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NSAIDs and heart failure: A dangerous relationship
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Abstract

One of the potential cardiotoxic action of anti-inflammatory drugs is
the occurrence of heart failure (HF), due to their effects on fluid re-
tention and blood pressure. The risk of hospitalization for HF is
roughly doubled for both Coxibs, cyclooxygenase-1 (COX-1) and cy-
clooxygenase-2 (COX-2) inhibitors, and all the conventional non-
steroidal anti-inflammatory drugs (NSAIDs). These drugs are also as-
sociated with a risk of vascular thrombosis, which for NSAIDs is dif-
ferent in relation to their different ability to inhibit COX-1 and COX-2.

The cardiovascular toxicity of these drugs in the direction of HF
follow different pathways respect to their related vascular thrombosis
toxicity and involves, in particular, the renal prostaglandins, PGE2 and
prostacyclin, mostly synthesized by COX-2.

In the kidneys the PGs perform a direct vasodilatory action, e.g. by
means of non-contrasting angiotensin mechanisms, and for this
reason nimesulide effects on renal microcirculation are independent
from the prevalence of intrarenal renin angiotensin aldosterone system
(RAAS) activity. Conversely, nimesulide reduces sodium tubular uri-
nary flow only in presence of intrarenal RAAS.

Importance of the issue and epidemiological data

A potential cardiotoxic action of anti-inflammatory drugs is the HF
due to their effects on fluid retention [1] and blood pressure [2]. Ob-
servational studies have shown association between the use of NSAIDs
and the occurrence or the exacerbation of HF. In the late 90s Heerdink
et al. [3] found that patients treated with a diuretic during the three
weeks following NSAIDs therapy were more likely hospitalized for HF.
Two years later Page and Henry [4] in a case-control study noticed that

the use of NSAIDs in the last two weeks of therapy doubled the chances
of being hospitalized for HF; in particular, the risk of HF increased dra-
matically in the presence of heart disease. Subsequently, Feenstra et al.
[5] studied the relationship between NSAIDs and the first occurrence
of HF or exacerbation in the elderly people, enrolled in the Rotterdam
study. According to these authors, NSAIDs are likely to precipitate a re-
lapse of HF, but less frequently they are responsible for its first event.
In this study the current use of anti-inflammatory drugs, while was not
significantly related to an increase of the first episodes of HF-related
hospitalization, increased by approximately 4 times the risk of exacer-
bation of chronic HF. However, where there was a first manifestation of
HF during NSAID treatment, usually the presence of systemic arterial
hypertension (SAH) or coronary artery disease (CAD) occurred, condi-
tions that make renal and cardiovascular homeostasis more susceptible
to prostaglandins (PGs). This was confirmed by Huerta [6] several
years later in another case-control study conducted in the general pop-
ulation of U.K. from January 1997 to December 2000; an history of SAH,
diabetes mellitus and kidney failure made patients more vulnerable to
NSAIDs-related cardiotoxicity. Moreover, the addition of NSAIDs to the
therapy increased the risk of first hospitalization for HF already in the
first month in all the hypertensive patients except those, who adopted
a calcium channel blocker.

In a similar study [7] the highest risk was observed in patients re-
ceiving NSAIDs, while being treated with an angiotensin converting
enzyme (ACE) inhibitor, confirming the pharmacodynamic interaction
of the two drugs at renal level [8].

In the 2008 a meta-analysis of observational studies and randomized
clinical trials on the relationship between anti-inflammatory drugs and
HF was published [9]. Both the observational studies and the meta-
analysis showed a significant increase in the risk of HF in the subjects
treated with conventional NSAIDs or Coxibs, particularly in those with
joint disease. In the 2009 a case-control study [10] emphasized the re-
lationship between the risk of HF and the single anti-inflammatory
drugs, observing that the risk of HF changes according to the drug
used: higher for etoralac and etoricoxib, while almost absent for cele-
coxib. While the only use of Coxibs and diclofenac increased the risk of
death in patients with chronic HF, the consumption of all anti-inflam-
matory drugs, conventional NSAIDs and Coxibs, increased the likeli-
hood of developing a non-fatal myocardial infarction.

In the 2013, following these alarming data coming from studies on
Coxibs and traditional NSAIDs, CNT Collaborative Group published a
meta-analysis of randomized clinical trials [11], which sought to
quantify, at the same time, the anti-inflammatory drugs-related car-
diovascular and gastrointestinal risk. The meta-analysis showed that
the risk of hospitalization for HF is roughly doubled for both the
Coxibs and all the conventional NSAIDs studied. However, these drugs
are also associated with a risk of vascular thrombosis; for NSAIDs is
different in relation to their different ability to inhibit the two cy-
clooxygenases (COX-1, which produces the thromboxane and COX-2,
which produces the prostacyclin, antagonist of thromboxane). In this
regard, the meta-analysis indicates that Coxibs and diclofenac, among
the traditional NSAIDs, increase of about 1/3 the major thrombotic
vascular events. The risk of thrombosis, associated with ibuprofen, is
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through the synthesis of PGE2 regulates renin release by juxta-
glomerular cells with an antinatriuretic effect, and, contemporarily, in
the medulla at an interstitial level, where through the synthesis of
PGE2 counteracts the absorption of aldosterone-dependent water and
salt with natriuretic effect.

