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Objective: Finger systolic blood pressure measurement (FSBP) has been shown helpful in the detection of distal arterial insufficiency in upper limbs. This work assesses the possibility to measure FSBP on the 2 nd phalanx instead of the first one in order to improve its sensitivity and to verify this would not alter the repeatability of the measurement.

Methods:

In this multicenter study. FSBP was measured twice in all fingers but the thumbs in consecutive systemic sclerosis patients on the first phalanx and the second phalanx in alternate order using laser-doppler flowmetry.

Results. Thirty-seven patients were enrolled. The repeatability of FSBP was excellent and similar on the first and 2 nd phalanxes with coefficients of variation respectively of 7.1% and 7.6%. While the correlation between the FSBP at the two sites was fair (Pearson coefficient 0.69; p< 0.001). The agreement was poor, with a mean difference of 14 mmHg between the two sites. Significantly higher differences were found in fingers with digital ulcers. The ROC curves showed a better prediction of the 2 nd phalanx measurements.

Conclusion:

FSBP has an excellent repeatability whatever the site of phalanx. However, measurements performed on the 2 nd phalanx have a better sensitivity for the prediction of digital ulcers.

Introduction

Toe systolic blood pressure measurement is the reference technique for the hemodynamic evaluation of severe peripheral arterial disease of the lower limbs, and its methodology is well described [START_REF] Graaff | The usefulness of a laser Doppler in the measurement of toe blood pressures[END_REF][START_REF] Beinder | Laser Doppler technique for the measurement of digital and segmental systolic blood pressure[END_REF]. Finger systolic pressure measurement showed promising applications in patients with arterial deficiency of the upper limbs related to arterio-venous fistulae [START_REF] Odland | Management of dialysis-associated steal syndrome complicating upper extremity arteriovenous fistulas[END_REF][START_REF] Lazarides | Indications for Surgical Treatment of Angioaccess-Induced Arterial "Steal[END_REF][START_REF] Schanzer | Use of digital pressure measurements for the diagnosis of AV access-induced hand ischemia[END_REF][START_REF] Goff | Steal Syndrome Complicating Hemodialysis Access Procedures: Can It Be Predicted?[END_REF], and in systemic sclerosis [START_REF] Hirai | Arterial insufficiency of the hand evaluated by digital blood pressure and arteriographic findings[END_REF][START_REF] Herrick | Quantifying digital vascular disease in patients with primary Raynaud's phenomenon and systemic sclerosis[END_REF] where the distal arterial insufficiency is of crucial clinical relevance [START_REF] Watelet | Prevalence of macrovascular arterial involvement of the 4 limbs in systemic sclerosis: About a case series of 14 patients[END_REF][START_REF] Jeune | Arteriographic study of the hand in 52 cases of Raynaud's phenomenon of varying aetiology[END_REF][START_REF] Hirai | Arterial insufficiency of the hand evaluated by digital blood pressure and arteriographic findings[END_REF][START_REF] Hasegawa | Arteriographic evaluation of vascular changes of the extremities in patients with systemic sclerosis[END_REF][START_REF] Emad | Arterial vasculopathy in systemic sclerosis: computerized tomography (CT) angiographic features of macrovascular and microvascular upper limbs arteries[END_REF][START_REF] Allanore | Hand Vascular Involvement Assessed by Magnetic Resonance Angiography in Systemic Sclerosis[END_REF][START_REF] Lescoat | Vascular Evaluation of the Hand by Power Doppler Ultrasonography and New Predictive Markers of Ischemic Digital Ulcers in Systemic Sclerosis: Results of a Prospective Pilot Study[END_REF][START_REF] Lüders | Detection of severe digital vasculopathy in systemic sclerosis by colour Doppler sonography is associated with digital ulcers[END_REF][START_REF] Frerix | Ulnar artery occlusion is predictive of digital ulcers in SSc: a duplex sonography study[END_REF]. However, the methods used to measure finger systolic blood pressure are not yet standardized. Among the parameters varying according to the different protocols three seem of particular importance:

-the method used for flow detection, with plethysmographic techniques mostly used [START_REF] Nielsen Sl Lassen | Measurement of digital blood pressure after local cooling[END_REF][START_REF] Maricq | An objective method to estimate the severity of Raynaud phenomenon: digital blood pressure response to cooling[END_REF][START_REF] Bovenzi | Finger systolic blood pressure indices for the diagnosis of vibration-induced white finger[END_REF], but a recently increasing use of laserdoppler on the lower limbs. due to its better sensitivity for the measurement of low pressures [START_REF] Ubbink | Toe blood pressure measurements in patients suspected of leg ischaemia: a new laser Doppler device compared with photoplethysmography[END_REF]. which is of special interest in patients with severe arterial insufficiency [START_REF] Widmer | Reliability and repeatability of toe pressures measured with laser Doppler and portable and stationary photoplethysmography devices[END_REF][START_REF] Høyer | Reliability of laser Doppler flowmetry curve reading for measurement of toe and ankle pressures: intra-and interobserver variation[END_REF].

