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Abstract The Complior device (Alam Medical, France)

has contributed to the rise of arterial stiffness as a measure of

cardiovascular risk. In its latest version (Complior Analyse)

the sensor records pressure instead of distension waveforms

thus allowing the measurement of central pressure and pulse

wave analysis. The aim of our study was to verify that the

new sensor measures pressure waveforms accurately in both

time and frequency domain. Invasive and non-invasive sig-

nals were recorded simultaneously at the radial artery and

compared in the frequency and time domain in haemody-

namically stable intensive care unit patients. Twelve patients

entered the study (8 men, 4 women, mean age 69 ± 17

years). Heart rate was 90 ± 15 bpm, systolic blood pressure

133 ± 19 mmHg and diastolic blood pressure 68 ± 15

mmHg. There was no statistical difference in the amplitude

of harmonics between the invasive signal and Complior

signal. When superimposing waveforms in the time domain,

there was a small difference in the form factor (4.2 ± 2.8 %)

and in the absolute area between the 2 waveforms

(3.3 ± 1.7 mmHg�s-1). These differences were of the same

magnitude as the beat-to-beat variation of the form factor

(3.3 %) and of the absolute area (3.1 mmHg�s-1),

respectively. The second systolic peak was detectable in 4

subjects, with no statistical difference between invasive and

non-invasive values. The new pressure sensor of the

Complior Analyse device recorded pressure waveforms

accurately and could be used to perform pressure wave

analysis.
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1 Introduction

Non-invasive central pressure (cBP) assessment is receiv-

ing more and more attention as several studies have shown

that cBP is better related to cardiovascular surrogate end-

points than conventional peripheral pressure, and is a better

predictor of cardiovascular events and mortality [1–5].

Drug intervention studies have shown it is possible to

observe differential effects on cBP values despite similar

peripheral pressure reduction [6–8]. There are several

methods to assess cBP non-invasively. One can use a

peripheral waveform (radial or brachial) and apply a

mathematical transformation called a transfer function.

This technique is used by commercial devices such as

SphygmoCor (AtCor, Australia) [9], Mobil-o-graph (IEM,

Germany) [10], B-Pro and CASP devices (Healthstats,

Singapore) [11], Vicorder (Skidmore medical, UK) [12]

and cBP301 (Centron Diagnostics, UK) [13]. A second

method is based on the observation that the second systolic

peak (SBP2) of the peripheral waveform is nearly identical

to the systolic cBP value [14–17]. This method is used by

the commercial device HEM-9000AI (Omron, Japan),

Vasotens (BPlab, Russia) and Arteriograph (Tensiomed,

Hunary).
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Despite this large number of devices, the superiority of

cBP compared to brachial cuff to predict cardiovascular risk

has been established mainly from studies using carotido-

grams with no use of a transfer function nor detection of

SBP2 [2–4]. The carotid artery is geographically and func-

tionally close to the ascending aorta and studies have shown

that pressure waveforms measured at the carotid level were

very similar to ascending aortic pressure [18, 19].

In parallel to the rise of new non-invasive techniques of

cBP measurement aortic stiffness, and more specifically its

gold standard measure carotid-femoral pulse wave velocity

(cf-PWV) [20, 21], has been extensively studied. Following

numerous epidemiological studies showing the predictive

value of cf-PWV [20, 22], cf-PWV has been introduced in

the ESH-ESC guidelines for the management of arterial

hypertension [23]. It is a measure of organ damage and is

recommended for the diagnostic and follow-up of hyper-

tensive patients [22, 23]. All epidemiological studies of cf-

PWV have been performed with simultaneous measurements

of the carotid and femoral signals to calculate cf-PWV.

While some of these studies have used non-commercial

equipment, a great number have used the Complior device

(Alam Medical, France) either in its Complior II version or in

its Complior SP version. With these versions, carotid and

femoral distension waveforms were recorded simultaneously

and then a validated ‘‘foot-to-foot’’ algorithm based on the

second derivative was used to determine transit time and

hence pulse wave velocity [24–26]. In its latest version, the

Complior device, now called Complior Analyse, offers the

possibility to use the internationally recommended ‘‘inter-

secting tangent’’ algorithm to detect the foot of the wave-

forms. Complior Analyse also records non-invasive pressure

waveforms directly instead of distension waveforms. Hence

it allows measuring and analysing carotid pressure wave-

forms during standard measure of cf-PWV (Fig. 1).

