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Pulse wave analysis

Michael F. O'Rourke and David E. Gallagher

Pulse wave analysis in historical times Interpretation of the
a;1erial pulse has been an important part of the medical ex-
amination from ancient times. Graphic methods for clinical
pulse wave recording were introduced by Marey in Paris and
by Mahomed in London last century. Mahomed showed how
such recordings could be used to detect asymptomatic hy-
pertension, and used them to chart the natural history of
essential hypertension and to distinguish between this con-
dition and chronic nephritis. Interest in arterial pulse analysis,
as applied by Mahomed, lapsed with the introduction of the
cuff sphygmomanometer 100 years ago.

rately in the radial or carotid artery, to synthesize the ascend-
ing aortic pulse waveform, to identify systolic and diastolic
periods and to generate indices of ventricular-vascular in-
teraction previously only possible with invasive arterial cath-
eterization. Pressure pulse wave analysis now permits more
accurate diagnosis and more logical therapy than was ever
possible in the past
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Modern pulse wave analysis Analysis of the arterial pulse is
now regaining favour as limitations of the cuff sphygmoma-
nometer are better recognized Oncluding the ability only to
measure extremes of the pulse in the brachial artery). In addi-
tion, high-fidelity tonometers have been introduced for very
accurate, non-invasive measurement of arterial pulse con-
tour, and there is now a better understanding of arterial he-
modynamics, and appreciation of disease and aging effects
in humans. It is now possible to record the pulse wave accu-
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'Our old al~1' the pulse ranks the.first alnong our guides; no Surgeon

can despise its counsel, no Ph.1'sician shut his ears to its appea! Since

then the i~fonnation which the pulse affordj. is of so great i,npor-

tance and so often consulted, surely it Inust be to our advantage to

appreciate fully all it tell us, and to draw froln it every detail that it
is capable of ilnpat1ing. ,

With respect to the arterial pulse, modem clinical practice

has not advanced in 150 years, despite advances in other areas,

and the new methods which have been developed to measure,

analyse and interpret the arterial pulse. The aim of this review

is to trace developmentS in this area in the past 150 years, and

to suggest how clinically important information can be gleaned

from studies of the arterial pul~e.

FA. Mahomed, 1872 [1]
Classical sphygmography

In his classic work, Richard Bright [2] identified increased

arterial tension from 'hardness' of the arterial pulse, and cor-

rectly attributed left ventricular hypertrophy and vascular dam-

age to high arterial pressure. Working at the same hospital

(Guy's) in London, and initially whilst a medical student,

Mahomed sought to identify patients with increased arterial

pressure through graphic registration of the pulse [1,3,4]. He

improved on the technique initially developed by Marey in

Paris [5] and introduced a quantitative sphygmogram in which

the 'hold down' force on the radial artery could be measured.

Mahomed went on to describe the typical pressure pulse in

arterial hypertension, stressing that the most important fea-

Introduction

While the arterial pulse is the most fundamental clinical sign

in medicine, identifies the physician in works of art and forms

tl1e crest of the Royal College of Physicians of London, mod-

ern physicians pay scant attention to it and usually use it only

for determining heart rate. Physicians dealing with hyperten-

sion are content to measure just the highest (systolic) and low-

est (diastolic) value of the brachial pressure pulse in diagnos-

ing and treating this condition. Even when monitored directly

in operating theatres and critical care areas, anesthetists and

intensivists show little interest in the waveform and base their

judgements on values of systolic, diastolic and mean pressure.
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ture of the pulse was not the 'hold down' force, but the contour

of the wave, with relative prominence of the secondary systolic

or 'tidal' wave, caused by wave reflection (Fig. I).

Rg.1

'I. Pre.l"Sure above I ounce and sometimes as high as 10 ounces i.l.

elllployed to develop the pulse-tracing to its greatest extent.

3. On the sphygmographic evidence of arterio-capillary

fibrosis.

By F. A. MAHOMED, M.D.

