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Abstract
Background-Limitation of the blood
supply to skeletal muscle in chronic heart
failure may contribute to the symptoms of
fatigue and diminished exercise capacity.
The pathophysiology underlying this
abnormality is not known. The purpose of
this study was to assess the effect of
endothelium dependent and independent
vasodilator agents on blood flow in the leg
ofpatients with heart failure.
Methods and results-Blood flow in the
leg was measured in patients with heart
failure (n = 20) and compared with that in
patients with ischaemic heart disease and
normal left ventricular function (n = 16)
and patients with chest pain and normal
coronary arteries (n = 8). External iliac
artery blood flow was measured using
intravascular Doppler ultrasound and
quantitative angiography. Flow was
recorded at rest and in response to bolus
doses of the endothelium independent
vasodilator, papaverine. Endothelium
dependent responses were measured by
infusion of acetylcholine and substance P.
Mean (SEM) baseline blood flow was
reduced at rest (2-9 (0-4) v 4 5 (0.3) mVs,
P < 0 001) and vascular resistance was
raised (37.4 (3.6) v 27'1 (3.0) units, P <
0.05) in patients with heart failure com-
pared with that in controls. The peak
blood flow response to papaverine (8 mg),
acetylcholine (10-7-10-5 moIl), and sub-
stance P (5 pmollmin) was reduced in
heart failure, with greater impairment of
the response to acetylcholine than sub-
stance P. There was a correlation between
baseline blood flow in the heart failure
group and diuretic dose (r = -0-62, P =
0 003), New York Heart Association clas-
sification (r = -0 65, P = 0.002), and left
ventricular ejection fraction (r = 0-80, P =
0.0004).
Conclusions-There is reduced blood flow
and raised vascular resistance at rest in
the legs of patients with heart failure. The
degree of impaired blood flow in the leg
correlates with the severity of heart fail-
ure. There is impairment of the response
to both endothelium dependent and inde-
pendent vasodilators. Abnormal function
of the vascular myocyte in heart failure
may explain these results as would struc-
tural abnormalities of the resistance ves-
sels.

(Heart 1996;75:469-476)
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The commonest symptoms of patients with
heart failure are fatigue and shortness of
breath. The pathophysiological mechanisms
underlying these symptoms are complex, but
recent work has emphasised the role of neural
and hormonal signals from the periphery.
While central haemodynamic variables are
important in the genesis of symptoms in acute
heart failure, there is poor correlation between
the severity of symptoms in chronic heart fail-
ure and the left ventricular ejection fraction or
pulmonary capillary wedge pressure. 1-3
Reduction of cardiac output is an important
factor limiting exercise capacity when using
large groups of muscle, but is unlikely to be a
major limiting factor when using small muscle
groups. Blood flow to skeletal muscle may
increase by 20-fold with exercise.4 This ability
to increase limb blood flow with exercise is
reduced in patients with chronic heart fail-
ure. 56 Flow limitation in the leg and abnor-
malities of skeletal muscle7-9 could be the
substrate for signals giving rise to the charac-
teristic symptoms of heart failure.'0
The control of limb blood flow is influenced

by neural, hormonal, and locally released fac-
tors. Endothelium derived relaxing factor
(EDRF) contributes to basal peripheral vascu-
lar tone in humans in vivo." Data from animal
models12-'4 and humans'5-"7 suggest that the
release of EDRF, or the response to its
actions, is impaired in chronic heart failure.
Most data from humans are derived from
studies of forearm vasculature.5 18 Few studies
have reported the blood flow response of
the leg5 15 despite activities associated with use
of the legs being the commonest cause of
symptoms.
The aim of the present study was to com-

pare blood flow in the legs of patients with
heart failure and those with normal left
ventricular function in response to infusion of
the endothelium dependent vasodilators,
acetylcholine and substance P, and to the
endothelium independent agent papaverine.
The hypothesis being tested was that the
endothelium dependent vasodilator responses
of the leg vasculature would be impaired in
patients with chronic heart failure.

