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Executive summary

The procedure

The SphygmoCor system is a non-invasive diagnostic technology that enables pulse wave
analysis of the central, ascending aortic pressure wave.

The SphygmoCor system allows a peripheral arterial pressure waveform to be obtained
by applying an arterial applanation tonometer to the wrist. The tonometer partially
compresses the radial artery and records a pressure wave over several cardiac cycles.
This pressure wave is calibrated to brachial cuff blood pressure measurements.

The averaged peripheral waveform is then converted to an ascending aortic waveform
using a generalised mathematical transfer function.

Medical Services Advisory Committee — role and approach

The Medical Services Advisory Committee (MSAC) is a key element of a measure taken
by the Commonwealth to strengthen the role of evidence in health financing decisions in
Australia. MSAC advises the Commonwealth Minister for Health and Ageing on the
evidence relating to the safety, effectiveness and cost-effectiveness of new and existing
medical technologies and procedures; and under what circumstances public funding
should be supported.

A rigorous assessment of the available evidence is thus the basis of decision making
when funding is sought under Medicare. A team from the Medical Technology
Assessment Group (M-TAG), a unit of IMS, was engaged to conduct a systematic review
of literature on peripheral arterial tonometry with ascending aortic waveform analysis
using the SphygmoCor system. An Advisory Panel with expertise in this area then
evaluated the evidence and provided advice to MSAC.

MSAC’s assessment of peripheral arterial tonometry with
ascending aortic waveform analysis using the SphygmoCor
system

Clinical need

Hypertension is a common disorder. An estimated 3 million Australians over 25 years old
have high blood pressure. This condition is a major financial burden on the Australian
health care system. Blood pressure-lowering drugs available through the Pharmaceutical
Benefits Scheme (PBS) cost $755 million in 2000. This corresponds to 16.5 per cent of
government and patient costs for prescription PBS drugs (Australian Institute of Health
and Welfare 2004a).

In addition to its direct burden, hypertension is a major contributor to deaths due to all
cardiovascular diseases. In 2002, cardiovascular disease was responsible for 38 per cent
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of all deaths and 7 per cent of all hospitalisations (Australian Institute of Health and
Welfare 2004a).

Coronary artery disease (CAD) was the largest single cause of death in the Australian
population in 2002, and was responsible for 19.5 per cent of all deaths. The 2001
National Health Survey reported 1.9 per cent of the surveyed population (corresponding
to approximately 355,600 Australians) experiencing some manifestation of CAD.

The majority of these individuals reported having angina and approximately one-third
reported experiencing a heart attack.

Heart failure was the third largest cause of death from cardiovascular diseases in the
Australian population in 2002, and was responsible for 2 per cent of all deaths.

The estimated prevalence for heart failure in Australia is based on international data,
approximately 300,000 Australians have chronic heart failure with a further 30,000
diagnosed each year.

Safety

The SphygmoCor system is a non-invasive test and there are no adverse events
associated with its use.

Effectiveness and diagnostic accuracy

No studies providing evidence for the accuracy of the SphygmoCor system for the
diagnosis of hypertension, white coat hypertension or spurious systolic hypertension of
youth were identified. A more detailed analysis of the spurious systolic hypertension of
youth data did not yield persuasive evidence to support the ability of the SphygmoCor
system to accurately diagnose spurious systolic hypertension of youth.

One single study was identified that provided evidence for diagnostic accuracy of the
SphygmoCor system for the diagnosis of CAD. On the basis of this evidence, the
augmentation index (Alx) measure as determined by the SphygmoCor system was
recognised as having limited value for the diagnosis of CAD.

No studies providing evidence for the diagnostic accuracy of the SphygmoCor system for
the diagnosis of heart failure were identified.

Impact on patient management

No studies providing evidence for the effect of SphygmoCor system on patient
management were identified.

Impact on health outcomes

There was no evidence of equivalent or improved diagnostic accuracy using the
SphygmoCor system relative to using the comparators or of changes to patient
management. Therefore, evidence for the effectiveness of treatment on health outcomes
was not necessary for this assessment

X SphygmoCor system



Cost-effectiveness

In the absence of evidence supporting the effectiveness of SphygmoCor,
a cost-effectiveness analysis was not undertaken.

Recommendation

Since there is currently insufficient evidence pertaining to peripheral arterial tonometry
with ascending aortic waveform analysis using the SphygmoCor system, MSAC
recommended that public funding should not be supported at this time for this
procedure.

— The Australian Government Minister for Health and Ageing accepted this
recommendation on 6 June 2006. —

SphygmoCor system
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Introduction

The Medical Services Advisory Committee (MSAC) has reviewed the use of peripheral
arterial tonometry with ascending aortic waveform analysis using the SphygmoCor
system, which is a diagnostic test for the assessment of hypertension, angina pectoris and
heart failure. MSAC evaluates new and existing health technologies and procedures for
which funding is sought under the Medicare Benefits Scheme in terms of their safety,
effectiveness and cost-effectiveness, while taking into account other issues such as access
and equity. MSAC adopts an evidence-based approach to its assessments, based on
reviews of the scientific literature and other information sources, including clinical
expertise.

MSAC’s terms of reference and membership are at Appendix A. MSAC is a
multidisciplinary expert body, comprising members drawn from such disciplines as
diagnostic imaging, pathology, surgery, internal medicine and general practice, clinical
epidemiology, health economics, consumer health and health administration.

This report summarises the assessment of current evidence for the use of peripheral
arterial tonometry with ascending aortic waveform analysis using the SphygmoCor
system for hypertension, angina pectoris and heart failure.

SphygmoCor system 1



Background

Peripheral arterial tonometry with ascending aortic waveform
analysis using the SphygmoCor system

Blood pressure

Blood pressure is the pressure that is exerted on the walls of the arteries due to the
ejection of blood from the heart. The peak pressure during the cardiac cycle is the
systolic blood pressure (SBP), and the minimum pressure is the diastolic blood pressure
(DBP). The difference between the systolic and diastolic pressure is the pulse pressure
(PP).

The widely accepted World Health Organization definition of hypertension (high blood
pressure) is an SBP of = 140 mmHg and/or a DBP = 90 mmHg. However, it should be
noted that the cut-offs defining hypertension are arbitrary. The National Heart

Foundation of Australia recommends the arterial blood pressure classifications shown in
Table 1.

Table 1  Classification of blood pressure levels

Category Systolic (mmHg) Diastolic (mmHg)
Normal <120 <80
High-normal 120-139 80-89
Grade 1 (mild) 140-159 90-99
Grade 2 (moderate) 160-179 100-109
Grade 3 (severe) >180 >110
Isolated systolic hypertension > 140 <90

Source: (Australian Heart Foundation 2004).

Hypertension is a significant risk factor for cardiovascular and kidney diseases, and is a
major cause of premature death and permanent disability in Australia. The Australian
Institute of Health and Welfare’s publication Hear, stroke and vascular diseases: Australian
Sacts 2001 states that:

. high blood pressure is a major risk factor for coronary heart disease, stroke, heart
failure and peripheral vascular disease

. high blood pressure increases cardiovascular risk by 2—3 times

. the risk of disease increases as the blood pressure level increases.

Detection and treatment of hypertension is therefore essential in the primary prevention
of cardiovascular disease, including coronary artery disease (commonly presenting as
angina) and heart failure. However, hypertension is an asymptomatic condition and many
people remain undiagnosed and untreated. The National Heart Foundation of Australia
(2004) recommends that patients with normal blood pressure be checked every two
years. The frequency of assessment should be greater in the presence of hypertension or
high-normal blood pressure. Similarly, more frequent assessment is appropriate when
other cardiovascular risk factors are present.

2 SphygmoCor system



Blood pressure measurement

Hypertension is usually diagnosed by taking standard blood pressure measurements using
a sphygmomanometer. This involves placing a cuff around the upper arm and inflating it
to a pressure greater than the systolic pressure, which compresses the brachial artery.

As the cuff is deflated, the blood flow through the compressed artery resumes.

The sounds associated with the changes in blood flow which occur as the pressure in the
cuff is decreased, are known as the Korotkoff sounds. The physician determines blood
pressure by listening for the Korotkoff sounds with a stethoscope.

Automated cuff blood pressure measurement devices are also available. These work by
one of two techniques. The auscultatory technique operates on the same principle as
standard blood pressure measurement, using a microphone or ultrasound device to
detect the Korotkoff sounds. The oscillometric technique detects blood pressure by
measuring the oscillations of the arterial wall.

Non-invasive blood pressure measurement by these methods is the standard means of
estimating systemic blood pressure. However, misleading or erroneous readings may
occur in subjects with significant hardening of the brachial artery (pseudohypertension).
In addition, individuals who become stressed during the performance of blood pressure
measurement may have a temporary increase in blood pressure (‘white coat
hypertension’).

Individuals with hypertension are often further assessed by 24-hour ambulatory blood
pressure monitoring (ABPM). ABPM utilises a portable sphygmomanometer (with an
attached recording device) to measure blood pressure repeatedly over a 24-hour period.
A trained technician is required to set up the ABPM device, and the subject then goes
about their usual daily activities. The sphygmomanometer inflates at predefined times,
and the blood pressures are recorded on a data storage unit. After the monitoring period
is complete, the blood pressure data are analysed to determine the patient’s mean
24-hour blood pressure, mean daytime blood pressure and mean night-time blood
pressure readings. This approach provides information on the subject’s blood pressure in
their normal environment and routine (Australian Heart Foundation 2004; Lefevre et al
2001).

The most accurate method of measuring blood pressure and pressure waveforms is by
passing a catheter into an artery to obtain direct pressure measurement. There are two
basic types of catheters used for invasive blood pressure measurement: fluid-filled
catheters with an external manometer and catheter-tipped transducers. Fluid-filled
catheters rely on the transmission of the pressure wave through the fluid in the catheter
lumen. An external pressure transducer can then record the pressure wave.

The transducer must be reliably calibrated and the baseline set at atmospheric pressure.
Air bubbles within the fluid interface can produce errors in pressure recording.
Catheter-tipped transducers have a miniature pressure transducer at the end of the
catheter which can be positioned within the heart. These manometers generally have
higher fidelity for recording pressure waves, with resonant frequencies into the kHz
range (Nichols et al 2005).

Cardiac catheterisation is used in several diagnostic applications in a clinical setting.
Injection of dye through a cardiac catheter can be used to measure cardiac output or
image coronary artery blood flow (angiography).

SphygmoCor system 3



Pressure waveform

Due to the pulsatile nature of blood flow, arterial blood pressure has a characteristic
waveform. The contour of this pressure wave varies throughout the body, as well as with
increasing age and cardiovascular disease states (Figure 1). In normal individuals, the
pulse pressure is greater in the brachial artery than the aorta. However, this increase in
pulse pressure between the aorta and peripheral arteries declines with age, as the elasticity
of the large arteries decreases (Nichols et al 2005). Therefore, measurement of blood
pressure by standard sphygmomanometry is more useful for estimating central aortic
blood pressure in older subjects than in younger individuals.
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Figure 1 Typical arterial pressure waveforms according to age

From: A Clinical Guide: Pulse Wave Analysis (2005). http://www.atcormedical.com/users_guide.html

The pressure wave at any location in the body is a composite of an outgoing and a
reflected pressure wave. The first is the pressure wave that travels from the heart to the
peripheral arteries, generated by contraction of the left ventricle. The second is a pressure
wave reflected back from the periphery, due to the resistance provided by the small
calibre distal vessels. In a healthy adolescent, this reflected wave meets the central aortic
pressure wave during the diastolic period, and does not augment the central systolic
pressure. The increase in the central pressure during diastole assists in perfusion of the
heart muscle (myocardium). The systolic pressure in more peripheral vessels is, however,
increased due to summation with the reflected wave. Thus, there are differences between
peripheral and central blood pressure, and the former may not always reflect the latter.
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In older adults, and individuals with vascular diseases such as atherosclerosis, the arteries
are usually less compliant. This arterial stiffening is primarily due to degeneration of the
elastic components of the large arteries. As the compliance decreases, the cushioning
effect of the arteries on the pulsatile components of the pressure wave decreases.

This decreased compliance results in the pressure wave travelling along the arteries at an
increased rate — that is, the pulse wave velocity of both the outgoing and reflected wave
is increased. The reflected wave therefore meets the initial wave at an earlier time, during
the late systolic period. This results in an increase in, or augmentation of, the central
systolic pressure with a late systolic peak (Figure 2). The systolic and diastolic blood
pressures increase with ageing, with an increase in pulse pressure apparent from
approximately 50 years of age (Nichols et al 2005).
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Figure 2 Typical aortic pressure waveforms in normotensive subjects
according to age

Note the increase in late systolic augmented pressure with age due to increased arterial stiffness and wave reflection.

From: A Clinical Guide: Pulse Wave Analysis (2005). http://www.atcormedical.com/users_guide.html

A few healthy, young people have isolated increased systolic blood pressure (greater than
140 mmHg) with normal diastolic blood pressure, as determined by standard
sphygmomanometry (Mahmud and Feely 2003; O’Rourke et al 2000). Investigations
usually reveal no abnormality in these individuals. They are typically young
(approximately 15-25 years), tall, male and athletic. Their systolic pressure is higher in
the upper limbs than in the ascending aorta or left ventricle (ie, the PP amplification that
occurs between the aorta and brachial arteries in normal young people is increased).

This ‘isolated spurious systolic hypertension of youth’ is thought to be due to increased
amplification of the pulse wave in the upper limb. This contrasts with amplification of

SphygmoCor system 5



the central pressure wave seen in older individuals, which is due to augmentation by the
reflected pressure wave. The increase in brachial systolic pressure is therefore due to
different haemodynamic mechanisms than true central systolic hypertension.

Hence, subjects with isolated systolic hypertension of youth will have an aortic pulse
waveform with a normal systolic pressure and without a late systolic peak.

Pulse wave analysis of the central aortic pressure wave focuses on several technical
measures of the waveform characteristics that are indicative of arterial disease.

It is suggested that these measures may be used to determine the risk of cardiovascular
events in individuals.

Key haemodynamic measures of cardiovascular function determined by the aortic
waveform are the basic aortic blood pressures, augmentation index (Alx), the ejection
duration and the subendocardial viability ratio (SEVR).

The augmentation pressure is the difference in pressure between the first systolic and
second systolic peaks, due to the reflected wave (AP = P2 — P1). The pulse pressure is
the difference between the systolic and diastolic pressures (PP = SBP — DBP). The Alx
provides an indirect measure of systemic arterial stiffness, and is calculated as the ratio of
the augmentation pressure to the pulse pressure (Figure 3).

