
HAL Id: hal-04756594
https://hal.science/hal-04756594v1

Submitted on 13 Nov 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Digital pressure with laser Doppler flowmetry is better
than photoplethysmography to characterize peripheral
arterial disease of the upper limbs in end-stage renal

disease patients
Nicolas Briche, Christophe Seinturier, Jean Luc Cracowski, Philippe Zaoui,

Sophie Blaise

To cite this version:
Nicolas Briche, Christophe Seinturier, Jean Luc Cracowski, Philippe Zaoui, Sophie Blaise. Digital
pressure with laser Doppler flowmetry is better than photoplethysmography to characterize peripheral
arterial disease of the upper limbs in end-stage renal disease patients. Microvascular Research, 2022,
139, pp.104264. �10.1016/j.mvr.2021.104264�. �hal-04756594�

https://hal.science/hal-04756594v1
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


    

 

 1

 

Digital pressure with Laser Doppler Flowmetry is better than Photoplethysmography to 

characterize peripheral arterial disease of the upper limbs in end-stage renal disease patients. 

 

Nicolas Briche MD 1, Christophe Seinturier MD 2, Jean Luc Cracowski MD PhD 3,4, Philippe 

Zaoui MD PhD 5, Sophie Blaise MD PhD2,4 

1. Department of Vascular Medicine, Dijon University Hospital, 21000 Dijon 

2. Department of Vascular Medicine, Grenoble Alpes University Hospital, F-38000 Grenoble, 

France 

3. INSERM CIC1406, Grenoble Alpes University Hospital, F-38000 Grenoble, France 

4. Univ. Grenoble Alpes. INSERM, HP2, F-38000 Grenoble, France 

5. Department of Nephrology, Grenoble Alpes University Hospital, F-38000 Grenoble, 

France 

 

Corresponding author: 

Pr S. Blaise 

Department of Vascular Medicine 

Grenoble - Alpes University Hospital CS 10217 38043 Grenoble CEDEX 09 FRANCE 

Tel: 0 33(0)4 76 76 53 61  Fax: 0 33 (0)4 76 76 50 48  

E-mail: SBlaise@chu-grenoble.fr 

 

Running title: Digital pressure with Laser Doppler Flowmetry is better than 

Photoplethysmography in the upper limbs arterial disease. 

Grant: none. 

Sources of Funding: None. 

Disclosures: None regarding this work. 

© 2021 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S0026286221001345
Manuscript_0f0cc2507385f81ed74a24b80429668f

https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0026286221001345
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0026286221001345


 2

 

HIGHLIGHTS   

- There is no consensual definition of peripheral arterial disease of the upper limbs. 

Doppler ultrasound may not be the optimal technique to correctly evaluate it. Finger 

systolic blood pressure is a useful tool, which must be carried out for a quantitative 

evaluation. 

-  Peripheral arterial disease of the upper limbs in patients with end-stage renal disease 

is probably underestimated. Doppler ultrasound detected a high rate of upper limb 

arterial disease but may not be the optimal technique to correctly evaluate it. 

Microcirculation methods have to be added for a quantitative evaluation and 

particularly before creation of an arteriovenous fistula for haemodialysis access in 

order to avoid ischaemic issues (pain, necrosis, and digital ulcers). But there is a poor 

correlation coefficient of 0.493 (p < 0.001) between laser Doppler flowmetry and 

photoplethysmography.  

- Laser Doppler flowmetry seems to be better in detecting peripheral arterial disease, as 

compared to photoplethysmography, which tends to overestimate the raw values. 
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Abstract :  

Objective: There is no consensual definition of significant peripheral arterial disease of the 

upper limbs. Patients with end-stage renal disease are usually explored with Doppler 

ultrasound, which seems insufficient to characterize and quantify the arterial disease in this 

anatomic site. Candidates for haemodialysis access tend to be increasingly older and have 

polyvascular disease, and a better assessment of the vascular status of their upper limbs with 

finger systolic blood pressure is necessary. Photoplethysmography is simple and currently 

used in practice, but laser Doppler flowmetry may be more sensitive for low values. Our 

objective is to investigate additional information in the digit assessment over the ultrasound 

assessment of the upper limbs of patients awaiting haemodialysis and compare digital 

pressure values taken by photoplethysmography and laser Doppler.  

