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Causes of heart failure

Myocardial disease

Coronary artery disease
Dilated cardiomyopathy

(specific or idiopathic)
Hypertension

Valve disease
Arrhythmias

Pericardial disease
Congential heart disease

Pathophysiology

Haemodynamics

– Preload

– Afterload

– Contractility

HypertensionHypertension Toxins (Toxins (EtOHEtOH))InfarctInfarct
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Aldosterone

Angiotensinogen

Angiotensin I

Angiotensin II

Bradykinin

Inactive Kinins

ACE

Renin

Kinase II

Vasoconstriction

↓ Blood Pressure 
Vasodilation

Neurohormonal 
disruption

XXXX ACE inhibitor
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AII antagonist

Beta blocker

Aldosterone
anatagonistRenal salt & water

retention

but

DISASTER 
for long-term 

survival 

Good, 
for short-term survival, 
if a dinosaur bites your 
leg off …

“ ”

Pathophysiology

Haemodynamics

– Preload

– Afterload

– Contractility

Neurohormonal

Remodelling

Collagen decomposition and deposition in heart failure
www.medpharm.co.za/safp/
2002/jan/heart2.html 
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Pathophysiology 
of heart failure

Initial injury

then

multiple pathways 

of deterioration

Haemodynamics

Preload
Afterload
Contractility

Neurohormonal 

disruption

Remodelling

MI
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Survival after diagnosis of 
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Prognostically proven therapies:

Enhancing survival and independence in systolic heart failure

ACE inhibitors

Beta blockers

AII receptor antagonists

Spironolactone

Referral for assessment for:
Revascularisation
Resynchronisation
(Defibrillator implantation)

Exercise training

Combine the first 2 usable agents

ACEi: mechanisms

VASOCONSTRICTION VASODILATATION 
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RENIN
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N Engl J Med 1987;316:1429

The landmark trial of 
ACE in advanced CHF
CoNSEnSuS
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The landmark trial of 
ACE in asymptomatic LV dysfunction post MI
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N Engl J Med 1992;327:669 Time (years)
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Captopril
n=1115

19% relative risk reduction
p=0.019

n = 2231
3 - 16 days post AMI
EF < 40
12.5 --- 150 mg  / day

ACEi save lives 
proven over and over ...



5

Higher dose lisinopril (32.5-35 mg vs ~2.5-5mg / day)
gives ~10% lower event rate

This is statistically significant for frequent events 
(i.e. when hospitalisation is included)

ACE inhibitors 

 

 
Licensed ACEI Starting dose (mg) Target dose (mg) 
 
Captopril 6.25 three times daily 50–100 three times daily 
Cilazapril* 0.5 once daily 1–2.5 once daily 
Enalapril 2.5 twice daily 10–20 twice daily 
Fosinopril* 10 once daily 40 once daily 
Lisinopril 2.5–5.0 once daily 30–35 once daily 
Perindopril* 2.0 once daily 4 once daily 
Quinapril* 2.5–5.0 once daily 10–20 once daily 
Ramipril 2.5 once daily 5 twice daily or 10 once daily 

 



6

ACEi problems 

Renal artery stenosis

Renal failure

Hyperkalemia

Hypotension

Cough

ACE inhibitors

● Key trials demonstrating survival benefit
– CONSENSUS – late HF
– V-HeFT II – mild/moderate
– ISIS-4 – early HF after MI

● Main difference between class members 
is half-life

● Dose-limiting side effects are
– Hypotension (if symptomatic)
– Rising creatinine (N.B. renal artery stenosis)

● <30% rise is acceptable, don’t stop

● Other side effect, in some: Cough
● Start early, titrate up

*P < 0.05 vs Day 1
Mooser V, et al. J Cardiovasc Pharmacol. 1990;15:276-282
*P < 0.05 vs Day 1
Mooser V, et al. J Cardiovasc Pharmacol. 1990;15:276-282

• Trandolapril 8 mg QD in 7 healthy subjects for 10 da ys
• All levels higher on day 10 than on day 1

– Non-ACE proteases, especially chymase
– Mass effect (constant A II /AI ratio)

• Trandolapril 8 mg QD in 7 healthy subjects for 10 da ys
• All levels higher on day 10 than on day 1

– Non-ACE proteases, especially chymase
– Mass effect (constant A II /AI ratio)
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AII initially supressed by ACEi
but soon “escapes”

AII promotes
renal tubule sodium reabsorption
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Brand % bio- Effect T 1/2 Protein
Drug name available of food (h) bound (%)

Losartan Cozaar 33 None 2 99
(Metabolite: E-3174) — — 9 99

Valsartan Diovan 25 50% ↓↓↓↓ 6 95

Irbesartan Avapro 60 None 15 90

Candesartan Atacand 40 None — —
(Metabolite: CV-11974) — — 9 99

Telmisartan Micardis 50 20% ↓↓↓↓ 13 99

Eprosartan Teveten 13 25% ↓↓↓↓ 9 98

AII antagonists

AIIRA (losartan):
about as good as
ACEi (captopril) 

ELITE II study

AIIRA:
Beneficial in patients who 
“can’t take an ACE inhibitor”

CHARM-Added study

AIIRA (valsartan) may confer 
additional benefit

in patients already on ACEi
ValHeFT studySignificant improvements in 

• heart failure hospitalisations (by 27%)

• NYHA functional class, 

• ejection fraction, 

• signs and symptoms, and 

• quality of life. 

Mortality showed no significant difference (19.7% vs 19.4%). 

Higher dose lisinopril (32.5-35 mg vs ~2.5-5mg / day)
gives ~10% lower event rate

This is statistically significant for frequent events 
(i.e. when hospitalisation is included)
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Early beta blocker work:
BHAT, beta blocker heart attack trial
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Clinical Challenge
Beta blockers and low blood pressure

When is blood pressure too low to start beta blockade?

120?

110?

100?
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Are AIIRA an equal-status
replacement for ACEi?

Yes

Losartan ELITE II
Candesartan CHARM
Valsartan ValHeFT

ACE inhibition

Give full therapeutic doses

Small creatinine rises (<30%)
are not grounds for discontinuation

If cough, there is strong research grounding 
to switch to AIIRA

Spironolactone
(RALES)
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Spironolactone
(RALES)

Renal dysfunction
* use only 25 mg od
* beware long half-life

* first agent to drop if Cr^

Hyperkalaemia
* average rise only 0.1 mM
* but wide spread

Gynaecomastia?
* Eplerenone (off-licence)

Clinical challenges with spironolactone

Enhancing survival in heart failure

ACE inhibitors

Beta blockers

AII receptor antagonists

Spironolactone -- evidence for NYHA III/IV

First 2

ISDN+hydralazine
(A-HeFT)
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Cardiac resynchronisation:
Effect on walking distance

Impact of cardiac resynchronisation on 
transplant-free survival
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N Engl J Med. 2005;352:1539-49. 
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MADIT II
Prophylactic defibrillator 
implantation 

Overall main finding: 

Previous MI and LVEF < 0.30 – without additional risk 
stratification –

identifies a high-risk patient cohort, which benefits from ICDs

How you can make a difference 
between life and death for your heart 
failure patient

Life-saving

• ACE inhibitor

• Beta blocker

• AII antagonist (if not on ACEi and BB)

• Spironolactone/Epleronone (if NYHA III/IV)

• Biventricular pacing (if electrcial dyssynchrony)

• Implanted defibrillator (if infarct, or poor LV)

• Supervised exercise training (not just advice)

Possibly life-saving

• Revascularisation (if viability - disputed)

Palliative (reducing symptoms, reducing admissions)

• Digoxin

• Diuretic


