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Background: Hydralazine (H) and nitrates (Ns), when combined, reduced morbidity and mortality in some trials
of chronic heart failure (CHF). It is unclear whether either agent used alone provides similar benefits. We aimed
to evaluate the effects of H and/or N in patients with CHF.

Methods: A systematic review of randomised trials assessing the effects of H and N in CHF. For meta-analysis, only
the endpoints of all-cause mortality and cardiovascular mortality were considered.

Results: In seven trials evaluating H&N in 2626 patients, combination therapy reduced all-cause mortality (OR
0.72; 95% C10.55-0.95; p = 0.02), and cardiovascular mortality (OR 0.75; 95% C1 0.57-0.99; p = 0.04) compared
to placebo. However, when compared to angiotensin converting enzyme inhibitors (ACEIs), combination therapy
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zi?;:iazme was associated with higher all-cause mortality (OR 1.35; 95% CI 1.03-1.76; p = 0.03), and cardiovascular mortal-
Morbidity ity (OR 1.37; 95% CI 1.04-1.81; p = 0.03). For N alone, ten trials including 375 patients reported all-cause
Mortality mortality and showed a trend to harm (13 deaths in those assigned to nitrates and 7 to placebo; OR 2.13; 95%
C10.88-5.13; p = 0.09). For H alone, three trials showed no difference in all-cause mortality compared to placebo
(OR 0.96; 95% C10.37-2.47; p = 0.93), and two trials suggested inferiority to ACEI (OR 2.28; 95% CI 1.03-5.04;
p = 0.04).
Conclusions: Compared to placebo, H&N reduces mortality in patients with CHF. Whether race or background
therapy influences benefit is uncertain, but on direct comparison H&N appears inferior to ACEL There is little
evidence to support the use of either drug alone in CHF.
© 2015 Elsevier Ireland Ltd. All rights reserved.
1. Background been tried. In particular, the combination of hydralazine (H) and nitrates

The therapy of chronic heart failure (CHF) has advanced dramatically
over the last 20-30 years [1]. Good medical treatment with angiotensin
converting enzyme inhibitors (ACEIs), beta adrenoceptor antagonists
(BB) and mineralocorticoid receptor antagonists (IMRAS), now approxi-
mately doubles life expectancy [2]. However, mortality rates remain
high, particularly in the first year after a hospitalisation for heart failure
[3]. ACEIs were initially thought to mediate their benefit, at least in part,
through their action as vasodilators, and other vasodilators have also

Abbreviations: AAOS, African-American origin or similar; ACEIls, angiotensin converting
enzyme inhibitors; ARNIs, angiotensin receptor neprilysin inhibitors; ARBs, angiotensin re-
ceptor blockers; BB, beta adrenoceptor antagonists; CHF, chronic heart failure; H, hydral-
azine; IHD, ischaemic heart disease; ISDN, isosorbide dinitrate; ISMN, isosorbide
mononitrate; LVSD, left ventricular systolic dysfunction; MRAs, mineralocorticoid receptor
antagonists; Ns, nitrates; NYHA, New York Heart Association.
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(Ns) was shown to be beneficial in the V-HeFT-I trial [4].

Nitrates are prescribed to patients with CHF although often for the
relief of angina rather than for their effects on the symptoms of heart
failure, venous capacity, or vascular resistance. Hydralazine is used in
some countries, but is either not available, or rarely used in many others.
A series of trials has suggested that the H&N combination may reduce
morbidity and mortality, and that this combination may be almost as ef-
fective as ACEIs [4-6]. Evidence is most compelling amongst patients of
African-American origin or similar (AAOS), but it is unclear whether ra-
cial origin is an important determinant of benefit [6]. There are many
other uncertainties related to the use of these agents. For instance, it is
not known whether they need to be used in combination, or whether
one component of the combination delivers all or most of the benefit.
Indeed, it is possible that the combination could be less effective than
either agent used alone. Moreover, the effects of H and/or N may or
may not have been altered by the changes in background heart failure
therapy. It is unclear whether H and/or N improve symptoms, although
itis widely believed that they do. It is also uncertain whether H and/or N


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2015.05.160&domain=pdf
http://dx.doi.org/10.1016/j.ijcard.2015.05.160
mailto:mohamedfarag@nhs.net
http://dx.doi.org/10.1016/j.ijcard.2015.05.160
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard

62 M. Farag et al. / International Journal of Cardiology 196 (2015) 61-69
Table 1
Trials evaluating the use of H and N combination in chronic heart failure.
Study/design Treatment Control Treatment Control Age Women Race Follow-up Background SR IHD NYHA LVSD HR SBP DBP
(n) (n) (yrs) (%) (%) therapy (%) (%) W/AV (%) (mean) (mean) (mean)
(%)
Franciosa Combination (H  Placebo 11 11 54 NR NR 90 min D,L NR 54% 91% 100% 84 113 NR
(8], 100 mg + ISDN
parallel 40 mg) PO
Unverferth Combination (H  Placebo 7 11 57 24% NR 12 weeks D,L NR 0% 94% 100% NR NR NR
[9], 225 mg + ISDN
parallel 160 mg) PO
V-HeFT1[4], Combination (H Placebo 186 273 58 0% 60% 23years D,L NR 44% NYHA 100% 83 119 76
parallel 300 mg + ISDN white /v
160 mg) PO 40% 100%
black
Lin [10], Combination (H  Enalapril 60 60 68 0% NR 1 year D,L NR 30% NYHA 100% NR 130 80
parallel 200 mg + 20 mg PO /v
Sorbitrate 80 100%
mg) PO
V-HeFT Il [5], Combination (H Enalapril 401 403 61 0% 63% 25years D,L 86 53% 43%  100% 78 126 78
parallel 300 mg + ISDN 20 mg PO white
160 mg) PO 37%
black
Ghose [11],  Combination (H  Placebo, 50 51,52 41 43% NR 1 year D,L NR 52%  100% NR NR NR
parallel 100 mg + ISDN  captopril
60 mg) PO 100 mg
PO
A-HeFT [6], Combination (H  Placebo 518 532 57 40% 100% 3 years D, L, 83% 23% 99.9% 100% NR 126 77
parallel 225 mg + ISDN black ACEI/ARB,
120 mg) PO BB, MRA

ACEIL angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker, BB: beta adrenoceptor antagonists, DBP: diastolic blood pressure, D: digitalis, H: hydralazine, HR: heart
rate, IHD: ischaemic heart disease, ISDN: isosorbide dinitrate, L: loop diuretic, LVSD: left ventricular systolic dysfunction, MRA: mineralocorticoid receptor antagonist, NR: not reported,
NYHA: New York Heart Association, SR: sinus rhythm, SBP: systolic blood pressure.

confer a different effect on different heart failure phenotypes (for exam-
ple, heart failure with normal ejection fraction, heart failure with re-
duced ejection fraction, ischaemic heart disease, and valve disease).

We therefore sought to analyse all clinical trials that had used H or N,
either alone or in combination, in patients with CHF in order to describe
the characteristics of patients recruited to these trials, to describe

Table 2
Adverse effects reported with the use of H and N combination in chronic

heart failure.

Study Treatment Control Combination adverse effects (% of ~ Control adverse effects (% of
patients) patients)

Franciosa [8] Combination (H 100 mg + ISDN 40 mg) PO Placebo None None

Unverferth [9] Combination (H 225 mg + ISDN 160 mg) PO Placebo Headache (several patients) Headache (several patients)

V-HeFT I [4] Combination (H 300 mg + ISDN 160 mg) PO Placebo Headache 12.4%" Headache 0.4%
Dizziness 6.5%" Dizziness 1.8%
Gastrointestinal 3.8% Gastrointestinal 1.8%
Nervous system 3.8% Nervous system 0.4%
Rash 1.6% Rash 0%
Arthralgia 1.6% Arthralgia 0%
Possible lupus 1.6% Possible lupus 0.7%

Lin [10] Combination (H 200 mg + Sorbitrate 80 mg) PO Enalapril 20 mg PO Headache 8.6% Headache 0%
Dizziness 5.2% Dizziness 6.7%
Gastrointestinal 1.7% Gastrointestinal 1.7%
Presyncope 1.7% Presyncope 1.7%
Facial flushing 1.7% Facial flushing 0%
Palpitation 5.2% Palpitation 0%
Cough 0% Cough 10%"

V-HeFT I [5] Combination (H 300 mg + ISDN 160 mg) PO Enalapril 20 mg PO Headache 73%" Headache 54%
Rash 31% Rash 33%
Arthralgia 63% Arthralgia 65%
Palpitation 51% Palpitation 46%
Nausea 44% Nausea 52%
Fatigue 76% Fatigue 79%
Symptomatic hypotension 20% Symptomatic hypotension 28%"
Taste disturbance 28% Taste disturbance 28%
Nasal congestion 63% Nasal congestion 63%
Cough 29% Cough 37%"

Ghose [11] Combination (H 100 mg + ISDN 60 mg) PO Placebo, captopril 100 mg PO Hypotension Hypotension
Mild renal dysfunction Mild renal dysfunction

A-HeFT [6] Combination (H 225 mg + ISDN 120 mg) PO Placebo Headache 47.5%" Headache 19.2%
Dizziness 29.3%" Dizziness 12.3%

H: hydralazine, ISDN: isosorbide dinitrate.

* This value was significantly higher than the corresponding value for the other treatment (p < 0.05).
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