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Although the underlying basis for the defective
myocardial function characteristic of congestive
heart failure has not been defined, the contractile
state of the myocardium is known to be influenced
by a number of determinants (1, 2), and an ab-
normality of any one of them could be a factor
contributing to the defective performance of the
failing heart. Prominent among the determinants
of myocardial function is the activity of the sym-
pathetic nervous system. Sympathetic activity
has been shown to have an important influence on
the heart, particularly in circumstances in which
an imbalance or potential imbalance exists between
the cardiac output and the perfusion requirements
of the peripheral tissues (3-5). In patients with
congestive heart failure alterations in the cardio-
vascular system have been observed which have
suggested that increased sympathetic or adrenal
medullary activity may be present in this state.
For example, vasoconstriction of the splanchnic
and renal vascular beds and augmentation of
peripheral venous tone have been observed in heart
failure (6-10). The view that these changes
result from increased sympathetic activity is sup-
ported by the finding of an elevated urinary ex-
cretion of norepinephrine (11, 12) and by the
observation that circulating norepinephrine rises
to abnormally high levels during exercise in such
patients (13). Furthermore, sympathetic block-
ade with hexamethonium has been found to re-

duce the elevated venous tone in heart failure
(14).
The recent finding of diminished norepineph-

rine concentration in the atria of some patients
with heart failure suggested the possibility that
a depletion of the neurotransmitter store in the
heart may occur in this condition, resulting in an
interference with the activity of the cardiac sym-

* Submitted for publication July 13, 1964; accepted
August 28, 1964.

pathetic nerves (15). In order to determine
whether such a depletion does in fact occur, it ap-
peared necessary to measure the total norepineph-
rine contained in the heart. Accordingly, heart
failure was produced in dogs, and the cardiac stores

of norepinephrine were assessed both chemically
and pharmacologically. It has been shown in the
present investigation that the norepinephrine in

the heart is markedly reduced in experimental
heart failure. The magnitude of this reduction is

reflected not only by the change in tissue nor-

epinephrine content but also by a virtual absence

of a contractile response of the myocardium to

tyramine, a sympathomimetic amine that acts by
releasing norepinephrine (16).

Methods

Heart failure was produced in eight dogs by the
technique described by Barger, Roe, and Richardson
(17) and also used by Davis, Trapasso, and Yankopoulos
(18). Tricuspid insufficiency was induced by excising
one or two leaflets of the tricuspid valve through a right
atriotomy under direct vision after temporary caval
occlusion. Seven to 10 days later, a band of ceramic
beads wrapped in ivalon was placed about the main pul-
monary artery just above the pulmonic valve. Leads
from this band were brought out through the left chest
wall, permitting later constriction. Seven days after
placing the band it was constricted sufficiently to elevate
the central venous pressure to values in excess of 200

mm H20. The dogs were then maintained on standard
diets for the next 6 to 8 weeks. Neither digitalis nor

diuretic therapy was given to any of the animals. In

order to determine the effect of the operative procedure
itself upon myocardial norepinephrine levels, sham op-
erations were carried out in six dogs; a right atriotomy
was performed without damage to the tricuspid valve,
and 7 to 10 days later the base of the main pulmonary
artery was dissected free, but no band was placed around
it. In addition, one dog with naturally occurring severe

congestive heart failure due to mitral regurgitation was

studied, as well as one animal in which the inferior vena

cava was ligated above the entrance of the hepatic
veins by the technique of Davis and Howell (19).

