subjects and patients provided written informed
consent.

Neurohormone measurements. An intravenous cannula
(short 18- or 20-gauge plastic catheter connected to a three-
way stopcock) was inserted in an arm vein. The catheter was
flushed with heparinized saline solution, and patients were
then allowed to rest supine in a quiet room for 30 min. Five
millititers of blood was placed into a prechilled tube contain-
ing reduced glutathione and ethylenebis (oxyethylenenitrilo}
tetraacetic acid for measurement of plasma norepinephrine.
The sample was centrifuged within [ hat 4°C at 2,500 rpm for
12 min. Plasma was then stored at —20°C or colder. Five
milliliters each for plasma renin activity, arginine vasopres-
sin and atrial natriuretic peptide analysis were placed into
prechllled evacuated tubes containing sodium ethylenedi-

heart failure. It included two trials and a registry. The
Prevenuon Trial showed that enalapril, a converting enzyme

L pr d the develop of symptoms of heart
failure in patients with a left ventricular ejection fraction
=35% without therapy for heart failure (9). The Treatment
Trial demonstrated that enalapril reduced mortality in pa-
tients with mild to moderate heart failure (mainly functional

aacetic acid. The three tubes were mixed gently

and were placed on ice and centrifuged within 1 h of

collection at 4°C at 2,500 rpm for 12 min. The supernatant
plasma was stored as for plasma norepinephrine.

Neurchormone assays. Samples were shipped on dry ice

to the neurchormone core laboratory at the University of

Texas Medical School at Houston. Plasma norepinephrine

was measured by a radiocnzymatic mcethod (13). Plasma
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renin activity was measured using the modified radio-
immunoassay technique of Sealey and Laragh {14). Plasma
arginine vasopressin and atrial ratriuretic peptide were
measured by a simplified radioi using -
cially available antibodies (15). All samples were analyzed in
a blinded manner witiout knowledge of the patients’ char-
acteristics.

Sensitivity and reproducibility of assays. The radioenzy-
matic assay for plasma norepinephrine has a sensitivity of
1 pg/ml with a sample/blank radioactivity count ratio >2. In
addition, the interassay coefficient of variation was 6.1%
(calculated from 20 different assays done consecutively on
20 different days), The radiocimmunoassay for plasma renin
activity is dependent on the sensitivity of the antibody used
in the assay, which can reliably detect 2 pg of angiotensin I
(sample/blank ratio 2). This assay can detect very low
plasma renin activity (0.1 ng/ml per h). The interassay
coeflicient of variation for plasma renin activity was 12.6%.
The radioimmunoassay for atrial natriuretic peptide has a
sensitivity of 2 pg/ml, and the sensitivity for arginine vaso-
pressin is 0,22 pg/ml. The interassay coefficients of variation
for atrial natriuretic peptide and arginine vasopressin were
13.7% and 11.6%, respectively. In addition, prevmusly as-

ine
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adjustment was to control for the differing proportions of
etiologies represented, by design, in the sample. Eighteen
clinical variables were tested against each of the neurohor-
mones.* Ejection fraction and all other continuous variables
were treated as such in the models. Two dummy variables
categorized functional class at three levels: class 1 versus 1
versus [INV. C drug use

enzyme or diuretic agents, or both) was also categorized at
three levels: neither versus one versus both types of medi-
cation prescribed. Al other categoric variables were consid-
ered at two levels. All p values are two-tailed.

Results

Baseline clinical data. A total of 6,273 patients were
recruited into the registry on the basls of an cjecllon frac-
tion <45% (87%) or radiologi ive heart
failure (13%). Of these, 69% had signs of congestive heart
failure (defined as the presence of edema, third heart sound
{8,) gallop, elevated jugular venous pressure on examination
or history of breathlessness on exertion). In the registry, as
in the main SOLVD trial, ischemic heart disease was the
dominant etiology of hean failure, However, in the subgroup

sayed quality contro} of plasma pinep
were mailed every 2 months from the core k y to the

of 859 p partici in the present analysis, the

SOLVD study centers. These samples were stored and
returned in the same way as the patient samples. On retura
these quality control samples were reanalyzed to assess the
stability of samples during storage and portation. There

frequency of etiology was different because of stratification
that oversampled subjects with heart failure due to etiologies
other than ischemic or hypertensive heart disease. The
chnmctcristics of patients entering the registry substudy are
d in Table I. The age and gender distribution was

werc no significant differences in the plasma norepinephrine
values (278 + 28 vs. 269 * 32 pg/ml, p = NS)in 123 samples
analyzed in this manner.
Left ventricular dnmensmns and ejection fraction were
d by two-di diography using the
multiple diameter method (16). Left ventricular dimensions
were measured below the tip of the mitral leaflets at end-
diastole (onset of QRS plex) and at end-systole (one

