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Augmenting Clinical Development of 
Heart Failure Therapies

Pulse Wave Analysis Provides Valuable Insights into 
Therapeutic Development for More Efficient Trials & Earlier 
Indications of Success

There are currently a number of pharmaceutical- or device-
based heart failure (HF) therapies in clinical use1 with numerous 
promising candidates under development. Available therapies range 
from established drug classes such as beta-blockers, angiotensin-
converting enzyme inhibitors (ACEI), angiotensin receptor blockers 
(ARB), diuretics, and nitrates to the more recently approved first-in-
class angiotensin receptor-neprilysin inhibitor.2 We have also seen 
the potential off-target benefits of a sodium glucose co-transporter-2 
(SGLT2) inhibitor, an anti-diabetic agent that was shown to reduce 
hospitalisations for heart failure.3 Heart failure-focused trials of this 
drug are currently underway and expected to complete in 2020.4 
Meanwhile, there are several novel HF therapies currently in 
Phase III studies. These include myosin activators,5 guanyl cyclase 
stimulators,6 gene transfer therapies,7 and a baroreflex activation 
system,8 to name a few. 

Recently, however, there has been criticism of how clinical trials 
for novel heart failure therapies are designed and interpreted.9 
Clinicians, researchers, regulators, and industry have collectively 
pointed out that current approaches have led to initial enthusiasm 
followed by disappointment in some candidate compounds, 
discontinuation of other potentially promising therapies, and 
a general decline in the investment in the development of heart 
failure therapeutics. This criticism has led to several specific 
recommendations on how to improve future heart failure  
trials.9,10

These include:

• identifying new patient and disease improvement markers
• tailoring end point selection to mechanism of action
• comprehensive assessment of multidomain data, and
• considerations for population enrichment

One such clinical measurement that is particularly well-
suited to address these  recommendations is the analysis 
and interpretation of the central arterial pressure waveform 
(pulse wave analysis – PWA). PWA provides insights about an 
individual’s current cardiovascular condition and has demonstrated  
greater prognostic capabilities than other standard clinical 
measurements.11 Improvements in the central pressure waveform 
with therapy are directly related to functional improvements in 
heart failure patients.12 Changes in pressure waveform contour 
differ with different therapies13 and in different patients with similar  
therapies.12 Through analysis of the entire pressure waveform 
contour, and not just the extremes (i.e. systolic and diastolic blood 
pressure), PWA assessments allow for a more comprehensive 
understanding of the effects an intervention has on ventricular-
vascular interactions14 and, given its independent relationship with 
cardiovascular outcomes,15 allows for identification of patients with 
a greater likelihood of experiencing an event. 

One parameter available from PWA that recent research 
has identified as important in heart failure is pulse pressure 
amplification (PPA), in which reflections of the pressure pulse 
from distal reflections sites result in the amplification of the pulse 
pressure from the heart to the brachial artery.14 As the pressure 
pulse created by the ejecting left ventricle propagates distally 
from the ascending aorta to the peripheral arteries, there is a 
gradual increase in the systolic and pulse pressures, an increase 
that ranges from 2 to more than 30 mmHg and varies significantly 
between individuals.16 Of course, office blood pressure is measured 
at the brachial artery so that the individual variability of PPA can 
lead to individual variability of the ascending aortic pressure, 
resulting in an unknown variability in the effect of blood pressure 
on ventricular afterload. PWA can significantly reduce this 
variability, leading to a simple and more precise indication of this  
load.  

 
Besides variations in pulse pressure amplification, 

variations in wave reflections (as well as arterial stiffness) 
result in changes to the contour of the pulse waveform. As 
the incident/forward travelling pressure wave generated by 
the left ventricle propagates through the arterial system, it 
encounters numerous discontinuities (e.g. geometric and elastic 
tapering, changes in vessel structure, bifurcations, and arterial/
arteriolar interfaces).16 These discontinuities act as reflection 
sites in that some portion of the incident wave is reflected back 
towards the left ventricle. These multiple reflected waves merge  
with the incident wave so that the measured pressure wave in 
the arteries then is the sum of these incident and reflected waves. 
The timing of the interaction between the incident and reflected 
waves controls the contour of the measured pressure wave. If, 
for example, an individual’s arterial stiffness is substantially 
increased due to disease, the reflected waves arrive in the 
ascending aorta before the aortic valve closes. This leads to an 
increase in left ventricular afterload, an important consideration 
in assessing heart failure and the effects of heart failure  
therapies. 