Patients and methods
STUDY POPULATION
Patients were recruited from those admitted
for routine cardiac catheterisation to the Royal
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Brompton National Heart & Lung Hospital,
London. All were informed of the procedures,
and gave their written consent to the study in
the presence of an independent witness. The
studies were approved by the Ethical
Committee of the National Heart & Chest
Hospitals.

Patients aged over 18 years undergoing rou-

tine cardiac catheterisation were considered
for the study. Patients with unstable angina
pectoris, severe coronary artery disease, signif-
icant valvar stenosis, peripheral vascular dis-
ease, diabetes mellitus, asthma, or systemic
hypertension (systolic blood pressure > 160
mm Hg or diastolic blood pressure > 100 mm
Hg) were excluded. All vasoactive medication
(excluding diuretics, digoxin and angiotensin
converting enzyme inhibitors) was stopped for
a period of at least 16 h before the study.

Patients were characterised as having
chronic heart failure on the basis of their clini-
cal history, physical findings, use of diuretic
treatment, and left ventricular ejection frac-
tion. Patients were divided into two groups:
those with heart failure (group A) and those
without heart failure (group B). Two groups of
patients were studied as controls in group B:
patients with atheromatous coronary artery
disease and normal left ventricular function
and patients with chest pain and angiographi-
cally normal coronary arteries. Patients were
not included in the latter group if they had evi-
dence of ST segment change with exercise
electrocardiography. Those with chest pain
and normal coronary arteries were believed to
have non-cardiac chest pain with entirely nor-

mal hearts, and thus represent a true control
group.
The left ventricular ejection fraction was

measured from the left ventricular cinean-
giogram. The severity of heart failure was

assessed by the New York Heart Association
classification, dosage of diuretic, left ventricular
end diastolic pressure. Exercise capacity was
measured in some patients as MVo, with
treadmill exercise testing (ml o,.kg-' .min- 1).
The patients with heart failure were subdi-
vided into four groups according to their daily
dose of diuretics: no diuretic (group 1); less
than or equal to 40 mg frusemide or equiva-
lent (for example, bendrofluazide 5 mg daily)
(group 2); greater than 40 mg frusemide to
80 mg frusemide or its equivalent (for exam-

ple, bumetanide 1-2 mg daily) (group 3); and
greater than 80 mg frusemide or equivalent
(group 4).

CATHETER LABORATORY PROTOCOL
Cardiac catheterisation was performed using an

eight French gauge sheath in situ in the femoral
artery and catheterisation of the right heart was
undertaken according to clinical indication.
Left ventricular and coronary angiograms were

performed using non-ionic x ray contrast
medium (Omnipaque; Nycomed AS, Oslo,
Norway). Sublingual or systemic nitrates were
not administered during the study.

Blood flow velocity was measured using a

20 MHz pulsed wave Doppler catheter posi-
tioned in the external iliac artery. The

catheters were either Schneider (three French
gauge Monorail; Schneider, Zurich,
Switzerland) or Wessex (5 5 French gauge,
Numed, New York, USA) Doppler catheters.
Validation studies in the laboratory showed
good correlation between recorded and true
flows on an experimental test rig in which
there was pulsatile circulation of blood in a
closed circuit (r = 0-98, P < 0 01).

FEMORAL ARTERIAL ANGIOGRAPHY
Cineangiography of the femoral and external
iliac arteries was performed by hand injection
of x ray contrast medium (10 ml) and an
image was recorded of a radio-opaque calibra-
tion marker. The field of view was coned to
centre on the external iliac artery and gonadal
protection was not used. The external iliac
artery diameter was measured at the level of
the tip of the catheter using a digital edge
detection system (microMipron software;
Kontron Elektronik GMBH, Munich,
Germany). The artery was assumed to be cir-
cular in cross section when calculating vessel
area. Sequential angiograms were performed
in 22 patients either during, or immediately
after administration of each vasoactive agent.
Thereafter, the vessel diameter was deter-
mined only at the beginning of the study, as it
was shown that there were trivial changes of
diameter in response to pharmacological inter-
ventions (see results).