comparablc to that of the control group. The average age in
the registry substudy group was 59 = 12 years (mean = 5D,
range 21 to 91); in the control group the average age was
56 = 12 years (range 37 1o 80). Men comprised 78% of the
participants in the registry substudy, and underlying isch-
emic heart disease was present in 52%. In the controf group
70% were men. In the registry substudy group the mean

frame before mitral valve opening). The average variability
in ejection fraction was <3%. Left atrial
dimensions were taken at the point of maximal anterior root
motion in the same plane as the aortic root. In most cases
(78.4%) ejection fraction was measured on the same day that
neurohormone levels were determined. All left ventricular
measurements were made by the echocardiographic core
laboratory at Baylor College of Medicine in Houston.
Statistical hods. The hormonal data were not
normally distributed. Simple comparisons and correlatxons

fioth ratio and left ventricular ejection fraction
were 0.53 + 0.07 and 30.0 * 9.0%, respectively. Median
values and interquartile ranges (25% to 75%) for all four
neurohormones were significantly higher in patients entering
the segistry substudy compared with control subjects (plas-
ma norepinephrine, 420 {312 to 592] vs. 316 [246 to 446]
pg/ml, p < 0.0001; plasma renin activity, 1.3 [0.4 to 4.5] vs.
0.5 [0.3 to 0.8] ng/ml per h, p < 0.0001; atrial natriuretic
peptide, 72 [42 to 130) vs. 48 [31 to 54] pg/mi, p < 0.0001;
arginine vasopressin, 2.2 [1.7 to 2.9] vs. 1.8 [1.4 t0 2.4]
pg/ml, p < 0.0007, respectively).

were therefore d using ric hod

(e.g., Spearman rho correlation {17). The rest of the analy-
ses were multivariate linear models conducted on the natural
logarithms of the neurohormone values (18). This transfor-
mation was selected because it was found to make the
distributions normal or near normal. All models were ad-
justed for clinic (17 dummy codes to define the 18 clinics)
and etiology (one dummy cc.c to determine ischemic or
hypertensive heart disease vs. other etiology). This latter

Neurohormone levels and kft veatricular function. Figure
1 shows the relation between ejection fraction and neuro-

*The I8 clinical variables tested were age. gender, race, ejection fraction,
New York Heart Association functional class, etiology of heart failure,
elevaied jugular verous pressure, third heart sound (S;) gallop, puimonary
edema, history of peripheral edema. history of breathlessness, signs of
congeslive heart failure, distance walked in 6-min walk test, cardiothoracic
ratio on chest X-ray film, diuretic use, digoxin use, beta-adrenergic blocking
ageat and angiotensin-tonverting enzyme inhibitor use.
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Table 1. Patient Characteristics

Registry
(Participants not
in Substudv) Registry Substudy
n = 5.414) in =839

Age (yr) 63 =12 9=
Male (58} 7 8
Race (%)

White 86 8

Black 1 1

Other } 2
Etiology (%)

Ischemic heart disease T s2

Idiopathic cardiomyopathy 1 M

Hypentensive heart disease 8 4

Aortic valvular heart disease 4 ?

Specific* 3 8

Mitrai valvalar heart disease 5 3

Myocarditis 0l 05
Ejection Fraction (5%) BES W=y
NYHA fungtional class (52)

1 NA 368

u NA 174

m NA 43

v NA 1.7
CT ratio NA 0.5 = 0.07
Diuretic agenl use (5¢) 35 58
Digitalis use {52} 43 47
Beta-blocker use (%) 15 16
ACE inhibitor use (52) 3 3
Serum sodium (mEqfliter) 1B=d 139+3
Serum potassiun {mEqfliter) 43203 43208
Blood urea nitrogen (mg%%) N=13 9=9
Serum creatinine (mg%) 1303 12203

*Spesific etiologic group included the following causes: alcoholic casdio-
myopathy. chronic myocarditis, cocaine related, diabetic cardiomyopathy,
hemochromatosis, hyperthyroidism, idiopathic hypertroohic abstructive car-

i S di sarcoid he. it disease. theumatic
heart discase and acute or subacute bacterial endocarditis. Data presented are
mean value = SD or percent of patients. ACE = angiotensin-converting
enzyme; CT ratio = candiothoracic ratic; NA = not applicable: NYHA =
New York Heant Associalion.

hormones. There was a weak but significant correlation
between decrease in ejection fraction and increase in plasma
norepinephrine (tho = —0.18, p < 0.0001}, plasma renin
activity (tho = —0.24, p < 0.0001) and arginine vasopressin
(rho = —0.12, p < 0.003). The only exception was atrial
natriuretic peptide, which showed the best correlation with
ejection fraction (tho = —0.37, p < 0.0001). Because pa-
tients with a lower ejection fraction arc more likely to be
taking larger doses of diuretic agents and angiotensin-

ing enzyme inhibi we adjusted for the effect of
concomitant diuretic agent or angiotensin-converting en-
zyme inhibitor therapy. or both. Even after adjusting for the
differences in drug treatment and functional class. ejection
fraction was significantly related to log plasma norepineph-
rine {p < 0.0001), log plasma renin activity (p < 0.0001) and
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log atrial natriuretic peptide (p < 9.0001) but not 1o log
arginine vasopressin (Table 2).

