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Introduction

Intravenous vasodilators are often used in the treatment of pa-
tients hospitalized with heart failure (HF). Among the vasodila-
tors, nitrovasodilators are widely used in clinical practice. They
make up a chemically heterogeneous class of molecules with a
similar mechanism of action because of their capacity to release
nitric oxide (NO) that includes organic nitrates (ON) such as ni-
troglycerin (NTG) and inorganic nitrates, such as sodium nitro-
prusside (SNP). Recent American and European guidelines on the
management of acute and chronic HF have recommended consid-
eration for use of NTG, SPN, or nesiritide (a preparation of hu-
man B-type natriuretic peptide [BNP]) in addiction to diuretics to
achieve hemodynamic and symptomatic improvement [1-3]. The
purpose of this review is to examine clinical studies about using
ON in acute and chronic HF.

Mechanism of Actions of ON

ON are prodrugs that undergo a metabolic biotransformation pre-
dominantly in smooth muscle intracellular space [4]. This bio-
transformation leads to the formation of NO or a related S-
nitrosothiol, which stimulates the enzyme, guanylate cyclase, and
leads to the formation of cyclic guanosine monophosphate in the
vascular wall. Cyclic guanosine monophosphate reduces intracel-
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ogy. Although, in most cases, their use in acute and chronic heart failure is based on clinical
practice, only a few clinical trials have been conducted to evaluate their use in acute and
chronic heart failure, most of which compare them with other drugs to evaluate differing
endpoints. The purpose of this review is to examine the various trials that have evaluated
the use of nitrates in acute and chronic heart failure.

lular calcium levels by decreasing the calcium’s exit from the cy-
toplasmic reticulum and reducing its influx from the extracellular
space. The decrease in intracellular calcium leads to venous and
arterial vasodilation, which is the main effect of these cardiovascu-
lar drugs; production and release of endothelial prostacyclin may
contribute to this effect [5]. ON are removed by extraction in the
vascular beds, hydrolysis in blood, and glutathione reductase ac-
tivity of nitrate in the liver [6]. Specific preparations of ON are
summarized in Table 1.

In view of their mechanism of action, they are effectively used
in angina pectoris and acute coronary syndromes. They are also
used in HF on the rational basis of a unique combination of vas-
cular effects that favorably influence the conditions of preload and
afterload of the failing heart and the imbalance between consump-
tion and myocardial oxygen supply in patients with ischemic HF
[7-9]. Indeed, they induce a substantial reduction in right and left
ventricular filling pressures, systemic and pulmonary vascular re-
sistance, and systemic blood pressure [10]. These conditions lead
to a downward shift of the pressure/volume relationship, hence
the same volume has lower filling pressures [11]. ON can also
modestly increase cardiac output leading to lower systemic vascu-
lar resistance because of an impairment of ventricular-aortic com-
pliance [12].

There are some differences between ON and inorganic nitrates
such as SNP (Table 2).
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Table 1 Main organic nitrates and their pharmacokinetic parameters

Venous Apparent
plasma volume of Oral
Main organic Half life clearance distribution  bioavailability
nitrates (min) (L/min) (L/kg) (%)
Isosorbide 10 4 4 20
dinitrate
Isosorbide 5 280 0.1 0.6 100
mononitrate
Nitroglycerin 3 50 3 0

Table 2 Differences between the two main class of nitrovasodilators

Variables Nitroglycerin Nitroprusside
Clinical studies in heart failure + -
Tolerance ++ -
Effect on coronary blood flow M J
Myocardial ischemia J 0
Effect on neurohormones +/- 1

Despite the known hemodynamic effects of ON, it is unclear
whether their use may influence the neurohumoral activation in-
duced by HF [13-15].

ON in Acute HF

ON, which have been used as vasodilators in acute HF for many
years, have never been evaluated in a prospective randomized
study. Data from the EuroHeart Failure Survey showed the use
of ON varies from 6% to 70% in different European regions [16].
The ADHERE registry documented similar findings in the United
States [17].