F IGS. 5 and 6 ale U'acings obtained from a male, aged about 35,
and a female, ~t. 45; they illustrate a form of pulse frc-

quently met with in apparently healthy persons, but who, not
, ~ subjects of the gouty , L --"

2. Tht' pt'rcussion wovt' is usua//)' wd/ llIar/:t'd and distinct~)' st'pa

ratt'd.frolll tht'tida/.

.1. The dicrotic wove is vef)' s'nall and often scarce~)' perceptible; the

vessels, howt'Vel; are full during the diastolic period, and collapse

slowly.

WoroClJrS

4. The tidal wfJVe ;s prolonged and too 1nuch susta;ned.

...The Inost constant of these indication.!. i.!. the prolongation ~f the

tidal wave; and one or all ~f the other characters In~)' under ce11ain
conditions be absent. ,

alcoholists, or who possess one or other of the pr~sposing causes to
chronic Bright's disease. They do not, however, present any other
symptoms; their urine is normal, and the charactu of the pulse
alone affords an indication of their condition. The pulse presents

On the basis of this work, Mahomed went on to chart the

natural history of what we now call 'essential hypertension'

and to separate this from hypertension caused by glomeru-

lonephritis {Bright's disease). WOOOCtJT 6.

'These persons appear to pass on through lije pretty much aj' others

do and general~y do not suffer froln their high blood pressure except

in their petty ail,nents upon which it i,nprints itself, , ,a.I' age ad-

vances the ent'1n,Y gains accession of j'trength, , .the individuol has now

passed forty .yeors, perhaps fifty .years ~f age, hij' lungj' begin to degen-
erate, he has a cough in the Winter ti,ne, but b.y hij' pulse ,You will

know hi,n. ..Alternotively, headache, ve11igo, epistaxis, a passing

paralysis, a Inore severe apoplectic seizure, and then the final blow '.

Mahomed's description of the radial pressure pulse waveform in asymptomatic
persons with arterial hypertension [4].

He also showed that similar changes are seen in the arterial

pulse with aging, and noted that the secondary systolic or tidal

wave is normally more prominent in central (carotid) than in

the brachial or radial arteries. Mahomed's contribution to this

field was recognized in tWo recent reviews [6,7]. It was very

influential at the time, and formed the basis of Broadbent's

book on the pulse [8], and Mackenzie's later work [9]. At the

turn of the century, medical texts and journal articles were

liberally illustrated with sphygmograms.

appreciation of Framingham data, and with the Systolic Hy-
pertension in the Elderly Program and other trials in the 19805
which showed a very strong association betWeen systolic blood
pressure and cardiovascular events [11.12].

Classical sphygmography enjoyed a brief period of popularity

in the 1970s before widespread use of echocardiography, tO

measure systolic time intervals. Recordings were made with a

microphone or similar device from the carotid artery in the

neck. Changes in systolic time intervals (increase in pre-ejec-

tion period, decrease in ejection time) were associated with

systolic left ventricular dysfunction and decreases in diastolic

period, especially with tachycardia, were associated with in-

creased potential for myocardial ischemia [13,14]. This work

has recently been rekindled with the demonstration of the

critical importance of diastolic time during exercise in pa-

tienrs with angina pectoris and (often) relatively mild coro-

nary atherosclerosis [15].

Introduction of the sphygmomanometer cuff to clinical prac-

tice in the early 1900s led to a decline of interest in

sphygmography. The technique of pulse wave recording was

difficult and time consuming; recordings often showed arti-

facts, and were not easy to describe or characterize. The cuff

provided numbers which came to be linked in a simplistic

way to cardiac strength {systolic pressure) and arteriolar tone

{diastolic pressure) [10J. Pseudoscience had arrived with num-
bers, and an era followed in which high systolic pressure was

considered good {since it inferred a strong and healthy heart),

but high diastolic pressure was considered bad, and the diag-

nostic requirement for hypertension {since it inferred high ar-

teriolar tone and vascular resistance). This era ended with
The arterial pulse is of complex shape, varies with age, differs

in different arteries, and changes markedly with physiological
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and pharmacological interventions. Hence advances in pulse

wave interpretation had to await the development of accllrate

high-fidelity instruments for invasive and non-invasive pres-

sure wave recording, and for a deeper understanding of arterial

hemodynamics to be achieved. This occurred with the intro-

duction of catheter-tip manometers by Mllrgo and Millar [16]

and of practical tonometers [ 17-19], and with the ftlll develop-

ment of methods to characterize and analyze the arterial Plllse

i:1 the freqllency as well as the time domain [20].

