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This editorial refers to ‘Atrial fibrillation impairs cardiac
sympathetic response to baroreceptor unloading in con-
gestive heart failure’ by P.A. Gould et al., doi:10.1093/
eurheartj/ehi468

Why do heart failure patients with atrial fibrillation progress
more rapidly to pump failure and death than those who
remain in sinus rhythm?1 There are many conceivable mech-
anisms: adverse ventricular remodelling and synchroniza-
tion; higher filling pressures, yet loss of atrial contraction
and lower stroke volume; atrial remodelling; a greater risk
of atrial thrombus and embolic stroke; an increased likeli-
hood of central sleep apnoea, which increases the risk of
premature death; loss of vagal and sympathetic modulation
of heart rate variability; adrenergic augmentation of atrio-
ventricular nodal conduction; adverse effects of rate and
rhythm modifying drugs; and altered neural regulation of
the heart and circulation by reflexes arising specifically
from the atria.
Gould et al.,2 from Melbourne, take up the latter

theme, using a radiotracer method Esler developed to
quantify the release rate of norepinephrine into plasma.
A series of publications from this laboratory has trans-
formed our understanding of the time course, magnitude,
and organ specificity of sympathetic nervous system acti-
vation in heart failure. It is now evident that sympathetic
activation is first directed at the failing heart in proportion
to the increase in filling pressure; that the relative increase
in cardiac norepinephrine spillover (CNES) is far greater than
that of any other organ;3 that the prognosis of patients with
end-stage heart failure can be predicted by their rate of
CNES;4 and that the mode of death from heart failure can
be anticipated from kinetic-based calculations of catechol-
amine release and storage rates.5 Important to the present
study is their observation, in nine heart failure patients
with secondary pulmonary hypertension, that a simul-
taneous reduction in both pre-load and systemic blood
pressure, caused by an infusion of sodium nitroprusside
(SNP), increases total body norepinephrine spillover

(TNES), yet at the same time decreases CNES.6 Four of
these patients had atrial fibrillation. Azevedo et al.7

resolved this apparent paradox, instead using non-
hypotensive and hypotensive lower body negative pressure
(LBNP) as their experimental intervention. All of their
patients had sinus rhythm. Reductions in cardiac filling
pressure during non-hypotensive LBNP had no effect on
CNES in subjects with normal left ventricular systolic func-
tion, but lowered CNES in those with heart failure.
Hypotensive LBNP increased CNES significantly in control
subjects, but had no effect in the group with heart failure.
These and related findings led to the proposal that elevated
left atrial pressure elicits a sympatho-excitatory reflex,
ordinarily quiescent, and with an afferent limb directed
specifically to the heart. Such a reflex would account for
the early and selective increase in CNES present in patients
with mild heart failure.8 Does atrial fibrillation perturbs this
putative reflex?
Gould et al.9 have previously shown that chronic atrial

fibrillation does not influence the magnitude of sympathetic
overactivity in patients with heart failure, studied supine.
The purpose of the present investigation, involving Classes
II and III heart failure patients with an LVEF ,40%, was to
determine whether the presence of atrial fibrillation was
associated with an impaired cardiac sympathetic response
to 10 min of 208 and 308 head-up tilt, a manoeuvre that
unloads high-pressure baroreceptors, by lowering systolic
blood pressure and stroke volume, and in addition, low-
pressure mechanoreceptors situated in the atria, ventricles,
and pulmonary veins. Anticipating that baroreceptor-
induced cardiac adrenergic responses would differ between
those in sinus rhythm and atrial fibrillation by 20%, these
authors calculated that a sample size of nine for each group
would provide an adequate test of this hypothesis.
These authors studied 18 subjects, nine with atrial fibrilla-