2386



CARDIAC NOREPINEPHRINE IN HEART FAILURE

Under pentobarbital anesthesia, the animals were sac-
rificed 6 to 8 weeks after constricting the band around
the pulmonary artery by removing the heart, which was
immediately placed in crushed ice and dissected. In ad-
dition, the heart was obtained by a similar method in 10
control dogs, the animal with naturally occurring heart
failure, and the dog with inferior vena caval constric-
tion. After the atria were removed, the free wall of the
right ventricle was dissected from the septum and left
ventricle. The right ventricle, and the left ventricle
with the septum, were analyzed separately. Atrial tis-
sue was removed from the control dogs and from five of
the eight dogs with congestive heart failure. Tissues
were homogenized immediately in the cold with 10 vol
of 5% trichloroacetic acid in a Virtis homogenizer.
After centrifugation at 20,000 X g at 4° C for 20 min-
utes, a clear supernatant fluid was used for adsorption
on aluminum oxide at pH = 8.4 (20). Catecholamines
were eluted from the aluminum oxide with 0.2 N acetic
acid and measured in an Aminco-Bowman spectrophoto-
fluorometer after oxidation to the trihydroxyindole with
ferricyanide at pH = 6.1 (21, 22). Readings were made
at activation wave lengths of 390 and 425 and fluores-
cence wave lengths of 500 and 525, which allowed for
the differentiation of both norepinephrine and epinephrine.
The concentration of norepinephrine was determined,
and from this value and the weight of the ventricle the
total amount of norepinephrine in the ventricle was cal-
culated; this value was also expressed as total ventricu-
lar norepinephrine per kilogram of body weight, using
the preoperative weights in the dogs that had undergone
operation. Recoveries of norepinephrine added to tissue
samples averaged 88.5%, and the results were not cor-
rected for this recovery. In order to estimate the pre-
cision of the norepinephrine measurement, duplicate
analyses were performed on 21 specimens, and the stand-
ard deviation of the measurement, based on these dupli-
cate analyses, was determined to be 0.06 Ag per g.

In 12 dogs the uptake and binding of DL-norepineph-
rine-7-H3 1 was evaluated. The specific activity of this
material was 77.2 gc per jug, and its activity was demon-
strated to be present only in norepinephrine by paper
chromatography and by comparison of recovery of ra-
dioactivitv and carrier norepinephrine after isolation,
using both aluminum oxide and Dowex 50 (H+) resin.
A tracer dose of 1 gc per kg was administered intra-
venously over 2 minutes to six control dogs and six dogs
with congestive heart failure. One hour later the dogs
were sacrificed, the hearts removed, and an aluminum
oxide eluate was prepared as described above. A por-
tion of this eluate was placed in a counting vial, lyophi-
lized, redissolved in 0.2 ml distilled water, mixed with
10 ml of counting solution (23), and counted in a liquid
scintillation spectrometer. The efficiency of this system
was approximately 20%, and internal standards were
added to all samples. Sufficient counts were obtained
to maintain a standard deviation of counting below 2%c.
In order to estimate the precision of the radioactive

1 New England Nuclear Corp., Boston, Mass.

measurement, duplicate analyses were performed on 11
specimens, and the standard deviation of the measure-

ment, based on these duplicate analyses, was determined
to be 0.15 m/Ac per g.
The contractile responses to tyramine and norepineph-

rine of papillary muscles were studied in vitro in muscles
obtained from three of the control dogs, from three of
the sham-operated animals, from five of the dogs with
experimental congestive heart failure, and from the
animal with naturally occurring heart failure. After
removal of the heart as described above, one or two

papillary muscles were excised from the right ventricle
and mounted in myographs where they were bathed in
10 ml of Krebs' solution oxygenated with 95% 02 and
5% C02 at 30° C, as previously described (24). Con-
stant muscle length was maintained and isometric force
was recorded during stimulation at 12 impulses per min-
ute with a Grass stimulator. Tyramine was always
added first in 0.1-ml vol to achieve concentrations in the

FIG. 1. PHOTOMICROGRAPH OF THE LIVER OF A DOG

WITH EXPERIMENTAL HEART FAILURE (F-6). A hepatic
triad is present in the center, surrounded by a few nor-
mally appearing hepatic cells. Peripherally there is
necrosis and actual disappearance of hepatic cells. The
latter are replaced by dilated sinusoids, which in some
areas form actual lakes of red blood cells. There is
cellular infiltration of the hepatic triad and fibrosis,
confirmed on trichrome stain.
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bath ranging from 10-7 to 10-8 M (free base), and the
responses were observed for 5 minutes after each addi-
tion. After the tyramine additions, the fluid was changed
3 times during 30 minutes, and the same procedure was
repeated with norepinephrine using concentrations be-
tween 10' and 10-4 M.