FIg. 2.

Analysis in the frequency domain

This field was opened by the experimental and theoretical

work ofMcDonald, Womersley and Taylor at St Bartl1o1omew's

Hospital, London, during the 1950s [21,22]. Crucial to progress

was the demonstration by Womersley that the non-linearities

in pressure-flow relationships were small, so that the arte:rial

syste:m could re:alistically be: re:garded as a line:ar syste:m. Pre:s-

sure and flow wave:s were: broke:n down into compone:nt har-

monics, and the:ir re:lationships we:re: e:xpre:sse:d as transfe:r func-

tions. The:se: te:chnique:s were: use:d to characte:rize:

pressure:-flow re:lationships at the: one: site: as vascular impe:d-

ance: and pre:ssure: wave:s at diffe:re:nt site:s as a pre:ssure: trans-

fe:r function. This work pe:rmitte:d the study of wave: transmis-

sion and wave: re:fle:ction in a quantitative fashion, and Ie:d to

more: sophisticate:d approache:s using impulse: re:sponse:s and

inverse: F ourie:r transformation.

Pressure wave contour in the ascending aorta of a rabbit under normal conditions.

with pressure reduction induced by infusion of pilocarpine and with increased

pressure caused by infusion of adrenal in. From [24].

Fig. 3.

With respect to arterial hypertension, it was shown that the
characteristic pulse wave changes as described by Mahomed
(Fig. 1) can be created in experimental animals (Fig. 2) by
infusion of vasoconstrictor agents [23,24], and that these were
associated with changes in ascending aortic impedance, witl1
impedance curves shifting upwards and to tl1e right (i.e. to
higher frequencies; Fig. 3) [24,25]. The changes in pulse wave
contour and in impedance could readily be explained on tl1e
basis of increased stiffness of the aorta and early return of
wave reflection [24,25]. The increased prominence oftl1e 'tidal'
wave and disappearance of the diastolic wave can be attrib-
uted to the same phenomenon: increased aortic tension and
stiffness, with increased pulse wave velocity and early return
ofwave reflection, so that the reflected wave moves from dias-
tole to systole. These changes are most apparent in the aorta
and central arteries, and more subtle in peripheral arteries
since, as observed by Mahomed, and confirmed by others
[26,27], the amplitUde of the secondary systolic (or tidal) wave
is invariably greater in central than in peripheral arteries.

These points have been confirmed repeatedly in humans,
where ascending aortic pressure and flow waves are recorded

and expressed as vascular impedance. Hypertensive subjects
show considerable augmentation (amplirude of the 'tidal' wave)
and show the characteristic impedance changes which are
apparent in experimental animals during infusion of pressor
agents, and are consistent with aortic stiffness and early rerum
of wave reflection [28,29]. Antihypertensive therapy offsets
these adverse effects on arterial stiffness and early wave re-
flection [28-32]. The most extensive recent stUdies on ascend-

Schematic diagram of flow waves (A) and pressure waves. B, in the ascending aorta

of a young human subject (left) and in an older person with isolated systolic

hyper1ension (right). C, Ascending aor1ic impedance modulus plotted against

frequency, and with this shifted upwards and to the right, by regional aor1ic stiffening

(a), and by earlyretumof wave reflection (b). From (24]
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ing aortic impedance in humans have been conducted by Chen

and colleagues from Taiwan, and have shown, as predicted,

evidence of reduction in wave reflcction during therapy with

an angiotcnsin converting enzyme (ACE) inhibitor and cal-

cium channel antagonist, but evidence of increased wave re-

flection with a beta-blocking agcnt [29-32].

FIg. 4.