In an experimental work of Torrance Green Sprague-Dawley anes-
thetized rats were treated with nimesulide, a selective COX-2 inhibitor
[13]. To increase cortical COX-2 expression - tubuloglomerular feed-
back and renin release via PGE2- Sprague-Dawley anesthetized rats
were kept in sodium restriction or under captopril treatment.

In presence of nimesulide a similar renal flow reduction was ob-
served in sodium restriction rats, therefore with high levels of an-
giotensin, and in rats receiving captopril, then with low angiotensin
levels.

Conversely, a reduction in urinary sodium excretion was observed in
salt restriction rats, therefore with high levels of aldosterone, but not
in rats treated with an ACE-I, hence with low aldosterone levels.

In conclusion, PGs exert a direct renal vasodilatory action, i.e.
through mechanisms that do not contrast to angiotensin, and, there-
fore, nimesulide effects on renal microcirculation are not dependent
from RAAS activity prevalence. Conversely, nimesulide reduces sodium
urinary flow only in the presence of intranasal RAAS activation.

It is well known, in fact, that aldosterone is the main regulator of the
epithelial sodium channel alpha subunit (alphaENaC) at collector duct
level, increasing the mRNA synthesis of that channel.

Prostanoid EP1 receptor activation, present in the medullary col-
lector ducts, by the PGE2, COX-2 dependent, stanches the over-regula-
tion of alfaENaC mRNA synthesis, induced by aldosterone, hampers the
synthesis of alphaENaC channels increase and, consequently, prevents
RAAS-dependent sodium reabsorption [14].

In the event that Na tubular reabsorption through alphaENaC is re-
moved with an ACE-I, nimesulide mediated COX2 blocking has less rel-
evant effects.

Conclusions

A recent review of seven studies - 4 case/control studies and 3 cohort
studies - [15] confirmed that patients using NSAIDs have a risk of 17%
higher of developing HF.

In August 2016, the American Heart Association (AHA) has recog-
nised, with evidence of grade B, Coxibs and NSAIDs as drugs poten-
tially able to induce HF following water and sodium retention, increase
the systemic vascular resistance and compromised the response to di-
uretics (Circulation 2016;134).
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largely absent for naproxen. Conversely, all the anti-inflammatory
drugs, included naproxen, increase the likelihood of hospitalization
for HF by almost doubling it. Accordingly, the cardiovascular toxicity of
these drugs in the direction of HF follow different pathways respect to
their related vascular thrombosis toxicity and involves, in particular,
the renal prostaglandins, PGE2 and prostacyclin, mostly synthesized by
COX-2, which is exceptionally present in the kidney in constitutive
form.

Renal responses to COX2 inhibition in the
presence of different intrarenal Ang II activity

The role of PGs in controlling the flow of renal blood during the acute
fall of cardiac output was demonstrated by Oliver et al. in 1981 [12].

When in the 17 anesthetized dogs the venous return to the heart was
reduced by inflating a ball in the thoracic inferior vena cava, a decrease
of the cardiac output was observed with an increase of the total pe-
ripheral vascular resistance, without altering the renal ones. There-
fore, only a negligible drop in the renal flow was observed.

However, because plasma renin activity and catecholamine concen-
trations were both markedly high at systemic and renal levels, also sys-
temic and renal resistance would have been increased simultaneously.
On the contrary, instead, at renal level vascular resistance was not
changed and blood flow was preserved as a result of the increased
prostaglandin synthesis, which counteract the vasoconstrictive action
of angiotensin and noradrenaline.

According to some works it appears that, while angiotensin II exerts
its vasoconstrictor effect on intrarenal efferent arteriole, PGs exert
their vasodilatory effect on the afferent arteriole (Brown-Herchuelz),
thus optimizing the glomerular perfusion pressure.

Subsequently, the anesthetized dogs were treated with in-
domethacin to reduce at renal level PGE2 concentrations. Thereby, the
obstacle to the action of angiotensin and noradrenaline was removed
and the vascular resistance increased, especially at the afferent arte-
riole level, reducing kidneys blood flow.

Significant variations in PGE synthesis in response to angiotensin
renin activation were detectable at renal level, but not at systemic level.
Consequently, the damage induced by NSAIDs is primarily localized at
renal level.

When the cardiac output impairment is permanent, as in patients
with chronic HF, the plasma values of renin activity and prostaglandin
metabolites changes in relation to plasma sodium concentration,
namely they both inversely correlate with blood sodium [1].

The lower the blood sodium values, the higher the levels of an-
giotensin and aldosterone, and the greater is the vasodilatory PGs pro-
duction, whose contrast role at renal level becomes even more pre-
cious.

In these subjects NSAIDs, by inhibit PGs renal synthesis through
COX-2 blocking, make undisputed the renal vasoconstriction and the
anti-diuretic action, produced by RAAS’s exalted activity, with the in-
creasing of renal vascular resistance and impaired diuresis.

The result at systemic level is a significant increase in ventricular
filling pressures, which is a catastrophic event in a subject with pre-
carious hemodynamic balance.

It should be noted that, due to their vasodilatory action and to the in-
hibition of tubular sodium reabsorption, renal PGs are primarily re-
sponsible for natriuresis. COX-2 is responsible for the synthesis of
PGE2 and PGI, which exert their vasodilatory effect in both the cortex
and the renal medulla.

A different scenario is observed with regard to sodium reabsorption:
COX-2 is expressed in the cortex at the dense macula level, where
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