Results

1) Pathology. Clinical and pathological evi-
dence of right heart failure was present in all
eight animals when they were sacrificed 6 to 8
weeks after the production of tricuspid insuffi-
ciency and pulmonic stenosis. Pleural and ascitic
fluid was present in all animals. The livers were
distended by severe venous congestion, and his-
tologic study revealed engorgement of the sinusoids
with blood, atrophy of the parenchymal cells, and
fibrosis (Figure 1). The weights of the right
ventricles were increased (Table I), averaging
2.02 g per kg compared to 1.65 g per kg in con-
trol animals (p < 0.01), whereas the weights of
the left ventricles were decreased, averaging 3.64
g per kg compared to 4.77 g per kg in the control
animals (p < 0.01).

2) Tissue norepinephrine. In the control dogs
the norepinephrine concentration averaged 0.84
and 0.86 MLg per g, respectively, in the right and
left ventricles, and no significant difference was
observed in the sham-operated animals (Table II).
However, the concentrations in the dogs with

TABLE I

Ventricular weights in dogs with congestive heart failure
and in control dogs

Body
Dog weight Right ventricle Left ventricle

kg g g/kg g g/kg

Control group

Average (23)* 14.7 23.9 1.65 69.6 4.77
SD 4.2 6.5 0.24 19.0 0.50

Failure group

Average (8) 19.2 38.0 2.02 68.4 3.64
SD 2.2 6.9 0.46 13.6 0.97

* Number of animals in each group.

congestive heart failure were reduced to less than
one-fifth of the control, averaging 0.07 and 0.18

,ug per g, respectively, values significantly lower
than those of either the control or the sham-op-
erated groups (p < 0.01). The total quantity
of norepinephrine in the ventricles was also sig-
nificantly reduced in the dogs with congestive
heart failure, averaging 0.14 and 0.63 ug per kg
of body weight, respectively, in the right and left
ventricles compared to 1.14 and 3.89 Mg per kg of
body weight in the control dogs and 1.17 and 3.78

,ug per kg of body weight in the sham-operated
animals. The norepinephrine in atrial tissue of
the dogs with heart failure averaged 0.47 Mg per g
(SD = 0.50), a value that is significantly lower

TABLE II

Concentrations and total quantity of

Control group Sham-operated group

Right ventricle Left ventricle Right ventricle

NE* NE NE NE NE NE NE NE NE
Dog conc. total total conc. total total Dog conc. total total

pg/g pg pg/kgt pg/g pg ug/kg pg/g pg pg/kg
C- 1 1.33 41.6 1.95 1.16 118.6 5.55 S-1 0.58 17.7 0.93
C- 2 0.52 15.9 0.80 0.62 51.5 2.62 S-2 0.90 30.2 1.36
C- 3 0.77 24.7 1.26 0.73 62.7 3.26 S-3 0.86 23.7 1.49
C- 4 1.12 22.5 0.74 1.06 62.1 4.78 S-4 0.72 15.3 0.91
C- 5 1.04 16.0 1.23 0.98 46.1 3.54
C- 6 1.04 17.6 1.45 0.96 49.1 4.02
C- 7 0.59 7.0 0.73 0.58 26.5 2.73
C- 8 0.52 10.1 0.96 0.65 36.1 3.40
C- 9 0.70 13.0 1.00 0.97 63.1 4.85
C-10 0.76 17.0 1.28 0.85 54.2 4.11

Average 0.84 18.5 1.14 0.86 57.0 3.89 0.77 21.7 1.17
SD 0.28 9.6 0.38 0.20 24.7 0.96 0.15 6.6 0.30

Pt >0.10 >0.10 >0.10
A§

* NE = norepinephrine.
t Micrograms per kilogram of body weight.

t Compared to control group.
§ Compared to sham-operated group.
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than that observed in 19 control dogs, 2.24 ,ug per

g (SD = 0.62) (p < 0.01). In the dog with
naturally occurring heart failure due to mitral in-
sufficiency the norepinephrine concentration in the
right and left ventricles was 0.21 and 0.16 ug per

g, and the total norepinephrine in the ventricles
was 0.28 and 0.95 MAg per kg of body weight. In
the dog with inferior vena caval ligation the con-

centration of norepinephrine was normal, 1.03 ug

per g in the right ventricle and 0.94 ug per g in
the left ventricle.

The results of the epinephrine determinations
revealed that the hearts obtained from the control
animals contained amounts of epinephrine that
were less than 10% of the norepinephrine present.

Thus, these values were so low that the accuracy

of the determination does not justify presentation
of the data in a more quantitative manner. No
increase in cardiac epinephrine, however, was ob-
served in the tissues obtained from the animals
with heart failure.