A second indirect measurement of arterial compliance is the time to wave reflection (Tt),
which is calculated as the time from the wave foot to the systolic inflexion point (P1)
(Figure 4). This represents the time taken for the reflected wave to reach the ascending
aorta.

The ejection duration is the length of time from the beginning of the pulse to the closure
of the aortic valve, as indicated by the dicrotic notch, or incisura (Figure 4). Lower
ejection duration may be indicative of systolic dysfunction in heart failure patients. It has
been suggested that two types of heart failure can be distinguished by determining
whether the abnormality involves the expulsion of blood (systolic dysfunction) or the
relaxation of the heart (diastolic dysfunction) (The Cardiac Society of Australia and New
Zealand 2002). An ejection fraction of less than 40 per cent indicates systolic
dysfunction, and an ejection fraction of greater than 40 per cent in a patient with
unequivocal heart failure suggests diastolic dysfunction. However, these criteria are not
definitive. Furthermore, in many patients with heart failure, these two conditions coexist.

The SEVR is reported to represent a ratio of the myocardial perfusion supply to demand.
It evaluates the ability of the arterial system to meet the energy requirements of the heart.
Using the ejection duration as determined from the peripheral pulse, the area under the
systolic and diastolic portions of the aortic pressure wave curve are calculated. These two
values are the tension time index (T'TT), which correspond with the systolic portion of
the pressure curve and the diastolic pressure time index (DPTI), corresponding with the
diastolic portion of the pressure curve (Figure 4). The SEVR is calculated by applying
the formula: DPTI/TTI. A decreased SEVR may indicate a dectease in myocardial
perfusion.
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Figure 3 Determination of the augmentation index from the aortic pressure waveform
derived from a radial artery waveform using the SphygmoCor system

Figure legend: @ Young normotensive subject; b Middle-aged hypertensive subject

Abbreviation: PP, pulse pressure.

From: Woodman RJ, Watts GF (2003). Measuring arterial stiffness in diabetic patients. © John Wiley & Sons Ltd. Reproduced with permission.
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Figure 4 Derived aortic pressure wave and pulse wave analysis parameters

Abbreviations: DPTI, diastolic pressure time index; P1, systolic inflexion point; P2, systolic peak; TTI, tension time index.

From: A Clinical Guide: Pulse Wave Analysis (2005). http://www.atcormedical.com/users_guide.html

Two measures of arterial compliance, PWV and carotid Alx, have been studied for their
prognostic value. In hypertensive patients with baseline arterial stiffness, the carotid to
femoral artery PWV has been found to be an independent predictor of both
cardiovascular and all-cause mortality (Laurent et al 2001). This study demonstrated that
a PWV of 5 m/s was significantly associated with all-cause mortality (odds ratio 2.14,
95% CI: [1.71, 2.67]) and cardiovascular mortality (odds ratio 2.35, 95% CI: [1.76, 3.14]).

Additionally, in people diagnosed with hypertension with baseline arterial stiffness but
without a history of cardiovascular disease, PWV was demonstrated to be an
independent predictor of the occurrence of cardiovascular events (Boutouyrie et al 2002).
A PWV of 3.5 m/s was found to be significantly associated with the occutrence of
coronary events (relative risk 1.42, 95% CI: [1.10, 1.82]) and cardiovascular events

(relative risk 1.41, 95% CI: [1.17, 1.70]).

Aortic PWYV has also be shown to be a predictor of mortality in patients with end-stage
renal failure (Blacher et al 1999; London et al 2001; Safar et al 2002) and diabetes
(Cruickshank et al 2002), both high risk populations for cardiovascular disease.

In patients with end-stage renal failure, carotid Alx has been found to be an independent
predictor of both cardiovascular and all-cause mortality (London et al 2001). This study
demonstrated that for each 10 per cent increase in carotid Alx, the odds ratio for both
all-cause mortality (odds ratio 1.51, 95% CI: [1.23, 1.80]) and cardiovascular mortality

(odds ratio 1.48, 95% CI: [1.16—1.90]) increased.
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SphygmoCor system

The procedure

The SphygmoCor system is a non-invasive diagnostic technology that enables pulse wave
analysis of the central, ascending aortic pressure wave.

The SphygmoCor system obtains peripheral arterial pressure waveforms by applying an
arterial applanation tonometer to the wrist. The tonometer partially compresses the radial
artery and records a pressure wave over several cardiac cycles. This pressure wave is
calibrated to brachial cuff blood pressure measurements. The averaged peripheral
waveform is then converted to an ascending aortic waveform using a generalised
mathematical transfer function.

The waveform parameters obtained using the SphygmoCor system is useful in the
diagnosis of cardiovascular diseases, as indicated in Table 2.

Table 2 Diagnosis of cardiovascular diseases using the SphygmoCor system

Condition Surrogate marker SphygmoCor measure
Hypertension Increased aortic stiffness Increase in Alx and a decrease in Tr
Isolated systolic hypertension of youth N/A Normal ascending aortic systolic pressure
Coronary artery disease Decreased myocardial perfusion Decrease in SEVR

Heart failure — systolic dysfunction N/A Decrease in ED

Heart failure — diastolic dysfunction N/A Increase in ED

Abbreviations: Alx, augmentation index; CAD, coronary artery disease; ED, ejection duration; HF, heart failure; SEVR, subendocardial viability
ratio; Tr, time to wave reflection.

Intended purpose

The intended purpose of the SphygmoCor system for aortic pulse wave analysis is in the
assessment of three different cardiovascular conditions — hypertension, stable angina
pectoris and heart failure. A cardiologist or specialist physician would use the
SphygmoCor system following referral from a patient’s general practitioner.

The SphygmoCor system’s ability to differentiate individuals with isolated spurious
systolic hypertension of youth or pseudohypertension, from those with true isolated
systolic hypertension, was considered. These individuals will have a raised systolic
pressure as determined by standard brachial blood pressure measurement
(sphygmomanometry). However, the central aortic waveform measures determined by
SphygmoCor may differentiate individuals with true hypertension from those without
central hypertension. In addition, the SphygmoCor system’s ability to identify individuals
with white coat hypertension was considered.

The ability of the SphygmoCor system to influence therapeutic choices by providing
information on the central aortic Alx was also considered. Individuals with a high Alx
may benefit more from vasodilators than other antihypertensive agents.

The ability of the SphygmoCor system to determine the underlying cause of stable angina
was also considered. If the SEVR is less than 1 at the time of onset of angina, this
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suggests that the cause of the angina is not a significant coronary artery stenosis, and
investigation by angiography may be alleviated or deferred. In addition, these patients
might also benefit from treatment with drugs that increase diastolic duration relative to
systolic duration (such as B-blockers) or long-acting nitrates that decrease aottic systolic
pressure relative to diastolic pressure.

The intended purpose of the SphygmoCor system in patients with heart failure is in
diagnosing systolic versus diastolic dysfunction and in directing therapy. Lower ejection
duration is suggestive of more severe systolic dysfunction. These patients may also
benefit from treatment with sublingual nitrate. A long ejection duration and isolated
systolic hypertension are suggestive of diastolic dysfunction resulting from left
ventricular hypertrophy. These patients might benefit from treatment with drugs that

decrease the heart rate (eg, B-blockers).

The reference standard

In order to investigate the accuracy of a new diagnostic test, the diagnosis made with the
new test must be compared with the true disease status. The most accurate measure of
the true disease status is the gold standard. Ideally, this should be used as the reference
standard to assess a new diagnostic test. However, an alternative measure may be chosen
as the reference standard (eg, if the gold standard is highly invasive).

Expert opinion within the Advisory Panel indicated that the assessment of hypertension
is based on brachial blood pressure; therefore, the appropriate reference standard for the
assessment of hypertension in this review is invasive brachial blood pressure
measurement.

The reference standard for the assessment of angina in this review is coronary
angiography.

The reference standard for the assessment of heart failure in this review is
echocardiography.

Existing tests

Blood pressure measurement

Standard blood pressure measurement is performed by cuff sphygmomanometry.
Individuals with hypertension are often further assessed by 24-hour ABPM. Details of
these techniques are provided on page 3.

The SphygmoCor system would be used as an additional test in individuals with
hypertension who are referred to a specialist. Therefore, current best conventional care
(including the use of ABPM) is the main comparator for this indication. However,
SphygmoCor may replace ABPM in some patients; therefore the replacement value of
SphygmoCor by comparison with ABPM will also be reviewed.
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Angiography

Coronary angiography is the most commonly used diagnostic test for coronary artery
disease.

Coronary angiography is an invasive procedure performed while the patient is under mild
sedation. It involves inserting a catheter into a peripheral artery (usually the femoral
artery) and advancing it as far as the heart and coronary arteries. A contrast agent is then
injected and radiographic imaging provides real-time assessment of the patency of the
coronary arteries.

The use of the SphygmoCor system for patients with stable angina pectoris may alleviate
ot defer the need for coronary angiography. As the SphygmoCor system may be used as
an additional test (ie, incremental value of the SphygmoCor system), current best
conventional care including the use of angiography is the main comparator for this
indication. The replacement value of the SphygmoCor system by comparison with
angiography will also be reviewed.

Electrocardiography

Electrocardiography (ECG) is a non-invasive test that records the electrical activity of the
heart. Electrical impulses generated by the heart are transmitted to the body’s surface and
detected by electrodes placed on the patient’s chest and limbs. A graphic recording of the
difference in voltage between the ECG leads is taken, depicting the waves of excitation.
The different components of the standard ECG wave are designated by the letters P-T.

Characteristics of the electrocardiogram can be useful as myocardial defects or damage
affect the propagation of the electrical signal through the heart.

ECG is a prior test in the clinical pathway and is therefore not considered to be a
comparator for the SphygmoCor system in this assessment.

Stress testing

In standard stress testing, ECGs are recorded while the patient is monitored during
standard exercise. The test is continued until the patient achieves a target heart rate.
This allows the effect of exercise on heart function to be determined. Abnormalities
which arise only during periods of increased stress, such as stable angina, can be
detected.

SphygmoCor may replace stress testing in some patients; therefore, the replacement
value of SphygmoCor by comparison with stress testing will be reviewed.

Cardiac perfusion scan

Cardiac perfusion scans are also referred to as radionucleotide stress testing. These scans
involve the introduction of a radiopharmaceutical tracer into the patient to assess
coronary blood flow at rest and following either exercise or pharmacologically induced
stress. The tracer is tracked within the myocardium using a gamma camera with the data
converted to tomographic images. This procedure as with standard ECG stress testing
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allows for the detection of abnormalities that only arise during periods of increased stress
(Mowatt et al 2004).

SphygmoCor may replace cardiac perfusion scans in some patients; therefore, the
replacement value of SphygmoCor by comparison with cardiac perfusion scans will be
reviewed.

Echocardiography

Echocardiography is a non-invasive diagnostic technique that uses ultrasound to create a
real-time image of the heart. The ultrasound images can demonstrate structural and
functional abnormalities of the chambers, walls and valves of the heart. By assessing the
thickness of the heart wall, echocardiography can assess the severity of left ventricular
hypertrophy. Doppler imaging during echocardiography allows evaluation of cardiac
output and therefore assessment of ejection fraction, valvular insufficiency and stenosis.
Echocardiography can assist in classifying heart failure by providing information on the
left ventricular ejection fraction (LVEF). Patients with systolic dysfunction have
decreased LVEF, while those with diastolic dysfunction usually have preserved LVEF
and no valvular abnormalities (Hunt et al 2001).

The use of the SphygmoCor system for patients with heart failure may alleviate or defer
the need for echocardiography. As the SphygmoCor system may be used as an additional
test (ie incremental value of the SphygmoCor system), current best conventional care
including the use of echocardiography is the main comparator for this indication.

The replacement value of the SphygmoCor system by comparison with
echocardiography will also be reviewed.

Arterial compliance measures

There are currently several non-invasive approaches used in the clinical estimation of
arterial compliance. These methods are based on measuring various parameters that
provide an indirect estimation of arterial stiffness.

Three basic approaches were reviewed by Pannier et al (2002), the most common of
which is the measurement of pulse wave velocity. This approach estimates arterial
stiffness based on the velocity at which the pressure wave travels between two points of
known distance apart. The time difference between these two locations is known as the
pulse transit time (PTT). The second approach, as utilised in the SphygmoCor system, is
based on analysis of the arterial pressure waveform. These two methods both estimate
arterial stiffness indirectly. The final option is a more direct estimation of arterial stiffness
and involves measuring the artery diameter and distending pressure.

The Finapres®, Portapres” and Cardiopres® systems produced by TNO Biomedical
Instrumentation provide similar capabilities to the SphygmoCor system. These devices
allow non-invasive, continuous measurement of finger arterial pressure using an infrared
plethysmograph system. The Portapres and Cardiopres monitors also enable ambulatory
finger pressure measurement to be recorded. These three devices are packaged with
Modelflow” and/or Beatscope in the accompanying software suite. These programs are
used to analyse many cardiovascular haemodynamic parameters.

12
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The Modelflow analysis is based on the Windkessel model and allows an aortic flow
waveform (as opposed to the pressure waveform) to be calculated. Therefore, this
analysis differs from that of the SphygmoCor system. The Beatscope software includes
the Modelflow software, and is also able to determine the brachial pressure wave from
the recorded finger pressure wave. This can be further combined with a brachial to aortic
transfer function to provide a generalised finger to aortic transfer function (Bos et al
2000). This allows conversion of finger to aortic pressure waves in a manner substantially
similar to the SphygmoCor system.

Measures of arterial compliance are not used as diagnostic tests in clinical practice, and
therefore are not considered comparators for this assessment.

Hypertension

Clinical need

The AusDiab study, which included 11, 247 Australian people over the age of 25,
indicated that 30.6 per cent of men and 27.1 per cent of women (28.8% overall) are living
with hypertension (Dunstan et al 2001). This equates to approximately 3 million
Australians over 25 years of age with high blood pressure (Australian Institute of Health
and Welfare 2004a).

Hypertension is an asymptomatic condition. Although simple to diagnose with standard
blood pressure sphygmomanometry, hypertension remains undiagnosed and untreated in
many patients. For example, it was estimated that 13 per cent of the population over 25
years of age were undergoing treatment for hypertension, whilst a further 15 per cent had
untreated hypertension (Briganti et al 2003).

