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Introduction to pulse pressure
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The circulation serves to distribute cardiac output through a series of branching net-
works. Blood pressure (BP) consists of a pulsatile component (correlated with pulse 
pressure {PP}) that is the consequence of intermittent ventricular ejection from the heart 
and a steady component related to cardiac output and vascular resistance (correlated 
with mean arterial pressure {MAP}). Pulse pressure is the arithmetic difference between 
systolic and diastolic BP (PP= SBP-DBP)1. In normotensives, hypertensives, subjects 
with established vascular disease and diabetes an elevated pulse pressure is associated 
with an increased risk of myocardial infarction, stroke, development of coronary artery 
disease, left ventricular hypertrophy, damage to the microcirculation, heart failure and 
death2-19. However, there seems to be a paradox whereby for those with heart failure 
and more advanced left ventricular dysfunction, a lower pulse pressure is predictive of 
adverse (cardiovascular) events.

The large conduit arteries serve to minimize pulsatility; this proximal compartment 
(the aorta and its main braches) is characterised by low stiffness, sensitive to both age 
and changes in blood pressure. Other determinants of pulse pressure are the cushioning 
capacity of arteries and the timing and intensity of wave reflections. Wave reflections 
occur throughout the arterial tree at branching points whereby part of the forward 
travelling pulse wave coming from the heart at a given speed (described quantitatively 
by pulse wave velocity) summates with a backward wave returning from the heart. The 
distal compartment of the circulation is the major source of wave reflections, composed 
chiefly of vascular smooth muscle cells with contractile properties, sensitive to vasoac-
tive substances15.

Pulse pressure is therefore a product of the following components:
1. aortic distensibility;
2. peripheral vascular tone;
3. length of the arterial tree;
4. stroke volume;
5. rate of ejection;

The cushioning capacity of the arteries is usually described in terms of compliance and 
distensibilty. Compliance can be defined as the change in geometry (diameter, volume 
or area) per unit change in pressure whereas distensibility is the change in area per 
change in pressure. Compliance can also be defined as a measure of the capacity of 
a volume-containing structure, such as the arterial system, to accommodate further 
increases in volume (∆ volume/∆ pressure). Arterial compliance (C) can be estimated by 
stroke volume/pulse pressure (C = SV/PP). Changes in pulse pressure can thus be related 
to changes in stroke volume and compliance. Pulse pressure may thus be increased with 
an increased stroke volume, a reduction in vascular compliance or an increased rate of 
ejection, or a combination. For any given ventricular ejection fraction and heart rate, 
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large artery stiffness and wave reflection represent the major determinants of pulse 
pressure16.

PulSAtile hAemoDynAmiCS in AtheroSClerotiC DiSeASe

Elevated pulse pressure correlates with the presence and severity of atherosclerosis, but 
stiffening of the vessels may play a primary role in the development and progression 
of atherosclerosis. Repeated cyclical stress, which has 2 components: (1) frequency (or 
heart rate) and (2) amplitude (or pulse pressure) can lead to breakdown of elastin with 
loss of arterial compliance. Conduit vessel stiffening results in increased transmission 
velocity of both forward and reflected pressure waves, resulting in the premature return 
of the reflected wave from the periphery. Rather than returning in diastole, the reflected 
wave returns to the proximal aorta in systole, and augments pulse pressure and left 
ventricular load, increases left ventricular mass, reducing diastolic pressure, increas-
ing myocardial oxygen demand and decreasing coronary perfusion. This reduction in 
coronary perfusion pressure may be particularly important in diseased hearts, in which 
elevated filling pressures may further limit coronary perfusion.

PulSe PreSSure AnD “milD” heArt fAilure

Increased aortic stiffness can have a detrimental effect on systolic function of an already 
depressed left ventricle through changes in reflected waves arising from the periphery20. 
Pulse pressure has been the focus of many studies in hypertension, nephrology, diabetes 
and vascular disease but has not been well studied in subjects with heart failure. In the 
SAVE clinical trial (captopril vs placebo in 2232 patients with a left ventricular ejection 
fraction {LVEF} ≤ 40% after a recent myocardial infarction) an increased pulse pressure 
was an independent predictor of cardiovascular mortality21. In the SOLVD study (LVEF 
≤ 35% with no symptoms or mild heart failure) again a higher pulse pressure was an 
independent predictor of total and cardiovascular morality22.