The underuse of ON contrasts with the fact that these drugs
associated to noninvasive ventilation are the only treatments in
acute HF based on positive randomized controlled trials.

Two small, not blinded randomized trials performed in intensive
care units regarding patients with acute HF beginning with acute
pulmonary edema found that high-dose intravenous NTG therapy
showed a significantly improvement inhospital outcome [18,19].

One of these trials included 104 patients randomized to high-
dose isosorbide dinitrate (ISDN) therapy (3 mg bolus adminis-
tered intravenously every 5 min) and low dose of furosemide
(40 mg) versus high-dose furosemide (80 mg bolus administered
intravenously every 15 min) and low dose of ISDN (1 mg/h, in-
creased every 10 min by 1 mg/h) [18].

The other study included 40 patients randomly allocated to re-
ceive repeated boluses of ISDN 4 mg intra venous (i.v.) every 4
min or bilevel positive airway ventilation plus standard dose ISDN
therapy (started with 10 umol/min and increased every 5 to 10
min by 10 gmol/min) [19].

The only randomized, placebocontrolled trial designed to com-
pare effects of NTG, nesiritide, or placebo when added to standard
care in acute heart failura (AHF) patients was the Vasodilatation
in the Management of Acute CHF (VMAC) study [20]. Results
of this study demonstrated that commonly used i.v. NTG doses
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(30-60 ng/min) were not effective in improving hemodynamics or
symptoms.

The lack of clinical effects on VMAC study was probably related
to a decrease in vasodilatory response to NTG (nitrate resistance)
previously described in patients with HF [21], suggesting larger
doses (>120 pg/min) employment to obtain a significant hemo-
dynamic parameters improvement [21].

More recently, Breidthardt et al., have shown that using high
doses of transdermal or sublingual NTG (82.4 mg) resulted in a
greater decrease in BNP values in patients with acute HF than in
patients treated with standard dosages (20 mg) within the first 48
h of treatment [22].

It must be noted that previous studies found similar hemody-
namic effects using both transdermal NTG and intravenous nitrate
formulations [23,24] (Table 3).

ON in Chronic HF

Differently to limited data about use of ON in acute HF, several
trials demonstrate widespread use of ON in patients with chronic
HF [25-27].

Main clinical trials evaluating the effects of ON in chronic HF
was tested with an association of ISDN and hydralazine (H). The
rationale for use that combination of molecules was in part be-
cause of their complementary “nitroprusside-like” hemodynamic
effect caused by the predominant venodilatory action of ISDN and
the arterial-dilatory effect of H. Therefore, it has been postulated
that combining the NO donor (ISDN) with the antioxidant (H)
may provide an alternative or supplemental approach to slow or
reverse progressive HF [28].

The first placebo-controlled trial testing the effects of H-ISDN on
mortality in patients with chronic HF was the Vasodilator-Heart
Failure Trial (V-HeFT) I, which enrolled 642 men randomized
to placebo, prazosin (20 mg/day), or H-ISDN (300/160 mg/day)
added to a diuretic and digoxin. All the patients were not treated
with antineurohormonal therapy such as beta blockers, ace in-
hibitors (ACEI), and angiotensin II receptor blockers (ARB) [29].
In V-HeFT I, the combination of H-ISDN provided a beneficial ef-
fect on prognosis in HF.

The V-HeFT II trial was designed to tested effects of H-ISDN
in comparison to antineurohormonal therapy. This study enrolled
804 men, mainly in NYHA class I and III, randomized to enalapril
(20 mg/day) or H-ISDN, added to a diuretic and digoxin without a
beta blocker [30].

V-HeFT II demonstrated that enalapril had a more favorable ef-
fect on 2-year survival than a combination of H-ISDN. However,
the H-ISDN combination exerted a positive short-term impact on
exercise performance and left ventricular ejection fraction.

