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Why use Finapres or Portapres rather than intra-
arterial or intermittent non-invasive techniques
of blood pressure measurement?
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In the clinis, blood pressure is measured almost exclusively
using non-invasive inlermittent lechniques, of which the
auscultatory (Riva-Rocci/Korotkoff, RRK) and the computer
ized oscilfometric method ave most often used. However, both
methods only provide a momentary value. In addition, the
accuracy is hampered by phenomena such as cuff response and
white coat hypertension, thus providing artefactually increased
values, The vascular unloading technique of Peridz together
with the Physiocal criteria of Wesseling provide reliable, non-
invasive and continuous estimates of blood pressure. This
technique is thus an alternative lo the invasive intra-arterial
measurements in many cases, without the risks and ethical
questions inherent to invasive measurements. Since the pressure
waveform is available continuously, computations such as
pudse confour and Modelflow cardiac output, spectral analysis
and baroreflex sensitivity provide further information on the

dynamics of the cardicvascular system on a beat-lo-beat basis, -

similar to intra-arterial measurements.

Iniroduction

Blood pressure is one of the most frequently measured
parameters in medical practice. It has long been known
that blood pressure is a very unstable parameter;
arterial blood pressure is nowhere the same in different
sites throughout the cardiovascular system. The blood
pressure waveform will change shape depending on the
properties of the blood vessels and the tone of the
smooth muscle cells in the vessel wall [1,2]. Blood
pressure is also modulated by respiration and sponta-
neous fluctuations appear throughout the day (figure
1}. Therefore, blood pressure is a variable parameter,
the uncritical use of which may have limited our
understanding of the nuances of blood pressure
measurement and the physiology of arterial circulation.
Blood pressure variability, on the one hand, poses a
problem for the clinician attempting to classify a patient
as normo- or hypertensive. On the other hand, it
challenges researchers who aim at explaining and
undersstanding the underlying mechanisms, and hope
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to identify clinical applications of this phenomeneon to
the benefit of the individual patient. Recent research
has shown that blood pressure variability is an
important predictor for the development of heart
disease [3-5]. The presence of high blood pressure
imposes a higher risk of cerebrovascular accidents,
coronary artery disease, myocardial infarction and
kidney abnormalities, especially in older patients.
Mortality increases progressively with an increase of
blood pressure and there is now a consensus that
treatment of severe hypertension is beneficial for the
individual patient. In this paper we wish to discuss
different methods of blood pressure measurements,
and the factors affecting their accuracy. Emphasis will
be placed upon recently developed methods for
measuring continuous blood pressure non-invasively,
such as Finapres ™t and Portapres ™.

Methods of measuring blood pressure

Methods used to measure blood pressure can be
subdivided into two categories:

{1} direct invasive methods; and

(2} indirect non-invasive methods.

Direct invasive measurements

Invasive methods provide insight into the actual blood
pressure pattern, including its variability. Therefore,
these methods are wellsuited for the assessment of both
short-term variability (10 s rhythm) and longterm
variations in blood pressure, among others the diurnal
{(day—night) rhythm. From spontaneous fluctuations in
bload pressure occurring in unison with pulse interval
changes it is possible to derive baroreflex sensitivity
(BRS). In addition, it is possible to derive stroke volume
(SV) or aortic flow waveform from the continuous
blood pressure waveform using the pulse contour
method or the recently developed Modelflow method
[6]. Additional calculations provide further informa-
tion on cardiac output (CO) and systernic vascular
resistance (SVR).

Invasive measurements require invasion of the body
(skin, tissue and vessel wall) with a hollow needie. The
measurement system usually consists of a long, thin
liquid-filled catheter which can be positioned in the
artery through the hollow needle. The catheter is
connected to a pressure transducer outside the body at
heart level. The accuracy of invasive measurements is
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Figure 1. Blood prressure recording with Finapres in a healthy young subject in supine (left) and wpright position (right). Note that
the variability during standing is larger than during the supine position (Mayer— Traube— Hering waves). From Veerman [5].

determined by the frequency response of the catheter
manometer system. The bandwidth of such a catheter
manometer systern should exceed 30 Hz in order to
obtain an undistorted arterial pressure waveform. A
catheter placed between the artery and the pressure
transducer limits the bandwidth and thus the quality of
the measurement. The ideal catheter is short, stiff and of
a large diameter. In practice this is often not the case,
which can lead to overestimation of systolic pressure.
Also, small air bubbles may be present in the system,
resulting in damping and distortion of the arterial
pressure waveform [7]. Presently, catheter-tip pressure
transducers of sufficiently small dimensions are available.
These are usually positioned in the aorta. Such transdu-
cers have a larger bandwidth and give an undistorted and
artefactfree pressure waveform. Bruner ¢f al. [7] give an
overview of the limitations of invasive methods.