We also examined the relation between neurohormones
and left atrial size and left venlsicular systolic or diastolic
dimensions. All four neurchormones statistically signifi-
cantly correlated with either left atrial size or left ventricular
systolic or diastolic dimensions (Table 3). However, except
for atrial natriuretic peptide, correlations with other neuro-
hormones were weak. Plasma atrial natriuretic peptide level
most closely correlated with left atrial size (tho = 0.34, p <
0.0001) and left ventricular systolic volume (tho = 0.30.p <
0.0001). This is consistent with the observation that of the
four neurohormones examined. atrial natriuretic peptide
showed the best correlation with cardiothoracic ratio on
chest X-ray film (rhe = 0.30, p < 0.0001). This associatior
between enlarged cardiac size and atrial natriuretic peptide
levels is supported further by the fact that patients with
clevated jugular venous pressure had significantly higher
levels of atrial natniuretic peptide, as did those with pulmo-
nary edema (p < 0.0001 for both analyses).

Neurohormone levels, functional class and 6-min walk test.
Figure 2 shows the relation between functional class and the
neurohormones. As with ejection fraction, as the functional
status deteriorated in patients from functional class 1 to IV,
there was an early increase in plusma atrial natriuretic
peptide (p = 0.0003) and plasma renin activity (p = 0.0003)
levels (class I vs. II/IV). In contrast. plasma arginine
vasopressin levels did not change significantly with a dete-
rioration in functional class. Plasma norepinephrine levels
differed significantly only between those in functional class
1V versus classes I to I (p < 0.002). However, it shouid be
noted that only a small aumber of patients were in functional
class 1V (14 patients). Patients with a low ejection fraction
and those in a higher functional class were likely to be taking
larger doses of diuretic agents or angiotensin-converting
enzyme inhibitors, ot both. When we adjusted for the effect
of diuretic agent or angiotensin-converting enzyme inhibitor
therapy, or both, as well as ejection fraction, the relation
between functional class and neurohormone levels was less
striking and was observed only with atrial natriuretic peptide
and plasma renin activity in patients in functional class I
versus 1IVIV (atrial natriuretic peptide, p < 0,0001; plasma
renin activity, p = 0.04) (Table 2). Because of the possible
association between functional class and submaximal exer-
cise capacity, we also examined the corrclation between the
distance covered during the 6-min walk test and plasma
neurchormone levels. Although the levels of all four neuro-
hormenes correlated statistically to the distance walked,
these correlations were very weak (Table 3).

Neurohormone levels and clinical variables. The relation
between the four neurohormones and clinical variables is
shown (Tablc 4). After adjusting for clinic and etwlogy, the
clinical variables associated with log plasma norepinephrine
were age, elevated jugular venous pressure and third heart
sound (S,) gallop. Significanily higher plasma norepineph-
rine ievels were present in older subjects (p = 0.002) and in



BENEDICT ET AL.
NEUROHORMONES AND VENTRICULAR DYSFUNCTION

1414

. PLASMA NOREPINEPHRINE

12 ¢

PNE {pg/mi)
PRA (ng/(mlishr)
)

VASOPRESSIN

AVP (pg/mt)
~

ANP (pg/ml)
g

—_—
o
]

T

»5€ 55-46 45-36 35-26 25-16 §15
EJECTION FRACTION (%)

those with elevated jugular venous pressure (p = 0.02) and
third heart sound (S,) gallop (p = 0.0003). Atrial natriuretic
peptide levels were also significantly higher in older patients
(p = 0.0003). Patients with third heart sound (S,) gallop had
significantly higher atrial natriuretic peptide levels (p =
0.0001), as did those with pulmonary congestion on chest
X-ray film {p = 0.0001) and elevated jugular venous pressure
(p = 0.0001). Age, race, elevated jugular venous pressure
and third heart sound (S,) gallop were associated with
plasma renin activity. In contrast * plasma norepinephrine
and atrial natriuretic peptide, p..Sma renin activity was
signifizantly lower in older patients (p = 0,03). There was a
small but statistically significantly higher plasma renin activ-
ity in white patients than in black patieats (p = 0.04), even

0 —_— e

ATRIAL NATRIURETIC PEPTIDE
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Figure 1. Relation between left ven-
tricular ejection fraction and the four
neusrohormones. Left ventricular ejec-
tion fraction was grouped according to
patients with ejection fraction =56%
(90 patients) 55% to 46% (123 patients),
45% 10 36% (138 patients), 35% to 26%
{218 patients), 25% to 16% (166 pa-
tients) and <16% (28 patients). Note
the increase in plasma norepinephrine
(PNE), plasma renin activity (PRA)
and atrial matriuretic peptide (ANP}
with increasing left ventricular dys-
function. In contrast, arginine vaso-
pressin (AVP) does not change. Me-
dian values and interquartile ranges
(25% 1o 75%) for the four newrohor-
mones are shown.