Methods: All included patients with end-stage renal disease scheduled for haemodialysis 

access received a prospective evaluation of their upper limbs with a clinical examination of 

the hands, an arterial upper limb Doppler ultrasound, and finger systolic blood pressure using 

photoplethysmography and laser Doppler flowmetry. Significant upper limb arterial disease 

was defined by a finger systolic blood pressure below 60 mmHg or a finger brachial pressure 

index below 0.7. 

Results: Twenty-four patients were included in the study. In all, 41.7% of patients (n = 10) 

had parietal calcifications to the antebrachial arteries on Doppler ultrasound, 8.3% of patients 

(n = 2) had bilateral finger systolic blood pressure values below 60 mmHg with laser Doppler 

flowmetry (but not confirmed with photoplethysmography), and 16.6% of patients (n = 4) had 

a finger brachial pressure index below 0.7 on both laser Doppler flowmetry and 

photoplethysmography. While there was an agreement between these two methods, higher 

values were recorded with photoplethysmography. The Pearson coefficient was 0.493 for the 
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median of basal digital pressures in absolute values and 0.489 for finger brachial pressure 

index (p < 0.001). 

Conclusion: Our study confirms the need to evaluate significant upper limb arterial disease in 

patients with end-stage renal disease not only with Doppler ultrasound but also with an 

evaluation of the finger systolic blood pressure. The correlation of the finger systolic blood 

pressure values using laser Doppler flowmetry and photoplethysmography was poor, which 

was probably due to an overestimation of the pressures with photoplethysmography. Despite 

the absence of a gold standard, we suggest that Laser Doppler flowmetry should be used 

rather than photoplethysmography to better characterize significant peripheral arterial disease 

of the upper limbs in patients with end-stage renal disease, particularly before creation of a 

new haemodialysis access. 

Protocol Record on clinical trial 38RC19.285 

 

Key-words: Peripheral arterial disease of the upper limbs; Laser Doppler Flowmetry; 

Photoplethysmography; Finger systolic blood pressure; End Stage Renal Disease; Renal 

Replacement Therapy   
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AVF : arteriovenous fistula   

HAIDI : haemodialysis access-induced distal ischaemia  

LDF : laser Doppler flowmetry  

FSBP: finger systolic blood pressure  

PPG: photoplethysmography  

ESRD: end-stage renal disease 

CRF: case report form 

FBPI: finger brachial pressure index  
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Introduction :  

One of the most widely used methods of renal replacement therapy is haemodialysis. It 

requires the creation of an arteriovenous fistula (AVF) in one of the upper limbs. Creation of 

a vascular access needs an adequate arterial flow to allow for dialysis adequacy and exposes 

patients to the occurrence of complications (Stone PA et al, 2012), including steal syndrome 

or haemodialysis access-induced distal ischaemia (HAIDI), which is relatively uncommon 

(around 5%) (Scheltinga MR et al, 2009). Doppler ultrasound is the current tool to assess 

vascular evaluation but may not be the optimal technique to correctly evaluate arterial disease 

of the upper limbs. There is in fact no consensual definition of peripheral arterial disease of 

the upper limbs. 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 (De Graaff et al., 2000; Beinder et al, 1992). Laser Doppler 

flowmetry (LDF) is also the best tool, with excellent repeatability and better sensitivity for the 

measurement of low pressures (Ubbink et al., 2004). The measurement of finger systolic 

blood pressure (FSBP) in the diagnosis of HAIDI is determined with very good accuracy 

(Schanzer A, et al., 2006). The guidelines for the management of HAIDI state that digital 

blood pressure should be measured to confirm the diagnosis when uncertain (Beathard GA et 

al., 2019). Its measurement until recently in the literature was always with 

photoplethysmography (PPG) (Odland et al., 1991; Lazarides et al., 1998; Schanzer et al., 

2006; Goff et al., 2000). Although both techniques are practically used for digital pressure 

measurement of vascular approaches for haemodialysis, only PPG has been evaluated in the 

medical literature (Schanzer A, et al., 2006; Papasavas PK, et al., 2003; Modaghegh M-HS et 

al, 2015). Our objective in this study is to investigate additional information in the digit 

arterial assessment over the ultrasound assessment of the upper limbs of patients awaiting 

haemodialysis who tend to be older (over 65) and have polyvascular disease due to 
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hypertension and diabetes in the majority. The second objective was to compare arterial 

digital pressure values with both PPG and LDF.  