ADMINISTRATION OF VASODILATOR AGENTS
Vasoactive drugs were delivered through the
infusion port of the Doppler catheter using a
syringe pump and were continued for 3-5 min.
The transit time of infusate through the
catheters was 30 s.

Papaverine
An ampoule of papaverine (40 mg) (Macarthy
Medical, Romford, UK) was diluted to 10 ml
with sterile water and aliquots were adminis-
tered by rapid bolus injection. Three doses of
papaverine (4, 8, and 12 mg) were adminis-
tered in a pilot study to 10 or less patients
from each group. No significant increment of
flow to the increased doses was found, and
therefore a bolus of 8 mg was used for all
patients in the main study.

Acetylcholine
The desired final concentrations of acetyl-
choline in the external iliac artery were 10-7,
10-6, and 10-5 mol/l, and the blood flow was
assumed to be 200 ml/min to calculate
the required dilutions. Ampoules of acetyl-
choline (20 mg) (Miochol, CooperVision,
Southampton, UK) were diluted serially with
5% dextrose immediately before the study.
Solutions of 2 x 10-, (0-363 mg/ml), 2 x
1 04, and 2 x 10-5 mol/l were prepared and
infused at 1 ml/min for final presumed
concentrations of 1 0-i, 10--6, and 10-7 mol/l,
respectively.

Substance P and control solution
There are no previous reports of infusion of
substance P into the leg. Three doses of sub-
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stance P (5, 10, and 25 pmol/min) were
administered in a pilot study to 10 patients
from each group. There was a significant
increment of flow to the increased dose of sub-
stance P (P < 0 01 in those without heart fail-
ure and P < 0-02 in patients with heart
failure). A dose of 5 pmol/min was chosen for
the main study as this induced a similar
response to acetylcholine 10-6 mol/l.

Aliquots of substance P (0-1 mg) were

made by dilution of original vials of the
peptide (1 mg), (Sigma Chemicals, Poole,
UK) in 10% acetic acid and stored in sterile
vials at -70°C. The final concentration of sub-
stance P was confirmed by radioimmunoassay.
Substance P adheres to plastic, although this
binding may be reduced by prior exposure of
the plastic to human serum. The final concen-

tration of the elute from the infusion tubing
was assayed, and there was found to be no sig-
nificant difference between the concentration
of the eluent from a pretreated or ordinary
syringe and tubing. The infusion was therefore
made by serial dilution with normal saline
(0 9%) immediately before the study.
Substance P was infused at 1 ml/min in all
cases. Control solutions were made by
matched dilution of sterile acetic acid (10%)
in 0 9% saline.

RECORDING OF BLOOD FLOW AND VASCULAR
RESISTANCE IN THE LEG
The tip of the Doppler probe was manipulated
to a position recording the highest velocity and
simultaneous recordings were made of the
phasic and electronically meaned blood flow
velocity. The baseline reading ofmean velocity
was made after stable readings had been
observed for at least 60 s. The response to the
papaverine bolus and the infusions was

recorded as the maximum level of mean veloc-
ity. External iliac artery blood flow was calcu-
lated as the product of mean blood flow
velocity x external iliac artery area, assuming
blood flow to be linear across the diameter of
the vessel. The vascular resistance was calcu-
lated as the product of mean blood pressure
divided by flow in the leg and reported in arbi-
trary units ofmm Hg.s.ml'.

STATISTICAL ANALYSIS
Data are presented as means (SEM) and were

analysed by Student's t test or analysis of vari-
ance as appropriate. The level of significance
was P < 0 05.

Table 1 Clinical characteristics ofpatients

Patients with
atheromatous
coronaty Patients with
heart disease chest pain and
and normal left normal coronary Patients with
ventnicularfunction arteries heart failure

(n = 16) (n = 8) (n = 20) Pvalue*

Age (years) 56-9 (3-0) 52-1 (3-9) 54 (2-6) NS
Ejection fraction (%) 68 (4) 78 (2-8) 35 (5-4) < 0-0001
LVEDP (mm Hg) 11-7 (4-4) 13-5 (4 8) 17-2 (7-1) < 0-02
Weight (kg) 76 (3 7) 83 (7-1) 79 (2 6) NS
Arterial pressure (mm Hg) 104 (3 5) 94 (4-5) 88 (4 0) < 0 05

Values are mean (SEM) (ANOVA). *Patients with versus those without heart failure (i.e. com-
bining patients with atheromatous coronary heart disease and normal left ventricular function
and chest pain and normal coronary arteries). LVEDP, left ventricular end diastolic pressure.