The aim of this study was to confirm that the new sensor

of the Complior Analyse device measures pressure wave-

forms accurately. It was judged unethical to measure

simultaneous invasive and non-invasive pressure wave-

forms at the carotid artery level. As Complior sensors can

be used at any arterial points where the pressure pulse can

be manually felt, radial signals were studied assuming that

results on the comparison of radial waveforms could be

extrapolated to any pressure waveforms. As blood pressure

(BP) and hence pressure waveforms may differ signifi-

cantly between left and right arm, we compared signals

measured simultaneously at the same radial location.

2 Methods

This is a prospective monocentric study (Antoine Béclère

Hospital, Clamart, France). The study began in July 2011

and ended in December 2011. All haemodynamically sta-

ble intensive care unit (ICU) patients were screened. They

were eligible in the present study if an arterial radial line

had been inserted for clinical reasons (Seldicath 3F radial

fluid filled catheter; Plastimed, Le Plessis Bouchard,

France). The study was approved by ethics comity of the

French Society of Intensive Care Medicine (‘‘Société de

Réanimation de Langue Française’’, agreement n� 12-376)

and all patients gave informed consent to participate.

Patients with frequent premature ventricular beats or

movement artefacts were excluded from the study. The

Complior sensor was positioned with its specific hand-free

holder above the invasive point of measurement, i.e., circa

8 cm proximally from the radial puncture point (Fig. 1d). It

must be noted that this is not the standard positioning of the

Complior sensor which is normally positioned above the

radius head (Fig. 1b). However, this is the puncture point

where the catheter sheath is present so it was not possible to

position the non-invasive sensor at this location. When

positioned above the invasive point of measurement, there

are more underlying tissues between the Complior sensor and

the artery and hence this may reduce the quality of the

recorded signal. However, in our opinion, this may be viewed

as a reasonable compromise in patients equipped with an

arterial indwelling catheter while putting more constraints on

the quality of the sensor. Complior sensors are piezo-electric

sensors which record pressure waveforms. The natural fre-

quency of the overall system (sensor ? electronic) is 24 Hz

and the damping coefficient is 0.27.

Just prior to recordings, the invasive line was flushed to

avoid any possible damping of the signal. The analog

signal of the invasive catheter and the signal from the

Complior sensor were recorded simultaneously via a

PC-acquisition unit, sampled at 1,000 Hz and stored for

later off-line analysis with Matlab (Mathworks, USA).

Invasive and Complior sensor signals were analyzed

independently by an operator unaware of recording pro-

cedure and patient status. As least five consecutive heart

beats of simultaneous invasive and Complior signals per

patient were selected for further analysis. The selected

pulses had to be free of ectopic beats or movement artefact.

No additional off-line filtering was performed. The foot of

each pulse was automatically detected by the ‘‘intersecting

tangent algorithm’’ as described by Chui et al. and rec-

ommended by the arterial stiffness collaboration group [27,

28]. Average of invasive and Complior pulses were cal-

culated for each subject by calibrating pulses duration to

patient’s heart rate and pulse amplitude to identical value.

The Complior sensor records relative pressure. Like any

tonometric signal, the off-set and amplitude of the signal

depend on signal strength as well as on thickness of under-

lying tissues and hold-on pressure. Complior waveforms

were calibrated with invasive systolic and diastolic BP.
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Amongst the 16 subjects entering the study, four subjects

were excluded due to poor quality signal (50 Hz noise or

analog to digital amplifier saturation) such that 12 subjects

completed the final analysis. In order to verify wave shape

agreement, Complior and invasive signals were superim-

posed in the time domain and compared in the Fourier

domain. In the time domain, the mean error between the 2

curves was calculated as the absolute area between the 2

averaged waveforms and their form factor was calculated

[(mean BP - diastolic BP)/pulse pressure 9 100] [29, 30].

When possible, the 2nd systolic shoulder (SBP2) was also

detected and the radial augmentation index (AIx) was

derived as Aix = (SBP2 - DBP)/(SBP - DBP). As infor-

mation on pressure waveform is only on the first harmonics,

we performed frequency analysis on the first 8 harmonics.

2.1 Statistical Analyses

Data are given as mean ± SD. Non parametric Wilcoxon test

was used to compare harmonics’ moduli and form factors

even when normality test passed. Differences between inva-

sive and Complior variables were expressed as mean differ-

ence ± SD as recommended in Bland and Altman analysis.

Statistical significance was declared when p \ 0.001.

3 Results

Characteristics of the 12 subjects entering the analysis are

presented in Table 1. BP values are from the invasive

recording as no brachial cuff BP was taken. Reasons for

ICU admittance were acute respiratory distress syndrome

(n = 5), septic shock (n = 3), post operative shock

(n = 1), left ventricular insufficiency (n = 1), coma

(n = 1) and intentional self overdose (n = 1). Four

patients were given noradrenaline or isoprenaline at the

time of measurement and six were intubated.