Mortality and morbidity

While hypertension is a common disorder, the actiology of most diagnosed cases remains
unknown. This is referred to as essential hypertension. Hypertension occurring
secondary to another organic disease (eg, renal failure, endocrine disorders) is referred to
as secondary hypertension.

This condition is a major financial burden on the Australian health care system. Blood
pressure-lowering drugs available through the Pharmaceutical Benefits Scheme (PBS)
cost $755 million in 2000. This corresponds to 16.5 per cent of government and patient
costs for prescription PBS drugs (Australian Institute of Health and Welfare 2004a).

In addition to its direct burden, hypertension is a major contributor to deaths due to all
cardiovascular diseases. In 2002, cardiovascular disease was responsible for 38 per cent
of all deaths and 7 per cent of all hospitalisations (Australian Institute of Health and
Welfare 2004a).
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Current treatment

Changes in lifestyle according to the SNAP (smoking, nutrition, alcohol, physical activity)
risk factors may result in adequate control of mild hypertension (Australian Heart
Foundation, 2004). However, in patients with more severe hypertension and those
whose hypertension is not adequately controlled by lifestyle changes, pharmacological
management is recommended. There are five main classes of antihypertensive drugs:
low-dose thiazide diuretics, -blockers, angiotensin-converting enzyme inhibitors,
calcium channel blockers and angiotensin II receptor antagonists. The initial drug choice
will be atfected by a number of factors such as cardiovascular risk profile, presence of
co-existing conditions, concomitant medications, effectiveness and cost. However, most
individuals using antihypertensive medications will require a combination of drugs to
manage their condition effectively. Detailed guidelines are provided in the hypertension
management guide for doctors (Australian Heart Foundation, 2004).

Angina pectoris

Clinical need

Angina pectoris is a symptom of a disease rather than a disease itself. It is a sensation of
chest discomfort that occurs when the oxygen supply to the heart muscle does not match
metabolic demand. This usually occurs due to the narrowing of a coronary artery, leading
to a reduction in the blood flow to the heart (coronary artery disease). Chest discomfort
generally manifests as a feeling of pressure or squeezing. However, an angina attack may
be accompanied by additional symptoms, such as fainting, nausea and light-headedness.
Other conditions that may contribute to the occurrence of angina include congestive
heart failure and anaemia.

In stable angina, the discomfort usually develops after exercise, excitement or a large
meal, and the symptoms are stable over a long period of time. Unstable angina presents
with more pain that lasts longer and frequently occurs when the person is at rest.
Angina is usually diagnosed by stress testing (see page 11).

Mortality and morbidity

In 2002, coronary artery disease (CAD) was the largest single cause of death in the
Australian population, and was responsible for 19.5 per cent of all deaths (Australian
Institute of Health and Welfare 2004a).

The 2001 National Health Survey reported that 1.9 per cent of the surveyed population
(corresponding to approximately 355,600 Australians) experienced some manifestation of
CAD. The majority of these individuals reported having angina and approximately a third
reported experiencing heart attack. High blood pressure is common (50.3%) in people
with CAD (Australian Institute of Health and Welfare 2004a).

During 2001-2002 an estimated 48,700 CAD events occurred in Australia among 40-90
year olds. About half of these events were fatal (Australian Institute of Health and
Welfare 2004a).
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CAD was responsible for 26,063 deaths (13,855 men, 12,208 women) in 2002.
This equates to an age-standardised mortality (for Australia) of 169.7/100,000 for men

and 97.8/100,000 for women. The age-standardised mortality for all persons was
129.7/100,000 (Australian Institute of Health and Welfare 2004b).

In 2001-2002, it was estimated that CAD was responsible for 2.5 per cent of all
hospitalisations in Australia and accounted for 36 per cent of all hospitalisations for
cardiovascular disease (Australian Institute of Health and Welfare 2004a).

Current treatment

The management of angina pectoris involves changes in lifestyle, including diet and
exercise patterns, in order to reduce the symptoms and to prevent complications
(Australian Institute of Health and Welfare: Mathur 2002). Long-term pharmacotherapy
may also be used to control angina, using agents such as long-acting nitrates, B-blockers
and calcium channel blockers. In addition, other medications may be used to treat
hypertension, hyperlipidaemia and arrhythmias in order to control the underlying
condition. In some angina patients, surgical revascularisation procedures may be
necessary. Revascularisation procedures that are commonly performed are percutaneous
transluminal coronary angioplasty (with or without stenting) and coronary artery bypass
grafting.

Heart failure

Clinical need

Heart failure is a pathophysiological state in which there is an abnormality in the heart’s
ability to pump blood. Most cases of heart failure involve defects in myocardial (heart
muscle) contraction. These may be caused by coronary atherosclerosis, valvular disease
or congenital heart disease. The defects increase the haemodynamic burden on the
ventricles, which leads to ventricular hypertrophy. This in turn increases the stress on the
myocardium.

Mortality and morbidity

In 2002, heart failure was the third largest cause of death from cardiovascular diseases in
the Australian population, and was responsible for 2 per cent of all deaths (Australian
Institute of Health and Welfare 2004a).

The estimated prevalence for heart failure in Australia is based on international data,
approximately 300,000 Australians have chronic heart failure with a further 30,000
diagnosed each year (Australian Institute of Health and Welfare 2004a).

Heart failure was responsible for 2729 deaths in 2002 (1033 men, 1696 women).

This equates to an age-standardised mortality (for Australia) of 14.1/100,000 for men
and 13.0/100,000 for women. The age-standardised mortality in all persons was
13.5/100,000 (Australian Institute of Health and Welfare 2004b).
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Heart failure is estimated to account for 0.7 per cent of all hospitalisations in Australia
and 9.5 per cent of all hospitalisations for cardiovascular disease (Australian Institute of
Health and Welfare 2004a).

Current treatment

As with angina pectoris, the management of heart failure involves changes in lifestyle,
such as diet and exercise patterns (Cardiac Society of Australia and New Zealand 2002).
Heart failure also requires pharmacological management in order to decrease the effects
of systolic and/or diastolic dysfunction, as well as treatment of any concomitant
cardiovascular conditions. Patients with systolic heart failure should be treated with
angiotensin-converting enzyme inhibitors and B-blockers. Patients with diastolic
dysfunction may be treated with diuretics and/or nitrates; however, thete is currently no
strong evidence about whether or not these classes of drugs improve left ventricular
function (Cardiac Society of Australia and New Zealand 2002). The American College of
Cardiology and the American Heart Association recommend that patients with diastolic
dysfunction be managed by controlling physiological factors such as blood pressure,
heart rate, blood volume and ischaemia (Hunt et al 2001). Such management will have
beneficial effects on ventricular relaxation. In some instances, the cause of heart failure
may be known and surgery (such as valve replacement) may be an option. Healthy heart
failure patients may require a heart transplant if they are not successfully managed by
medication. Patients who cannot be managed by any therapies and are not candidates for
heart transplantation are provided palliative care.

Potential impact of the test

Increased accuracy in the assessment of hypertension, stable angina pectoris and heart
failure could lead to a reduction in unnecessary treatments, as well as a reduction in the
use of other invasive diagnostic procedures such as angiography.

The SphygmoCor system has the potential to provide the attending specialist with more
detailed information on the cardiovascular status of a patient, which could lead to a
change in management. This could result in better control of the patient’s condition.

Marketing status of the device

There are three registered SphygmoCor systems on the market; all are listed with the
Therapeutic Goods Administration (TGA) on the Australian Registry of Therapeutic
Goods under the listing number L.64615. These systems are approved for marketing in
Australia, the United States of America, the European Union, Korea, China and Japan.

The SphygmoCor Px system is a non-invasive method of measuring peripheral arterial
pressure waveforms that, through the use of a validated transfer function, allows
calculation of the ascending aortic pressure waveform. The SphygmoCor Mx system
measures radial waveforms and provides a real-time method of deriving aortic pressure
waveforms. The SphygmoCor I”x system utilises an ECG in combination with a
tonometer to measure the pressure waveform sequentially at two peripheral artery sites.
This system provides a means of analysing pulse wave velocity in addition to pressure
wave analysis.
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The US Food and Drug Administration (FDA) has determined that the SphygmoCor Mx
system is substantially equivalent to a standard intravascular catheter attached to a
conventional manometer and blood pressure monitor for obtaining calibrated central
aortic blood pressure (KK002742). It is stated that the system is designed for use with a
conventional invasive radial artery blood pressure monitor in the hospital setting.

The document states that the indication for use is “in those patients where information
related to the ascending aortic pressure is desired, but in the opinion of the physician, the
risks of cardiac catheterisation may outweigh the benefits”. This substantial equivalence
is based on a study comparing the SphygmoCor Mx system using an invasive radial artery
pressure transducer to pressures measured invasively with a catheter in the aorta (Pauca
et al 2001). The FDA later determined that the SphygmoCor Px system was substantially
equivalent to the SphygmoCor Mx system (K012487). This was based on a study
comparing radial artery pressure waveforms determined invasively with a catheter to
radial artery pressure waveforms determined by a non-invasive Millar tonometer.

Current reimbursement arrangement

The SphygmoCor system is not currently funded under the Medicare Benefits Schedule
(MBS).
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Approach to assessment

Research questions and clinical pathways

Hypertension

The PPICO criteria (target population, prior tests, index test, comparator, outcomes)

developed « priori for the evaluation of hypertension by the SphygmoCor system are
given in Table 3.

Table 3  PPICO criteria for the use of the SphygmoCor system in hypertension

Population Prior tests Index test Comparator Outcomes
Patients with multiple Clinical history SphygmoCor system 24-hour ambulatory ~ Change in clinical
measurements of elevated blood Physical blood pressure outcomes
pressure, and examination monitoring Change in clinical
o under 25 years of age (with Electrocardiography Current practice management
elevated systolic blood pressure), . ) (including 24-hour i
or Biochemistry ambulatory blood iagnostic accuracy

 uncontrolled by multiple (> 2) pressure monitoring)

antihypertensive medications
(whether due to lack of
effectiveness or non compliance),
or

o experiencing adverse effects of
medication

The research question for this indication, based on these criteria, was as follows.

To what extent is the SphygmoCor system:

e cffective (including diagnostic performance and the impact of diagnosis on
changes in clinical management and changes in clinical outcomes)

e safe, and
® cost-effective

in the assessment of hypertension in patients with multiple measurements of elevated
blood pressure who are:

e under 25 years of age (with elevated systolic blood pressure), or

e uncontrolled by multiple (more than two) antihypertensive medications (whether
due to lack of effectiveness or non compliance), or

e cexperiencing adverse effects of medication
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relative to 24-hour ambulatory blood pressure monitoring or relative to current best
conventional care (clinical history, physical examination, electrocardiography,
biochemical tests, 24-hour ambulatory blood pressure monitoring) in the absence of
SphygmoCor?

The clinical pathway for the evaluation of patients referred with hypertension (less than
25 years of age) is shown in Figure 5. Figure 06 illustrates the clinical pathway for the
evaluation of patients referred with hypertension who are either uncontrolled by multiple
medication (more than two drugs) or experience adverse effects of medication. Both of
these flowcharts display the clinical management pathway to the point of patient
diagnosis.
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Primary care:
Young patients (< 25 years) with multiple
elevated systolic blood pressure
readings, as determined by brachial cuff
blood pressure measurements

A 4

Referral to a cardiologist or a physician

specialising in hypertension

v

Clinical history, physical examination
(including brachial cuff blood pressure
measurements), ECG, biochemistry,
24 hour ABPM

[ 1
Current (comparator) pathway Concurrently with previous tests Proposed* pathway
No SphygmoCor system SphygmoCor system
[ ] [ . | .
Normal SBP? Increased SBP?  Increased aortic Normal aortic
l l SBP SBP
4 4
- Test for secondary causes of -
C“n.lc.al hypertension (eg, RA duplex CI|nI|cIaI
suspicion ultrasonography) suspicion
| [
No Yes Yes No
v v
Echocardiogram Echocardiogram
A 4 A 4
Cease Appropriate Appropriate treatment/ Appropriate Cease
treatment treatment Cease treatment treatment treatment
and further and further
investigation investigation

Figure 5 Clinical pathway for the investigation of patients referred with hypertension

(<25 years of age)

Abbreviations: ABPM, ambulatory blood pressure monitoring; ECG, electrocardiogram; RA, renal artery; SBP, systolic blood pressure.
a Blood pressure measurement based on 24 hour ABPM.
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Primary care:

Patients with multiple recordings of elevated blood pressure, as
determined by brachial cuff blood pressure measurements, who
are uncontrolled by multiple (> 2) antihypertensive medications or
who are experiencing adverse effects due to the medication

|

Referral to a cardiologist or a physician specialising in
hypertension

\ 4

Clinical history, physical examination (including brachial cuff
blood pressure measurements), ECG, biochemistry, chest X-ray
(10-20%) patients, 24 hour ABPMa

Current (comparator) pathway Concurrently with previous Proposed pathway
tests
No SphygmoCor systema SphygmoCor system
I | |
Normal BP® Increased BP? No
hypertension
\ 4 yp \ 4
Stop treatment Hypertension with Hypertension with Stop treatment
normal Tr/Alx decreased Tr or
increased Alx
\ 4 \ 4
24 hour ABPM SphygmoCor
v system
Test for secondary causes of
hypertension and end-organ damage
(eg- RA duplex ultrasonography,
echocardiography, creatine levels
Normal BP Increased BP Normal aortic BP Increased
aortic BP
Diagnosis of Diagnosis of
white coat white coat
hypertension hypertension
y A v
Appropriate Cease Appropriate Management Cease Appropriate
treatment/ treatment and treatment/ change treatment and treatment/
management further cease (eg. treat further management
investigation management with investigation
vasodilators)

Figure 6 Clinical pathway for the investigation of patients referred with hypertension
who are uncontrolled by multiple medication (more than two drugs) or who
are experiencing adverse effects of medication

Abbreviations: ABPM, ambulatory blood pressure monitoring; Alx, augmentation index; BP, blood pressure; ECG, electrocardiogram; RA, renal

artery; Tr, time to reflection.

a 24 hour ABPM would be an appropriate comparator in some patients.
b Blood pressure measurement based on 24 hour ABPM.
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Angina pectoris

The PPICO criteria developed a priori for the evaluation of angina pectoris by the
SphygmoCor system are presented in Table 4.

