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Heart failure (HF) as a clinical syndrome is posing
an increasing social and economic burden, particularly
in developed countries with their ageing populations.1

No single pathophysiological mechanism can explain
the clinical manifestations of HF, which presents as
the unfavourable endpoint of a many cardiac diseases;
most commonly ischaemic heart disease, hyperten-
sion, idiopathic dilated cardiomyopathy (IDC), and ad-
vanced valvular disease. Our emerging understanding
of the pathophysiologic mechanisms that underpin HF
implicates inflammatory processes and the vascular
endothelium in the progression of this disease. 

Heart failure is characterised by immune activation.
Specific and non-specific inflammatory markers are
elevated in patients with HF regardless of aetiology,
and have been associated with the severity and pro-
gression of disease.2,3 Indeed, tumor necrosis factor al-
pha (TNF-α) levels, in particular, appear to provide in-
cremental prognostic information in heart failure
patients (reviewed by Baumgarten et al).4 Levine et al
in 1990 were the first to demonstrate that TNF-α le-
vels were significantly increased in patients with HF
compared to controls and that increased TNF-α levels
were associated with increased severity of disease.5

Other studies have consistently confirmed elevated
levels of this cytokine in HF patients,4 indeed, patho-
physiologically relevant concentrations seem to mimic
aspects of the syndrome.4 Thus, in experimental stu-

ED I TO R I A L S

Tumor Necrosis Factor-Alpha in Heart Failure: More Questions
Than Answers
Marietta Charakida and Julian P.J. Halcox

Vascular Physiology Unit, Department of Cardiology, Institute of Child Health, University College, London,
United Kingdom.

Correspondence: Dr J.P.J. Halcox.
Al Maktoum British Heart Foundation Senior Lecturer in Cardiology,
Vascular Physiology Unit, Department of Cardiology,
Institute of Child Health, University College London,
30 Guilford Street, London WC1N 1EH, United Kingdom,
E-mail: j.halcox@ich.ucl.ac.uk

dies introduction of TNF-α produces left ventricular
dysfunction and cardiomyopathy, promotes left ven-
tricular remodelling and promotes apoptosis and
cachexia.4 The receptors for TNF-α (TNFR-1 and –2)
have also been characterized and their soluble forms
can be detected in circulation. Furthermore, these so-
luble receptors appear to be important regulators of
TNF-α activity in HF patients, and elevation in circu-
lating levels are associated with an adverse outcome.6

Many investigators have also documented the pre-
sence of endothelial dysfunction in patients with HF.
However, it remains unknown whether abnormal en-
dothelial function is a primary event or arises as a con-
sequence of the syndrome.7 The typical constellation
of biochemical abnormalities that charaterise HF—en-
hanced angiotensin-converting enzyme activity, in-
creased oxidative stress and raised endothelin-1 le-
vels—leads to a reduction in endothelium-derived
nitric oxide (NO) bioavailability and increased vaso-
constrictor tone. In addition, the increase in circulating
pro-inflammatory cytokines in HF patients, notably
TNF-α, may also reduce synthesis of NO by down-
regulating expression of endothelial nitric oxide syn-
thase, the key enzyme involved in NO production.8

Activation of the NF-kappa B pathway in dysfunctio-
nal endothelial cells may initiate or further enhance
production of adhesion molecules and cytokines,
thereby promoting this process.9

Endothelial activation and dysregulation of endothe-
lium-dependent vasodilation may have peripheral and
central effects. A reduction in arterial compliance (in-
creased stiffness) may lead to augmentation of aortic
systolic pressure and reduction in diastolic pressure.
These changes result in increased left ventricular after-
load and end systolic pressure increasing myocardial
work, in addition to reduced coronary perfusion pres-
sure potentially exacerbating myocardial ischemia
which together may facilitate the progression of HF.
Furthermore, evidence of a strong relationship linking
the severity of heart failure and endothelial dysfunc-
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tion and that treatment regimens prescribed in heart
failure patients exert at least part of their beneficial ef-
fect through the vascular endothelium suggest that in-
terventions targeting factors which interact with the
vascular endothelium may be of potential value in
HF.10,11

In this issue Sitges et al report their observations of
the effect of neurohormonal activation and the severity
of heart disease on endothelium-dependent peripheral
vascular reactivity in patients with IDC and matched
healthy control subjects.12 The authors demonstrate the
presence of endothelial dysfunction and increased le-
vels of pro-inflammatory cytokines, in particular TNF-
α, in patients with IDC. These disturbances were de-
pendent, at least in part, on the severity of the disease.
Whilst other groups have previously demonstrated dis-
turbed endothelial function and up regulated inflam-
matory processes in heart failure patients, this study is
the first to demonstrate an association between en-
dothelial dysfunction and TNF-α levels in a “pure” co-
hort of patients with HF due to IDC.13,14 This observa-
tion is of particular value, as it confirms the
relationship between endothelial dysfunction and
TNF-α in heart failure independent of the inflamma-
tion and endothelial dysfunction that accompany the
atherosclerotic process, which may have potentially
confounded results from previous cohorts which in-
cluded patients with coronary artery disease.13,14

Despite this interesting information, it remains diffi-
cult to decipher whether TNF-α is causally involved in
HF, a picture that is becoming progressively more
complicated following results from other studies in-
vestigating the effects of TNF-alpha antagonism. Al-
though preliminary clinical trials have shown that
TNF-α receptor blockade improves cardiac perfor-
mance and endothelium dependent dilatation in HF
patients,15,16 the value of these observations is called
into question by the results of large randomised clini-
cal trials. Both trials investigating the value of etaner-
cept, a recombinant chimeric soluble TNF receptor 2
in CHF—The Research into Etanarcept Cytokine An-
tagonism in Ventricular Function (RECOVER) and
Randomised Etanercept North American Strategy to
Study Antagonism of Cytokine (RENAISSANCE)—
had to be discontinued prematurely because of failure
to demonstrate any additional clinical benefit from the
use this regimen.17,18 Furthermore, TNF-α antagonism
with infliximab, a chimeric monoclonal antibody to
TNF-α, not only did not improve the clinical condition
of patients with moderate to severe chronic heart fai-
lure, but also had an adverse effect at high doses.19

What do these controversies tell us about the role of
TNF-α in HF? It is always possible that these clinical
trial “failures” simply reflect inappropriate study po-
pulation selection and/or wrong treatment choices e.g.
drug used, or dose and frequency of administration.
Alternatively, targeting TNF-α may be effective in

restoring only certain aspects of HF pathophysiology
that are insufficient to overcome other more signifi-
cant mediators of disease progression. Finally, it may
be that although TNF-α levels have value as indepen-
dent prognostic markers in HF this molecule may not
be an important causal mediator of the initiation and
progression of clinical HF.

Therefore, the clinical significance of a relationship
between endothelial dysfunction and inflammatory
process in patients with ICD requires further examina-
tion. A more thorough understanding of the role of in-
flammation including TNF-α the various clinical ma-
nifestations of HF has great therapeutic potential, but
it is certainly too early to consider treating HF patients
with expensive specific anti-TNF-α antagonists in the
absence of data to suggest a beneficial effect on dis-
ease outcome. However, further detailed mechanistic
studies investigating the effect of longer-term adminis-
tration of TNF-α antagonists in patients with HF using
endothelial function as an outcome measure may help
determine the most appropriate treatment regimes and
which patient groups, if any, are most likely to benefit.
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