Invasive measurements of blood pressure by means of a
catheter in the brachial artery is an accepted method,
although application is limited due to the invasiveness
and the associated risks and ethical aspects. Therefore,
such measurements are only indicated for seriously ill
patients. This technique is also used for the evaluation
of non-invasive blood pressure devices. It then requires
careful quality control in order to obtain meaningful
commparisons.

Indirect non-invasive measurements

Indirect measurements provide either a momentary
value of blood pressure or a continuous waveform
similar to invasive measurements, depending on the
technique. Nogn-invasive measurements are mainly
performed by three different techniques, namely:

{a) the auscultatory method (Riva-Rocci/Korotkoff,
RRK});

(b) the oscillometric method (Marey);

(¢) the Pendz/Wesseling-method (Finapres and
Portapres).

The first two methods provide momentary values of

systolic and diastolic blood pressure. The third method
provides not only an absolute measure of blood
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pressure in the finger but also the arterial blood
pressure waveform. Ng and Small [8] recenty pre-
sented an overview of non-invasive methods, for
measuring blood pressure. They also paid attention to
less frequently used methods such as arterial tonometry
and the pulse wave velocity method. The latter is based
upon the relation between the propagation velocity of
the arterial pulse wave in the arteries and mean blood
pressure,

The Riva-Rocct/KorothoffFmethod. The technique described
by Riva-Rocci in 1896, with the criteria of Korotkoff in
1905, is still the most frequently applied method for
measuring blood pressure. Using a stethoscope it is
possible to determine sounds over the brachial artery
distal to an upper arm cuff. The nature of these sounds
is used to determine systolic pressure (beginning of
sounds; phase I in the Korotkoff sounds) and diastolic
pressure (muffling, phase IV or the (preferred)
disappearance of sounds, phase V) while cuff pressure
readings are made from a mercury column or a
manometer. The use of phase IV or phase V in the
Korotkoff sounds for determining diastolic pressure is
still debated [4].

When the results of RRK measurements are compared
with intra-arterial measurements the differences vary
between studies, ranging from an underestimation of
20 mmHg to an overestimation of 25 mmHg, whereby
in most cases the RRK method tends to underestimate
systolic and overestimate diastolic blood pressure.

Sources of error by the anscultatory method can be
summarized as follows:

—  The width of the cuit compared to the circumfer-
ence of the upper arm, A cuff too narrow for the
arm circumference usually results in a pressure
value that is too high.

—  The position of the arm during the measurement
may introduce hydrostatic pressure differences.
This has important implications on the variability
of ambulatory measurements. ,

—  Observer error and bias; physicians measure up to
30 mmHg higher blood pressure values than
home-made measurements takerr by the patient
him/herself or by nurses in the hospital.
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—  Speed of inflation and deflation of the cuff.

-~ Cuff response, shortlasting pressure increase up to
40 mmHg during cuff inflation [5].

—  Countamination of the mercury column if not
regularly serviced.

Mavrey’s oscillometric method. This technique was discov-
ered by Marey in 1876. If the pressure in an upper arm
cuit is measured continuously during deflation one can
detect oscillations of which the amplitnde at first
increases, then decreases. The point of maximal
amplitude of oscillation appears to correspond with
mean arterial pressure. However, the oscillations begin
at suprasystolic pressure levels and still continue at
levels below diastolic blood pressure. This implies that
systolic and diastolic pressure can only be obtained by
approximation. Different manufacturers use different
criteria, which are seldom made public.

The agreement between oscillometric measurements
and intra-arterial measurements is of the same order of
magnitude as that of the RRK methed, although systolic
pressures tend to show greater scatter. The advantage
of the oscillometric method is that the cuff contains no
scnsors so that its placement is not critical. As a
consequence patients can apply cuffs themselves,
making home measurements possible. A disadvantage
is that the weak cuff pulsations so detected are easily
disturbed by movement artefacts.