Results
PATIENT CHARACTERISTICS
Three groups of patients were studied: 20
patients with heart failure (16 men), 16
patients with atheromatous coronary heart dis-
ease and normal left ventricular function (12
men), and eight patients with chest pain and
normal coronary arteries (five men). None of
the latter patients had electrocardiographic
changes suggestive of myocardial ischaemia
with exercise.

Table 1 shows the baseline characteristics of
the patient groups. The aetiology of heart fail-
ure was idiopathic dilated cardiomyopathy in
eight, ischaemic heart disease in nine, and
mitral valve disease in three. The mean (SEM)
MVo2 was 15 6 (1 2) ml o,.kg-'.min-I (n =
9). Mean blood pressure was not significantly
different in the two groups of patients without
heart failure, but was significantly lower in
those with heart failure than those without (88
(4 0) v 99 (2-9) mm Hg, P < 0 05).

Digoxin was taken by 11 patients with heart
failure (six with atrial fibrillation) and one
each of those with atheromatous coronary
heart disease and normal left ventricular func-
tion and chest pain and normal coronary arter-
ies, both of whom had atrial fibrillation.
Angiotensin converting enzyme inhibitors
were taken by 13 patients with heart failure
and by none of the other patients. The num-
ber of patients with heart failure in each
diuretic group was: three (group 1); three
(group 2); six (group 3); and eight (group 4).
Aspirin was taken by 11 patients with athero-
matous coronary heart disease and normal left
ventricular function and four with heart fail-
ure, but was not used by any of those with
chest pain and normal coronary arteries.

VESSEL DIAMETER MEASUREMENTS
In the initial studies the vessel diameter was
measured after each pharmacological inter-
vention in eight patients with chest pain and
normal coronary arteries, seven with athero-
matous coronary heart disease and normal left
ventricular function, and seven with heart fail-
ure. Analysis of variance showed that there
was no significant change of vessel diameter
after each intervention except in response to
substance P (5 pmol/min) in patients with
chest pain and normal coronary arteries. In the
latter patients vessel diameter increased by a

Table 2 Bloodflow in the legs of control patients

Bloodflow (ml/s)

Patients with
atheromatous
coronary Patients with
heart disease chest pain and
and normal left normal coronary
ventricular function arteries

Intervention (n = 16) (n = 8)

Baseline 4-3 (0-4) 5 1 (0-7)
Papaverine 8 mg 12-2 (1-4) 13-1 (1-9)
ACh

10-7 mol/l 5-4 (0 6) 4-9 (1-4)
10 -6 mol/ 7-3 (0 8) 8-6 (2-0)
10-5 mol/l 11 3 (1*8) 14-9 (4 0)

Substance P 5
pmol/min 8-7 (12) 8-9 (1 6)

Values are mean (SEM). There were no significant differences
between control groups. ACh, acetylcholine.

471



Lindsay, Holdright, Clarke, Anand, Poole-Wilson, Collins

Figure 1 Absolute blood
flow response to
administration of each drug
for patients with (n = 20)
(a) and without heart
failure (n = 24) (U). Bars
are group means (SEM).
Base, baseline bloodflow;
P8, papaverine 8 mg;
ACh7, ACh6, and ACh5,
acetyleholine 10-7, 10-6,
and 10-5 molll; SP5,
substance P 5 pmollmin.
*P < 0-05 between the two
groups (t test).
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factor of 1-07 (0-02) (P = 0 002). The maxi-
mal increase of area (14%) was deemed incon-
sequential compared with the increase of flow
velocity, which was many times greater, and
was thus not measured in each patient or used
to calculate flow.