Methods 

Population 

All patients with end-stage renal disease (ESRD) waiting for creation of an AVF after a 

decision by a nephrologist on a pre-dialysis assessment between 1 May 2019 and 30 August 

2019 were included. Each patient was able to sign for non-oppositional involvement at the 

time of their consultation (clinical trial 38RC19.285). They had to be 18 years old or older 

and affiliated with the Social Security system. The only exclusion criterion was patient 

opposition to participate in the study or withdrawal during the study. 

Data features 

Each patient received a medical exam with precise medical history enquiry, including a check 

of cardiovascular risk factors (tobacco abuse, hypertension, diabetes mellitus, dyslipidaemia, 

age, and gender), history of cerebrovascular disease, coronary artery disease, peripheral 

arterial disease of the lower limbs, and aetiology of their ESRD. A clinical examination of the 

hands was made with pulses and the Allen manoeuvre. Haemoglobin, glycated haemoglobin, 

LDL cholesterol, HDL cholesterol and creatinine clearance were measured. Medical treatment 

in progress at the time of inclusion was documented. All of these data were collected in a case 

report form (CRF). Systolic blood pressure was measured in both arms when possible (i.e., in 

the absence of a patent AVF). The diameter, patency of the arteries of the upper limbs and 

presence of calcifications were collected during a Doppler ultrasound. Digital pressures using 

LDF and PPG were performed. Significant upper limb arterial disease was defined by a FSBP 

threshold below 60 mmHg or a finger brachial pressure index (FBPI) below 0.7. The FBPI 

was defined as the ratio between the FSBP and ipsilateral brachial systolic pressure. 
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Techniques  

Evaluation and quantification of peripheral arterial disease in upper limbs was carried out 

during vascular cartography in order to create the AVF, using B-mode ultrasound (in 

transverse and longitudinal sections), colour Doppler, and pulsed Doppler. Doppler 

ultrasound exams were performed using a 50 mm opening with a 12-5 Hz and 9-5 Hz linear 

Philips probe and a 22.4 mm opening with a 8-5 Hz microconvex Phillips probe. Images were 

obtained using Philips IU 22 and Philips Affiniti 70 (Philips-France, Suresnes). Each patient 

received investigation of the patency and the diameter of the axillary, brachial, radial, and 

ulnar arteries on each side. The presence of calcifications and the compressibility of the 

antebrachial arteries were also noted.  

All patients had digital arterial pressure values measured with both techniques. The patient 

was under a heated blanket. Standardized methodology for digital pressure measurement was 

used and carried out on each finger, except the thumb. The FSBP was recorded with LDF 

(Periflux System 5000; Perimed, Järfälla, Sweden) (Blaise S et al, 2020) and PPG (SysToe: 

Atys Médical, Soucieu-en-Jarrest, France) on eight fingers, all but the thumbs. After the 

patient had rested for 15 minutes in a room with a comfortable temperature between 20°C and 

25°C according to the season, an appropriately sized cuff was fitted on the second phalanx 

(Figure 1). After the pulp of the finger had been emptied by gentle manual compression, the 

cuff was inflated up to a suprasystolic pressure (200 mmHg), followed by slow deflation to 

allow researchers to detect the reappearance of the flow and the corresponding value from the 

digital blood pressure. All fingers were studied successively and bilaterally with LDF 

measurements of the two index fingers, then the two middle fingers, then the two ring fingers 

and then the two little fingers. Then the measurements were taken with the PPG. More 

precisely, for laser Doppler measurements, the values were defined by the baseline upward 
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deflection and the very beginning of the slope. For PPG values, the flow recovery values were 

considered when a signal reappeared. 