Pefidz/Wesseling method. The volume —clamp method of
Peitdz [10] is based on the principal of dynamic
unioading of the arteries in the finger. The size of the
finger arteries is gauged with an infrared transmission
plethysmograph mounted inside an inflatable cuff. If
the size of the finger arteries increases due to a blood
pressure increase, the air pressure in the cuff also
increases just enough to keep the arterial size constant.
Since blood pressure changes can be as fast as
3500 mmHg/s during the upstroke, a pneumatic servo
system is required to keep arterial size and transmural
pressure constant by modulating cuff pressure in
parallel with blood pressure in the finger. The pressure
in the cuff can be measured with an electronic pressure
gauge, thus providing an indirect measurement of the
intra-arterial pressure waveform. The Physiocal criteria
of Wesseling [11] establish a setpoint value for arterial
size to be used by the servo system. Ideally, cuff pressure
should be identical to intra-arterial pressure. The
arterial size at which cuff pressure equals blood
pressure is its unstretched size at zero transmural
pressure. The unstreiched size is thus the ideal
volume ~clamp setpoint. Physiocai calibrates this size
by temporarily interrupting the measurement and
opening the volume clamp servo loop. For one heart-
beat the cuff pressure is kept constant at a level halfway
between systolic and diastolic. Since blood pressure
continues to pulse inside the artery, transmural
pressure changes and a plethysmogram are observed
and evahrated by a computer algorithm. From the
amplitude and the shape of the plethysmogram the
setpoint is then determined [11]. This procedure is
repeated at regular intervals since the unstretched
arterial size may change; thus, Finapres automatically

follows the size changes that are caused by changes in
the tone of the smooth muscle in the finger arterial
wall. The full calibrated pressure waveform becomes
available and a pattern recognition program provides
systolic and diastolic blood pressure per heartbeat. By
integratdon of the pressure waveform over one heart-
beat, mean pressure is computed. Additional Model-
flow calculations provide aortic stroke volume, cardiac
output and total peripheral resistance.

Intra-arterial and Finapres cuff pressures have been
compared in a number of studies in anaesthetized and
awake subjects. Blood pressure variations were induced
by surgical manoeuvers [12-14], vasoactive drug
administration [15], or cardiovascular manoeuvers such
as Valsalva straining [16], orthostasis [17] and exercise
to exhaustion [18]. Comparisons were made in adults
[3]. in the elderly [19] and in ambulant subjects [20].
For the latter a light-weight, battery-operated Finapres
was developed having internal storage of the waveform
for at least 24 h, i.e., the Portapres [21].

Summarizing the results [22] it appears that finger
arterial mean pressure measured with Finapres is 5 to
10 mmHg lower than intra-arterial pressure in the
brachial artery. This is now known to be caused by a
pressure gradient due to flow in the arteries of the arm
and hand as proven indirectly in [11] and elegantly
demonstrated in [19]. The shape of the pressure
pulsation in the finger differs from that in the brachial
artery. Pulse pressure in the finger is greater in the
young, about the same or slightly reduced in the elderly.

Portapres can track intrabrachial pressure over as much
as a 24 h period without noticeable drift or change in
accuracy (figure 2). Recording was switched automati-
cally between two fingers every 30 min. During sleep
pressure differences increased slightly, during the
physical activities of walking and bicycling they
decreased. Pressure in the ring finger appeared to be
slightly higher than in the middle finger. Continuous
monitoring for such long periods was atraumatic and
no major limitations in behaviour of the subjects were
observed.

Factors that influence the measurement of Finapres
and Portapres are mainly related to the far peripheral
finger site where sympathetic innervation is strong.