c S O S S S——]
256 55-46 45-36 35-26 25-16 §15
EJECTION FRACTION (%)

when clinic, ctiology, ejection fraction, functional class and
potential differences in drug therapy were adjusted between
the two groups. The increase in plasma renin activity level
was also significantly related to elevated jugular venous
pressure (p = 0.0001) and third heart sound (S;) gallop (p =
0.0001). It is possible that in the more symptomatic patients,
larger doses of diuretic agents or angiotensin-converting
enzyme inhibitors may affect plasma renin activity levels.
We therefi ined the relation b these clinical
variables and plasma renin activity, after adjusting for the
effect of drug therapy. Even with this adjustment a signifi-
cant relation was found between increased plasma renin
activity levels and third heart sound (S,) gallop (p = 0.0002)
and elevated jugular venous pressure (p = 0.003). In contrast

Table 2. Relation Betwzen Neurohormones, Ejection Fraction and New York Heart Association Functional Class With and Without
Adj for Signi Covariabl

Ejection Fraction Functional Class
Adjusted for NYHA Functional Class Adjusted for EF and Diuretic

Neurchormone Unadjusted and Diuretic AgenVACE Inhibitor Use Unadjusted Agent/ACE Inhibitor Use

Log PNE - (p < 0.0001) - {p < 0.0001) + =001 NS

Log PRA - (p < 0.0001) - (p < 0.0001) + {p = 0.0001) + {p = 0.04 when comparing
clags I with N1V, p = NS
when comparing class 1 with 11)

Log AVP ~(p=002) NS$ NS NS

Log ANP - tp < 0.0001) - (p < 0.0001) + (p = 0.0001) + (p = 0.0001 when comparing

class | with IIVIV; p = NS
when comparing class { with It)

*All analyses adjusted for clinic and ctiology of heart disease. The direction of relzion of increase in neumhormonll levels to decrease in qecuun fmcuon

(EF) or delerioration (increase) in New York Heart Association (NYHA) functional elass is provided only if

ACE =

converting enzyme; ANP = atrial natriuretic peptide; AVP = anginine vasopressin; PNE = plasma norepinephrine; PRA = plasma renin acdvity.
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Table 3. Correlation of Plasma Neurok With Left
Ventricular Nimensions and 6-min Walk Test
PNE PRA AVP ANP

LY systolic volume (cm)

Rho 0.13 0.22 o.10 0.30

p value 00005  <0.0001 0009 <0.000
LV diastolic volume (cm)

Rho 0.06 0.19 0.10 0.25

p value N§ <0.000! 0.007 <0.0001
LA dimension {cm)

Rho 0.04 0.05 0.08 0.34

P value NS NS NS <0.0001
CT ratio

Rho 0.03 -0.02 0.10 0.30

p value NS NS 0.02 <0.0001
6-min walk distance (m)

Rho -0.10 =01 -0.12 -0.19

p value 0.009 0.002 0.002 <0.600!

ANP = atrial natriuretic peptide; AVP = arginine vasopressin; CT ratio =
cardiothoracic ratio; LA = left alrium; LV = left ventricle; PNE = plasma
norepin¢phrine; PRA = plasma renin activity: Rho = Spearman rank-order
correlation coefficient.

mone

to the other three arginine p was
not significantly associated with age or clinical findings of
congestive heart failure, except for elevated jugular venous
pressure (p = 0.03) and pulmonary edema on chest X-ray
film (p = 0.003).

Elevated jugular venous pressure or third heart sound
(S3) gallop are more likely to occur in patients with lower
ejection fraction or in those in a higher functional class.
Because there was a significant relation between plasma

PLASYA NORLCPINEPHRINE
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peurohormone levels and left ventricular ejection fraction
and functional class, we determined whether the observed
relution between neurohormone levels and various clinical
features was dependent on the degree of underlying left
ventricular dysfunction or functional class. For plasma nor-
epine_hrine and plasma renin activity, when the influence of
ejection fraction and functional class was controlled, only
the presence of third heart sound (S;) gallop remained
significantly related to plasma norepinephrine (p = 0.03) or
plasma renin activity (p = 0.04) fevels. For atrial natriuretic
peptide and arginine vasopressin, when the influence of
zjection fraction and functional class was controlled, only
pulmonary edema on chest X-ray film remained related to
atrial natriuretic peptide (p = 0.009) and arginine vasopres-
sic. {p = 0.006) levels.