Table 4 PPICO criteria for the use of the SphygmoCor system in angina pectoris

Population Prior tests Index test Comparator Outcomes
Patients with stable Clinical history SphygmoCor system  Angiography Change in clinical
angina pectoris Physical examination outcomes
Biochemistry Standard stress testing? Change in clinical
Electrocardiography management
Echocardiography Current practice . !
(including angiography Diagnostic accuracy
and standard stress
testing)

aFor this assessment standard stress testing refers to ECG stress testing and cardiac perfusion scans.

The research question for this indication, based on these criteria, was as follows.

To what extent is the SphygmoCor system:

e cffective, (including diagnostic performance and the impact of diagnosis on
changes in clinical management and changes in clinical outcomes)

e safe, and
e cost-effective

in the assessment of stable angina pectoris, relative to angiography, relative to standard
stress testing (ECG stress test or cardiac perfusion scan) or relative to current best
conventional care (clinical history, physical examination, electrocardiography,
biochemical tests, echocardiography and angiography) in the absence of SphygmoCor?

The clinical pathway for the evaluation of patients referred with stable angina is shown in
Figure 7. This displays the clinical management pathway to the point of patient
diagnosis.
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Primary care:
Patients with stable angina

\ 4

Referral to a cardiologist or a
physician specialising in coronary
artery disease

A

Clinical history, physical
examination (including brachial cuff
measurements). ECG, standard
stress testinge, biochemistry,
echocardiology

Negative Positive results Positive results
results Current (comparator) pathway Proposed pathway
Consider an Angiography < SphygmoCor system
alternative
diagnosis
| I | | |
Negative Positive Positive Positive Negative
v A 4 v v v
Consider an Appropriate Normal Decreased Cease further
alternative treatment for SEVR SEVR investigation
diagnosis coronary artery
disease
Management change
(eg. treat with beta-
blockers)
No response
Response
\ 4
Continue appropriate
treatment
Figure 7 Clinical pathway for the investigation of patients with stable angina
Abbreviations: ECG, electrocardiography; SEVR, subendocardial viability ratio.
a Standard stress testing (ECG stress testing, cardiac perfusion scans) would be an appropriate comparator in some patients.
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Heart failure

The PPICO criteria developed a priori for the evaluation of heart failure by the
SphygmoCor system are given in Table 5.

Table 5 PPICO criteria for the use of the SphygmoCor system in heart failure

Population Prior tests Index test Comparator Outcomes
Patients with heart Clinical history SphygmoCor system  Echocardiography Change in clinical
failure Physical examination Current practice outcomes
Electrocardiography (including Change in clinical
Biochemistry echocardiography) management
Diagnostic accuracy

The research question for this indication, based on these criteria, was as follows.

To what extent is the SphygmoCor system:

e cffective, (including diagnostic performance and the impact of diagnosis on
changes in clinical management and changes in clinical outcomes)

e safe, and

e cost-effective
in the assessment of heart failure, relative to echocardiography, or relative to current best
conventional care (clinical history, physical examination, ECG, biochemical tests and
echocardiography) in the absence of SphygmoCor?
The clinical pathway for the evaluation of patients referred with heart failure is shown in

Figure 8. This displays the clinical management pathway to the point of patient
diagnosis.
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Primary care:
Patients with heart failure

\ 4

Referral to a cardiologist or a physician
specialising in heart failure

\ 4

Clinical history, physical examination
(including brachial cuff blood pressure
measurements), ECG, biochemistry

I
Current (comparator) pathway

Concurrently with previous tests

1
Proposed pathway
4

SphygmoCor system

Normal or increased
ejection'duration

Continue monitoring and
treatment

l No change T

Evaluate disease status

Echocardiogram
I I
Diastolic Systolic Decreased
dysflwction dysfucction ejection duration
Test for other Appropriate
causes of treatment
heart failure
Echocardiogram Deterioration
I
Diastolic Systolic
dysfunction dysfunction
Test for other Appropriate
causes of heart treatment
failure
Figure 8  Clinical pathway for the investigation of patients with heart failure

Abbreviation: ECG, electrocardiography.
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Assessment framework

Types of evidence

A systematic review of the medical literature was undertaken to identify relevant studies
on the value of the SphygmoCor system. Direct evidence regarding the impact of the
SphygmoCor system on health outcomes was sought. However, the literature search was
not limited by outcomes or comparators. Therefore, in the absence of studies providing
direct evidence, indirect evidence regarding the impact of the SphygmoCor system on
clinical management and diagnostic accuracy was assessed. This indirect evidence was
then combined with the evaluation of treatment effectiveness to assess the impact of the
SphygmoCor system on health outcomes.

Review of the literature

The medical literature was searched to identify all relevant studies and reviews published
to 2005. Searches were conducted in the primary databases indicated in Table 6.

Search strategy

Primary databases

Table 6 Electronic databases searched for the SphygmoCor hypertension review

Database Period covered/date searched
Medline 1966 to August, week 1, 2005
EMBASE 1980 to 2005, week 33
PreMedline 17 August 2005

Cochrane Library Issue 3, 2005 (17 August 2005)

The search terms included the following (as determined from the PPICO criteria):

e SphygmoCor, Finapres, Portapres, Cardiopres, aortic transfer function, central
arterial transfer function, carotid transfer function, aortic mathematical
transformation, central arterial mathematical transformation, carotid
mathematical transformation, aortic pulse wave analysis, central arterial pulse
wave analysis, carotid pulse wave analysis, aortic augmentation index, central
arterial augmentation index, carotid augmentation index, aortic arterial
tonometry, central arterial tonometry, carotid arterial tonometry.

Complete details of the literature searches performed using the Medline and EMBASE
databases are presented in Appendix D.
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Secondary databases

Searches of the following secondary databases/sites were also performed:

British Columbia Office of Health Technology Assessment (Canada)
Canadian Coordinating Office for Health Technology Assessment (CCOHTA)
Centre for Health Economics (Monash University, Australia)

Current Controlled Trials metaRegister and International Standard Randomised
Controlled Trial Number ISRCTN) register

Health Economics Research Group (Brunel University, UK)

National Health and Medical Research Council Australia (publication list)
National Health Service (UK)

Scottish Intercollegiate Guideline Network (SIGN)

Swedish Council on Technology Assessment in Health Care (SBU)

The Blue Cross and Blue Shield Association (Technology Evaluation Centre).

Additional searches were conducted to source quality of life, epidemiological and
economic information, as required.

Communication

The corresponding authors of relevant publications were contacted for any additional

data applicable to this review.

SphygmoCor system
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Selection criteria

Hypertension

Table 7 Selection criteria for included studies for hypertension

Research question: to what extent is the SphygmoCor system effective, safe and cost-effective in the assessment of patients
with multiple measurements of elevated blood pressure and under 25 years of age, or uncontrolled by multiple (> 2)
medications, or experiencing adverse effects of medication, relative to 24-hour blood pressure monitoring or relative to current
best conventional care (clinical history, physical examination, electrocardiography, biochemical tests, 24-hour ambulatory
blood pressure monitoring) in the absence of SphygmoCor?

Selection criteria Inclusion Exclusion

Study design Trials with = 10 patients Non-systematic reviews, letters and opinion pieces,
receiving SphygmoCore and non-human or in vitro studies
comparator®

Population Patient population with Patient populations with diabetes or renal
hypertension insufficiency®

Prior tests Not specified for inclusion or exclusion criteria

Index test Use of the SphygmoCor system@  Use of only pulse wave velocity or flow waveform
for PWA as currently approved measures to estimate arterial compliance
by the TGA Peripheral-to-carotid or carotid-to-aortic general

transfer functions
Reference standard Transducer tipped catheter or

fluid filled catheter with

appropriate calibrationd
Comparator 24-hour ambulatory blood

pressure monitoring

Current best conventional care

Outcomes Diagnostic performance; effect
on clinical management and/or
health outcomes
Abbreviations: PWA, pulse waveform analysis; TGA, Therapeutic Goods Administration.
aQr a substantially equivalent device deriving central aortic from peripheral pressure waveforms using a mathematical transfer function.
b Studies with less than 10 patients will be included for the assessment of adverse event and safety data.
¢ These populations were included but were not treated as separate patient populations
d4This refers to brachial blood pressure for this assessment.
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Angina pectoris

Table 8 Selection criteria for included studies for angina pectoris

Research question: to what extent is the SphygmoCor system effective, safe and cost-effective in the assessment of stable
angina, relative to angiography, relative to standard stress testing (ECG stress test or cardiac perfusion scan) or relative to
current best conventional care (clinical history, physical examination, ECG, biochemical tests, echocardiography and
angiography) in the absence of SphygmoCor?

Selection criteria Inclusion Exclusion

Study design Trials with = 10 patients Non-systematic reviews, letters and opinion pieces,
receiving SphygmoCor? and non-human or in vitro studies
comparator®

Population Patient population with stable Patient populations with diabetes or renal
angina pectoris insufficiency®

Prior tests Not specified for inclusion or exclusion criteria

Index test Use of the SphygmoCor system2 | Use of only pulse wave velocity or flow waveform
as currently approved by the measures to estimate arterial compliance
TGA Peripheral-to-carotid or carotid-to-aortic general

transfer functions
Reference standard Angiography
Comparator Angiography

Standard stress testingd

Current best conventional care
Outcomes Diagnostic performance; effect
on clinical management and/or
health outcomes

Abbreviation: TGA, Therapeutic Goods Administration.

aQr a substantially equivalent device deriving central aortic from peripheral pressure waveforms using a mathematical transfer function.
b Studies with less than 10 patients will be included for the assessment of adverse event and safety data.

¢ These populations were included but were not treated as separate patient populations

dFor this assessment standard stress testing refers to ECG stress testing and cardiac perfusion scans.

Heart failure

Table 9 Selection criteria for included studies for heart failure

Research question: to what extent is the SphygmoCor system effective, safe and cost-effective in the assessment of heart
failure, relative to echocardiography, or relative to current best conventional care (clinical history, physical examination, ECG,
biochemical tests, echocardiography) in the absence of SphygmoCor?

Selection criteria Inclusion Exclusion

Study design Trials with = 10 patients Non-systematic reviews, letters and opinion pieces,
receiving SphygmoCora and non-human or in vitro studies
comparator?

Population Patient population with heart Patient populations with diabetes or renal
failure insufficiencyc

Prior tests Not specified for inclusion or exclusion criteria

Index test Use of the SphygmoCor system@ | Use of only pulse wave velocity or flow waveform
as currently approved by the measures to estimate arterial compliance
TGA Peripheral-to-carotid or carotid-to-aortic general

transfer functions
Reference standard Echocardiography
Comparator Echocardiography

Current best conventional care
Outcomes Diagnostic performance; effect
on clinical management and/or
health outcomes

Abbreviation: TGA, Therapeutic Goods Administration.

aQr a substantially equivalent device deriving central aortic from peripheral pressure waveforms using a mathematical transfer function.
b Studies with less than 10 patients will be included for the assessment of adverse event and safety data.
¢ These populations were included but were not treated as separate patient populations
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Search results

A total of 756 non-duplicate citations relating to peripheral to aortic general transfer
functions were identified. One diagnostic accuracy study was identified, while a further
11 studies were identified that provided indirect evidence of the use of the SphygmoCor
system in the diagnosis of spurious systolic hypertension of youth (Appendix E).

Quorum flowchart

Potentially relevant studies identified Studies excluded, with reasons (n = 568)
in the literature search and screened Review, editorial, letter etc (n = 23)
for retrieval (n = 756) Not human (n = 91)
Not a peripheral to aortic GTF (n = 337)

Inadequate reference standard (n = 115)
<10 patients (n = 2)

A 4

A 4

Studies retrieved for more detailed
evaluation (n = 188)

Studies excluded, with reasons (n = 155)
Review, editorial, letter etc. (n = 44)
Not human (n = 2)
Not a peripheral to aortic GTF (n = 57)
Inadequate reference standard (n = 49)
Wrong comparator (n = 3)

A 4

v

Potentially appropriate studies to be
included in the systematic review
(n=33)

.| Studies excluded with reasons (n = 21)
v " Wrong outcomes (n = 21)

Studies included in the systematic
review (n = 12)

A 4

Studies with usable information by outcome (n = 12)
Accuracy (n=1)
Indirect evidence (n = 11)a
Change in management (n = 0)
Patient outcomes (n = 0)

Figure 9 Summary of the process used to identify and select studies for the review
Adapted from Moher et al (1999).

Abbreviation: GTF, general transfer function.
a Data presented in Appendix E.
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Data extraction

Data extraction was performed with the aid of a pro forma based on the following key
parameters: trial characteristics, study population characteristics, tests used and outcomes
reported. This follows the procedure for the collection of data outlined in the Cochrane
Reviewers’ Handbook (Alderson et al 2005).

Statistical methods

Methodological considerations

Evidence that the surrogate outcomes measured by SphygmoCor are risk factors for
health outcomes provides only supplementary, theoretical information on the value of
SphygmoCor. The evidence required to justify reimbursement under Medicare is direct
comparative evidence of the value of SphygmoCor, when used in the relevant patient
group. This should ideally be in the form of studies reporting effects on patient-centred
health outcomes. Alternatively, evidence of greater diagnostic accuracy than the
comparator, along with linked evidence of change in management and evidence that
treatment will affect health outcomes is required.

In cases where a diagnostic test is to be used as an additional test in the clinical pathway,
evidence for an effect on change in management is a key component of the evidence
base. The most appropriate design for investigation of the effects on change in
management is a pre-test post-test case series study. Where a pre-test management plan is
not reported, the outcomes of a study are not truly change in patient management and
the outcomes are likely to be biased.

The ideal design for a study of the comparative accuracy of diagnostic tests is that in
which each test being compared is performed in all individuals, in a consecutive series of
patients with a defined clinical presentation. The study should be an independent,
blinded comparison with a valid reference standard (NHMRC 2005).

Diagnostic performance

The evaluation of the accuracy of a new diagnostic test involves comparing the new test
with its comparators and the best available proxy for the true disease status, the reference
standard. The new diagnostic test and its comparators can be independently compared
with the reference standard to assess sensitivity, specificity, accuracy, diagnostic odds
ratio and likelihood ratios.

The sensitivity is the proportion of all patients with the disease who test positive.