As mentioned above, the difference between brachial and aortic 
systolic pressure varies widely between individuals, so much so that 
two individuals with identical brachial systolic pressures may have 
aortic systolic pressures that differ by as much as 30 mm Hg or 
more.16 As a consequence, aortic pressure cannot be inferred from 
standard brachial cuff blood pressure measurements. Furthermore, 
aortic pressure changes following therapy do not necessarily mirror 
the changes in brachial blood pressure. Numerous investigations 
have shown that interventions with non-significant differences 
on cuff pressure can have significantly different effects on aortic 
pressure.13,17 Not surprisingly, it is aortic pressures that have been 
shown to be a stronger stimulus to left ventricular hypertrophy18 

and better correlated to LV structural improvements with therapy.19 
These differential aortic pressure effects are also known to explain 
the difference in outcomes between treatment arms in major 
CV trials.20 With left ventricular unloading a cornerstone of HF 
management,1 understanding central BP effects of a compound 
early in the clinical development process can be markedly  
informative. 
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As noted, increased arterial stiffness leads to arrival of 
reflected waves in mid-to-late systole, while the aortic valve 
is still open. A healthy left ventricle is able to compensate for 
and overcome this increased afterload so that wave reflections 
manifest as a late systolic boost in aortic pressures (i.e. increased  
augmentation pressure – the additional pressure that results from 
wave reflections and increased arterial stiffness). Chronic exposure 
to this increased afterload, however, leads to decompensation 
and a weakened ventricle which becomes highly sensitive to 
pressure changes. As a result, instead of presenting as increased 
augmentation pressure, reflected waves abbreviate ejection and 
decrease flow because the pressure-sensitive left ventricle is 
unable to overcome this additional load.21 Multivariable analysis in 
large population studies have shown measures of wave reflections 
to be strong and independent predictors of the development of 
congestive heart failure.11 In patients with established heart failure, 
prospective trials have found that baseline measures of wave 
reflections are able to differentiate between responders and non-
responders to vasoactive therapy12 and predict adverse outcomes 
(re-hospitalisation for HF, non-fatal myocardial infarction, non-fatal 
stroke, and death) during long-term follow-up.22 Finally, responders, 
as measured by improvements in functional status, demonstrate 
significantly greater reductions in central pressure measures of 
wave reflection and pulsatility than non-responders.12

PWA assessments offer the opportunity to identify HF subjects 
at greater risk of experiencing an adverse event (population 
enrichment), provide novel markers for predicting disease 
improvement, and more fully understand mechanisms driving 
outcomes – all valuable insights as a candidate moves through the 
clinical development process.

Finally, modification of the central pressure waveform 
does not necessarily require prolonged periods of intervention 
exposure. Depending on the mechanism of action of the drug, it 
is possible to observe significant changes in waveform variables 
in only a few minutes.23 Thus, lengthy trials may not be necessary 
to determine the effects a compound has on central pressure  
parameters.

The value that PWA assessments can bring to a heart failure 
clinical development programme is substantial and multi-faceted. 
Through an understanding of central haemodynamics, and the 
effects of a therapy on the aortic pressure waveform, it is possible to:

• 1) gain greater confidence earlier about a drug’s likelihood of 
success when transitioning through the clinical development 
phases, thus facilitating better-informed project decisions;

• 2) identify potential safety issues early in the development 
process;

• 3) aid in recruiting an enriched patient population, 
• 4) provide insight into the mechanistic actions of an intervention
• 5) facilitate drug differentiation

PWA assessments have the ability to streamline and optimise HF 
drug development by increasing programme efficiency, shortening 
project timelines, and enhancing post-market activities. With the 
advent of well-validated, established, cuff-based technologies,24 
these assessments can be conducted in any out-patient facility, 
without the need for highly-specialised trained personnel, making 
PWA assessments an attractive, easily incorporated, substantially 
valuable addition to any ongoing or future HF therapy clinical  
trial. 
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At a time when there is a need to improve HF clinical trials, 
PWA assessments, backed by a robust supporting literature, are 
uniquely positioned to provide researchers, clinicians, regulators, 
and industry members with significant and relevant data to 
augment the clinical development of HF therapies.
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