Relation between drug therapy and plasma reurchermone
livels. Treatment with diusetic agents and angiotensin-
converting eazyme inhibitors is known to increase plasma
renin activity. Therefore, we examined the effect of divretic
a;ents with and withont angiotensin-converting enzyme in-
hibitor therapy on plasma ngurohormone levels (Table 3).
Significantly elevated levels of plasma norepinephrine {p =
(.14), plasma renin activity (p < 0.0001), atrial natriuretic
pephide (p < 0.6001) and arginine vasopressin (p = 0.0003)
were found in patients with than without divretic agent
therapy. Addition of angiotensin-converting enzyme inhibi-
tors (enalapril, captopril or lisinopril) significantly increased
piasma renin activity levels only, regardless of whether the
paiient had diuretic agent therapy or not (p < 0.0801).

1t is possible that the more symptomatic patients may
have received more diuretic agent or angiotensin-converting

PLASMA RENIN ACTIVITY

1200
1000 ~
Figure 2. Relation between New York Heat  § 5%°F £
Association (NYHA) functional class and the & g0p | / S
four nevrohormenes. Functional classes were S <
grouped as follows: class I = 306 patients; class & 400 | =
1I = 397 patients; class III = 127 patients; class . e
1V = 14 patients. Note that arginine vasopres o
sin (fAVP) ms n?t incrle,ilsc wilhadclerior:lim ok
in functional class. Plasma norepinephrine « <
(PNE) increases significantly only when the s¢ VASOPRESSIN
patient’s condition deteriorates to class IV.
Both plasma renin activity (PRA) and atrial 200
natriuretic peptide (ANP) show an carly in- . - T
crease as functional class deteriorates and are ETT E 150
not significantly different in class 1V patients. E E .
Median values and interquartile ranges (25% to = ~ 6o
75%%) ase shown. %ot %’_‘%_‘M EH ! !
+ 501 ! - 1
ol o ol — s
H 1 \% ! ! " v

NYHA Clcss NYHA Class
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ine. Plasma Renin Activity, Arginine Vasopressin and Atrial Natriurctic Peptide

Concentrations (Medxaﬁ and Interquamle Ranges) by Clinjcal Variable

Plasma Norepinephsine Plasma Renin Activity Arginine Vasopressin Atria) Natriuretic Peptids
n pg/ml n ng/ml per h n rg/ml o pg/m!

Age (yr)

=50 153 375 (286-559) 136 1.74(0.5-6.7) 125 22{L730) 124 57 (35-128)

51-60 P2l 397 (30i-557) 212 1.54 (0.4-3.8) 3 2201728 22 68 (42-1223

61-70 303 421 (321-608) 306 12 0.4-49) n 2.3(1.8-3.0) m 7% (45-143)

71-80 98 482 (367-612) % 12 {0.4-3.8) 95 2.1 (17229 95 B4 (5i-146)

>80 16 525 (430~736) 16 08 (0.3-1.1 16 22(1.7-34) 16 12 (47-129)
Gender

Female 17 426 (336-605) 183 13 (04-4.0 167 211729 167 67 (46-130)

Male 633 416 (308-583) 637 13 (0.4-4.7) M 224730 570 T4 (42-132)
Race

Black 9% 411 (311-541) 9 0.6 (0.09-2.7) 82 26 (2.0-3.8) 8 78 (49-167)

White 684 422 (312-596) 691 15 (0.5-4.9) 628 22{1.7-28) 628 71 (42-129)

Other 15 395 (308-4%4) 15 0.5 (0.8-2.3) 12 23(1.5-32) IH 86 (42-182)
Etiology

IHD a9 415 (310-595) 425 1.2 {04-38) 398 211720 398 69 (42122

Idiopathic m 428 (322-592) 194 L8 (0.5-5.6) 162 22017300 162 75 (M-136)

Other L] 424 (314-548) 00 09 (0.2-4.3) %0 23(1.8-3.0) 89 96 (52-145)

Specific [>] 452 (305-626) 2] 20 (0.4-6.8) 6 241(20-1.8) 56 76 (34-139)

HHD 32 390 1256-538) k] 13 (0434 » 28(213.0 2 78 (52-131
Elevated JVP

Yes 61 465 (355-651) 6l 49 (0.6-11.2) 2 26(2.6-34) st 137 (66-215)

No 4z 415 (312-583) 750 1.3 (04-3.8) 677 22(17-28) 677 69 (42-125)
S, gallop

Yos 109 486 (363-626) 109 15 (1.194) 9 2.3(1.9-3.0) 1] 117 (60-1%3)

Ne 695 409 (309-586) 703 1.2 (04-3.6) 637 22(i.72.8) 637 M N-129
Pulmonary edrma*

Yes 195 433 (329-617) 197 1.6 (0.5-6.3) 167 2.52.0-3.9 167 161 (60-162)

No 92 420 (310-554) 82 1.3 04-4.0) 509 21(1.728) 508 67 (40-1203
CT ratio

=052 341 425 (317-587) 44 15 ©0.6-4.0) n 2:{8128) n 61 (38-100)

>0.582 n 432 (313-626) us 13 04-47) s 2301331 314 98 (93-167)
Digitalis use

Yes 392 423 (318-596) 3% 2.2 (06-69) w1 23(18-32) 3% 89 (2158

No 415 413 (307-575) 422 10 0324 376 210220 6 62 C8-11D
Beta-blocker use

Yes 2 408 (306-559) 25 06 (0.2-1.9) "7 20(1.7-2.6 u? 69 (41-119)