3) Uptake and intraneuronal binding of radio-
active norepinephrine. One hour after the ad-

ministration of 1 Mc per kg of tritium-labeled

DL-norepinephrine, the activity of norepinephrine
in the ventricles was determined in six control
dogs and in six with experimental congestive
heart failure. No defect in uptake or binding of
the radioactive norepinephrine was observed, since

CONTROL PAPILLARY MUSCLE
150 Dog #8

2- 25-64

to_9 10-8 io-7 10-6 10O5 10-410-' 3 M.

CONCENTRATION OF AMINE

FIG. 2. RESPONSE CURVES TO NOREPINEPHRINE (NE)
AND TO TYRAMINE (TA) IN PAPILLARY IMUSCLES OBTAINED

FROM A CONTROL DOG (upper panel) AND A DOG WITH EX-

PERIMENTAL FAILURE (lower panel). The increases of ac-

tive tension are plotted as per cent of the control active
tension. The concentrations of amines are given as moles
of free base per liter.

the total amount was not significantly lower in the
ventricles of the dogs with congestive heart failure
than in the control animals (Table III). Thus,
the amount of radioactive norepinephrine bound
in the heart, in relation to the endogenous nor-

TABLE II

norepinephrine in the canine ventricle

Sham-operated group Failure group

Left ventricle Right ventricle Left ventricle

NE NE NE NE NE NE NE NE NE
conc. total total Dog conc. total total conc. total total

pg/g pg ug/kg pg/g pg pg/kg pg/g pg pg/kg
0.89 71.4 3.74 F-1 0.07 2.1 0.09 0.14 9.1 0.40
1.00 93.6 4.17 F-2 0.02 0.9 0.05 0.02 1.7 0.09
0.96 79.8 5.02 F-3 0.04 1.2 0.06 0.08 3.6 0.17
0.62 37.0 2.20 F-4 0.05 2.4 0.11 0.25 20.2 0.04

F-5 0.04 1.3 0.07 0.10 6.6 0.36
F-6 0.07 3.0 0.16 0.20 14.0 0.74
F-7 0.09 3.1 0.17 0.36 19.7 1.08
F-8 0.18 7.3 0.48 0.25 19.8 1.29

0.87 70.2 3.78 0.07 2.7 0.14 0.18 11.9 0.63
0.17 23.8 1.18 0.05 2.1 0.05 0.11 7.6 0.44

>0.10 >0.10 >0.10 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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TABLE III

Uptake and binding of Da-norepinephrine-7-H3 (1 iAc/kg) in the canine ventricle

Right ventricle Left ventricle

H3NE H3NE H&NE HWNE H3NE H3NE
Dog conc.* total total conc. total total

mAc/g mpc mJuc/kgt mIAc/g mAc m.Lc/kg
Control group

Average of 6 exp. 2.14 37.5 3.06 2.37 130.9 10.92
SD 0.81 17.5 0.47 0.44 39.2 1.63

Failure group

Average of 6 exp. 1.00 41.12 2.16 2.01 143.8 7.90
SD 0.67 37.9 0.75 1.12 83.6 4.80

* H3NE = tritium-labeled norepinephrine.
t Millimicrocuries per kilogram of body weight.

epinephrine present, was increased; the specific
activity in the hearts of the dogs with congestive
heart failure averaged 11.6 (4.7) muc per jug com-
pared to 2.0 (0.7) m/Ac per jug in the hearts of the
control animals (p < 0.01).

4) Contractile responses of isolated papillary
muscles. The contractile responses to tyramine
of papillary muscles obtained from dogs with and
without congestive heart failure differed strik-
ingly (Figure 2). In the muscles from the con-
trol dogs and the sham-operated animals the
maximal increases in active tension, which aver-

aged 138 and 116%o of control, were produced by
10-4 M tyramine, whereas the threshold doses
ranged from 10-7 to 10-5 M tyramine (Table IV).
The muscles prepared from dogs with congestive
heart failure exhibited maximal increases in active
tension that averaged only 19% of control with a

concentration of 10-3 M tyramine, whereas the

threshold concentrations ranged from 10-5 to 10-3

TABLE IV

Responses of isolated papillary muscles of the canine right
ventricle to tyramine

No. Maximal
No. of response
of mus- Thresholdt

Group dogs cles* (X10-6 M) Average Range

% %
Control 3 4 0.1 to 3 138 91-183
Sham-operated 3 5 0.3 to 10 116 53-270
Failure 5 7 10 to 1,000 19 5-44

* In some animals two papillary muscles were removed
and studied.

t Threshold represents concentration of tyramine at
which the first detectable increase in active tension was
observed.