-the warming of the measurement site in order to get freed from vasomotor artefacts in the pressure measurements. This is an issue for patients with Raynaud's phenomenon that may present the so-called closing phenomenon related to cold exposure [START_REF] Nielsen Sl Lassen | Measurement of digital blood pressure after local cooling[END_REF].

Several methods are currently used to overcome this difficulty, such as the use of a built-in warming probes, finger warming through the pressure cuff [START_REF] Maricq | An objective method to estimate the severity of Raynaud phenomenon: digital blood pressure response to cooling[END_REF] deviceindependent warming through an hair-dryer, or global body warming obtained in a heated room or through the application of an electric blanket.

-the exact location where the pressure is measured is also an important parameter. While the cuff was usually placed on the first phalanx in order to avoid noise related to physical contact between the probe and the cuff during inflation and deflation; the miniaturization of laser probes now allows positioning the cuff on the second phalanx without physical interaction with the sensor. This should theoretically increase the sensitivity of the measurement to digital arterial disease since arterial lesions can occur distally to the first phalanx. as already illustrated in the early works of Hirai [START_REF] Hirai | Arterial insufficiency of the hand evaluated by digital blood pressure and arteriographic findings[END_REF].

We took the opportunity of a longitudinal prospective study of capillaroscopy and digital pressure measurements in patients with systemic sclerosis, the SCEROCAP study, to assess the interest of a measurement on the second vs the first phalanx in a subset of SCLEROCAP patients from three different vascular centers. All using the same laser-doppler device, but with three different warming techniques, checking its repeatability and predictive value for digital ulcers in different settings.

Materials and Methods

Design of the study

This study is an offshoot of the SCLEROCAP study, which is a French prospective observational multicenter study aiming at validating prospectively the prognostic value of Maricq and Cutolo's capillaroscopic classifications and finger systolic blood pressure with laser Doppler in systemic sclerosis patients (SSc) during a three years longitudinal follow-up. This study was in compliance with Good Clinical Practices and the Declaration of Helsinki. Formal Ethic Committee approval was obtained on March 7 th 2014. The methods were already described in detail in previous publications [START_REF] Boulon | Reproducibility of capillaroscopic classifications of systemic sclerosis. Results from SCLEROCAP Study[END_REF][START_REF] Boulon | Correlation between capillaroscopic classifications and disease severity in systemic sclerosis: results from SCLEROCAP study at inclusion[END_REF]Blaise et al., submitted 2020).

Setting and participants

Thirty-seven scleroderma patients undergoing FSBP measurements with laser Doppler flowmetry were included in three vascular centers experienced in those measurements from April 2018 to October 2018. Main SCLEROCAP inclusion criteria were age above 18 years and diagnosis of SSc according to LeRoy and Medsger's definition [START_REF] Leroy | Criteria for the classification of early systemic sclerosis[END_REF]. Main non-inclusion criteria were association with other connective tissue disease and severe disease with low life expectancy. Presence of digital ulcers, pitting scars or fingertip amputation was carefully recorded.

Study Protocol

Standardized methodology for the FSBP measurements was used but for the warming technique. The patient was resting for 15 minutes in a room with a comfortable temperature between 20 and 25°C according to the seasonal requirements for a comfortable environment before the pressure measurements. Pressure measurements were carried out on eight fingers, excluding the thumb, with laser Doppler flowmetry (LDF) Periflux System 5000 (Perimed, Järfälla, Sweden) using a laser probe (Probe 457, Perimed, Järfälla, Sweden) attached to the digital pulp. A cuff of suitable size (UDC 1.6 cm or 2.5 cm, Hokanson, Bellevue WA, USA) was fitted either on the first or on the second phalanx. Before inflating the cuff, the pulp of the finger was emptied by gentle manual compression. The application of a supra systolic pressure (200 mmHg) was followed by an automatically regulated slow deflation of the cuff, reappearance of the laser Doppler flow signal was detected the FSBP (Figure 1). The measurement was repeated three times for both sites on each finger in order to obtain a more robust estimate of the FSBP with the median value, and this allowed to assess the repeatability.

For each patient, the measure was randomly taken with the cuff placed on the first or second phalanx. and after a 2 min interval, on the other measurement site. Each center used its customary warming technique: an electric blanket heated at 38°C in one center applied 15 minutes before the recording (one center; N=12). local warming with a laser doppler probe with integrated local heaters (Probe 457, Perimed, Järfälla, Sweden) (42°C during 10 minutes) (one center; N=12) and the last center with a hair dryer during during few minutes until the cutaneous temperature on the site reached to 28°C minimum (measured by BAT-10 Thermometer, Physitemp, USA) (N=13).