Subgroups analysis of each study showed a better progno-
sis in black populations. To confirm these data, the African-
American Heart Failure Trial (A-HeFT) was designed. It enrolled
1050 African-American men and women in NYHA class III or IV,
randomized to placebo or H-ISDN, added to a diuretic (in 90%),
digoxin (60%), ACEI (70%), ARB (17%), beta blocker (74%),
and spironolactone (39%) [31]. The trial was discontinued pre-
maturely, after a median follow-up of 10 months, because of a
significant reduction in mortality in the H-ISDN group. H-ISDN
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Table 3 Principal studies regarding use of organic nitrates in acute heart failure

Nitrates in Congestive Heart Failure

Study Population Treatment Primary endpoint Results

Cotter et al. [18] Patients admitted to ISDN (3 mg bolus administered Death Required mechanical 2% versus 6% (P =0.61)
emergency unit intravenously every 5 min; n = 56) ventilation Myocardial 13% versus 40%
with signs of versus furosemide (80 mg bolus infarction (P =10.0041)

congestive heart
failure (n=110)

Sharon et al. [19] Consecutive patients

administered intravenously every
15 min, as well as ISDN 1 mg/h,
increased every 10 min by 1 mg/h;
n=>54)

repeated boluses of IV ISDN 4 mg

Death Required mechanical

17% versus 37% (P = 0.047)

0% versus 10% (P = 0.49)

with severe every 4 min (n = 20) versus BiPAP ventilation Myocardial 20% versus 80% (P =
pulmonary edema ventilation and standard dose infarction Combined 0.0004)
(n=40) nitrate therapy (n = 20). endpoint 10% versus 55% (P = 0.006)
5% versus 85% (P = 0.0003)
VMAC Trial [20] Inpatients with Intravenous nesiritide (n = 204), Changein PCWP at 1 h —5.5%/** yersus —2.8 versus
dyspnea at rest intravenous NTG (n = 143), or Change in PCWP at3 h -1.5 —5.8*/** versus -3.8
from placebo (n = 142) added to Dyspneaat3h versus -2 | * versus | *
decompensated HF standard medications for 3 hours, versus = /1 (*P < 0.05
(n = 489) followed by nesiritide (h = 278) or niseritide versus Placebo)
NTG (n = 216) added to standard (**P < 0.05 niseritide
medication for 24 hours versus NTG)
Breidthardt etal. [22] ~ Consecutive patients Higher doses of NTG sublingual and Decrease of BNP during the 33 £ 3.5% versus 16 £+ 3.4%
with acute heart transdermal (82.4 mg [46.2—-120.6]) first 24 h Decrease of BNP (P =0.005)
failure (n = 128) versus standard therapy group during the first 48 h 29 + 4.9% versus 15 £+ 5.4%
(20 mg [10-30]) during the first 48 h (P=0.06)
Versus
Table 4 Principal studies regarding use of organic nitrates in chronic heart failure
Study Population Treatment Endpoint Results
V-Heft 1 [29] Patients with impaired cardiac Placebo (n = 263) versus Cumulative mortality rate in 2.3 Similar in placebo and prazosin
function (average EF = 30%) 2.5 mg prazosin/daily (n = years of follow up group. Risk reduction by 2
and reduced exercise 183) versus 300-160 mg years: 34% H-ISDN versus
tolerance (n = 642) H-ISDN/daily (n = 186) Placebo (P < 0.028)
V-Heft Il [30] Patients with impaired cardiac Enalapril 20 mg/daily (n = 403) Total mortality after 2 years 18% versus 25% (P = 0.016)
function (average EF = 29%) versus H-ISDN 300-160 Oxygen consumption Increased only by H-ISDN
and reduced exercise mg/daily (n = 401) (ml/Kg/min) (P < 0.05)
tolerance (n = 804)
A-Heft [31] Black patients who had New H-ISDN 225-120 mg/daily (= Total mortality First 10.2% versus 6.2% (P = 0.02)