No 685 422 (313-5%4) 650 16 (0.5-5.2) 616 2.2{1.7-29) (1] 73 (M4-13)

*Pulmonary congeslion as determined by chest X-ray film. tMedian value for cardiothoracic {CT) ratio was 0.52. The small differcrices in the rumber tn) of
patienls for each neurokormone is due to the fact that some of the samples received weve technically inadequate for analysis. HHD = bypertensive heast disease;
specifically including alcoholic and postpartum cardiomyopathies, other included myocarditis and valvislur heart disease; IHD = ischems. heunt discase; JVP =

jugular venous pressure; S, gallop =

enzyme inhibitor therapy, or both, and the observed relation
between drugs and neurohormones may have been related to
the lower ejection fraction or higher functionai class in these
patients. When the effects of ejection fraction and functional
class as well as clinic and etiology were adjusted, diuretic
agent or angiotensin-converting enzyme inhibitor therapy or
both, significantly altered plasma renin activity (p < 0.0001)
and atrial natriureiic peptide (p = 0.02) levels only. The
median plasma renin acuvn/ Jevel m patients wnthout di-

third heart sound; other abbreviations as in Table 3.

(rangs 0.5 to 11.4) (63 p when an

converting enzyme inhibitor was added. The highest levels,
3.8 ng/ml per h (range 1.15 o 10.3), were observed iit
patients receiving both diuretic agent and angiotensin-
converting enzyme inhibitor (232 p ). A similer in-
crease in median atrial natriuretic pepude levels was atso
roted with diuretic agent or angiotensin-converting enzyme
inhibitor therapy, or both. The lowest levels {36.4 pg/m},
range 3. 0 to 94.0) were scen in patients receiving neither

uretic agents or angi rting

was 0.5 ng/ml per h (range 0.2 to 1.2) (217 pauents) This
increased to 1.35 ng/ml per h (range 0.4 to 2.7) (199 patients)
with the addition of a diuretic agent and io 2.9 ng/ml per h

converting enzyme i s ol divretic
agems With either onverting enzyme inhibi
or diuretic agent only, the level of atrial natriuretic peptide
increased to 70.6 pg/ml (range 39.2 to 121.3} and 85.6 pg/ml
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Tahle 5. Dgscriplive §taﬁslics of Norepinephrine, Plasma Renin Activity, Arginine Vasopressin and Atrial Natriuretic Peptide
Concentrations (Median and Interquartile Ranges) With Diuretic Agent or Angiotensin-Converting Enzyme Inhibitor Use, or Both

Plasma Norepinephrine

Plasma Renin Activity

Arginire Vasopressin Atrial Natriuretic Peptide

Drug Use n pg/mt n ng/mi per h n p/ml n pg/ml
Diuretic agent No pali} 419 (303-579) a7 05¢2-1.) 200 21{1.6-2.6) 200 56.4 37-94)
ACE inhibitor No
Diuretic agent Yes 180 425 (305-594) 190 135 (0.4-2.7; 12 24(1.8-33) m 85.6 (48.1-152.1)
ACE inhibitor No
Diuretic agent No 4 392 (280-552) 63 29 (05-11.) 56 22(1.822.8 50 70.6 39.2-121.3)
ACE ighibitor Yes
Diuretic agent Yes 230 415 (332-628) px] 384.2-100 214 2.2(1.8-3.0 213 87.6 (51.7-143.3)
ACE inhibitor Yes

ACE = enzyme: other as in Tables 3 and 4.

(range 48.1 to 152.1), respectively. As with plasma renin
activity. the highest levels of atrial natriuretic peptide were
observed in pauents recelvmg both diuretic agents and
nverting enzyme inhibitors (87.6 pg/ml, range
51.7 to 145.3). Of the other drugs, treatment with digitalis
and beta-blockers also had a signi effect on plasma
?cmn acuvuy and atrial nalnurcuc pepude tevels, after
g for ejection fraction, fi I class, clinic and
eliology Digitalis use was significantly associated with in-
creased plasma renin activity (p < 0.0001) and atria! natri-
uretic peptide (p = 0.04) levels. Beta-blocker use was
associated with decreased plasma renin activity (p < 0.0003)
and increased atrial natriuretic peptide (p = 0.04) levels.