DOPPLER FLOW MEASUREMENTS
The baseline blood flow and peak blood flow
response to papaverine (8 mg), acetylcholine
10-7-10- mol/l, and substance P (5
pmol/min) for the control patients are shown
in table 2 and are illustrated for those with and
without heart failure in fig 1. There was no
correlation between baseline blood flow and
body weight (r = 0-15). Table 3 shows the
data derived for the flow ratios
(intervention/baseline flow ratio) and incre-

Table 3 Increment of bloodflow and ratio offlow in the legs of controls and patients with
heartfailure

Patients without Patients with
heart failure heartfailure

Intervention (n = 24) (n = 20) P value

Baseline blood flow (mi/s) 4-5 (0 3) 2-9 (0-4) < 0-001
Increment of flow (mlVs)

Papaverine 8 mg 8-0 (0 8) 5-4 (0-8) 0-02
ACh

10-7 mol/ 0-7 (0 2) 0-3 (0:2))10-6 moHl 3-3 (0-7) 1-9 (0 6) < 005t
10-5 mol/l 8-2 (1-6) 5-4 (1-3)J

Substance P 5 pmol/min 4-2 (0 7) 3-1 (0 6) NS
Ratio of flow

Papaverine 8 mg 2-7 (0-1) 3-2 (0 3) NS
ACh

1-7 mol/l 1-2 (0-1) 1-2 (0-1))
10-6 mol/l 1-8 (0 2) 1 6 (0 2) NS
10-5 mol/l 2-6 (0-2) 2-9 (0-4)J

Substance P 5 pmol/min 1-9 (0-2) 2-1 (0-2) NS

Values are mean (SEM). *Patients with versus those without heart failure (i.e. combining
patients with atheromatous coronary heart disease and normal left ventricular function and chest
pain and normal coronary arteries). tP value determined by analysis of variance. ACh, acetyl-
choline.

Table 4 Vascular resistance in the legs of controls and patients with heartfailure

Resistance (mm Hg. s. ml ')

Patients with
atheromatous
coronary
heart disease Patients with
and normal chest pain and
left ventricular normal coronary Patients without Patients with
function arteries heart failure heart failure

Intervention (n = 16) (n = 8) (n = 24) * (n = 20) P valuet
Baseline 29-7 (3-4) 22-9 (5-5) 27-1 (3-0) 37-4 (3-6) < 0-05
Papaverine8mg 11-0(1-6) 8-9(2-1) 10-1 (1-3) 144(2-1) NS
ACh

10-7 mol/l 22-9 (2-9) 24-5 (7-6) 22-7 (3-1) 33-3 (3-3) < 0-05
10-6 mol/l 18 9 (3 5) 15-6 (4-4) 17-0 (2-7) 29-5 (4-0) < 0-02
10-5 mol/l 14-0 (3 0) 10-6 (3 6) 12-2 (2 4) 17-2 (2-7) NS

Substance P 5
pmol/min 14 3 (2-3) 16-3 (5-9) 15-2 (3 2) 19-3 (2-5) NS

Values are mean (SEM) (ANOVA). *Combining patients with atheromatous coronary heart dis-
ease and normal left ventricular function and chest pain and normal coronary arteries. tPatients
with versus those without heart failure.
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Figure 2 Absolute bloodflow response to administration
of each drugfor patients with heart failure subdivided into
"mild" (New York Heart Association (NYIHA) IIII,
n = 11) (X) and "severe" (NYI-IA IIIIIV, n = 9) (-)
groups. Bars are group means (SEM). Abbreviations as
given in fig 1. *P < 0-05 (t test).
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Figure 3 Correlation of baseline bloodflow in the leg with
diuretic dose in patients with heart failure. Severity of
heart failure was assessed by subdivision into patient
groups according to diuretic dose (see text). Group I, no
diuretic; group II, < 40 mgffrusemide; group III,
< 80 mgffrusemide; group IV, > 80 mgfrusemide
(r = -0-62, P < 0-005).
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Figure 4 Correlation of baseline bloodflow in the leg with
severity of heartfailure. Severity ofheart failure was
assessed by subdivision into patient groups according to the
New York Heart Association (NYHA) classification
(r = -0-65, P < 0-005).