York Heart Association class
Il or IV heart failure with
average EF 30% (n = 1050)

Patient discharged with
advance systolic congestive
heart failure (NHYA IlI-IV; n =
239)

Mullens et al. [32]

518) versus placebo (n = 532)

H-ISDN + ACE I/ARB (n = 142)
versus ACEI/ARB (n = 97)
titrated to hemodynamic
response

hospitalization for heart
failure

All-cause mortality Cardiac
transplant HF
rehospitalization All-cause
mortality 4+ HF
rehospitalization

24.4% versus 16.4% (P =
0.001)

34% versus 41% (P = 0.04) 22%
versus 19% (P = 0.5) 59%
versus 64% (P = 0.4) 70%
versus 85% (P = 0.03)

also reduced the risk of HF hospitalization and improved quality

of life.

These results taken together constitute a strong recommenda-
tion to the addition of the combination of H-ISDN to the standard
medical regimen for HF in African-Americans.

Although white patients did not appear to have a mortality
benefit in the retrospective analysis of V-HeFT, these data can-
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not exclude a benefit of the H-ISDN combination in non African-

Americans when added to the standard optimal antineuhormonal

of H-ISDN,

HF therapy.

More recently Mullens et al. showed that a fixed dose
in addition to neurohormonal blockade,
sociated with a more favorable hemodynamic profile and
long-term

clinical outcomes in
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low-output advanced decompensated HF, regardless of race [32]
(Table 4).

Recommendations in Guidelines

In the early phase of acute HF, ESC guidelines recommend NTG as
continuous infusion, at the initial dosage of 10-20 ©g/min increase
up to 200 pg/min, or ISDN at the initial dosage of 1 mg/h increase
up to 10 mg/h (Class of recommendation I, level of evidence B) in
patients with systolic blood pressure (SBP) >110 mmHg, and used
with caution in patients with SBP between 90 and 110 mmHg [1].
Furthermore, more recently, AHA guidelines have recommended
the use of vasodilators such as i.v. NTG in addition to diuretics
and/or in patients who do not respond to diuretics alone, and in
those with evidence of severely symptomatic fluid overload in the
absence of systemic hypotension (Class of recommendation Ila,
level of evidence C) [2].

Indeed, in chronic HF, ESC guidelines recommend H-ISDN
use (Class of recommendation I, level of evidence B) in pa-
tients as an alternative to an ACEI/ARB therapy when both of
the latter are not tolerated, as add-on therapy to an ACEI if an
ARB or aldosterone antagonist is not tolerated and in patients
of African-American descent [1]. AHA guidelines modified their
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recommendations including H-ISDN to improve outcomes for pa-
tients self-described as African-Americans, with moderate-severe
symptoms on optimal therapy with ACEI beta blockers, and di-
uretics (Level of Evidence: B) [2]. HFSA guidelines also rec-
ommend H-ISDN as a part of standard therapy in addition to
beta blockers and ACEI for African-Americans with HF and re-
duced LVEF with moderate-severe symptoms (Level of Evidence
A) or with mild symptoms (Level of Evidence B) and in non
African-American patients with HF and impaired LVEF who re-
main symptomatic despite optimized standard therapy (Level of
Evidence C) [3].

Conclusions

Although the use of ON represents the cornerstone of treat-
ment of ischemic heart disease, well known for over 100 years,
more recent evidence also suggests that this therapy could be
used in the treatment of acute and chronic HF. The rational ba-
sis for their use in HF is a unique combination of vascular ef-
fects that favorably influence conditions of preload and after-
load in acute and chronic settings. In the absence of arterial hy-
potension, nitrates are considered effective and economical, com-
pared to other vasodilators and recommended in patients with
congestive HF.

Cardiol 1989;63:217-221.

Nitrates and endothelial prostacyclin production: 15. Dakak N, Makhoul N, Merdler A, et al.