PulSe PreSSure AnD DeComPenSAteD heArt fAilure

In the VMAC study of acute decompensated heart failure (N= 489; IV nitrate vs nesiritide 
{recombinant brain natriuretic peptide}), a lower pulse pressure was a strong inde-
pendent predictor of mortality23. This association was even more profound in patients 
whom pulse pressure was measured within 24 hours after admission. Those with a 
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pulse pressure <43 mmHg had a 2.5 times increased mortality compared to those with 
a pulse pressure >59 mmHg. These findings are at odds with the seemingly paradoxical 
relationship between elevated pulse pressure and outcome, which has been previously 
attributed to large-vessel stiffness. In the setting of more severe heart failure an elevated 
pulse pressure may indicate a relative preservation of contractile function, and confer a 
favourable prognosis.

ProPortionAl PulSe PreSSure AnD ADvAnCeD SyStoliC heArt 
fAilure

As many patients with chronic heart failure achieve their best cardiac outputs at sys-
tolic blood pressures below 100 mmHg, pulse pressure as a proportion of SBP can be 
analysed calculated by dividing pulse pressure by SBP. This is termed proportional pulse 
pressure (PPP). In subjects with systolic CHF Stevenson et al. demonstrated a PPP <25% 
identified cardiac indexes less than or equal to 2.2 L/min/m2. A low proportional pulse 
pressure was strongly correlated with a low cardiac index (r= 0.82; p < 0.001), and with 
stroke volume index (r=0.78; p < 0.001). When proportional pulse pressure was less than 
25%, it had a 91% sensitivity and 83% specificity for a cardiac index of less than 2.2L/
min/m2.There was a poor correlation between cardiac index and mean arterial (r= 0.05) 
and systolic blood pressures (r=0.36)24.

Pulse pressure is therefore a crude measurement of vascular stiffness but is system-
atically related by time domain parameters such as heart rate, ejection fraction and 
duration, as well as factors related to the arterial circulation that subsequently influence 
wave reflections. Elevated pulse pressure is associated with mortality in those with left 
ventricular systolic dysfunction and mild chronic heart failure but reverse scenario is 
seen in more advanced heart failure. Pulse pressure is readily measurable but has not 
been well studied in heart failure populations.

Aims of this thesis : …. We aim to study the haemodynamic entity that is “pulse pres-
sure”. We postulate that a lower pulse pressure is a marker of haemodynamic impairment 
predicting outcome in systolic heart failure i.e heart failure with reduced left ventricular 
ejection fraction.
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introDuCing the ChAPterS

In chapter 2 we examine the predictive value of pulse pressure in a large cohort of pa-
tients with advanced systolic heart failure now collectively known as heart failure with 
reduced ejection fraction (HF-REF).

In chapter 3 we examine pulse pressure in patients with coronary artery disease related 
heart failure and contrasted this with heart failure without myocardial ischaemia. The 
premise being atherosclerosis tends to increase pulse pressure; but reduced ventricular 
function may have the opposite effect.

In chapter 4 we had a unique cohort of patients all with reduced ejection fraction after 
a recent myocardial infarction. This allowed us to investigate the predictive role of pulse 
pressure across similar levels of left ventricular impiarment but with varying degrees 
of heart failure. Heart failure was simply defined clinically according to the Killip Class.

In chapter 5 we turned our attention to the relationship between pulse and propor-
tional pressure measured centrally and invasively determined cardiac index in a broad 
range of patients with cardiovascular disease, referred for right and left heart catheteri-
sation.

Chapter 6 is a scientific letter in response to a paper regarding the prognostic role of 
pulse pressure in heart failure.

Chapter 7 builds on our previous findings and examines in detail the relationship be-
tween cardiac index and peripheral proportional pulse pressure in an acute heart failure 
population requiring hospital admission. All patients had an elevated pulmonary artery 
capillary wedge pressure and with low left ventricular ejection fraction.

Chapter 8 summarises the thesis, provides an update to the literature and gives some 
thought for further study.
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