The FSBP value for a given finger was the median value of three measurements with LDF 

and two measurements with PPG. The main objective was to describe the arteries of the upper 

limbs with Doppler ultrasound. Significant arterial disease was defined with values of FSBP 

lower than 60 mmHg with both LDF and PPG or FBPI below 0.70. 

Statistical analysis 

Qualitative and quantitative variables were analysed using means or medians, percentages and 

standard deviations. Normality was assessed by the Shapiro test. A Pearson correlation test 

was used to establish the correlation between the measures of each method with a p < 0.001. 

The Bland and Altman concordance assessment method (Bland JM et al., 2003) was used to 

assess the concordance between the measurements of the two digital pressure techniques. 

Statistical analysis was performed with SAS system software version 9.2 (SAS France, Brie 

Comte Robert). For the firsty objective, i.e.the characterization of the peripheral vascular 

status of the upper limbs of patients awaiting haemodialysis, we recorded the data for all 

available patients over the study period. This objective is descriptive and does not enable to 

calculate a number of subjects. For the second objective, i.e. to compare digital pressure 

values taken by both photoplethysmography and laser Doppler, a 0,05 two-sided test of the 

null hypothesis that the Pearson correlation coefficient equals 0 had 80% power to detect a 

correlation of 0,55 in the enrolled 24 patients (nQuery Advisor® 7.0). 

 

 

Results 

A total of 24 patients were included in the study, with a median age of 71.5 (+/-19.6) years 

(range 27 to 91 years) and a majority of males (n = 18, 75%). Almost all patients were 
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hypertensive (95.6%) and almost half were diabetic (43.4%). The characteristics of the 

population have been listed in Table 1.  

Ten patients (41.6%) had parietal calcifications to the antebrachial arteries on Doppler 

ultrasound and nine patients (37.5%) had incompressible antebrachial arteries. Only one 

patient presented with atherosclerotic stenosis in the axillary and brachial axis. The ultrasound 

features of upper limb arterial disease are listed in Table 2. Two patients (P12 and P22) 

presented with low FSBP values (< 60 mmHg) with LDF in both hands, which was not found 

with PPG (Figure 2). Four patients (P9, P10, P12, and P22) had a FSBP below 0.70, 

measured with LDF (Figure 3a). With PPG (Figure 3b), four patients also had a low FBPI 

(P1, P9, P20, and P22), two of which were identical with the LDF measurements (P9 and 

P22).  

We noticed a poor correlation between both methods with a Pearson coefficient at 0.493 for 

the medians of the FSBP and 0.489 for the FBPI (p < 0.001). We also found average 

agreement between both measurement methods using the Bland-Altman diagram (Figure 4 

and 5). 

 

Discussion  

We present, for the first time, the evaluation of upper limb arterial disease in patients with 

ESRD awaiting creation of an AVF using Doppler ultrasound coupled with LDF and PPG 

FSBP measurements. Despite the limits of the small cohort, we found a high proportion of 

upper limb arterial disease in patients with ESRD. Microcirculatory assessment is essential to 

establish the diagnosis of significant peripheral arterial disease with insufficient data provided 

by Doppler ultrasound alone. There is a lack of consensus in medical societies concerning the 

definition of arteriopathy at the level of the upper limbs. There is no gold standard for 

defining the best examination to explore the digital arterial microcirculation. Nevertheless, the 
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analysis and determination of FSBP have been carried out in the literature, mainly in the 

context of HAIDI in patients already carrying an AVF ( Beathard GA et al., 2019). However, 

the measurement techniques were different, not codified and exclusively made with PPG. 

(Odland et al., 1991; Lazarides et al., 1998; Schanzer et al., 2006; Goff et al., 2000). FSBP 

measurement has shown promising applications in other diseases, such as systemic sclerosis 

(Hirai et al., 1978; Herrick et al., 1998; Blaise S et al, 2020), where arterial insufficiency of 

the distal upper limbs is of crucial clinical relevance.  

The few studies comparing LDF and PPG were performed on the foot (de Graaff JC et al., 

2000; Ubbink et al., 2004). The designs of studies comparing these two techniques remains 

heterogeneous. The repeatability of LDF and PPG is good, except in low pressure values (de 

Graaff JC et al., 2000; Widmer et al., 2012). LDF on the lower limbs has a better sensitivity 

for the measurement of low pressures (de Graaff JC et al., 2000; Ubbink et al., 2004), which 

is of special interest in patients with severe arterial insufficiency (Widmer et al., 2012; Høyer 

et al., 2014). 