While characteristic changes in ascending aortic impedance

have been demonstrated repeatedly in hypertensive subjects,

and are attributable to increased aortic pulse wave velocity,

tl1ere is virtually no change in the relationship between arte-

rial and peripheral (upper limb) pressure waves, as expressed

as the transfer function (Fig. 4). We have exploited this con-

stancy of transfer function in the upper limb so as to generate

the central aortic pressure wave from the radial pressure wave.

This is discussed below.

Computer modelling studies provide support for the experi-

mental findings and clinical observations described above.

Virtually a)] wave reflection as seen at the heart comes from

the lower body and appears to arise from the lower aorta [34-

36]. With aging and in hypertension, earlier wave reflection is

attributable to greater stiffness of the aorta and a greater de-

gree of dilation of the proximal as compared to the distal aorta

{which shifts the resultant reflecting site to a more proximal

location) [20]. The transfer function in the upper limb is al-

tered somewhat by different interventions but hardly at a)]

under 3-4 Hz where most components of the pressure pulse

reside [37]. Hence transmission in the upper limb is reason-

ably approximated bya generalized transfer function.

diastolic pressures vary with the 'hold down' pressure applied
to the sensor by the operator. While confident about wave
shape, we have not been happy with absolute pressure and
have calibrated the radial pressure wave against the sphyg-
momanometrically determined brachial pressure, so ignoring
the (small) degree of amplification betWeen the brachial and
radial sites. Calibration of the carotid pressure wave is more

complex [20,33].

These basic points explain much of what follows in this arti-

cle. The gross increase in ascending aortic impedance at low

frequencies (less than 4 Hz) causes substantial change, with

marked augmentation of the aortic pressure wave [20]. These

changes are attributable to aortic stiffening. On the other hand,

and in stark contrast, there is little or no change in upper limb

pressure transfer function with age or with hypertension at

frequencies under4 Hz [20,33,37].

Radial and carotid pressure waves

Kelly et al. [26] reported a study of carotid, radial and femoral

pressure waves in 1005 normal human subjects (Fig. 5). There

are progressive changes in wave contour at the carotid and

radial sites with aging. The principal change is with the sec-

ondary systolic wave. In young adults this is well below the

peak of the radial wave, but rises progressively to approach the

wave peak by the eighth decade of life. In the radial artery of

young adults, the late systolic wave is followed by a third

distinct wave in early diastole. The performance of a Valsalva

maneuver readily confirms that these tWo waves {late systole

and early diastole) are indeed just one and represent the 'echo'

of the original systolic wave [40]. They appear as tWo by inter-

position of the incisura caused by aortic valve closure. During

a Valsalva maneuver, the tWo waves (incident and reflected)

are seen distinctly as reflection is delayed by decreased aortic

pulse wave velocity and as systole is shortened by reduced

venous return. The wave shape comes to resemble a damped

sinusoid (Fig. 6). The sharp dip between the secondary waves

is caused by aortic valve closure, and its identification per-

mits ejection duration to be determined accurately from the

peripheral radial artery pulse [20,41]. The carotid pulse has a

higher late systolic shoulder at any age (as first described by

Applanation tonometry

Applanation tonometry, applied to arteries [17] has revolution-
ized the old technique of sphygmography by providing high-

fidelity signals which, under ideal conditions, are identical to

those record~d within an artery [ 18,19,38]. Tonometry is widely

used for recording intra-ocular pressure and is based on the

theoretic principle that when the surface of a rounded cham-

ber or vessel is flattened, tangential pressures are normalized,

and a sensor on the flattened surface will record the pressure

within the chamber. Theoretic principles are degraded by tl1e

presence of tissue betWeen the scnsor and arterial wall, with

consequent inability to achieve ideal applanation under all

circumstances. However tonometry has been shown to give an

exccllent representation of the intra-arterial pressure wave

when used by an expcrienced operator on a suitable subject.

Pressure excursion (pulse pressure) is usually measured with

a fair degree of accuracy [39], but the actual systolic and



Pulse wave analysis O'Rourke and Gallagher 5151

Flg.5.