The specificity is the proportion of all patients without the disease who test negative.
The accuracy of a test is the proportion of patients that the test correctly identified as
positive or negative. The diagnostic odds ratio (DOR) is the odds of a positive test in
patients with the disease compared to those without the disease. A DOR of 100 provides
convincing evidence of the test’s ability to discriminate the presence of absence of the
disease.
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The likelihood ratio of a positive test is the probability that a positive test will be found
in a person with, as opposed to without, the condition; the likelihood ratio of a negative
test is the probability that a negative test will be found in a person with, as opposed to
without, the condition. A positive ratio of greater than 10 and a negative ratio less than
0.1 provide convincing diagnostic evidence. A positive likelihood ratio of greater than 5
and a negative likelithood ratio of less than 0.2 provide strong diagnostic evidence
(Medical Services Advisory Committee, 2004). Bayes’ theorem indicates that the post-test
odds of disease equals the pre-test odds of disease times the likelihood ratio. Using this
approach, the post-test probability of disease can be determined, for any given pre-test
disease probability.

Appraisal of the evidence

Appraisal of the evidence was conducted at three stages, as follows.

Stage 1: Appraisal of the applicability and quality of individual studies included in the

review.

Stage 2: Appraisal of the precision, size and clinical importance of the primary
outcomes used to determine the safety and effectiveness of the test.

Stage 3: Integration of this evidence in order to draw conclusions about the net
clinical benefit of the index test in the context of Australian clinical practice.

Appraisal of the quality and applicability of individual studies
The quality and applicability of the included studies was assessed according to
pre-specified criteria according to the study design (Appendix C).

Ranking the evidence

Studies evaluating the direct impact of the test or treatment on patient outcomes were
ranked according to the study design, using the levels of evidence designated by the
National Health and Medical Research Council NHMRC) shown in Table 10.
However, there were no such trials identified in this review.

Table 10 NHMRC levels of evidence for studies of effectiveness

Level of evidence Study design
I Evidence obtained from a systematic review of level Il studies
Il Evidence obtained from properly designed randomised controlled trials

II-1 Evidence obtained from well-designed pseudo-randomised controlled trials (alternate allocation or
some other method)

-2 Evidence obtained from comparative studies with concurrent controls: non-randomised experimental
trials, cohort studies, case-control studies, or interrupted time series with a control group

-3 Evidence obtained from comparative studies without concurrent controls: historical control studies, two
or more single-arm studies, or interrupted time series without a parallel control group

% Evidence obtained from case series, either post-test or pre-test/post-test outcomes

Source: NHMRC, 2005.

Studies of diagnostic accuracy were ranked according to the NHMRC levels of evidence
for diagnosis shown in Table 11.
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Table 11 NHMRC levels of evidence for diagnosis

Level of evidence Study design
I Evidence obtained from a systematic review of level Il studies

Il Evidence obtained from studies of test accuracy with: an independent blinded comparison with a valid
reference standard, among consecutive patients with a defined clinical presentation

-1 Evidence obtained from studies of test accuracy with: an independent blinded comparison with a valid
reference standard, among non-consecutive patients with a defined clinical presentation

[I-2 Evidence obtained from studies of test accuracy with: a comparison with reference standard that does
not meet the criteria required for level Il or lll-1 evidence

-3 Evidence obtained from diagnostic case-control studies

v Evidence obtained from studies of diagnostic yield (no reference standard)

Source: NHMRC, 2005.

Studies were also graded according to the pre-specified quality and applicability criteria,
as shown in Table 12.

Table 12 Grading system used to rank included studies

Validity criteria Description Grading system
Appropriate comparison  Did the study evaluate a direct comparison of the index C1 direct comparison
test strategy versus the comparator test strategy? CX other comparison

Applicable population Did the study evaluate the index test in a population that ~ P1 applicable
is representative of the subject characteristics (age and P2 limited
sex) and clinical setting (disease prevalence, disease P3 different population
severity, referral filter and sequence of tests) for the
clinical indication of interest?

Quality of study Was the study designed and to avoid bias? Q1 high quality
High quality = no potential for bias based on pre-defined Q2 medium quality
key quality criteria Q3 poor reference standard
Medium quality = some potential for bias in areas other poor quality
than those pre-specified as key criteria or insufficient information

Poor quality = poor reference standard and/or potential
for bias based on key pre-specified criteria

Interpretation of the evidence

The evidence presented was interpreted using the dimensions of evidence defined by the
NHMRC additional levels of evidence and grades for recommendations for developers
of guidelines (NHMRC 2005).

These dimensions consider important aspects of the evidence supporting a diagnostic
test and include three main domains:

e strength of the evidence, based on the effectiveness of study design, quality of
evidence and statistical precision of the results of the included studies

® size of the effect

e relevance of the evidence.

Assessment of the size of the effect and relevance of the evidence are determined using
expert clinical input.
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Expert advice

An Advisory Panel, whose membership included clinicians with particular expertise and
interest in hypertensive disorders, was established to evaluate the evidence and provide
advice to MSAC from a clinical perspective. In selecting members for Advisory Panels,
MSAC’s practice is to approach the appropriate medical colleges, specialist societies and
associations and consumer bodies for nominees. Membership of the Advisory Panel is
listed in Appendix B.
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Results of assessment

Summaries of the design, population characteristics, test characteristics, outcomes and an
assessment of quality and applicability for all studies used in the assessment are presented
in Appendix F.

Is it safe?

The SphygmoCor system is a non-invasive test and therefore there are no adverse events
associated with its use. In contrast, some of the comparators do have associated risks and
potential adverse events. However in the absence of evidence for equal or greater
effectiveness of the SphygmoCor system relative to the comparator, evidence for
comparative safety is inconsequential.

Is it effective?

Direct evidence

Does it improve health outcomes?

No studies were identified that compared the effectiveness of the use of the
SphygmoCor system with current clinical practice in the absence of SphygmoCor in any
patient population.

Linked evidence

Is it accurate?

Hypertension

No studies were identified that reported the performance of systems deriving a central
aortic waveform using a radial to aortic transfer function compared with invasive brachial
blood pressure.

White coat hypertension

No studies were identified that reported the diagnostic accuracy of systems deriving a
central aortic waveform using a radial to aortic transfer function compared to 24-hour
ambulatory blood pressure monitoring in the diagnosis of white coat hypertension.

Spurious systolic hypertension of youth

No studies were identified that reported on the performance of radial to central transfer
functions compared with a valid reference standard in the diagnosis of spurious systolic
hypertension of youth. It is considered unlikely that such studies could be performed
ethically in this population. Because of this situation an assessment of the technical
accuracy of the SphygmoCor system was undertaken (Appendix E) to determine
whether the SphygmoCor system could accurately estimate central blood pressure
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compared with upper limb blood pressure measurement. The results of this assessment
were linked to studies identifying the characteristics of spurious systolic hypertension of
youth to determine if there is any indirect evidence to support the use of the
SphygmoCor system.

Angina pectoris

One study was identified that compared the association of a single pulse wave parameter
(the augmentation index, Alx), as determined by SphygmoCor, with the presence of
coronary artery disease, as determined by angiography. No studies were identified that
provided information on the accuracy of other measures determined by SphygmoCor for
the diagnosis of coronary artery disease (CAD).

The one identified study was designed to determine the relationship between CAD and
Alx as determined by pulse waveform analysis (PWA) using the SphygmoCor system.
The characteristics of this study are shown in Table 13. The authors reported the
association between Alx and CAD as an odds ratio for the presence of disease, an
outcome that does not provide information on diagnostic accuracy. However, enough
raw data were presented to enable the calculation of diagnostic accuracy outcomes as
required for inclusion in this review.

The applicability of this study to the population for the research question is limited
because the study recruited only male patients and did not identify the prior tests that led
them to be referred for angiography. The study is considered to be of medium quality, as
it was not designed as a study of diagnostic accuracy. In addition, the study was
potentially affected by selection bias. Nineteen per cent of patients initially recruited had
inadequate pressure tracings using SphygmoCor and were not included in the final
analysis. Therefore, the study population does not present a consecutive series of patients
based on presenting symptoms.

Table 13 Characteristics of the included SphygmoCor study

Authors (year)  Study design  Patients SphygmoCor Coronary Study quality
and country (N) characteristics  angiography
characteristics
Weber (2004) Prospective, Consecutive 20 sequential Cathcor, Siemens, P2, Q2
Austria blinded study male patients radial artery Judkins technique Applicability: limited;
evaluating undergoing waveforms > 3 highly males only, prior tests
relationship coronary acquired, experienced not reported
between CAD  angiography for  normalisationto  gngiographers Quality: medium;
and Alx the diagnosis or - HR 75 bpm (> 5000 procedures  wrong outcomesi
exclusion of each) reported; selection
CAD bias, test failures
(465) excluded

Abbreviations: bpm, beats per minute; CAD, coronary artery disease; Alx, augmentation index; HR, heart rate; PWA, pulse wave analysis.

Table 14 shows the calculated Alx strata-specific likelithood ratios for the presence of
CAD. These data demonstrate the likelihood of the presence of CAD for a patient with
an Alx in the given range. The data indicate that there is an increase in the likelihood
ratio of the test as the Alx increases; however, the range of likelihood ratios across the
strata is small. The spread of the likelihood ratios across the range of Alx increased when
data from patients aged up to 60 years only was examined. However, the applicability of
this patient group is limited.
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The highest likelihood ratio for this measure was in patients with an Alx of greater than
ot equal to 29 (likelihood ratio = 2.0 for all patients; likelithood ratio = 3.3 for patients
aged less than 60 years). The lowest likelihood ratio was for an Alx of less than or equal
to 9 per cent (likelthood ratio = 0.5 for all patients, likelihood ratio = 0.4 for patients
aged less than 60 years). These likelihood ratios indicate that the test measure does not
provide strong diagnostic accuracy information for the presence of CAD.

Table 14 Likelihood ratios for the presence of coronary artery disease for
different Alx values

Aix (%) Total patients CAD No CAD Likelihood ratio
(N) (n) (n)

Total patient population

-24-9 73 56 17 0.48

10-21 145 125 20 0.91

22-28 131 117 14 1.21

29-60 116 108 8 1.96

Patients < 60 years

-17-9 35 20 15 0.40

10-21 52 37 15 0.74

22-28 55 45 10 1.36

29-60 48 44 4 3.32

Abbreviations: Alx, augmentation index; CAD, coronary artery disease.
Source: Data calculated from Weber et al (2004).

Table 15 shows the diagnostic accuracy of SphygmoCor for CAD, calculated by
dichotomising the Alx according to different thresholds for diagnosis. These data
confirm that the overall accuracy of the Alx for the diagnosis of CAD is low.

A diagnostic odds ratio less than ten indicates that this test is poor at discriminating
between the presence and absence of disease (Medical Services Advisory Committee,
2004). The highest sensitivity of the test measure for the diagnosis of CAD (86%) is seen
when an Alx threshold for a positive test of greater than or equal to 10 is used. Given
the potential management and clinical consequences of a negative test result in a patient
with CAD (ie, delaying or avoiding angiography and, possibly, appropriate treatment),
this sensitivity is considered to be low. In addition, at this threshold, the specificity of the
test is very low (29% in the total population, 34% in patients aged less than 60 years).
That is, a large proportion of patients without disease would be classified as having CAD.

The value of the Alx test measure for the diagnosis of CAD in the study by (Weber et al
2004) is considered to be low.
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Table 15 Diagnostic accuracy of Alx for the presence of coronary artery disease,
according to different thresholds

Alx threshold Total patients Prevalence  Sensitivity ~ Specificity ~ Likelihood  Likelihood  Diagnostic

(%) (N) (%) (%) (%) ratio of +ve  ratio of -ve  odds ratio
test test

Total patient population

>10 465 87.3 86.2 28.8 1.211 0.479 2.530
>22 465 87.3 55.4 62.7 1.486 0.711 2.091
>29 465 87.3 26.6 86.4 1.962 0.849 2.310
Patients < 60 years

>10 190 76.8 86.3 34.1 1.309 0.402 3.259
>22 190 76.8 61.0 68.2 1.916 0.573 3.346
>29 190 76.8 30.1 90.9 3.315 0.768 4.314

Abbreviations: Alx, augmentation index; N, total number of patients.
Source: Data calculated from Weber et al (2004).

A summary of the diagnostic accuracy of the Alx is displayed as a receiver-operating
characteristic (ROC) curve in Figure 10. The area under the curve (AUC) was 0.62 for all
patients and 0.69 for patients less than 60 years of age. An AUC of 0.5 indicates a test
that does not discriminate between those with and without disease. An AUC of 1.0
indicates a perfect test. This measure also indicates that the overall accuracy of Alx for
the diagnosis of CAD is low.

1.0
@ All data O®
0.8 1 O <60 years
2 06 - O
= o
‘»
&
S 04 -
Ce
0.2
0.0

0.0 0.2 0.4 0.6 0.8 1.0
1 - specificity

Figure 10 Receiver-operating characteristic (ROC) curve for diagnostic accuracy of Alx
for coronary artery disease

The positive and negative likelihood ratios calculated for each potential cut-off point can
be combined with the prevalence of the disease to calculate the probability of disease
given the test result. Application of the likelihood ratios for different Alx thresholds to
calculate the probability of disease using the test results is shown in Table 16.

This shows, for example, that given a probability of disease of 87 per cent before
conducting the test (as observed in the total study population), the test result does not
provide significant additional information towards making a diagnosis. Using an Alx
threshold of 29 per cent for definition of a positive test result, a positive test would
increase the probability of disease in a patient from 87 per cent to 93 per cent. Similarly,
a negative test result would decrease the probability of disease in the patient from 87 per
cent to 85 per cent. Within the range of likelihood ratios calculated from different test
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thresholds and either the total or younger subgroup patient population, the test results

are not significantly informative in terms of the post-test probability of disease
(Table 16).

Table 16 Post-test probabilities of coronary artery disease based on test result for
different Alx thresholds

Alx Pre-test Positive test result Negative test result
thresholds probability Likelihood Post-test Likelihood Posttest
ratio +ve probability ratio —ve probability
Total patient population
210 0.873 1.211 0.893 0.479 0.767
=22 0.873 1.486 0.911 0.711 0.830
229 0.873 1.962 0.931 0.849 0.854
Patients < 60 years
210 0.768 1.309 0.813 0.402 0.571
=22 0.768 1.916 0.864 0.573 0.655
=29 0.768 3.315 0.917 0.768 0.718

Abbreviation: Alx, augmentation index.
Source: Calculated from Weber et al (2004).

On the basis of the available evidence, the Alx measure as determined by the
SphygmoCor system is of limited value for the diagnosis of coronary artery disease.

Heart failure

No studies comparing the accuracy of systems deriving a central aortic waveform using a
radial to aortic transfer function to that of echocardiography in the classification of heart
failure were identified.