The methods used to measure FSBP are not yet standardized, especially in upper limbs. 

Certain methodological parameters have shown their great importance. FSPB with LDF has 

an excellent repeatability whatever the site of phalanx, but measurements performed on the 

second phalanx have a better sensitivity for the prediction of digital ulcers in patients with 

systemic sclerosis (Blaise S et al., 2020). A pressure gradient between the proximal and distal 

phalanx sites was observed; hence, the interest of making measurements as distal as possible 

to detect arterial disease (Blaise S et al., 2020). 

We considered in our study a threshold of 60 mmHg for FSBP and 0.70 for FBPI to define the 

diagnosis of significant arterial disease by using the thresholds proposed in the literature for 

HAIDI with PPG (Odland MD et al., 1991; Schanzer A et al., 2006). 
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In our cohort, LDF detected two patients with a FSPB below 60 mmHg, whereas PPG failed 

to detect any patients with a FSBP below 60 mmHg. 

These results are inconsistent with the Doppler ultrasound characteristics for one of these 

patients. Although the first patient had the lowest FSBP (Figure 1, P12), the ultrasound 

examination showed no features compatible with upper limb arterial disease. In contrast, the 

second patient (Figure 2, P22) had arterial calcifications and thrombosis of one of his radial 

arteries. 

These results led us to suggest that digital arterial disease could remain unnoticed before the 

creation of an AVF when Doppler ultrasound is used alone. FSBP data (raw values) and 

correlation diagrams (Figure 4) suggest that PPG tends to overestimate the raw values. The 

question which is not yet elucidated is the threshold value of FSBP corresponding to 

significant arterial disease using PPG and/or LDF. 

The proportion of patients with significant upper limb arterial disease was larger when 

analysing FBPI data rather than FSBP data. Four patients (16.6%) showed a FBPI < 0.70 with 

LDF (Figure 2a; P9, P10, P12, and P22). However, the brachial systolic blood pressure 

seemed to have a significant impact in our population, which was overwhelmingly 

hypertensive. It cannot be excluded that hypertension may induce false positives when 

expressing results of the FBPI. Thus, it is undoubtedly necessary to use the two criteria, FSBP 

and FBPI, to formally establish peripheral arterial disease in the upper limbs. 

Thus, it seems difficult to formally establish digital arterial disease in patients using only the 

DBI criterion < 0.70, without the criterion of digital pressures < 60 mmHg (P9 and P10) by 

LDF and PPG, despite the ultrasound evidence of antebrachial arterial disease in these 

patients. 
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Analysing PPG and FBPI data in two patients (Figure 2b; P9 and P22 with FBPI < 0.70), both 

with antebrachial calcifications, it is likely that the results of one of them (P9) are 

overestimated due to hypertension, which is consistent with the LDF results. 

It is also important to note that two patients can be falsely considered as carriers of significant 

arterial disease. These patients had a FBPI below 0.70 with PPG (Figure 3b, P1 and P20) but 

only on the fifth finger of one hand, but neither of them had a FSBP below 60 mmHg. These 

patients had a very high brachial systolic pressure. This point also raises the question of the 

choice of the number of fingers involved in the diagnosis of arterial disease, with possible 

false positives in patients due to the criteria of only one finger. For the diagnosis of 

arteriopathy, it would be legitimate to retain the lowest digital pressure at a single finger. 

Indeed, low values are not always present on all fingers (Figure 2). For example, in two 

patients with FSBP < 60 mmHg with LDF, one patient only had this result at the index fingers 

of both hands (Figure 2, P22) and one patient had this result on all the left fingers and only on 

two right fingers (Figure 1, P12). 