Change in contour of the radial and carotid pressure wave. in nonnal human subject. with age. Data ensemble-averaged into decades. Published with pennission of the
American Heart Association [26].

Mahomed in 1874). This approximates the height of the ini-

tial wave in the fourth decade of life, then increases progres-

sively thereafter. The amplitUde of the secondary systolic wave

can be expressed as augmentation [26]. This is positive from

around age 25 years in the ascending aorta, from about 35 years

in the carotid artery and over 70 years in the radial artery. At

any age, and at any site, augmentation is increased by hyper-

tension. Since augmentation is due to wave reflection from the

lower body, it is also influenced by body height, being more

prominent in persons of short statUre [39], and in infants and

children [42,43].

the radial pulse wave with nitroglycerine was first noted by

Murrell in 1879 [45]. It appears that the beneficial effects of

nitrates on left ventricular load have been systematically un-

derestimated over the years in consequence on complete reli-

ance being placed on cuff sphygmomanometric systolic val-

ues [44,46].

Synthesis of the ascending aortic pressure wave

The constancy of the relationship between augmentation in

central and peripheral arteries with age, and with nitroglycer-

ine {Figs 5 and 7), provided the first clue that the pressure

transfer function betWeen central and peripheral upper limb

arteries may be sufficiently consistent for the central wave

form to be synthesized from the radial or brachial wave. This

was tested in 14 patients stlldied at cardiac catheterization

with aortic, brachial, radial {and carotid) waves recorded be-

fore and after nitroglycerine, and the relationship expressed as

pressure transfer function. This was of similar appearance in

all patients, and changed little after nitroglycerine [37] {Fig.

8). Similar results had been reported previously under control

Changes in ascending aortic augmentation from a reduction

in wave reflection in the trunk can be inferred from change in

contour of the radial artery pressure wave. A decrease, delay or

disappearance of the secondary systolic ('tidal') wave in the

radial artery corresponds with similar changes in the carotid

and aortic wave (Fig. 7) and signifies a decrease in central

systolic pressure, even if the peak recorded pressure in the

brachial or radial artery does not change [44]. Such a change in
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Fig. 6.

B c

""'"'

systolic and diastolic pressures are the same as recorded by
cuff sphygmomanometer, and (for the aorta) that there is no
significant mean pressure drop betWeen this and the periph-
eral vessel. The wave foot and incisura of the recorded wave
are identified by differentials, and the cardiac cycle is sepa-
rated into systolic and diastolic periods. These values are
printed as are aortic mean systolic and mean diastolic pres-
sure, together with diastolic pressure time integral (DPTI)
and systolic pressure time integral (SPTI). DPTI is a determi-
nant of myocardial blood supply and SPTI a determinant of
myocardial blood requirement. The quotient (DPTI/SPTI) is
expressed as subendocardial viability ratio (after Buckberg et
01. [51,52]), and is related to subendocardial ischemia. Pres-
sure wave augmentation of the synthesized wave is determined
by identification of the tidal wave foot (again by differentials)
and expressed as a percentage of pulse pressure, of the wave
amplitude up to this inflection, or in mmHg. The maximal
pressure change over time is measured for the systolic pressure
upstroke of the peripheral pressure wave.

conditions by Lasance et al. [47] in 68 patients studied at car-

diac catheterization, and subsequently by Gallagher [33)

t11rough analysis of carotid and radial pressure waves in 439

normal subjects and patients with a variety of diseases, and

under different conditions (Fig. 4).

Using the generalized transfer function we had generated, we

then tested these on all the data available in tl1e literature

where central aortic and radial or brachial waves had been

recorded simultaneously. We used tl1e recorded peripheral

wave to synthesize a central aortic wave, and then compared

tl1is against what had actually been recorded in the aorta. The

agreement was good, especially for systolic pressure which

had differed by up to 80 mmHg in the published data (Fig. 9).

Subsequent validation studies have provided similarly good

results [48,49].