Three studies comparing ejection duration (ED) as determined by a general transfer
function and direct waveform measurement by catheterisation were identified (Fetics et
al 1999; Hope et al 2003b; Hope et al 2004). However, no data were provided which
allowed the calculation of the sensitivity and specificity of using ED to diagnose systolic
or diastolic dysfunction. Therefore, these studies do not provide evidence of the accuracy
of systems deriving a central aortic waveform using a radial to aortic transfer function in
the diagnosis of the cause of heart failure.

Does it change patient management?

No studies providing evidence for the effect of SphygmoCor system on patient
management were identified.

Does treatment change health outcomes?

In the absence of evidence for equivalent or greater diagnostic accuracy of SphygmoCor
system relative to the comparator, or for the effectiveness of SphygmoCor on change in
patient management, evidence for the effectiveness of treatment on health outcomes is
not necessary for this assessment.
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Conclusions

Safety

The SphygmoCor system is a non-invasive test and therefore there are no adverse events
associated with its use.

Effectiveness

Diagnostic accuracy

No studies providing evidence for the accuracy of the SphygmoCor system for the
diagnosis of hypertension or white coat hypertension were identified.

No studies providing evidence for the accuracy of the SphygmoCor system for the
diagnosis of spurious systolic hypertension of youth were identified. A more detailed
analysis in this area did not yield persuasive evidence to support the ability of the
SphygmoCor system to accurately diagnose spurious systolic hypertension of youth.

One single study was identified that provided evidence for diagnostic accuracy of the
SphygmoCor system for the diagnosis of CAD. On the basis of this evidence, the Alx
measure as determined by the SphygmoCor system was recognised as having limited
value for the diagnosis of CAD.

No studies providing evidence for the diagnostic accuracy of the SphygmoCor system for
the diagnosis of heart failure were identified.

Impact on patient management

No studies providing evidence for the effect of SphygmoCor system on patient
management were identified.

Impact on health outcomes

There was no evidence of equivalent or improved diagnostic accuracy using the
SphygmoCor system relative to using the comparators or of changes to patient
management.
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Cost-effectiveness

As clinical effectiveness was not demonstrated, no cost-effectiveness analysis was
undertaken.

MBS reimbursement was sought for the combined costs of the technology and the
corresponding consultation. The technology and consultation costs of the device as
supplied by the applicant are shown in Table 17. The applicant estimated the cost per
service of the device would be $105.26.

Table 17 Direct and Indirect costs for use of the SphygmoCor system

Description Costs

Technology costs

SphygmoCor system $22,000
Dedicated computer $3300
Consumables $16502
Service and support contract $16502
Consultation costs

Physician $104.56°
Clinic staff $104.56°
Overheads $104.56°

a These refer to yearly recurrent costs.
bThese refer to hourly costs.
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Recommendation

Since there is currently insufficient evidence pertaining to peripheral arterial tonometry
with ascending aortic waveform analysis using the SphygmoCor system, MSAC
recommended that public funding should not be supported at this time for this
procedure.

— The Minister for Health and Ageing accepted this recommendation on 6 June 2006. —
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Appendix A MSAC terms of reference and
membership

MSAC’s terms of reference are to:

. advise the Minister for Health and Ageing on the strength of evidence pertaining
to new and emerging medical technologies and procedures in relation to their
safety, accuracy, effectiveness and cost-effectiveness and under what
circumstances public funding should be supported,;

o advise the Minister for Health and Ageing on which new medical technologies
and procedures should be funded on an interim basis to allow data to be
assembled to determine their safety, effectiveness and cost-effectiveness;

° advise the Minister for Health and Ageing on references related either to new
and/or existing medical technologies and procedures; and

o undertake health technology assessment work referred by the Australian Health
Ministers” Advisory Council (AHMAC) and report its findings to AHMAC.

The membership of the MSAC comprises a mix of clinical expertise covering pathology,
nuclear medicine, surgery, specialist medicine and general practice, plus clinical
epidemiology and clinical trials, health economics, consumers, and health administration
and planning:

Member Expertise or affiliation

Dr Stephen Blamey (Chair) general surgery

Associate Professor John Atherton cardiology

Professor Syd Bell pathology

Dr Michael Cleary emergency medicine

Dr Paul Craft clinical epidemiology and oncology

Dr Mary Turner Australian Health Ministers’ Advisory Council
representative

Dr Kwun Fong thoracic medicine

Dr Debra Graves medical administrator

Professor Jane Hall health economics

Professor John Horvath Chief Medical Officer,
Department of Health and Ageing

Ms Samantha Robertson Department of Health and Ageing representative

Dr Terri Jackson health economics

Professor Brendon Kearney health administration and planning

Associate Professor Donald Perry-Keene  endocrinology
Dr Ray Kirk health research
Dr David Gillespie gastroenterology
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Member

Dr Ewa Piejko

Ms Sheila Rimmer

Dr David Wood

Professor Frederick Khafagi

Expertise or affiliation
general practice
consumer health issues
orthopaedic surgery

nuclear medicine

Professor Ken Thomson radiology
Dr Douglas Travis urology
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Appendix B Advisory Panel

Advisory Panel for MSAC application 1079 SphygmoCor system

Dr Michael Cleary (Chair) Member of MSAC
FACEM, MHA

Executive Director of Medical Services

The Prince Charles Hospital

Chermside, QId

Professor Leonard Arnolda Nominated by the Cardiac
PhD, FRACP Society of Australia and New
Department of Cardiology Zealand

Royal Perth Hospital, Perth, WA

Dr Peter Blombery Nominated by the Royal
MBBS, PhD, FRACP, DDU Australian College of

Heart Centre Surgeons, Vascular Society

Alfred Hospital, Prahran, Vic

Dr Rod Lane Nominated by the Royal
MD, FRACS Australian College of
Vascular Surgeon, Castlecrag, NSW Surgeons, Vascular Society
Mr Richard McCluskey Nominated by the

Heart Support Australia Consumers’ Health Forum
Independent Consumer Representative

Latham, ACT

Professor Jeffrey Robinson Member of MSAC

FRCOG, FRACOG

Department of Obstetrics & Gynaecology
Women’s and Children’s Hospital
University of Adelaide

North Adelaide, SA

Evaluators for MSAC application 1079

Dr Suzanne Dyer M-TAG Pty Ltd,
BSc(Hons) PhD GradCertPH A unit of IMS Health
Mr Marc Bevan M-TAG Pty Ltd,
BSc(Hons) A unit of IMS Health
Ms Jolie Hutchinson M-TAG Pty Ltd,
BSc(Hons) A unit of IMS Health

Members from the Department of Health and Ageing for MSAC application 1079

Ms Brenda Campe Health Technology Section
Project Manager Medicare Benefits Branch
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Appendix C

Quality criteria

The quality of including studies was assessed based upon the following key quality
criteria, according to study design.

Study design

Quality checklist

Systematic review

Was the research question specified?

Was the search strategy documented and adequate?

Were the inclusion and exclusion criteria specified, appropriate and applied in an unbiased
way?

Was a quality assessment of included studies undertaken?

Were the methods of the study appraisal reproducible?

Were the characteristics and results of the individual studies randomised?

Were the methods for pooling the data appropriate?

Were sources of heterogeneity explored?

Was a summary of the main results and precision estimates reported?

Studies evaluating effectiveness of an intervention on health outcomes

Randomised controlled
trial

Cohort study

Case-control study

Were the inclusion and exclusion criteria specified?

Was the assignment to the treatment groups really random?

Was the treatment allocation concealed from those responsible for recruiting subjects?

Was there sufficient description about the distribution of prognostic factors for the treatment
and control groups?

Were the groups comparable at baseline for these factors?

Were outcome assessors blinded to the treatment allocation?

Were the care providers blinded?

Were the subjects blinded?

Were all randomised participants included in the analysis?

Was a point estimates and measure of variability reported for the primary outcome?

Were subjects selected prospectively or retrospectively?

Was the intervention reliably ascertained?

Was there sufficient description about how the subjects were selected for the new intervention
and comparison groups?

Was there sufficient description about the distribution of prognostic factors for the new
intervention and comparison groups? Were the groups comparable for these factors?

Did the study adequately control for potential confounding factors in the design or analysis?

Was the measurement of outcomes unbiased (ie blinded to treatment group and comparable
across groups)?

Was follow-up long enough for outcomes to occur?

What proportion of the cohort was followed-up and were there exclusions from the analysis?

Were drop-out rates and reasons for drop-out similar across intervention and unexposed
groups?

Was there sufficient description about how subjects were defined and selected for the case
and control groups?

Was the disease state of the cases reliably assessed and validated?

Were the controls randomly selected from the source of population of the cases?

Was there sufficient description about the distribution of prognostic factors for the case and
control groups? Were the groups comparable for these factors?

Did the study adequately control for potential confounding factors in the design or analysis?

Was the new intervention and other exposures assessed in the same way for cases and
controls and kept blinded to case/control status?

How was the response rate defined?

Were the non-response rates and reasons for non-response the same in both groups?

Was an appropriate statistical analysis used?

If matching was used, is it possible that cases and controls were matched on factors related to

the intervention that would compromise the analysis due to over-matching?
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Case series

Study of diagnostic
accuracy

Was the study based on a representative sample selected from a relevant population?

Were the criteria for inclusion and exclusion explicit?

Did all subjects enter the survey at a similar point in their disease progression?

Was follow-up long enough for important events to occur?

Were the techniques used adequately described?

Were outcomes assessed using objective criteria or was blinding used?

If comparisons of sub-series were made, were there sufficient description of the series and the
distribution of prognostic factors?

Was the spectrum of patients representative of the patients who will receive the test in
practice?

Were selection criteria clearly described?

Is the reference standard likely to correctly classify the target condition?

Is the time period between reference standard and index test short enough to be reasonably
sure that the target condition did not change between the two tests?

Did the whole sample or a random selection of the sample, receive verification using a
reference standard of diagnosis?

Did patients receive the same reference standard regardless of the index test result?

Was the reference standard independent of the index test (ie the index test did not form part
of the reference standard)?

Was the execution of the index test described in sufficient detail to permit replication of the
test?

Was the execution of the reference standard described in sufficient detail to permit its
replication?

Were the index test results interpreted without knowledge of the results of the reference
standard?

Were the reference standards results interpreted without knowledge of the results of the index
test?

Were the same clinical data available when test results were interpreted as would be available
when the test is used in practice?

Were uninterpretable/ intermediate test results reported?

Were withdrawals from the study explained?

Sources: How to use the evidence: assessment and application of scientific evidence. NHMRC (2000).
Undertaking systematic reviews of research on effectiveness. NHS Centre for Reviews and Dissemination, (2001).
QUADAS: a tool for the quality assessment of studies of diagnostic accuracy included in systematic reviews. Whiting et al (2003).
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Appendix D Literature search strategies

Medline search strategy

The search strategy used to identify relevant studies of the SphygmoCor system in
Medline is presented in Table 18.

Table 18 SphygmoCor system Medline search strategy (1966 to August Week 1, 2005)

NGO wWN =

Keywords / search history

(sphygmocor or sphygmo cor or sphygmocardiograph$).ti,ab.
(finapres$1 or portapres$1 or cardiopres$1).i,ab.

transfer function$1.ti,ab.

mathematical transformation.ti,ab.

(pwa or pulse wave$ analys#s).ti,ab.
(augmentation index or aix or agix).ti,ab.
(arterial adj3 tonomet$).ti,ab.

or/2-7

8 and exp aorta/

8 and aort$.ti,ab.

8 and exp arteries/

8 and arter$.ti,ab.

110r12

13 and (central or aort$ or carotid).ti,ab.
or/1,9-10,14

Results
45
654
2704
62
257
366
143
4038
185
318
546
1079
1148
471
504

EMBASE search strategy

The search strategy used to identify relevant studies of the SphygmoCor system in
EMBASE is presented in Table 19.

Table 19 SphygmoCor system EMBASE search strategy (1980 to Week 33, 2005)

©ONDOTE N =

[N
©oONDOR LN = O

Keywords / search history

(sphygmocor or sphygmo cor or sphygmocardiograph$).ti,ab.
(finapres$1 or portapres$1 or cardiopres$1).ti,ab,dv,tn.

transfer function technique/

transfer function$1.ti,ab.

mathematical transformation.ti,ab.

(pwa or pulse wave$ analys#s).ti,ab.
(augmentation index or aix or agix).ti,ab.
(arterial adj3 tonomet$).ti,ab.

or/2-8

9 and exp aorta/

9 and aorta pressure/

9 and aort$.ti,ab.

9 and exp artery/

9 and exp arterial pressure/

9 and arter$.ti,ab.

or/13-15

16 and (central or aort$ or carotid).ti,ab.
(sphygmocor or sphygmo cor).dv,tn.
or/1,10-12,17-18

Results
44
712
1
2500
65
239
344
157
3863
99
124
311
385
566
1083
1143
452
43
516

48

SphygmoCor system



PreMaedline search strategy

The search strategy used to identify relevant studies of the SphygmoCor system in

PreMedline is presented in Table 20.

Table 20 SphygmoCor system PreMedline search strategy (17 August, 2005)

N wN =

Keywords / search history

(sphygmocor or sphygmo cor or sphygmocardiograph$).ti,ab.
(finapres$1 or portapres$1 or cardiopres$1).i,ab.

transfer function$1.ti,ab.
mathematical transformation.ti,ab.

(pwa or pulse wave$ analyst#s).ti,ab.
(augmentation index or aix or agix).ti,ab.

(arterial adj3 tonomet$).ti,ab.
or/2-7

8 and aort$.ti,ab.

8 and arter$.ti,ab.

10 and (central or aort$ or carotid).ti,ab.

or/1,9,11

Results
6
16
173
5
16
24
4
231
16
50
24
28

Cochrane Library search strategy

The search strategy used to identify relevant studies of the SphygmoCor system in the

Cochrane Library is presented in Table 21.

Table 21 SphygmoCor system Cochrane Library search strategy (Issue 3, 2005)

N GTRwWN =

NN 2
NGO RrWOND 2O

Keywords / search history

sphygmocor or "sphygmo cor" or sphygmocardiograph*
finapres* or portapres* or cardiopres*
"transfer function" or "transfer functions”

"mathematical transformation”

pwa or “pulse wave” or “pulse waveform”
“augmentation index” or aix or agix

arterial near tonomet*

#2 or #3 or #4 or #5 or #6 or #7
aorta  [explode this MeSH term]
aort*

#9 or #10

#8 and #11

arteries  [explode this MeSH term]

arter*

#13 or #14

central or aort* or carotid
#8 and #15 and #16

#1 or #12 or #17

Results
11

112

39

3

197

62

26

382
515
3254
3255
88
3947
28893
29303
458293
249
255
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Appendix E Spurious systolic hypertension
of youth

One study conducted in an appropriate population was identified that reported
measurement of waveform parameters using the SphygmoCor system, but without
reference standard validation. This study did not report appropriate outcomes for the
determination of diagnostic accuracy for spurious systolic hypertension of youth, but was
included for review in the absence of any other studies. This study reported brachial cuff
and derived aortic blood pressures in a population of young healthy individuals.