The correlation of the FSBP values using LDF and PPG was poor and disappointing, which 

was confirmed with the Bland-Altman diagram (Figure 5) and with low Pearson coefficients 

(0.493 for FSBP and 0.489 for FBPI) (p < 0.001). The assumptions are that PPG tends to 

overestimate the measurements, with a lack of correlation between the two methods in 

extreme values. Two patients presented with very significant differences between the raw 

FSBP values with LDF and PPG (Figure 5), leading to a possible interpretation bias. For one 

of the patients, arterial flow could not be stopped during inflation of the cuff at the level of the 

phalanx, inducing difficult interpretation. 

These results raise the question of the place of PPG as a screening tool if it overestimates 

certain values. The risk is clearly the underestimation of peripheral arterial disease. Some 

patients have shown that LDF could detect pressures below 60 mmHg, whereas PPG has not 
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done so. Therefore, LDF appears to be more sensitive, as has already been demonstrated in 

the literature at the level of the lower limbs (de Graaff JC et al., 2000; Ubbink et al., 2004). 

The explanation could be the difference of the techniques in terms of signal collection 

between LDF and PPG. Indeed, the arterial systolic pressure is detected with LDF with the 

measurement of the capillary flow via the emission of laser light carried by an optic fibre 

probe. Light strikes moving blood cells, which changes the wavelength (Doppler effect). 

Diffusion is detected by a sensor, while PPG is based on a difference in the amount of light 

reflected by the absorption of near infrared light by the presence of erythrocytes in the 

underlying tissue, which is a phenomenon subject to more potential artefacts. LDF is able to 

detect very small blood cell movements and is very sensitive to the detection of the 

resumption of microcirculatory blood flow in the toes, as opposed to the more coarse 

detection of blood filling by PPG (de Graaff JC et al., 2000). Standardized Doppler laser flux 

assessments define a different "biological zero" greater than the "zero" value, reflecting the 

great sensitivity of the technique. Therefore, it is very unlikely that the laser would 

underestimate pressure values. 

LDF requires significant equipment (monitor, multiple cuffs and Doppler probes) and is time 

consuming. The equipment configuration conditions require that the measurement process 

take place in a dedicated room at a controlled temperature (as usually recommended for 

microcirculatory examinations), unlike PPG which is portable and easy to use. The LDF 

probe is easier to apply on the fingers, especially if small-sized, thanks to adhesive strips. 

PPG requires a cuff to attach the sensor. All of these arguments could argue in favour of 

greater sensitivity for LDF. The convenience of use of PPG undoubtedly explains the number 

of studies using this tool, especially in patients with AVFs. Nevertheless, the number of 

studies should not make up for the lack of data on reproducibility, repeatability and 

reproducibility.  
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Whatever the method, this study highlights the very likely underestimation of peripheral 

upper limb arterial disease in patients with ESRD. Our study shows that the choice of 

technique used can change the conclusions. At this stage, there is always no gold standard for 

defining the best examination to explore the digital arterial microcirculation but we suggest 

the use of LDF because of its better sensitivity, especially with low values or the both 

technics LDF and PPG to avoid to avoid false high values.  

Screening appears to be necessary at an early stage and probably before the creation of an 

AVF is performed. The number of publications concerning macro and microcirculatory 

arterial assessment, and in particular in ESRD patients, is low or even non-existent with laser 

Doppler. It therefore seems important to warn about possible false overestimates in 

plethysmography, especially in cases of clinical discordance. 

When the patient already has an AVF, the prospects could be to suggest a systematic 

microcirculatory evaluation in case of the appearance of clinical signs of HAIDI. Digital 

arterial pressure values could be a functional indicator, in addition to the clinical stage of 

HAIDI, to help nephrologists and vascular surgeons to discuss a surgical procedure on the 

fistula in order to refine the functional prognosis. 

Another longer term perspective could be to evaluate more systematically in microcirculation 

the values of digital arterial pressures in patients at high risk of upper limb arteriopathy 

(ESRD patients just before the creation of an AVF) in order to possibly recuse these patients 

at very high risk of the occurrence of HAIDI. 