Figure 2 shows the average invasive and Complior

waveforms recorded in one of the subjects. Potential dif-

ferences in the wave shape between invasive and non-

invasive pressure were studied in the frequency-domain

and in the time-domain and presented in Table 2. Figure 3

presents the frequency analysis of the invasive and

Fig. 1 Photos of sensor. a Complior Analyse pressure sensor, sensor diameter 16 mm. b Standard positioning of sensor on radial artery.

c Standard positioning of sensor on carotid artery. d Study setting with sensor above catheter tip

Table 1 Patients’ characteristics (n = 12)

Range Mean ± SD

Age (years) 35–89 69 ± 17

Height (m) 145–183 173 ± 14

Weight (kg) 68–104 82 ± 13

BMI (kg/m2) 20.8–35.2 27.5 ± 5.3

SAPS II 26–65 40 ± 13

SBP (mmHg) 97–157 133 ± 19

DBP (mmHg) 40–97 68 ± 15

HR (bpm) 70–125 90 ± 15

Invasive Form Factor (%) 28–45 35 ± 5

SAPS II simplified acute physiology score, SBP systolic blood pres-

sure, DBP diastolic blood pressure, HR heart rate. See text for the

form factor calculation
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Complior signals. There was no statistical difference

between the moduli of both signals.

In the time-domain, the absolute area between the

averaged invasive and Complior signals was 3.3 ± 1.7

mmHg�s-1. In order to evaluate the significance of this

value, we calculated the absolute mean area among pulses

from invasive and Complior signals. The within-subject

absolute area difference between invasive pulses from the

same subject was 1.8 ± 1.9 mmHg�s-1 and 3.1 ± 2.0

mmHg�s-1 for Complior Analyse signals. The wave shape

difference between invasive and Complior traces was

hence of the same order of magnitude as intra-signal wave

shape variability. The Bland–Altman difference between

the invasive and Complior Form factor was 4.2 ± 2.8 %

(invasive Form factor = 35.6 ± 5.2 % and Complior form

factor = 39.9 ± 6.0 %, p \ 0.001) (Table 2; Fig. 4). The

beat-to-beat form factor standard deviation was 3.3 % for

Complior signal and 1.6 % for invasive signal. Hence, after

the systolic peak, Complior waveforms were slightly above

invasive waveforms as shown in Fig. 2. This trend was of

the same order of magnitude as the beat to beat variation of

the form factor.

SBP2 and hence AIx were not detectable in 8 out of the

12 subjects on both invasive and non-invasive tracings. In

the remaining 4 subjects there was no statistical difference

between invasive and non-invasive SBP2 and Aix values

(Table 2). The sample was too small to perform a Bland–

Altman analysis on SBP2 and AIx.

4 Discussion

Non-invasive tonometric pressure-recording commercial

devices must be validated against invasive signals. The

Millar tonometer (Millar instruments, USA) used by

SphygmoCor (AtCor, Australia) was tested in 1989 by

Kelly et al., against invasive femoral signals in dogs and

against invasive radial signals in 62 patients undergoing

radial cannulation for clinical monitoring purposes with

short (\30 cm) fluid-filled lines [31]. Signals were com-

pared in the frequency domain only. Small differences

were observed as the Millar tonometer tends to overesti-

mate the 1st harmonic (p \ 0.02) and underestimate

moduli above the 4th harmonics [31].

Likewise, Pulse Pen’s tonometer (Diatecne, Italy) was

compared in the frequency domain in patient undergoing

coronary angiography [32]. Invasive signals were recorded

at the origin of the ascending aorta and at the initial tract of

the carotid artery using fluid-filled catheters, while non

invasive waveforms were recorded at the common carotid

artery and at the base of the neck (bottom carotid) and

calibrated to brachial non-invasive BP. The authors

observed no statistical differences between the frequency

analysis of the invasive aortic/carotid bifurcation pressure

and the non-invasive bottom carotid tonometry (compari-

son with the least geographical difference). When com-

paring invasive ascending aorta with non-invasive common

carotid signals, a slightly bigger, but still not significant,

difference in their frequency analysis was found [32].