The characteristics of this study are shown in Table 22.

Table 22 Characteristics of the included study of the SphygmoCor system in spurious
systolic hypertension of youth

Author Study design Population (N) System and transfer Study quality

(year) function characteristics

Country

Mahmud &  Case control Medical students aged ~ SphygmoCor P1,Q3

Feely study reporting 23 + 0.5 years (174) Radial artery waveforms P

(2003) SphygmoCor Untreated male acquired by applanation Appl/'ca.b/l/ty. applicable

Ireland system patients with essential  tomography calibrated to Quality: low

measurements hypertension (22) oscillometric cuff blood Wrong outcomes reported;

pressure (Omron model no reference standard
HEM-705 CP)

Note: See also Appendix G

In a group of 174 healthy young medical students of both sexes, Mahmud and Feely
(2003) identified a subset of subjects with elevated brachial systolic blood pressure (SBP).
The characteristics of these individuals were compared with those who were
normotensive or had essential hypertension. Those with spurious systolic hypertension of
youth were all male. They also showed specific significant differences compared with the
rest of the population: they were taller and had a decreased heart rate, all were
non-smokers and all participated in active sports. The SphygmoCor system also identified
differences in the derived aortic waveform characteristics between these three groups of
subjects. The findings for males in these groups are shown in Table 23.

Table 23 Characteristics of male subjects with spurious systolic hypertension of
youth, normotension or essential hypertension

Characteristic Spurious systolic Normotensive Essential hypertensive
hypertension of youth Mean (SD) (n = 76) Mean (SD) (n = 22)
Mean (SD) (n = 11)

Age 23.5(0.9) 22 (0.5) 24.8(0.9)
Brachial SBP (mmHg) 147.3 (2)2 120.5 (1.3) 152 (2.6)
Brachial DBP (mmHg) 70 (2.2)° 69.9 (1) 96.5 (1.4)
Aortic SBP (mmHg) 115.9 (1)ab 100 (1.5) 138.8 (2.5)
Aortic DBP (mmHg) 70 (2.5) 71(1) 98 (1.4)
Heart rate (bpm) 61.1(1.9)ab 68.3 (1.65) 724 (3.2)

PP amplification (mmHg) 31.4 (1.5)ab 20.5 (1.36) 14 (0.9)

Alx (%) -8 (3)° -4 (1.4) 17 (1.9)

Tr (msec) 160 (8)° 152 (2.3) 142 (1.6)

Abbreviations: Alx, augmentation index; bpm, beats per minute; DBP, diastolic blood pressure; PP, pulse pressure;
SBP, systolic blood pressure; SD, standard deviation; Tr, time to reflected wave.

aCompared with normotensive males (p < 0.01).

b Compared with hypertensive males (p < 0.01).
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The pulse pressure amplification that occurred between the aorta and the brachial artery
in the spurious systolic hypertension of youth subjects was significantly greater than in
both normotensive and hypertensive men. The spurious systolic hypertension of youth
subjects also had significantly lower aortic SBP and a longer time to wave reflection (Tr)
than the essential hypertensive subjects. The Alx of the spurious systolic hypertension of
youth subjects was also significantly less than that of the essential hypertensive
population.

Six patients with spurious systolic hypertension of youth repeated the assessment two
years later with an echocardiogram. At this time, these individuals still had elevated
brachial SBP and normal aortic SBP as derived using the SphygmoCor system.

The data from Mahmud and Feely (2003) did not allow calculation of the sensitivity and
specificity of the measures determined by SphygmoCor in the diagnosis of spurious
systolic hypertension of youth.

Therefore, the best evidence for diagnosis of spurious systolic hypertension of youth was
the accuracy of derived central aortic blood pressure measurements to estimate the aortic
blood pressure (as determined by an transducer-tipped catheter or fluid filled catheter
with appropriate calibration located in the aorta) compared to upper limb brachial/radial
blood pressure.

Ten publications were identified that compared the measurement of derived central blood
pressure with upper limb brachial/radial blood pressute in patients undergoing an
invasive cardiovascular procedure. These publications were not in the appropriate patient
group but were included for review in the absence of other suitable publications.

SphygmoCor system 51



OIHI0E BAISEAU| 2l}J0B SAISEAUI UOHEIQIED dVI
_CO_HN._Q__MO n_<_>_ UCN QMD _AQLOO DCN &mo &m t:o Co_wm._n__mo &mw mHm_u
sjuslnAsu| [BOIPSIA UII0D ‘Mojusr) ZH 0¢ Je paisy|y anbojeue WiojoneM [eIpel
eloe Buipusdsy | dg 4no pajewoine ‘uoneliqied 4gas »@oo sjuswInAsu| [BOIPSJ\ UI0D (6¢) UonESLBIBYIED 10 Uojew _ew% " BoLIaWY
(0z€ 9dsS (1919WOUO} MOjUB() MOJuBr) JejeLLouo} pejewoiny oelpJeo ansoubelp buiobispun [BOnEWAYIReW 40 SSIEIS pajun
Je(lin) Jereyies paddij-isjewoueLoIl WIOJOABM [BIPEI PAULIOJSUBIUN [OPON XYY sjualied SAlNISSU0D-UON Bunenjeas Apnig (6661) sone4
(82)
epoe Buipuadsy SISOUS)S UBIABIIQNS JO [BIYORIq sjuswainsesw
wia)shs 9 1009 m.:mEo_ Anpwiouo Jo Kioisiy e um sjuayed ainssaid pooig
IS SR 107 N al0jaq Ajejeipawuul M 1099 H dg #no [elyoeIq ‘uonelqien Buipnjoxe vy yel pajeded lesaydued pim
e(SlO}RIO0E 490 AISIeIPSLIUI PSpIoody N Ajisea yym uonesuaioyies 2I}0B paje|noled 5
10qqy ‘swalsAg aied [eanu 3oqqy) wajshs (40 S02-N3H 18OU0} VY oeipJeo buiobispun Bunedwoo wopbury psiun
1 Buuojuow A| oedsuel] yum Jsjayie | UoIWQ) 4N9 [BIYORIG OLIBUIONI9SO wa)shs JonowbAydg sjuaiied SANISSU0D-UON Apnis aanoadsold (c002) saineq
Aijswouo) wajsAs
YN Uoneoso| ooy al10j0q Ajajeipawwi papiooay JopowbAydg
} dg uno |elyoeiq ‘pareiqiie 3y} Jo}
000y weisAs sepin spenbiepy wajsfs 4 02-W3H uowo d 0 0 (0€) UOHESLIBIAU}ED JBIPIED | UOIBIGIED BAISEAU 5
(1970182 (4D 0Z-N3H ‘UoIWQ) Jojuow IBWOUOLYY | fyj0Bs0pun swojdwiAs feuibue -uou Jo asn ayy | UOPPUI PRIUN
te3bid 49 sip10D) Jajeyied paj|y-pinj4 dg [eyBIp ou3awWo||I9so dewoiny wo)shs JogowbAyds | yum sjusied aANdSSUOD-UON Bueneas Apnig (€002) pPnoiD
1N9 9LJBWO|[19SO IOB SAISBAU
ejioe BuIpusISy uoielqIied gy pue 4gq ‘(dio) cm_tom w>_wm>n\._u F“_M__#Ng___ww dviN exep
89/ Ss | SMeWNIISUl [e0payy ujog ‘mojuar) PUE d8Q -dd #n0 UOREIGI[ES dES LLIoJoAEM [elpe]
IE[jIjy) J818ujeD auwnjoA-anssaid apososje | d8 MO PEIBLIOINE UOKEIG!ED 48S a,_oo Sjusunsu| [EJIPSI U0 (07) UonESUSIBYIED |  JO UONELLIOJSUEL EBousWyY
W paddi}-18)aLOUBLIOIOIW 10 (0ZE DdS (1e}9WoU0) MOJUB() Mmojuer) Je}awouo pejeuojny oeipJes BuioBlapun jeanewaypew | 30 SSIEIS PAIUN
Je[IN) Jajeyied paddiy-isewouBwOIIN W.OJSABM [BIDEJ PAWLIOJSUBLUN 41 [9pPOI XuV sjuaied aAN2aSUOI-UON Buienjeas Apng (2661) uayn
Kiunog
plepuejs aoualajey Jojesedwon uoljouny Jajsuel} pue waysks (N) uonendogd ubisap Apmg (1eak) soyny
yinoA jo uoisuapadAy 21j0)sAs snorinds jJo sainseaw Jo uoneplijeA [ea1uysa)} ayj buiuodaa saipnys papnjoul ayj} jo soisudloeieyy g a|qel

SphygmoCor system

52



(3 10 Xy JO Juswainseaw
8y} 10} 8|geNNsuN a1am sialdwe ainssald

un uopeiqied (ou epeAsN NQ)
U 4ND Yim payesqied waishs
ainssaid poojq dL}BWO||19SO

(0g) eseasip

Answouay ueay A1euoiod Jo Ajianas
eloe Jaje Ajsjelpawiw papioday 8} JO JUBLLISSASSE JO LOISN[OX? aouel4
Buipusosep ewixoid Jo jpue Buipusosy (diog ) /sisoubeip ay} 1oy Aydeiboibue SULIOJoABM Dl}I0B pue eoLsuwy
(06€ OdS HellIN) | SyuswinAsul [BOIPSIN UI0D) Wia)sAs df 4o [E14ORIq pSleIGIeD Aieuoioo BuioBiopun | pejeinojes jo Ay | #° SSHEIS PSHUN
J18jay)eo paddi-1ejewiouewoldiw 49 4no Asyie [ejyoeuq dLBWO||19SO wa)shs Jogowbhyds sjualied ANJSSU0D-UON | [ed1uld 8y} 4o ApniS | (£002) ueAinws
€0 < JusIoe09 Buuadwep (sal0
HojeloqeT SISOUS)S BJEUIWOU UOIJE|IPOSEA
B PUe ZH (¢ < 8suodsal fouanbal 4 €0 < JuaIoLe0d Buluadwep noqqy ‘swalsAg aled [eanun Amw uel >m_h§“ »_m._;om 3. o z&fﬁ Joye
epoe Buipusdsy | e pue zH (g < asuodsal Aousnbal4 10qay) Jejewouew umamcﬂ L | jueoyubis >_._8_Emc %QE%; pUE 8 @8 woyshs eljesjsny
(ssuojesoqe noqay (ssuojeioqe] noqqy ‘swajshs € 0} payoeRe _\mﬁo&mo €A yim sjuaned Buipnjoxe JopowbAydg Pue ESLBLY
‘swajsAg a1e)) [eaNLUD HOqaY) Jajewouew ale7) [eanuD) 1Joqqy) Jojowouew |  POUIEIAO SWIOABM AlBLE [Blpey ‘A1aBins oeipies BuioBispun oy} Bugenjens | 30 SBIEIS PAIUN
oedsuel] e 0} payoeye Jajoyied pa||u-pinj4 oedsuel] e 0} payoeye Jajeyle) wa)shs JonowbAydg swaned aapnoasuo) | Apnis ‘eAndadsoid (1L00Z) e9NEd
(zp) Aiope
[elyoeIq 8y} Bunoaye asessip
dg 4na [elyoelq ‘pajeiqiled | senosea jesayduad Jo 8oUspIAS
siskeue | 1© “OlI0B BAISEAU UOEIqIED dYIN [ea1uljo Jo owm%oa;m
_ pue 4@ ‘dg 4o uoljeiqieds dg Uiim sjusied bulpnjoxa | SLLIOJOAEM [EIPEl JO
8U} Ul pasn Sem SjUsWsINSesw 4 S ‘UORUBAISIUI AJBUOIOD | ULONEIqIED SAISEAU
dlf 88IL Jo uBSW 8y | . (SJuownASUI BIIN | gnogueinajad Jo AudesBoibue -UoU JO Joa)e
(180npsue} Jajoujed diL-0IqIN Jelli) 1NQ Jinpy pue di -0y JefiN) Answouo) v A1euoi0o BujoBiapun oy} Buissesse Elessny
Jajayieo paddij-ieonpsuel] | Joyuo|y 8jgeuod |L0g6 1X deweulq uoljew.ojsuel} Jalino4 sjuaned aAlN0aSU0d-UON | Apnis ‘eAljoadsold (¥00z) adoH
(1.2) d9 quuj Jaddn Buoaye
uoneoldwoo |einpasoid
‘qui| Jaddn sy} Jo aseasip
SIS0JB|2S0JaYIE BAIONASGO
on08 211I0B SAISBAUI UONRIGIED YN Jueoyjubils ‘Aispe eipel
SAISBAUI UOIJRIqIRD dYIN pue .n_m_n_ pue 4gQ :d9 #no uone.qijed 49S ou cwr_h\w_wmwﬁﬂ_mmﬁ%ww -
*d@ 4nd pajeLojne Uoflelqljes des . (suswnSU I | gnosugnosed Jo Aydesboibue 1ojsuel] [eloush
epoe Buipusosy (1eyawiouoy di [-0mI JEfIN) di L-O{IN JelliN) Answouoy vy f1euoiod BuoBiapun J0 foeinooe ayy BljeAsny
J18]8y1e0 pa||y-pinj} 8oueldwod Mo WLIOJSABM [BIPEJ PBWLIOJSUBIUN UOIJeW.IOjSUBl} JaLIN0S sjuaned aanoasuoo-uoN | Bunebnseul Apmg (9g00z) adoH
Aiunog
plepuejs aoualajey Jojesedwon uoljouny Jajsuel} pue waysks (N) uonendogd ubisap Apmg (1eak) soyny