Statistical analysis

Variables are described as mean (Standard deviation). Repeatability was assessed using within subject coefficient of variations. calculated using the square root method according to Bland [START_REF] Bland | Statistical methods for assessing agreement between two methods of clinical measurement[END_REF]. ROC curves were used to assess the prediction of the two sites of measurement for digital ulcers. Statistical analysis was performed with IBM SPSS Statistics version 21.

Results

Among 37 patients with SSc, two presented active digital ulcers (DU) one of whom had two ulcers on different fingers. Four patients had pitting scars, one of whom had three scars on different fingers. No patient was amputated. The total number of fingers evaluated was 296, nine of which showed active DU or scar. Table 1 provides the within subject coefficient of variation (CV), calculated using the square root method according to Bland, on each finger except the thumb, on the second and first phalanges [Table 1]. Measurement of FSBP shows excellent repeatability with a CV of 7.6% for the second phalanx and 7.1% for the first one [START_REF] Fleiss | The Equivalence of Weighted Kappa and the Intraclass Correlation Coefficient as Measures of Reliability[END_REF][START_REF] Landis | The measurement of observer agreement for categorical data[END_REF], similar whatever the finger and the position of the cuff with no statistically significant difference. No significant influence of the method of warming was found on the variability itself [Table 2]. However, an order effect was observed as a small but consistent increase in FSBP between the first and the third measurement was found when using hair-dryer or non significantly using a local probe warming, showing a better stabilization of the measurement with the warming blanket procedure [Table 3].

The mean FSBP was 99.5mmHg +/-22 (N = 288) on the second phalanx versus 113.8 mmHg +/-23 (N=288) (p< 0.0001) on the first one. While their correlation was fair (coefficient of Pearson 0.69; p< 0.001) (Figure 2), their agreement was poor on the Bland and Altman plot, with an average difference of 14.22 mm Hg (confidence interval (IC) 95% [12.18-16.25]) between the two sites (Figure 3). This difference was two-times higher on fingers with ulcers/pitting scars (28.6 +/-8.7 vs 13.8 +/-1.0 mm Hg; P=0.013).

In spite of the low number of digital ulcers, the ROC curve of FSBP clearly shows a better ulcer prediction by the second phalanx measurements (Figure 4) Discussion:

To our knowledge, this is the first study to explore specifically the methodology of Finger Systolic Blood Pressure Measurements using laser doppler as flow signal. It was performed in the context of a multicenter prospective study performed by different experienced centers using the same laser doppler device and used to harmonize their practices through long-lasting collaborations on scleroderma patients. This study clearly shows that the use of Laser Doppler for the measurements of FSBP allows for reliable and repeatable measurements when the cuff is placed on the second phalanx, thereby increasing its diagnostic sensitivity without hampering its repeatability. Interestingly, we also showed that the observed pressure gradient between proximal and distal sites is higher in fingers with digital ulcers/pitting scars, which is consistent with the classical knowledge of arterial obstructions anywhere along the digital arteries in systemic sclerosis, hence the interest of making measurements as distal as possible. Our preliminary results using ROC curves suggest a better prediction of digital ulcers/spitting scars with the second phalanx cuff placement, even if the numbers are small and deserve confirmation on a larger scale.

As a limitation, for this study, we whose for each team to use their own warming procedure in order to avoid learning curve effects. Although we did not find an influence of the techniques on the repeatability itself. The existence of a small order effect is showing the delay of 15 minutes used for stabilization before the test in this study is probably too short when using local warming with the laser Doppler probe or the heat-dryer procedure. The electric blanket, however, seems to achieve a quicker stabilization, but our study was not designed to compare the heating procedures.

Conclusion:

This study confirms the ability of FSBP measured with laser doppler to detect clinically significant arterial disease in patients with systemic sclerosis, and the excellent repeatability of the measurements whatever the warming method used and the site of measurement. It shows that measurements performed with the cuff place on the second phalanx exhibit an excellent repeatability, lower pressure values when compared to proximal cuff placement, and have a better sensitivity for the prediction of digital ulcers. Additional studies will have to be undertaken in order to assess the best diagnostic threshold level and diagnostic performances.
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Perspectives

Finger systolic blood pressure measurement measured with laser doppler detect clinically significant arterial disease in upper limb in patients with systemic sclerosis.

There is an excellent repeatability of the measurements whatever the warming method used and the site of measurement.

Measurements performed on the 2 nd phalanx have a better sensitivity for the prediction of digital ulcers.

Additional studies will have to be undertaken in order to assess the best diagnostic threshold level and diagnostic performances. Table 1: Digital arterial pressure was recorded with laser Doppler flowmetry (LDF) on each finger except the thumb. The patient was comfortably relaxing in supine position for 15 minutes in a room with a stable temperature between 20 and 25°C before the start of pressure measurement.

Tables

A cuff of suitable size was fitted on 2 nd phalanx.