The transfer function has now been incorporated into a com-
mercially available system which permits the central aortic
pulse wave to be synthesized in real time [SO] (Fig. 10). For
this system, the radial, brachial or carotid transfer function
can be selected, and applied appropriately to recorded data.
The synthesized ascending aortic pressure wave is similar, as
are indices derived therefrom, irrespective of the site from
which pressure waves are recorded [20,48].

Clinical judgement is enhanced by interpretation of the syn-

thesized aortic pressure waveform. Central pressure augmen-
tation is increased with aging and hypertension, and is tIle

major problem in systolic hypertension [53]. This is an appro-

priate target for antihypertensive therapy, and is reduced by
drugs such as nitrates [20,45], ACE inhibitors [32,54], and cal-

cium antagonistS [20,31] which reduce wave reflection, some-

times without reducing systolic pressure in a peripheral artery
[44,45]. Beneficial effects of therapy can be measured as a

decrease in augmentation, a decrease in aortic systolic pres-
sure and an increase in subendocardial viability ratio. This

ratio is affected by change in heart period and ejection period

Interpretation of the synthesized central aortic

The process described (Fig. 10) shows a series of recorded

pressure waves and a series of synthesized aortic waves, to-

gether with a single ensemble-averaged peripheral and aortic

wave. Both are calibrated by assuming (for the radial) that
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A Carotid pulse

Pressure

(mmHg)
100

0

B Radial pulse

Pressure

(mmHg)

100

" 1

0
Control

4 ~

1 s

NTG 1 min

4 .

1 S

NTG 5 min
.~

1 s

Ascending aorta

Pressure

(mmHg)

140

70

Brachial artery

R
Pressure

(mmHg)
150 ""'

A",

~
'""", J80

Control Nitroglycerin
4 ~

1 s

Tonometric, non-invasively recorded carotid (A) and radial artery (6) pressure waves in a 50-year-old man under control conditions and 1 and 5 min after administration of

nrtroglycerin (NTG) 0,3 mg sublingually. Calibrations refer to sphygmomanometric measurement of brachial artery pressure. From (441. Pressure waves of an adult man

recorded in (C) the ascending aorta and (D) brachial artery at cardiac catheterization under control conditions and following 0.3 mg nitroglycerine sublingually. The reduction

in amplitude of the reflected wave (R) by nitroglycerine is responsible for the change in contour of ascending aortic and brachial waves. As the reflected wave constitutes

reduction in its amplitude alters wave contour without altering systolic peak pressure From [45].
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Flg.8.

Calculated transfer function for pressure between the ascending aorta (AA) and brachial artery (BA) and between the ascending aorta and radial artery under control

cond"ions. following administration of n"roglycerine (NTG) 0.3 mg sublingual and combined control and n"roglycerine data. From [37]

Fig.9.

Relationship between measured ascending aortK: pressure and measured radial or brachial artery systolic pressure (left), and the comparison between calculated ascending
aortic systolic pressure and measured ascending aortic systolic pressure (right) for the same data using our generalized transfer function Dotted line indicates the line of

identIty, From [37].



Pulse wave analysis a'Rourke and GalJagher 8155

Ascending aortic waveform analysis Ascending aortic waveform analysis
Patient ID= OperatorlD=o
Patient name = Z G
Sex= F Age- 69
Address =
Current medication = NIL