Discussion

Neurohumoral activation is an important manifesiation of
heart failure. Previous studies have focused predominantly
on patients with severe ive heart failurc. To date this
is the largest study to examire neurchumoral activity in
patients with a broad range of left ventricular dysfuncticn
and congestive heart failure. Furthermore, patients in this
study were not recruited on the basis of eligibility for a
therapeutic trial pnd are thus likeiy to be more representative
of the population of patients with left ventricular dysfunc-
tion. These results show that when compared with age- and

nd hed controi subj all four nones
a:e elevated in patients witk left ventricular dysfunction.
The widc range ©f neurohormonal levels suggests highly
variaole neurohumoral aciivity in ihesz patients. When
ratients develop ive heart failure ¥ 10 im-
pairmes: of left ventricular function, there is an increase in
nevraendocrine activity, even at the expense of increased
blood velume and further reduction of myocardia! function
(19). Therefore, it is not svrprising tha: we found a significant
relatina between elevated levels of plasma rorepinephrine,
plasma renin activity and atrial natrivietic peptide and third
heart sound (8,) gallop and elevated jugular .encus pres-
suie.

Plasma norepinephrine, All four nmevrohormones were
statistically sigoificantly out weakly correlated with left

ventricular ejection fraction, with atrial natriurstic peptide
showing the best correlation. This relation was demonstrable
even afier excluding the effect of drug *herapv on vavious
neurchormones. The absolute plasma hrine level
in patients with congestive heart failure is influenced by
alterations in neuronal uptake and clearance and meiabolism
of norepinephri leased from the sy hetic nerve end-
ings. However, of efferent sympathetic nerve
traffic by intrapeuronal recording in the peroneal nerve in
patients with heart failure demonstrates evidence of in-
creased central sympathetic outtiow (20). If the stimulus for
activation of the sympathetic nervous system is poor pump
fuaction, then it is not unreasonable to expect a correlation
between lefi ventricular ejection fraction and plasma norepi-
nephrine levels. Previous clinical studies in patien's with
moderate to severe cougestive heart faiture have shown a
weak correlation betweea the hemodyramic severity of
congestive heart failure and plasma norepinephrine levels
(8.21). This study also demonstrated a weak correlatlon
between plasma inephrine and left tcular ej
fraction in an ¢xpanded cohort of patients with a broader
spectrum of left ventricular dysfunction.

Plasma repin activity. The neurohormones to show the
strongest correlation with ejection fraction were plasma
renin activity and atsial natriuretic peptide, which increased
as ejection fraction declined. This relation was consistent in
patients with and without diuretic agents or angioteisin-
converting enzyme inhibitors, or both. Although sevenl
studies have reporied stimulation of the renin:
system in congestive heart failure, there is no agreement as
to its frequency or magnitude in patients with varying
degrees of heart failure. Dzan et al. (22) reported that the
system is markedly activated during acute decompensation
bul is near normal when patients have recovered from the
acute episode. Therefore, the clinical status of the patient in
congestive heart failure (comp d or dec d)
will affect the measured plasma renin activity levels. Fur-
ther, diuretic agent use and sodium restriction affect the
renin-angiotensin system and increase plasma renin activity
(23,24). However, Anand et al. {25} showed that five of cight
patients with advanced, untreated chronic congestive heart




14t8 BENEDICT ET AL.

PTTEUROHORMONES AND VENTRICULAR DYSFUNCTION

failure, with salt and water re had el J plasma

JACC Vol. 23, Ne. 6
May 1994:1410-20

renin activity levels. Similar findings kave been reported by
Brown et al. (20) in untreated patients with congestive heart
faifure. These data suggest that depending on the coho:t of
patients investigated and the clinical severity of congestive
heart failure invelved and treatments used, plasma renin
activity levels can vary significantly. In this study, we
investigated patients with varying severity of coag

and fraction or functional
class. In congestwe heart failure the precise mechanism for
thie release of arginine vascpressin is unclear but is believed
to be due to nonosmotic causes (33,34). Plasma arginine
vasopressin and plasma renin activity (35) levels are fre-
quently i d in parallel t of compromised end-
organ pcrfusmn Furthermore, baroreceptor stimulation is a

eart failure who were taking a wide variety of drugs. Even
when we controlled for the eﬂ'ect of diureiic agent or
nverting enzyme iphibitor therapy, or both,
there was a significant relation between ejeciion fraction and
plasma renin activity. This suggests that severity cf Jeft
ventricular dysfuncuun. either dlrcctly (madcquale renal
perfusion) or indirectly (renal symp icn and
renin release), or bolh may modulate the plasma renin
activity measured in patients with congestive heart failure.
Alrial natriuretic peptide. Atrial natriurctic peptide is
Yy ized in the my di and ‘ d mainly in
;10 d atrial g (27). Plzsma atrial
natriuretic peptide levels increase with increased atrial pres-
sure and alrial stretch in patients with worsening heart
failure (28,29). Hara et al. (30) found that atrial natriureiic
peptide levels in plasma correlate inverscly with the level of
¢jection fraction and directly with the severity of heart
failure. Similarly, Rouleau et al. (31) found an inverse
correlation between atrial natriuretic peptide and cardiac
index. 1a this study atrial natriuretic peptide was inversely
carmelated to ejection fraction. More important, it was the
hormone that correlated most strongly with left atrial and left
ventricular systolic and diastolic dimensions as well as with
cardiothoracic ratio. However, these correlations were mod-
est, which could have been due to the fact that the atrial
di : d by two-di i aehorard: o

fus for release of both arginine vasopressin
and plasma renin activity, and increases in angiotensin 11
may directly the hypophyseal prod of 27gi-
rine vasopressm (36). Alihough we obscr/ed pragressive
increases in plasma renin activity with increasing left ven-
tricular dysfunction, there was no increase in arginine vaso-
pressin levels. This suggests that release of arginine vasopres-
sin is probably not a primary ism for the mai
of peripheral resi in most p with
heart failure, and the nonosmotic mechanisms of arginine
vasopressin release may induce only a limiied increase in
plasma arginine vasopressin leveis.