53

SphygmoCor system



“Ia)ayyeo paddi-isonpsuel) e Buisn se Apns siyy paunuspl aaey (eg00g) e 1o 8doH Jorsmoy ‘pasn sem Jajayiea pajji-piny Jo paddi-Jeonpsuel) e Jayjeym Apnys papodal sy} Woy Jesjoun st e
"ainssaid poojq aljoishs 4gs
‘Kispe [eipes vy ‘Aiseidoibue A1euoioo [euiwnisuel) snosueinolad ‘Yo 1d ‘papodal jou ‘YN ‘anssaid [elslie uesl ‘dy|A ‘SnousAeiul ‘A ‘8inssaid poojq 2l0lseIp ‘dgq ‘enssaid poojq ‘dg :SuoneinsIqay

dg #no [e1yoeiq ‘pajesdiied Aape
[EIpEJ pUE E}IOE
(diog Buipuaose usam
. ! 19
(1ejoWoU0} 000 MOLNTF | STUSWMISUI [EQIPSIN UOJ 000L (02) uonesuejayjeo mo_Ea éw%m N
epoe Buipusosy ‘d100) sjusNASU| [P UII0D) MOJUBY) J8JOLIOUO} PRIBWOINY | 51065 onsouBerp BuioBiopun e Jo AJpifeA ay) (9661)
010U eD di[-0IIN JEfIN) Ja1eupeD anssaid poojq 4N SLISWO]I9SO umousun sjualjed aA}N9aSUOI-UON uonen|eas Apnis EMEZENE]
d d d A
dVI [e1pel 0} Aj[eauap! 18s dyiN ooy G'0-G€°0 40 Juelolye0d Buidwep 1o1pe] O} HOREAGHED Vi
5 e pue zH Gz Aouanbaly [einjeN (b1og
EHi0e bulpusIsy (Biog ueA 1e1og) UeA J8)ag) Jeonpsuey) ainssaid wershs
ZH 08} 01 dn asuodsai Aouanbayy jel4 130NpSUEl) 21nssaid [BLIBI & [EUIB)XS B 0} payoeye Jajayied e Aq VoLd JopowbAydg uspamg
(Uonuag) soepalul ainssald | o) payoENe Jeleupen e Aq pauleiqo | POUIBIAO SWIOjonem Aiaie [BIPBY | 1o nannauas syopad eulBue | ey jo Aupijen au) (z002)
B U)IM Jojowouew dij-Ia}ayen sipio)) 48 Sjuswalnseaw 4g Aisjie [elpey weysAs JopowbAyds |  ym sjusied aAjN9SSUOI-UON Bunen|eas Apnig WoxsIapog
Aiunog
pJepue)s asualajoy Jojesedwon uoljouny Jajsuel} pue waysks (N) uonendogd ubisap Apmg (1eak) soyny

SphygmoCor system

54



The same case series of patients were dealt with in two publications (Chen et al 1997,
Fetics et al 1999). Only the study by Fetics et al (1999) was included in the review since it
was the most recent publication dealing with this series of patients. The characteristics of
the included studies are shown in Table 24. Six studies clearly reported the device being
used for non-invasive brachial blood pressure measurement. All of these studies
employed automated oscillatory devices in their methodologies.

The information reported in the studies is insufficient to evaluate the details of the
catheters used as reference standards to determine if calibration or drift may have biased
the results (Nichols et al 2005).

Five studies validated measures derived by the peripheral to central aortic transfer
function with a transducer-tipped catheter (Fetics et al 1999; Hope et al 2004; Smulyan et
al 2003; Soderstrom et al 2002; Takazawa et al 1996). A further study was unclear on the
nature of the catheter, however, Hope et al (2003a) identified the paper by Davies et al
(2003) as using a transducer-tipped catheter. Three studies used a fluid-filled catheter
(Cloud et al 2003; Hope et al 2003b; Pauca et al 2001).

Four studies obtained the radial artery waveform data non-invasively with an applanation
tonometer and calibrated the waveforms non-invasively (Cloud et al 2003; Davies et al
2003; Smulyan et al 2003; Takazawa et al 1996). Another two studies obtained the radial
artery waveform data non-invasively but calibrated a component of this waveform using
aortic pressures that were determined invasively (Fetics et al 1999; Hope et al 2003b).
One additional study reported the use of applanation tonometry calibrated non-invasively
or with a component of the radial waveform calibrated using aortic pressures that were
determined invasively (Hope et al 2004). Of these seven studies, three clearly identified
the transfer function used as the SphygmoCor system (Cloud et al 2003; Davies et al
2003; Smulyan et al 2003). Five of these studies used a transducer-tipped catheter (Davies
et al 2003; Fetics et al 1999; Hope et al 2004; Smulyan et al 2003; Takazawa et al 1996).
Two used a fluid-filled catheter to measure central aortic blood pressure directly (Cloud
et al 2003; Hope et al 2003b).

Two studies reported obtaining the radial artery waveform by using invasive catheter
measurement (Pauca et al 2001; Soderstrom et al 2002). Of these, one used a transducer-
tipped catheter (Soderstrom et al 2002) and one used a fluid-filled catheter to measure
central aortic blood pressure directly (Pauca et al 2001). These studies do not reflect how
the SphygmoCor system would be used in clinical practice and therefore, have poor
applicability.

The accuracy of the systems using a peripheral to central waveform transfer function
when determining aortic blood pressure compared with upper limb blood pressure
measurement is shown in Table 25. The table shows the difference between directly
measured aortic blood pressure and the derived or peripheral blood pressures. These
differences are calculated by subtracting the directly measured aortic pressures from
derived or peripheral pressures. Thus, a positive value represents an overestimation by
the test methods.
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The most applicable studies were the five that applied transfer functions to radial artery
waveforms obtained by applanation tonometry and calibrated using non-invasive means.
In these studies, the estimation of central aortic pressure using a transfer function was
generally within 15 mmHg of the directly measured aortic pressures. The difference
between the derived and directly measured aortic pressures varied significantly between
these studies.

The comparative accuracy of transfer functions and cuff sphygmomanometry in
estimating aortic blood pressure also showed large variation between studies.

Four studies were validated with transducer-tipped catheters and one with a fluid-filled
catheter. However, this is not expected to affect the comparative accuracy of the
methods. Only one study demonstrated improved estimation of aortic systolic blood
pressure (SBP) by derivation using SphygmoCor than by cuff sphygmomanometry
(-1.5£11.3 mmHg and 10.9 + 12.7, mmHg respectively) (Smulyan et al 2003).

The accuracy of estimation of central diastolic blood pressure (DBP) in this study was
similar for both methods (SphygmoCor: 10.4 £ 12.7 mmHg; cuff: 8.9 £ 12.9 mmHg).
In this study, which used a transducer-tipped catheter, some of the direct aortic blood
pressure measurements were obtained in the proximal descending aorta, rather than the
ascending aorta (Smulyan et al 2003). In addition, the automated sphygmomanometer
was calibrated using a calibration unit (Cuff Link, DNI Nevada Inc).

A single study demonstrated improved estimation of aortic DBP by the use of a transfer
function than by cuff sphygmomanometry (Hope et al 2004). The difference between
indirect and direct measurement of aortic DBP using either method was considered small

(=3 £ 6 mmHg for derived aortic blood pressure and +5 = 7 mmHg for cuff blood
pressure measurement). This study used a transducer-tipped catheter and a customised
transfer function that was different from that used in the SphygmoCor system.

Three further studies employed applanation tonometry and calibration using invasive
aortic blood pressure measurement; two of these studies used transducer-tipped
catheters, while one study used a fluid-filled catheter. These studies all demonstrated that
a transfer function provided better estimation of aortic SBP than cuff
sphygmomanometric or scaled untransformed radial artery data. However, the method
for calibration does not reflect that which would be used in clinical practice.

Two studies used transfer functions to derive aortic waveforms based on invasive radial
artery data. These studies compared the accuracy of the derived aortic pressures with
invasively measured radial pressures in the estimation of directly measured aortic
pressures. Soderstrom et al (2002) demonstrated closer estimation of aortic SBP pressure
by invasive radial SBP than derived SBP; however, the measured aortic mean arterial
pressure (MAP) had been set as equivalent to the radial MAP, introducing a strong bias.
Pauca et al (2001) measured aortic pressures using a fluid-filled catheter and compared
these with invasive data obtained from the radial artery and radial data transformed using
the SphygmoCor transfer function. This study demonstrated improved accuracy for
estimation of aortic SBP by SphygmoCor than by invasive radial artery measurements.
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Table 27 Accuracy of estimation of aortic Alx from derived aortic or radial waveforms

Author Population System, transfer function | Derived aortic vs. Radial vs. direct
(year) (N) direct aortic Alx aortic Alx Mean
Mean difference difference (SD)

(SD)

Index test using radial artery waveform obtained by arterial tonometry with applicable calibration

Hope 2004 | Patients undergoing CA or Custom TFa

percutaneous coronary Calibration cuff BP -8.2% (12.7) —-44.1% (15.7)
intervention (42)

Takazawa | Patients undergoing CC (20) NR, likely SphygmoCor
(1996)° i -9.0%® -
Calibration cuff BP

Index test using radial artery waveform obtained by arterial tonometry and invasive calibration

Hope Patients undergoing CA or Custom TFa
(2004) percutaneous coronary SBP calibration cuff BP:
; ; ' -1.7% (12.4 -44.1% (15.7
intervention (42) DBP and MAP calibration b (124) o (157)
invasive aortic
Fetics Patients undergoing CC (39) ARX
(1999) SBP calibration cuff BP; —-54% (232%)° _

DBP and MAP calibration
invasive aortic

Index test using radial artery waveform obtained by radial artery catheterisation

Hope Patients undergoing CA or Custom TF12
(2003b) percutaneous coronary SBP calibration cuff BP:
; ; ' -5.6% (12.2)¢ -
intervention (62) DBP and MAP calibration 0(122)
invasive aortic
Custom TF22
SBP calibration cuff BP; —4.3% (12.2)(1 _
DBP and MAP calibration
invasive aortic
Soderstrom | Patients with angina pectoris SphygmoCor
(2002) (12) Invasively determined -5% (8) —44% (11)

peripheral waveform

Abbreviations: Alx, augmentation index; BP, blood pressure; CA, coronary angiography; CC, cardiac catheterisation; DBP, diastolic blood
pressure; MAP, mean arterial pressure; NR, not reported; SBP, systolic blood pressure; SD, standard deviation; TF, transfer function.
aCustom transfer function developed at the Cardiovascular Research Centre, Monash Medical Centre and Monash University.

bThese values were calculated from the findings reported in Takazawa (1996).

cPercentage error in the Alx estimate (Alx [%]) difference as percentage of Alx. Since the absolute Alx values vary from the negative to
positive values in a range to 60%, the difference as a percentage will vary with the magnitude of Alx. Therefore, differences expressed in this
manner are likely to vary widely.

d Standard deviations were derived from the 95% limits of agreement.

The accuracy of the systems using a peripheral to central waveform transfer function for
determining the aortic augmentation index (Alx), compared with radial artery Alx, is
shown in Table 27.

Determination of aortic Alx by the use of a peripheral to central transfer function
showed a consistent, moderate underestimation of the aortic Alx. Radial artery Alx
underestimated aortic Alx to a much greater degree.

The single study that characterised spurious systolic hypertension of youth was combined
with nine studies comparing the technical accuracy of derived SphygmoCor values with
directly measured central aortic values to provide a body of indirect evidence of limited
applicability. The analysis did not yield persuasive evidence to support the ability of the
SphygmoCor system to accurately diagnose spurious systolic hypertension of youth.
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Appendix F Included studies

Table 28 and Table 29 present summaries of the design, population characteristics, test
characteristics, outcomes and an assessment of quality and applicability of the included
studies. Diagnostic accuracy studies are presented in Table 28 while studies contributing

to the indirect evidence for spurious systolic hypertension of youth are presented in
Table 29.
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Appendix G Supplementary study

A potentially relevant study in regard to indirect evidence for the use of the SphygmoCor
system in spurious systolic hypertension of youth was not detected using the literature
search. This study was conducted in an appropriate population and reported
measurement of waveform parameters using the SphygmoCor system, but without
reference standard validation. This study did not report appropriate outcomes for the
determination of diagnostic accuracy for spurious systolic hypertension of youth.

This study reported brachial cuff and derived aortic blood pressures in a population of
young healthy individuals. The details of this study are shown in Table 31.

McEniery et al (2005) examined a group of 1008 healthy young university students of
both sexes. These researchers identified a subset of subjects with isolated systolic
hypertension. The characteristics of these individuals were compared with those who
were normotensive or had essential hypertension; a further group of patients with
high-normal blood pressure readings were excluded from the analysis. Those with
spurious systolic hypertension of youth were significantly taller than both people who
were normotensive and people with essential hypertension. They also had significantly
increased weight and BMI when compared with those who were normotensive.

The spurious systolic hypertension of youth subjects also had significantly decreased
heart rates when compared with people with essential hypertension. The SphygmoCor
system also identified differences in the derived aortic waveform characteristics between
these three groups of subjects.

Those with spurious systolic hypertension of youth had significantly higher blood
pressure measurements, both in the peripheral and aortic arteries, compared with the
normotensive group. The spurious systolic hypertension of youth subjects also had
significantly lower peripheral diastolic blood pressure and lower aortic systolic and
diastolic blood pressures than those with essential hypertension, while having increased
pulse pressure and peripheral systolic blood pressure.

The augmentation index was significantly lower in the spurious systolic hypertension of
subjects when compared with either of the other two groups. Additionally, these subjects
also had significantly increased pulse pressure amplification when compared with those
with essential hypertension.

The data from McEniery et al (2005) shows similar trends to the data presented by
Mahmud and Feely (2003) (Appendix E). Both papers indicate that people with spurious
systolic hypertension of youth have significant differences in blood pressure
measurements and haemodynamic variables when compared with people with
normotension and essential hypertension.
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Abbreviations

ABPM ambulatory blood pressure monitoring
ATHW Australian Institute of Health and Welfare
Alx augmentation index

AUC area under the curve

BP blood pressure

CAD coronary artery disease

DBP diastolic blood pressure

DOR diagnostic odds ratio

DPTI diastolic pressure time index

ECG electrocardiograph/ electrocardiography
HR heart rate

LR likelihood ratio

LVEF left ventricular ejection fraction

MBS Medicare Benefits Schedule

MSAC Medical Services Advisory Committee
NHMRC National Health and Medical Research Council
PP pulse pressure

PPICO population, prior tests, index test, comparators, outcomes
PTT pulse transit time

PWA pulse waveform analysis

PWV pulse wave velocity

RA renal artery

ROC receiver-operating characteristic

SBP systolic blood pressure

SEVR subendocardial viability ratio

Sn sensitivity

Sp specificity

TGA Therapeutic Goods Administration

Tr time to pressure wave reflection

TTI tension time index
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