tion of at least 3 months’ duration and nine with sinus
rhythm, while on their therapy for heart failure; two-
thirds in each group had an ischaemic cardiomyopathy and
one-third had dilated cardiomyopathy. Complete data for
308 head-up tilt were only acquired in seven subjects in
each group. Tilt caused a significant reduction in cardiac
filling pressures in both groups. The transcardiac norepi-
nephrine gradient increased in those with sinus rhythm,
but started from a lower baseline, and was essentially
absent in subjects with atrial fibrillation.
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Next tested was the hypothesis that attenuation of this
reflex response results from increased atrial fibrosis, com-
promising atrial mechanoreceptor distension in response to
alterations in filling pressure. For this purpose, right atrial
appendages were collected from a separate group of 23
cardiac surgical patients, 12 in sinus rhythm and 11 in
atrial fibrillation. Because the latter exhibited greater
collagen density, the authors speculated that the impaired
cardiac sympathetic response to baroreceptor unloading in
heart failure patients with co-existing atrial fibrillation
may be secondary to atrial fibrosis.
The authors are to be congratulated for accomplishing this

technically demanding experiment. As they correctly point
out, a non-invasive method, such as heart rate variability,
could not have addressed their primary hypothesis.
However, very few subjects were studied. This sample size
may have been sufficient to detect significant attenuation
of the cardiac sympathetic response to head-up tilt
between the two groups, but there were imbalances in
age and blood pressure and transcardiac norepinephrine
gradient at baseline. Head-up tilt induced substantial
reductions in systemic blood pressure, but these were
found not significant statistically. Head-up tilt, which
affects simultaneously many reflex systems, is not a clean
stimulus, and some mechanistic insights related to the inter-
action between high and low pressure reflexes10 in affecting
the present neural responses may have been missed because
of this small sample size.
Owing to the withdrawal of the Webster thermodilution

flow catheter, and the lack of commercially available alterna-
tives, these investigators were unable to quantify coronary
sinus plasma flow, an important element of the equation
developed by this laboratory to derive cardiac-specific
norepinephrine release rates. Thus, in contrast to previous
investigations from this laboratory and others,3–8 in the
present study, the estimation of cardiac sympathetic activity
was based on the norepinephrine gradient between the radial
artery and the coronary sinus, adjusted for the uptake of
tritiated norepinephrine by the left ventricle. The authors
acknowledge this limitation, inform us that coronary sinus
blood flow has not been found to change significantly when
cardiac filling pressure is lowered in heart failure, and refer
to unpublished data from their laboratory in a handful of
patients that would suggest that changes in coronary blood
flow in response to unloading may not differ sufficiently
between sinus rhythm and atrial fibrillation patients with
heart failure to account for the present findings.
The pathological studies examined atrial tissue for col-

lagen density, but did not evaluate mechanoreceptor affer-
ents for arboreal damage or distortion. Decreases in atrial
compliance, because of fibrosis, might alter the stimulus
to mechanoreceptors, and hence sympathetic activation,
but this supposition is unsupported, and the intervention
applied in the catheterization laboratory involved mechano-
receptor unloading, rather than stretch. Only right atrial
tissue was obtained; however, the contributions of afferents
arising from the left atrium and pulmonary veins to any
disturbance in neural regulation triggered by high left
ventricular filling pressure are likely to be far greater.
Whether these patients had heart failure is not stated,
and norepinephrine stores were not quantified.
How might the blunted response to head-up tilt in heart

failure alter prognosis in heart failure once the atria

fibrillate? Insofar as CNES relates inversely to survival,4

rather than inferring increased risk could this impaired
reflex be protective, by attenuating the pathological
consequences of increased cardiac adrenergic drive when
such patients are seated or ambulant? Less sympathetic
discharge directed at the AV node would have the additional
benefit of attenuating the ventricular response to atrial
fibrillation (all patients in the present study were beta-
blocked with carvedilol). The authors speculate that this
blunted cardiac adrenergic response to head-up tilt might
be a manifestation of reduced tissue norepinephrine
stores, a marker of greater risk for death from progressive
heart failure than from sudden death.5 If so, then this
finding would be consistent with the relative risks reported
in the retrospective analysis of the SOLVD trials,
which stimulated the present study.1 It may also shed light
on controversy as to the relative efficacy of beta-
adrenoceptor blockade in heart failure patients in atrial
fibrillation vs. sinus rhythm. In contrast, if an attenuated
CNES response to head-up tilt results from decreased
norepinephrine stores, this finding would be a manifes-
tation of the underlying disease process, not atrial fibril-
lation per se.