1. Task Force for Diagnosis and Treatment of Acute

Society of Cardiology, Dickstein K, Cohen-Solal

A, Filippatos G, McMurray JJ, et al.; ESC 6A):22-26.

Studies in vitro. Circulation 1985;71:176-182.
and Chronic Heart Failure 2008 of European 6. Fung HL. Pharmacokinetic determinants of
nitrate action. Am J Med 1984;76(Suppl

Haemodynamic and neurohumoral effects of
flosequinan in severe heart failure: Similarities
and differences compared with intravenous NTG
therapy. Eur Heart J 1993;14:836-844.

Committee for Practice Guidelines, Vahanian A, 7. Abrams J. The role of nitrates in coronary heart 16. Komajda M, Follath F, Swedberg K, et al. Study

Camm J, De Caterina R, Dean V, et al. ESC

acute and chronic heart failure 2008: The task
force for the diagnosis and treatment of acute

Society of Cardiology. Developed in collaboration

with the Heart Failure Association of the ESC 2005;51:307-320.

disease. Arch Intern Med 1995;155:357-364.
Guidelines for the diagnosis and treatment of 8. Bauer JA, Booth BP, Fung HL. Nitric oxide
donors: Biochemical pharmacology and
therapeutics. Adv Pharmacol 1995;34:361-381.
and chronic heart failure 2008 of the European 9. Bode-Boger SM, Kojda G. Organic nitrates in

cardiovascular disease. Cell Mol Biol

Group on Diagnosis of the Working Group on
Heart Failure of the European Society of
Cardiology. The EuroHeart Failure Survey
programme-a survey on the quality of care
among patients with heart failure in Europe. Part
2: Treatment. Eur Heart J 2003;24:464—

474.

(HFA) and endorsed by the European Society of 10. Elkayam U. Nitrates in the treatment of 17. Fonarow GC. ADHERE Scientific Advisory

Intensive Care Medicine (ESICM). Eur Heart J

2008;29:2388-2442. 1996;77:41C-51C.

2. Jessup M, Abraham WT, Casey DE, et al. 2009 11. Ludbrook PA, Byrne JD, Kurnik PB, Mcknight

focused update: ACCF/AHA Guidelines for the
diagnosis and management of heart failure in
adults: A report of the American College of

Cardiology Foundation/American Heart

Developed in collaboration with the
International Society for Heart and Lung
Transplantation. Circulation 2009;119:1977-2016.

w

Albert NM, et al. HFSA 2010 Comprehensive
Heart Failure Practice Guideline. J Card Fail
2010;16:el-e194.

4. Ignarro LJ, Lippton H, Edwards JC, et al.

congestive heart failure. Am J Cardiol

RC. Influence of reduction of preload and
afterload by nitroglycerin on left ventricular
diastolic pressure-volume relations in man.
Circulation 1977;56:937-943. 18. Cotter G, Metzkor E, Kaluski E, et al.
Association Task Force on Practice Guidelines: 12. Elkayam U, Roth A, Kumar A, et al.
Hemodynamic and volumetric effects of
venodilation with NTG in chronic mitral
regurgitation. Am J Cardiol 1987;60:1106-1111.
. Heart Failure Society of America,Lindenfeld J, 13. Olivari MT, Carlyle PF, Levine TB, Cohn JN.

transdermal nitroglycerin in normal subjects and
in patients with congestive heart failure. J Am
Coll Cardiol 1983;2:72-78.

Committee. The Acute Decompensated Heart
Failure National Registry (ADHERE):
Opportunities to improve care of patients
hospitalized with acute decompensated heart
failure. Rev Cardiovasc Med 2003;4(Suppl
7):521-S30.

Randomised trial of high-dose isosorbide
dinitrate plus low-dose furosemide versus
high-dose furosemide plus low-dose isosorbide
dinitrate in severe pulmonary oedema. Lancet
1998;351:389-393.