mental changes (intervention flow minus base-
line flow) after each infusion. Analysis of vari-
ance showed the presence of heart failure to be
a significant determinant of the increment of
flow response to acetylcholine (P < 0-05).
There was no change in blood pressure with
each intervention. Table 4 shows the derived
measures of vascular resistance in the leg in
response to pharmacological interventions.
The absolute flow to each intervention was
reduced in patients with more severe heart
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Figure 5 Correlation of
baseline bloodflow in the
leg with left ventricular
ejection fraction (LVEF)
in patients with heart
failure (r = 0-80, P <
0-0005). Four patients
with symptoms and signs of
heart failure but with
significant mitral
regurgitation were excluded
from the analysis because
of their spuriously
increased LVEF (> 60%).
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10 adrenergic blocking drugs into the femoral
artery does not increase blood flow in the

8 _ leg.621 EDRF has been found to be important
in the maintenance of vascular tone in vivo.22 23

6 Our findings are not wholly in agreement
with those from other authors. We have shown

* impairment of the vasodilator response to both
4 - * endothelium dependent (acetylcholine and

substance P) and independent agents
2 (papaverine) in patients with heart failure, and

this impaired flow response correlates with the

o severity of heart failure. The study of blood
o 20 40 60 flow in the leg, rather than the arm, is of par-

Ejection fraction (%) ticular relevance as the reduction of exercise
induced blood flow in the leg is a limiting factor
to exercise capacity in patients with heart fail-
ure.6 Only one previous study has examined

re (fig 2). There was a correlation between the response of the leg to endothelium depen-
line blood flow and diuretic dose (fig 3) dent and independent vasodilator agents.'5
-0-62, P = 0-003) and New York Heart This study by Katz et al'5 assessed blood flow in
)ciation classification (fig 4) (r = -0-65, the leg semiquantitatively by transcutaneous
0 002), but not left ventricular end dias- Doppler measurement of flow velocity in the

pressure (r = 0-335, P = 0-168) in superficial femoral artery. No formal compari-
znts with heart failure. The MVo2 was son was made of basal flow velocity at rest in
rmined in nine patients with heart failure, controls and patients with heart failure,
no correlation was found between MVo, although it seemed marginally reduced in
baseline flow (r = 0 09, P = 0 74). There patients with heart failure. The increase in
a correlation between baseline blood flow flow velocity to administration of intra-arterial
left ventricular ejection fraction (fig 5) acetylcholine was significantly reduced, and
0-80, P = 0 0004) when the four patients there was blunting of the response to glyceryl
heart failure and significant mitral regur- trinitrate.

tion were excluded from the analysis (in Other studies of peripheral blood flow to
case left ventricular ejection fraction skeletal muscle in heart failure have measured

)%) and no correlation when these blood flow in the forearm using venous occlu-
ents were included (r = 0-32, P = 0-18). sive plethysmography'6 or transcutaneous

Doppler ultrasonography.'7 In the former
study there was significant reduction of metha-

cussion choline induced vasodilatation, and in the latter
; study shows that blood flow to the leg is of the response to acetylcholine. In contrast to
iced at rest in patients with heart failure the present study, there was no impairment of
Lpared with that in controls. The absolute the response to endothelium independent
was reduced in response to administra- actions of nitroprusside or glyceryl trinitrate,
of papaverine, acetylcholine 10-71- 0-i respectively. It is not clear whether preserva-