Curiously, CNES did not fall, as would be anticipated from
previous studies,6,7 but rather rose, paradoxically, in those
with sinus rhythm (Figure 2). Consequently, unclear is
whether the present findings refute the concept that high
filling pressures stimulate a cardiac-specific sympatho-
excitatory reflex in heart failure,7 or reflect differences in
disease progression, and hence cardiac norepinephrine
stores, between the two groups of patients selected for
the present study. To distinguish between these two possi-
bilities, the investigators are encouraged to study the
relationship between cardiac reflex responses and norepi-
nephrine content in future experiments. Replicating this
protocol before and after conversion to sinus rhythm
would provide additional insight into the functional and
prognostic importance of altered cardiac sympathetic
reflexes in heart failure.

Acknowledgements

The author holds the Canada Research Chair in Integrative Cardio-
vascular Biology and is a Career Investigator of the Heart and
Stroke Foundation of Ontario.

Conflict of interest: none declared.

References

1. Dries DL, Exner DV, Gersh BJ, Domanski MJ, Waclawiw MA, Stevenson LW.
Atrial fibrillation is associated with an increased risk for mortality and
heart failure progression in patients with asymptomatic and symptomatic
left ventricular systolic dysfunction: a retrospective analysis of the SOLVD
trials. Studies of Left Ventricular Dysfunction. J Am Coll Cardiol 1998;
32:695–703.

2. Gould PA, Yii M, Esler MD, Power JM, Kaye DM. Atrial fibrillation impairs
cardiac sympathetic response to baroreceptor unloading in congestive
heart failure. Eur Heart J doi:10.1093/eurheartj/ehi468.

3. Hasking GJ, Esler MD, Jennings GL, Burton D, Johns JA, Korner PI.
Norepinephrine spillover to plasma in patients with congestive heart
failure: evidence of increased overall and cardiorenal sympathetic
nervous activity. Circulation 1986;73:615–621.

4. Kaye DM, Lefkovits J, Jennings GL, Bergin P, Broughton A, Esler MD.
Adverse consequences of high sympathetic nervous activity in the
failing human heart. J Am Coll Cardiol 1995;26:1257–1263.

Page 2 of 3 Editorial



5. Brunner-La Rocca HP, Esler MD, Jennings GL, Kaye DM. Effect of cardiac
sympathetic nervous activity on mode of death in congestive heart
failure. Eur Heart J 2001;22:1136–1143.

6. Kaye DM, Jennings GL, Dart AM, Esler MD. Differential effect of acute
baroreceptor unloading on cardiac and systemic sympathetic tone in
congestive heart failure. J Am Coll Cardiol 1998;31:583–587.

7. Azevedo ER, Newton GE, Floras JS, Parker JD. Reducing cardiac filling
pressure lowers norepinephrine spillover in patients with chronic heart
failure. Circulation 2000;101:2053–2059.

8. Rundqvist B, Elam M, Bergmann-Sverrisdottir Y, Eisenhofer G, Friberg P.
Increased cardiac adrenergic drive precedes generalized sympathetic
activation in human heart failure. Circulation 1997;95:169–175.

9. Gould PA, Esler MD, Kaye DM. Chronic atrial fibrillation does not influence
the magnitude of sympathetic overactivity in patients with heart failure.
Eur Heart J 2003;24:1657–1662.

10. Floras JS, Butler GC, AndoSI, Brooks SC, PollardMJ, Picton P. Differential sym-
pathetic nerve and heart spectral effects of nonhypotensive lower body nega-
tive pressure. Am J Physiol Regul Integr Comp Physiol 2001;281:R468–R475.

Editorial Page 3 of 3