Hemodinamic and hormonal response to 19. Sharon A, Shpirer I, Kaluski E, et al. High-dose

intravenous isosorbide-dinitrate is safer and
better than Bi-PAP ventilation combined with

conventional treatment for severe pulmonary

Mechanism of vascular smooth muscle relaxation 14. Webster MW, Sharpe DN, Coxon R, et al. Effect edema. J Am Coll Cardiol 2000;36:832—
by organic nitrates, nitrites, nitroprusside and of reducing atrial pressure on atrial natriuretic 837.
nitric oxide: Evidence for the involvement of factor and vasoactive hormones in congestive 20. Publication Committee for the VMAC

S-nitrosothiols as active intermediates. J
Pharmacol Exp Ther 1981;218:739-749.

30 cardiovascular Therapeutics 31 (2013) 27-31

heart failure secondary to ischemic and
nonischemic dilated cardiomyopathy. Am J

[Vasodilatation in the Management of Acute

CHF] Investigators. Intravenous nesiritide vs.

© 2012 Blackwell Publishing Ltd



E. Vizzardi et al.

21.

22.

23.

24.

nitroglycerin for treatment of decompensated
congestive heart failure: A randomized controlled
trial. JAMA 2002;287:1531-1540.

Elkayam U, Mehra A, Shotan A, Ostrzega E.
Nitrate resistance and tolerance: Potential
limitations in the treatment of congestive heart
failure. Am J Cardiol 1992;70:98B-104B.
Breidthardt T, Noveanu M, Potocki M, et al.
Impact of a high-dose nitrate strategy on cardiac
stress in acute heart failure: A pilot study. J Intern
Med. 2010;267:322-330.

Packer M, Lee WH, Kessler PD, Gottlieb SS,
Medina N, Yushak M. Prevention and reversal of
nitrate tolerance in patients with congestive
heart failure. N Engl J Med 1987;317:799—

804.

Roth A, Kulick D, Freidenberger L, Hong R,
Rahimtoola SH, Elkayam U. Early tolerance to
hemodynamic effects of high dose transdermal

© 2012 Blackwell Publishing Ltd

25.

26.

27.

28.

nitroglycerin in responders with severe chronic
heart failure. J Am Coll Cardiol 1987;9:858—
864.

The SOLVD Investigators. Effect of enalapril on
survival in patients with reduced left ventricular
ejection fraction and congestive heart failure. N
Engl J Med 1991;325:293-302.

Packer M, O’Connor CM, Ghali JK, et al. Effect
of amlodipine on morbidity and mortality in
severe chronic heart failure. N Engl J Med
1996;335:1107-1114.

The Digitalis Investigation Group. The effect of
digoxin on mortality and morbidity in patients
with heart failure. N Engl J Med
1997;336:525-533.

Bauer JA, Fung HL. Concurrent hydralazine
administration prevents nitroglycerin-induced
hemodynamic tolerance in experimental heart
failure. Circulation 1991;84:35-39.

29.

30.

31.

32.

Nitrates in Congestive Heart Failure

Cohn JN, Archibald DG, Ziesche S, et al. Effect of
vasodilator therapy on mortality in chronic
congestive heart failure: results of a Veterans
Administration Cooperative Study (V-HeFT). N
Engl J Med 1986;314:1547-1552.

Cohn JN, Johnson G, Ziesche S, et al. A
comparison of enalapril with
hydralazine-isosorbide dinitrate in the treatment
of chronic congestive heart failure. N Engl J Med.
1991;325:303-310.

Taylor AL, Ziesche S, Yancy C, et al. Combination
of isosorbide dinitrate and hydralazine in blacks
with heart failure. N Engl J Med
2004;351:2049-2057.

Mullens W, Abrahams Z, Francis GS, et al.
Usefulness of Isosorbide Dinitrate and
Hydralazine as add-on therapy in patients
discharged for advanced decompensated heart
failure. Am J Cardiol 2009;103:1113-1119.

Cardiovascular Therapeutics 31 (2013) 27-31 31