/1, and substance P (5 pmol/min), as was tion of response to endothelium independent
increment of flow in response to each dose agents in these two studies reflects differences
cetylcholine. There was a significant corre- in vascular tone between the arm and leg, as
in between the severity of heart failure and there may be regional differences of vasomotor
lute flow in response to the vasodilator control in patients with heart failure.24
lts. Maximal vasodilatation cannot be achieved
he dominant symptoms of heart failure are safely in vivo by pharmacological means, and
e of fatigue and breathlessness. These maximum blood flow achieved in these studies
ptoms correlate poorly with simple is considerably less than may be attained during
nodynamic variables, such as left ventricu- peak exercise in a normal individual.4
-jection fraction and pulmonary capillary Papaverine is probably an endothelium inde-
ge pressure,'-3 and abnormalities in the pendent vasodilator in vivo in humans and has
pheral vasculature in heart failure4 6 19 may been shown to be a powerful vasodilator of the
nportant in the genesis of these symptoms. coronary circulation.25 The drug is adminis-
control of peripheral vascular resistance tered in bolus form, but its use is limited by
predominantly in the resistance arterioles the occurrence of arrhythmias at high doses.
is determined by functional or structural Many previous investigators have used only
iges of the vessel wall, or both.20 acetylcholine or methacholine as endothelium
)motor tone is determined by the effects of dependent vasodilators.'5-7 Acetylcholine has
rological stimuli (e.g. the release of norepi- vasodilator properties mediated through mus-
irine and neuropeptides), endocrine stimuli carinic receptor activated release ofEDRF and
angiotensin II or circulating norepineph- has muscarinic-vasoconstrictor properties

), and locally released paracrine sub- through its direct actions on vascular smooth
ces, such as endothelium derived relaxing muscle. The vasoconstrictor actions occur at
contracting factors. The sympathetic ner- high concentrations of 10-6 mol/l and above,

s system is activated in chronic heart fail- but altered sensitivity of the muscarinic recep-
although acute administration of tor may exist in heart failure26 27 and has been
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shown in a dog model of heart failure.28 The
use of substance P in these experiments
allowed more specific determination of the
role ofEDRF in the control of vasomotor tone
in heart failure. Substance P has a direct effect
on the release of EDRF and has no direct
effects on vascular smooth muscle.29

It is not possible from the present study to
determine the mechanisms underlying
impaired endothelium dependent responses in
heart failure. The study of blood flow in the
forearms by Drexler et al'7 is of interest as a
specific inhibitor of EDRF, NG-monomethyl-
L-arginine, was infused locally into the
brachial artery. Infusion of this inhibitor pro-
duced an exaggerated decrease in brachial
arterial flow in patients with heart failure, sug-
gesting that basal release ofEDRF is preserved
or even enhanced in patients with heart fail-
ure.

Atherosclerosis of any severity may cause
impairment of endothelial function30 32 and it
was for this reason patients with heart failure
of ischaemic and non-ischaemic aetiology and a
control group of similar individuals with or
without demonstrable atheromatous coronary
artery disease were studied. Patients with chest
pain, angiographically normal coronary arter-
ies, and ST segment change with exercise elec-
trocardiography (often termed "syndrome X")
were excluded, as it has been suggested that
these patients may have widespread abnormal-
ities of vasomotor control.33 Hypertension,3435
hypercholesterolaemia,3637 and diabetes melli-
tus,38 have been implicated in the genesis of
vasomotor dysfunction.

There is no optimal method of representing
changes of blood flow in such studies. Results
are sometimes presented as absolute blood
flows, but more often as the increment of
increased blood flow above baseline value, the
percentage change, or as a ratio of peak flow to
baseline blood flow. Such representation can
be misleading in assessing the degree of abnor-
mality of vasomotor control if the baseline
blood flow is significantly different in the two
groups, as was the case in the present study.
Some effects of angiotensin converting

enzyme inhibitors, including those on blood
flow in the leg, develop over several weeks,39
and such actions would not be reversed unless
medication was stopped for a lengthy period.
The angiotensin converting enzyme inhibitor,
captopril, has been reported to increase
endothelium dependent vasodilatation in
patients with essential hypertension.40 Digitalis
glycosides may inhibit the release of EDRF
and the response of vascular smooth muscle to
its actions.4' Aspirin was taken by most
patients with atheromatous coronary heart dis-
ease and normal left ventricular function. The
effects of cyclo-oxygenase inhibition on blood
flow responses have not been determined fully,
although it has been reported that aspirin may
reduce the vasodilator properties of the
angiotensin converting enzyme inhibitor,
enalapril.42

Blood flow in the external iliac artery in
each individual was not known before the
investigation, and thus an assumed blood flow

of 200 ml/min was used to calculate the
required dilution of each drug. The data from
the literature suggest flows of 290-420 ml/min
in normal controls64344 and 210-310 ml/min
in patients with heart failure.64345 These mea-
surements were made by various techniques,
at differing levels in the external iliac or
femoral arteries, and in patients with heart fail-
ure of varying severity. The flows observed in
the present study were within this range, so
that the actual drug concentration was close to
the expected concentration. The lesser base-
line blood flow in the external iliac artery of
patients with heart failure will have led to
higher concentrations of vasodilator agents
and will therefore have underestimated the
degree of impairment of vasodilator response.