Effect of drug therapy. In previous studies in patieats
with severe congestive heart failure, hemodynamir indexes
of cardiac function or left icular ejection fraction have
been shown to bear little relation to the measures of func-
tional status or exercise capacity (37,38). Therefore we also
cxamined the relation between the neurchormones and
functional class and the 6-min walk test. There was no

class, which is consistent with the possibility that arginine
vasopressin may not be a primary neurchormone activated
in heart failure. Plasma norepinephrine was significantly
higher only in patients in functional ciass IV. This is similar
to findings that patients with severe symptomatic heart
failure have the highest plasma norepinephrine levels

may not correlate slrongly with left atrial pressure as a result
of hing and al i i

(39.40). H , it should be noted that there were only 14
patients in our study with functional class IV symptoms.

in atrial pli inp

with chromc heart failure (32), the cardiothoracic n'xo could
also be aitered by the presence of concomitant lung diseasc.
with i d caidiac size are most likely

Therefore, this finding must be interpreted with caution
because the small number of patients in this group may have
produced this relation. In contrast plasma renin activity and
atrial natriuretic peptide showed an increase in patients with

to have elevated jugular venous p | Y con-
gestion on chest X-ray film and clinical ewdence of conges-
tive heart failure, it is not surprising that the elevated levels
of atrial natriuretic peptide were also significantly related 10
these clinical findings.

Argine vasopressin. Of the four neurchormones exam-
ined, plasma arginine vasopressin levels showed the smallest
increase in patients with congestive hear failure compared
with normal subjects and showed the weakest association
with a difference in ejection fraction or functional class. This
may be due to the fact that in congestive heart failure there
is an augmentation of the release of arginine vasopressin,
which may not increase further as the clinical condition
deteriorates. Although a previous study demonsirated an
increase in arginine vasopressin levels in direct proportion to
hemodynamic and clinical severity of heart failure (5), the
present study failed 1o show a strong relation between

i class 11 symp! Trw narallel increase in both
hormones as the functional capacicy decreases is not surpris-
ing because many of the physiologic effects of atvial natri-
uretic peptide oppose the effects of the umn—angmlensm
system. Thus, the of atrial may
to counteract riany of the detrimental cm:ulalnry and renal
effects of angiotensin 11. Weak but statistically significant
correlations were found between exercise capacity (6-min
walk test) and all four neurohorinones. This indicates that
although patients with reurohumoral activation also have
impairment of exercise capacity, it is likely that other
mechanisms influence the patient’s ability to exercise.

Functiona! capacity and nenrohormones. When the ef-
fects of diuretic agents or angiotensin-converting enzyme
inhibitors, or both, were adjusted using a multivariate re-
gression model, pati with lower ejection fraction were
found to have significantly higher plasma norepinephrine,
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atrial natriuretic pepiide and plasma renin activity levels,
whereas those in a higher functional class had significantly
higher levels of atrial natriuretic peptide and plasma renin
activity. Simifarly, other studies have shown high plasma
norepinephrine (25) or plasma renin activity leveis (25} in
patients with unircated heart fatlure. When diuretic agents
and angictensin-converting enzyme inhibitors are added for
the management of congestive heart failure, patients have a
significant increase in plasma renin activity levels (24). The
increase in plasma renin aclivity with angiotznsin-converting
enzyme inhibitor therapy is usually secondary to the de-
crease in angiotensin 11 levels in the circulaiion, which leads
to a reflex increase in plasma renin activity levels because of
the absence of negative feedback. Therefore, it is reasonable
tc assume that patients with low ejection fraction had
increased nzurohormonal levels that increased further with
the addition of concomitant diuretic agent or angiotensin-
converting enzyme inhibitor therapy, or bath.

Conclusions, This study broadens our understanding of
the neurchumoral activation that was obtained from the first
SOLVD neurohormonal study, which showed thal neuroen-
docrine activation occurs in asymptomaiic palicats wilh
depressed left veatricular ejection fraction and is increased
further with development of symptoms and addition: of drug
thetapy (41). The results from this study sugges! that in
patients with congestive heart failure, the increass in plasma
neurohormonal levels may be linked 10 a depression in left
ventricular ejection fraction that is modulated by 2 complex
interplay between symptoms. age of the patient and the
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