M tyramine. In order to determine that these
muscles were capable of responding to norepineph-
rine, after tyramine, additions of norepinephrine
to the bath were made in muscles from four of
the five animals with heart failure. A large in-
crease in active tension was observed in all of
them, as shown by the example in Figure 2.
An attempt was made to replete the norepineph-

rine content of the papillary muscles from the dogs
with congestive heart failure by adding large
quantities of norepinephrine to the bath (10-4 M).
After tissues were treated in this manner for 10
minutes and then washed 3 times during a 30-
minute period to remove unbound norepinephrine,
no increases in response to added tyramine were
observed. Thus, the binding of sufficient cate-

cholamine to restore the tyramine response was

not achieved in zitro in this manner.

Discussion

The finding that the concentration of norepineph-
rine in atrial tissue of some patients with con-

gestive heart failure was markedly reduced led
to the suggestion that depletion of cardiac nor-

epinephrine stores may occur in this state (15).
Considerable caution, however, was necessary in

the interpretation of these findings. The tissue
that was analyzed was a small sample of a greatly
enlarged atrium, and simple dispersion of sympa-
thetic nerves in this enlarged chamber could not

be excluded. Accordingly, to study this problem
further, primary attention had to be directed to

the ventricles rather than the atria, and determina-
tion of the total quantity of norepinephrine, as

well as its concentration, was necessary.
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These considerations led to the present investi-
gation, in which it was shown that experimental
congestive heart failure is associated with a pro-
found reduction of the norepinephrine stores in the
ventricles. It is now clear that the low concen-
trations of norepinephrine found in the ventricles
in experimental canine heart failure reflect a true
reduction of myocardial norepinephrine stores and
are not simply the result of a dilution of sympa-
thetic nerve fibers by hypertrophied myocardial
tissue. The changes observed in these animals
with right-sided heart failure were marked, and
the total norepinephrine content in both the right
and left ventricles was reduced to values less
than 20% of normal. This reduction in cardiac
norepinephrine stores was generalized and in-
volved the atria as well as the ventricles. Pre-
liminary observations in the guinea pig with heart
failure produced by aortic constriction have also
revealed reductions in the cardiac norepinephrine
stores (25). Thus, norepinephrine depletion in
cardiac tissue has now been noted in congestive
heart failure in three different species and ap-
pears to be independent of the location or precise
nature of the intervention interfering with cardiac
function.
The reduction of norepinephrine stores in the

heart of dogs with heart failure was found to be
of such a degree that the response to tyramine,
which acts by releasing norepinephrine, was vir-
tually absent in the isolated papillary muscle.
Since the increase of active tension produced by
the addition of norepinephrine to these muscles
was of the same magnitude as that observed in
muscles obtained from control and sham-operated
dogs, it is concluded that there is no interference
with the ability of the contractile elements to be
affected by the catecholamine. The absence of a
contractile response to tyramine observed in this
study is evidence, albeit indirect, of the very sig-
nificant reduction of norepinephrine stores that
occurred in the failing heart. Indeed, Crout,
Mluskus, and Trendelenburg found that the chro-
notropic response of the guinea pig atrium to tyra-
mine is almost normal in the presence of only a
small faction of the normal neurotransmitter store

(26).
Although it has been possible in experiments

carried out both in vitro (26) and in vivo (27,
28) to restore, with norepinephrine, the response

to tyramine, in vitro restoration of the contractile
response has not been specifically studied in the
papillary muscle from reserpinized dogs. In the
present study it was not possible to restore the re-
sponse of the isolated papillary muscle to tyramine
by exposing it to norepinephrine. This finding
suggests that the nature of the reduction of nor-

epinephrine in heart failure differs in a funda-
mental from that which results from reserpine
administration and that there may be a more pro-
found interference with the binding of norepineph-
rine in heart failure. When uptake and binding
were examined in the intact animal, however, no
significant decrease in the retention of a tracer
amount of radioactive norepinephrine was ob-
served in the heart. Although the results of these
two methods of evaluating norepinephrine uptake
appear to be contradictory, the binding of minute
quantities of exogenous norepinephrine in the ex-
periments with the radioactive compound may not
be indicative of the manner in which the larger
quantities are taken up and stored in a form avail-
able for release by tyramine.