— The peripheral location causes finger blood
pressure levels and pulse waveform to differ from
pressures recorded at a more central location. As a
consequence, finger pressure is lower than the
more central pressure in the brachial artery which
is most often used to record intra-arterial blood
pressure. One can usually compensate for this
effect by keeping the hand 10 cm below heart
level;

—  Sympathetic outflow to the finger arteries may at
times by so strong as to cause full contraction of the
smooth muscle in their walls, collapsing the
arteries. This may be caused by circulatory changes
due to psychological stress, severe blood loss or
pain. At such times, finger pressure can no longer
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Figure 2. Systolic, mean and diastolic pressure levels derived
Jrom continuous intrabrachial pressure rvecordings in a single
subject (panel A) and averaged for a group of 24 subjects
(panel B). Finger pressure was also recorded and its differences
with intrabrachial pressure are plotted each 30 min. Dashed
lines vepresent wmean arterial pressure. From Imholz ef al. [20].
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be measured. A similar condition occurs in
Raynaud’s phenomenon,

— Cold fingers have been described as a problem
situation [23]. Often, however, cold fingers are
secondary to vasoconstriction and follow, rather
than provoke, arterial contraction. Warming of the
hand may help reverse the condition as the subject
becomes more comfortable.

—  When a single finger is monitored for a long time,
the fingertip often turns blue and the feeling of
reduced blood flow to the fingertip becomes
unpleasant. Awake subjects appreciate switching
to another finger every ¥—2 h. Portapres does this
automatically [21].

Clinical applications of Finapres and Portapres
The Pendz/Wesseling-method is implemented in the

stationary Finapres and in its portable version, Por-
tapres. Typical areas of application for Finapres are
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Figure 4. Vasovagal syncope in a 22year-old male. After an
initial normal response of blood pressure to standing up (at
t=0)) heart rate starts to increase after 6 min of standing. After
11— 12 min of standing both blood pressure and heart rate
decrease to very low values resulting in syncope. Recovery is
nearly immediate afler taking the supine position again. From
Wieling and Shepherd [26].
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Figure 3. Blood pressure and heart rate changes as a resuit of orthostatic siress lesting (standing wp) compared to passive 7P head

up till on a tilt table. From Van Lieshout [24].
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situations in which short-term variability and changes in
blood pressure are to be measured, such as orthostatic
stress testing (standing up from a supine position) and
the Valsalva manceuyre (acute increase of pressure in
the thorax) and the computation of baroreflex
sensttivity is used more and more in such circumstances
as an alternative to the placement of an intra-arterial
line. Portapres provides the possibility of measuring the
circadian rhythm in blood pressure and derived
variables, even in ambulatory circumstances.

The orthostatic siress test and the Valsalva manoeuvre
decrease the venous return to the heart and thus the
cardiac output. By means of the baroreflex, regulatory
mechanisms come into play, resulting in only a
transitory decrease in blood pressure. Figure 3 shows
an example of the blood pressure response to standing
up. This response is different from the passive 70° head
up tilt test of the same subject on a tilt table [24].
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Figure 3. Representative example of intra-brachial pressure
(IAP) and finger arterial pressure (FINAP) before, during and
after stopping a staircase increase in power on a bicycle
ergometer. Each level was maintained for 1 min, the level was
then increased by 20 W. The starting point of the evgometer test
is indicated by the arrow. From Imhol, et al. [20].
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Baroreflex sensitivity, the change in blood pressure
relative to the simultaneous change in heart rate, is a
measure of the quality of blood pressure control.
Baroreflex sensitivity decreases with aging [25]. The
baroreceptors also play a role in the response of blood
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Figure 6. Typical example of a continuous 24 h intra-
brachial pressure (IAP) and simullancously measured finger
arterial pressure with Portapres (Portap). The measurement
runs from 13:00 h on the first day to 13: 00 h on the second
day. The downgoing ‘spikes’ in the Portap-signal indicate the
halfhour switching periods where the measurement was
automatically allernated between two fingers. The lower panel
shows the changes in the hydrostatic pressure difference
between the hand and the position of the intra-arterial
pressure transducer (height). Superimposed on the height
signal are coded status messages of Porlapres. From Fmholtz et
al 120].
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Figure 7. Example of a 24 k blood pressure profile in a 55-year-old male with a lesion in the afferent branch of the baroreflex arc. As a
consequence blood pressure is highly variable. IBP is the invasively measured blood pressure with the Oxford system, PORTAP is the
simultaneously measured blood pressure with Portapres. The lower panel shows the changes in the hydrostatic pressure difference
between the hand and the position of the Oxford transducer (HEIGHT). Superimposed on the height signal are coded status messages
of Portapres. The regular ‘spikes’ after each half hour indicate the automatic switching between two fingers. From TNOQ Applied

Research, 35, 1991,
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