SBP

SBP2

DBP

Complior Analyse sensor

Invasive signal

area between curves

Fig. 2 Example of superimposed invasive (dotted line) and Complior

signals (solid line) (Patient No 2, male, 72 years old). On this patient,

area between the curves was 1.6 mmHg�s, invasive SBP2 was

133 mmHg and Complior SBP2 was 135 mmHg

Table 2 Time domain and

frequency domain analysis

(n = 12)

Values are mean ± SD

Invasive signal Complior signal Difference p

Form Factor (%) 35.6 ± 5.2 39.8 ± 6.0 4.2 ± 2.8 \ 0.001

SBP2 (mmHg) (in 4 subjects) 138.3 ± 13.1 138.7 ± 14.1 0.4 ± 1.7 0.625

AIx (%) (in 4 subjects) 88.6 ± 10.4 88.6 ± 8.2 -0.09 ± 2.8 0.875

Modulus harmonic 1 24.91 ± 6.57 25.46 ± 5.50 0.56 ± 1.85 0.266

Modulus harmonic 2 13.66 ± 3.48 12.77 ± 3.9 -0.89 ± 0.88 0.009

Modulus harmonic 3 5.28 ± 2.27 4.49 ± 1.46 -0.79 ± 1.12 0.027

Modulus harmonic 4 3.27 ± 1.79 3.35 ± 2.17 0.08 ± 0.91 0.569

Modulus harmonic 5 2.29 ± 1.36 2.18 ± 1.42 -0.11 ± 0.53 0.470

Modulus harmonic 6 1.07 ± 0.59 1.10 ± 0.76 0.03 ± 0.52 1.000

Modulus harmonic 7 0.60 ± 0.40 0.85 ± 0.61 0.26 ± 0.34 0.021

Modulus harmonic 8 0.40 ± 0.28 0.51 ± 0.36 0.11 ± 0.34 0.339
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These results confirm previous ones showing that differ-

ences between carotid and aortic signals are negligible [18,

19] and that carotid waveforms can be used as direct

measure of cBP waveforms.

The results from the new Complior sensors showed no

differences in the frequency domain with simultaneous

invasive signal recorded at the same location, confirming at

least the same accuracy as the 2 above mentioned com-

mercial devices.

Despite the validation of SphygmoCor and PulsePen

signals, a recent publication has shown that the form factor

of pressure signals recorded with SphygmoCor and Pulse

Pen were significantly different with a significant impact

on the value of SBP2 [33]. For this reason, we studied

waveforms not only in the frequency domain but also in the

time domain where their superimposition allows a more

sensitive comparison.

There was a small but significant difference in the form

factor between the invasive and non-invasive signal

(fig. 4). We did not perform a reproducibility study but this

difference is of the same order as the beat-to-beat form

factor variability. The error calculated from the area

between the two curves was considered negligible

(3.3 ± 1.7 mmHg�s-1) as the error between successive

pulses was of the same magnitude (3.1 ± 2.0 mmHg�s-1

for the area between successive pulses). As many of our

ICU patients had significant peripheral vasodilation, SBP2

was detectable in only 4 out of the 12 studied subjects.

Among the remaining subjects, there was no difference in

SBP2 from the invasive and Complior signal.

5 Limitation of the study

With the Complior Analyse device, central pulse wave

analysis is performed at the carotid artery level. For ethical

reasons it is not possible to compare simultaneously inva-

sive and non-invasive common carotid pressure wave-

forms. An alternative would be to use invasive ascending

aortic signals versus non-invasive carotid signals. However

if a discrepancy occurs it would not be possible to conclude

as to its origin between physiological wave shape differ-

ences and sensor sensitivity. The Complior sensor was

applied above the catheter tip, at the middle of the forearm

where there are more underlying tissues and where appla-

nation against a bony surface is more difficult. Neverthe-

less, we demonstrated the accuracy of the sensor using

radial signals in patients with a large spectrum of wave

shape, heart rate and BP values (Table 1). Hence we feel

that our setting was a good compromise and that results

could be transposed to any pressure location.

The second limitation of our study is the relatively small

number of subjects. However as mentioned previously, we

had a heterogeneous group of patients from the ICU

exhibiting a wide range of wave shape morphology. Hav-

ing a small group of patients only increases the possibility

of finding a difference by chance, as a discrepancy for one

type of subject will have a higher weighting in a smaller

cohort. Hence we feel confident that increasing the number

of subjects would not change the conclusion of our study.

While we showed data regarding the beat to beat repro-

ducibility, we have not documented the reproducibility of

pressure recordings. Further studies should be performed in

standard clinical settings to assess the reproducibility of

pressure recordings and pressure analysis results.

In conclusion, perfect agreement between invasive and

Complior Analyse pressure waves was observed in the

frequency domain. In the time domain, there were small

differences in the form factor or area between the two

curves. However these differences were of the same order

of magnitude as beat to beat variations. Hence, the new

pressure sensor of the Complior Analyse device records

pressure waveforms accurately and could be used to per-

form pressure wave analysis.
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