Date of inspection = TUE 02/NOV/1gg3 1710
Heart rate = 50 Bpm Ejection duration = 375 mSec Reference age = 80

~~~---f"- Radial

"'-i'-J"'J'-f\J\..J\. Aortic

mmHg R d I20() a la 200 Radial

-'-.8P=176/84/(116)mmHg BP=169/86/(1'8)mmHg
Fi..tpoak=1'7msec Fi..tpeak=109msec
Second peak = 242 msec 1 80 Second peak = 273 msec
Aug Index = '22% A Aug index = 189%
dp/dt ma, = 1086mmHg/Sec 160

14(1-

120.

100-

80.

i 1 60 .A mSec

6 250 560 750 10'00

PatientlD= OperatorlD=1
Patient name = Z G
Sex = F Age = 69
Address =
Current med,catlon = PLENDIL

Date of inspection = TUE 07/DEC/1 9930936
Hear1 rale = 52 Bpm Ejection duration = 349 mSec Reference age = 70

J: J: j"'--J~ Radial

.J\---J"-J'-J'~ AortIc

mmH9 Rad,al mmH9 Rad,al
200 BP=154/76/(107)mmH9 200-;-,-. BP=149/76/(107)mmH9

First pe.k = 117 mS.c First pe.k = 109 mSec
180 S.condpeak=256mS.c 180. S.condpeak=242mS.c

AU9 ind.x=g3% Aug ,nd.x = 157%
16 dp/dtm.x=1045mmH9/Sec160.

140 140.

12 120.

100 100.

80 80-

60 mSec 60-
250500701000

I\

I A mSec
) 250 560 750 10'00

16n"'

140"'

120~

100.'

80.

60 !, h , , , mSet
0 2505007501000

Central pressure indices

Augmented pressure = 38 mmHg
Tension time index = 2691 mmH9Sec/min
Diastolic time index = 4433 mmH9.Sec/min
Subendocardial viability = 165 %
Mean systolic pressure = 144 mmH9
Mean daistolic pressure = 107 mmH9
End systolic pressure = 148 mmHg

Central pressure Indices

Augmented pressure = 25 mmHg
Tension time index = 2322 mmHg.Sec/mir
Diastolic time index = 4136 mmHgSec/mir
Subendocardial viability = 178 %
Mean systolic pressure = 1 29 mmHg
Mesn daistolic pressure = 98 mmHg
End systolic pressure = 132 mmHg

ophygmocardiogram reports. Analysis of radial pressure wave contour under control conditions in a patient with isolated systolic hypertension (~ft) and after 5 days treatment
Ii!h 5 mg felodipine in the morning. The mean pressure fell from 118 to 107 mmHg and the calculated ascending aortic augmented pressure from 38 to 25 mmHg (see text for
Ato;I.\

; well as by change in central pressure, and is typically re-

llced by nitrates and ACE inhibitors, but may be increased

ith calcium channel antagonists when the heart rate increases

ith a disproportionate decrease in diastolic period [20].

'hrough this mechanism, the dihydropyridines, used alone,

lay predispose to myocardial ischemia.

reflected wave exaggerated [57,58] (Fig. II ). These featUres,

well known in the literatUre on systolic heart failure, are at-

tributed to the heart behaving as a pressure source, unable tc

contract against the early wave reflection during the latter part

of systole [57].

Analysis of the synthesized aortic pressure wave is also useful

in pseudosystolic hypertension of youth [60]. In this condi-

tion, the ejection duration is relatively short, and the aortic

synthesized pressure wave is entirely normal, but the brachial
and radial peak is narrow and exaggerated as a consequence of

pressure wave amplification. The problem is not with stiff-

ened arteries (as in isolated systolic hypertension of the eld-

erly) but rather the Contrary, that tlle bod~. is ftlll~' grown but

the aorta and elastic arteries still have tlle high distensibility

of infancy.

:jection duration increases with age and in tile presence of

entricular hypertrophy and ischemia. Ejection duration is

,!pically increased in diastolic dysfunction [55,56], but de-

rea sed in severe systolic dysfunction [57,58]. Measurement

f ejection duration thus helps to separate systolic from

iastolic dysfunction in tile presence of cardiac failure, and

lay obviate the need for echocardiography. However, these

onditions are often combined. In tile presence of systolic dys-

.mction, and abbreviation of systole, systolic pressure aug-

lentation is decreased and may indeed be absent when dys-

.mction is severe. Under these circumstances the aortic (and

eripheral) pressure waves often assume a pronounced dicro-
c character as ejection duration is shortened and the diastolic

There are only limited data on all these issues, and explan;

tionS must be made with caution. Ho\\'eVer, i[ is clear th;

interp[etation of wave shape adds subs[al1tiallv [0 [he mea:
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urement of wave peak and nadir only, and tl1at modern instnl-

ments and hemodynamic principles open the ,,'ay to more re-

liable and confident analyses tl1an ,\'ere ever possible in the

past.
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