Although the mechanisms responsible for the
norepinephrine depletion in the failing heart have
not been defined, chronically augmented activity
of the sympathetic nervous system, which occurs
in heart failure (11, 12), may have led to an ex-
haustion of the stores in the heart. The findings
of a decrease of norepinephrine not only in the
failing right ventricle, but also in the left ventricle
and in the atria support this hypothesis. The
marked reductions of tissue norepinephrine stores,
which have also been demonstrated to occur in
hemorrhagic shock (29, 30), a condition that is
also accompanied by a greatly increased activity
of the sympathetic nervous system (31), may be
an analogous situation. The biochemical mecha-
nism necessary for both synthesis and binding of
the neurotransmitter in the terminations of sympa-
thetic nerves within the myocardium might be
-comprised in the failing ventricle, or actual deteri-
oration of the nerve endings may occur. Elevation
of venous pressure, fluid accumulation, and in-
creased aldosterone production in the absence of
congestive heart failure do not appear to affect
the norepinephrine stores of the heart. This was
shown in the dog in which the inferior vena cava
had been ligated and in which the ventricular
norepinephrine concentration was within normal
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limits. The findings in the sham-operated dogs
suggest that the operative procedure itself did not
significantly interfere with the sympathetic in-
nervation of the heart, since no decrease in ven-
tricular norepinephrine occurred in these dogs.
In addition, the norepinephrine depletion ob-
served in the dog with naturally occurring chronic
congestive heart failure further substantiates that
this finding is related to the heart failure state
per se rather than to the operative intervention or
the relatively short duration of the circulatory
impairment in the experimental model.

The striking reduction of norepinephrine ob-
served in the hearts of these dogs and in the atria
of patients with congestive heart failure raises the
question whether sympathetic nerve function may
be impaired in this condition. The concentrations
of neurotransmitter are of the same order of mag-
nitude as in animals and patients treated with
pharmacologic agents that deplete norepinephrine
stores and that are considered to interfere with
adrenergic transmission by this mechanism (32-
34). It would seem possible, therefore, that the
depletion in congestive heart failure could inter-
fere with the function of the cardiac sympathetic
nerves. A decrease in the sympathetic support to

the myocardium might be expected to compro-
mise the heart's performance further. Indeed,
some (35), although not all, experiments have
suggested that when cardiac norepinephrine stores

are reduced, either by reserpine or surgical sym-
pathectomy, to levels comparable to those ob-
served in congestive heart failure, a decline in the

contractile state of the heart muscle occurs. A

more complete understanding of the mechanisms
responsible for the biochemical abnormality de-
scribed in this report may provide an additional
approach to the clinical management of congestive
heart failure.

Summary

The recent observation that myocardial nor-

epinephrine concentration is reduced in patients
with congestive heart failure suggested that a de-

pletion of neurotransmitter store may occur in this
condition. This possibility was examined in ex-

perimental congestive heart failure, which was

produced in eight dogs by creation of tricuspid
insufficiency and pulmonic stenosis. When sacri-

ficed 6 to 8 weeks later, ascites and hepatic con-
gestion were present in all animals. The con-
centration and total amount of norepinephrine in
both ventricles were strikingly reduced, the latter
averaging 0.15 and 0.63 ug per kg body weight,
respectively, in right and left ventricles, compared
to 1.14 and 3.89 ug per kg in control dogs. In
spite of this depletion of ventricular norepineph-
rine, uptake and binding of a tracer dose of ra-
dioactive norepinephrine were not significantly re-
duced in the animals with heart failure. The ef-
fects of tyramine were studied in isolated right
ventricular papillary muscle preparations. The
maximal increase in contractile force produced by
tyramine averaged 138% above control in muscles
from normal dogs and less than 20%o in muscles
from dogs with heart failure. It is concluded that
depletion of norepinephrine stores occurs in con-

gestive heart failure, and it is suggested that this
depletion may interfere with transmission of sym-
pathetic nerve impulses to the heart and thereby
adversely affect myocardial performance.
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