Increased blood flow may itself cause reflex
vasodilatation of the large arteries mediated by
the shear stress induced release of EDRF.46
The compliance of the brachial artery is
reduced in patients with heart failure.'8 The
change of external iliac artery diameter in this
study was minimal, and angiograms were
therefore not performed after each interven-
tion. The changes in blood flow shown in this
study must therefore be the result of changes
in the microcirculation.

There was no significant difference in body
weight between the controls and patients with
heart failure. There was no correlation
between body weight and baseline flow in the
leg, although no specific measurement of leg
or skeletal muscle mass was made. Muscle
wasting may occur in patients with heart fail-
ure, and a reduction of leg muscle mass might
account in part for the reduced blood flow and
increased resistance noted in our study.
The cause of increased peripheral vascular

resistance in heart failure is not known. The
retention of sodium and water in oedematous
heart failure may increase vascular tone and
diminish vasodilator reserve, possibly through
activation of a sodium-calcium exchange
mechanism47A49 in an endothelium indepen-
dent manner. Plasma endothelin levels are
increased in chronic heart failure,50 as are levels
of tumour necrosis factor,5' and other
cytokines, several of which influence vascular
tone by endothelium dependent and indepen-
dent effects.4' Furthermore, disturbance of
prostaglandin levels has been reported in
chronic heart failure and may impair control of
vasomotor tone.5253 The reduced vasodilator
response to exercise in heart failure may be
due to a reduced response to local metabolites.

LIMITATIONS OF THE STUDY
Medication, apart from angiotensin converting
enzyme inhibitors, digoxin or diuretic treat-
ment, was stopped for at least 16 h before the
study, although the longer term effects of such
treatment are not known. The theoretical con-
cerns about changes of external iliac artery
diameter in response to increased flow were
not supported by our data. The determination
of blood flow in patients with atrial fibrillation
is problematic, although measurement of
mean blood flow minimises any beat to beat
variation. The optimum method of displaying
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and comparing flow after administration of
vasoactive drugs is not clear, particularly if the
baseline flow is different in the groups, as in
this study. No significant difference existed
when comparing ratios or increments of flow,
but it is likely that the absolute flow is the most
important physiological determinant.

Conclusions
This study has shown derangement of vaso-
motor control in the vasculature of the leg in
patients with chronic heart failure. Evidence
has been presented for impairment of the
response to endothelium dependent (acetyl-
choline and substance P) and independent
(papaverine) agents. The underlying cause for
these abnormalities has not been elicited,
although structural factors in the resistance
vessels may be important. A correlation has
been shown between the severity of the heart
failure and impaired blood flow in the leg.
These data confirm the importance of periph-
eral abnormalities in the pathophysiology of
chronic heart failure and suggest possible
mechanisms for the genesis of symptoms in
this condition.
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ABSTRACTS IN CARDIOLOGY

Need you biopsy for acute myocarditis?

The Mason trial of treating acute myocarditis
has appeared. One of the most significant
results is that at most 10% of subjects with
clinically suspected acute myocarditis will
have a positive tissue confirmation. Because a
positive tissue diagnosis was an entry criteria
the trial turned out rather smaller than hoped.

Nevertheless there is nothing to suggest

that immunosuppression is beneficial. The
implication is that cardiac biopsy if carried out
with the sole aim of establishing a diagnosis to
aid treatment is not a useful procedure.
Numerous questions remain. What disease is
present and what is the prognosis of those
patients with a negative biopsy?

M J DAVIES
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