 

 

Conclusion 

Our small cohort of patients with ESRD, prior to AVF creation, showed a high rate of 

Doppler ultrasound arterial calcifications, reflecting a high incidence of upper limb arterial 
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disease. The study confirmed that, despite the effort to standardize the Doppler ultrasound 

data and process, assessment of FSBP seems to be not only essential to establish the diagnosis 

of digital arterial disease but also to define its severity. At this stage, there is always no gold 

standard for defining the best examination to explore the digital arterial microcirculation.LDF 

seems to be a  better tool compared to PPG, which tended to overestimate raw values. It also 

suggests that raw values with FSBP should be used rather than FBPI (risk of bias due to 

hypertension). Further prospective studies will be needed to define the frequency of 

significant upper limb arterial disease and define the threshold of severe arteriopathy. One of 

the long-term objectives is to better screen patients at risk of being assessed for HAIDI before 

the creation of an AVF creation with the aim to prevent ischaemic issues (pain, necrosis, and 

digital ulcers). 
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Perspectives 

Our study suggest that microcirculation methods have to be added for a quantitative 

evaluation and particularly before creation of an arteriovenous fistula for haemodialysis 

access. The study confirmed that, despite the effort to standardize the Doppler ultrasound data 

and process, assessment of FSBP seems to be not only essential to establish the diagnosis of 

digital arterial disease but also to define its severity. LDF was a better tool compared to PPG, 

which tended to overestimate raw values. It also suggests that raw values with FSBP should 

be used rather than FBPI (risk of bias due to hypertension). Further prospective studies will be 

needed to define the frequency of significant upper limb arterial disease and define the 

threshold of severe arteriopathy. One of the long-term objectives is to better screen patients at 

risk of being assessed for HAIDI before the creation of an AVF creation with the aim to 

prevent ischaemic issues (pain, necrosis, and digital ulcers). 

 

 

 

 

  



 18

References  

 

Beathard GA, Jennings WC, Wasse H, Shenoy S, Hentschel DM, Abreo K et al. ASDIN 

white paper: Assessment and management of hemodialysis access-induced distal ischemia by 

interventional nephrologists. The Journal of Vascular Access. 2019;21(5):543-53 

 

Beinder E, Hoffmann U, Franzeck UK, Huch A, Huch R, Bollinger A. Laser Doppler 

technique for the measurement of digital and segmental systolic blood pressure. VASA. 1992; 

21(1):15-21 

 

Blaise S, Boulon C, Mangin M, Senet P, Lazareth I, Imbert B et al. Finger Systolic Blood 

Pressure Index (FBPI) measurement: a useful tool for the evaluation of arterial disease in 

patients with systemic sclerosis. Arthritis Care Res (Hoboken). 2020 ;5 : doi: 

10.1002/acr.24527. 

 

Blaise S, Constans J, Pellegrini L, Senet P, Lazareth I, Cracowski J-L et al. Optimizing finger 

systolic blood pressure measurements with laser Doppler: Validation of the second phalanx 

site. Microvasc Res. 2020;131:104029.  

 

Bland JM, Altman DG. Applying the Right Statistics: Analyses of Measurement Studies. 

Ultrasound in Obstetrics and Gynecology, 2003; 22, 85-93. 

 

De Graaff JC, Ubbink DTh, Legemate DA, de Haan RJ, Jacobs MJHM. The usefulness of a 

laser Doppler in the measurement of toe blood pressures. J Vasc Surg. 2000;32(6):1172-9  

Goff CD, Sato DT, Bloch PH, DeMasi RJ, Gregory RT. Steal syndrome complicating 

hemodialysis access procedures: can it be predicted? 2000;14(2):138-44. 

 

Herrick AL, Clark S. Quantifying digital vascular disease in patients with primary Raynaud's 

phenomenon and systemic sclerosis. Ann Rheum Dis. 1998;57(2):70-8. 

 

Hirai M. Arterial insufficiency of the hand evaluated by digital blood pressure and 

arteriographic findings. Circulation. 1978;58:902-8. 

 

Hoyer C, Paludan JPD, Pavar S, Biurrun Manresa JA, Petersen LJ. Reliability of laser 

Doppler flowmetry curve reading for measurement of toe and ankle pressures: intra- and 

inter-observer variation. Eur J Vasc Endovasc Surg. 2014;47(3):311-8. 

 

Lazarides MK, Staamos DN, Panagopoulos GN, Tzilalis VD, Eleftheriou GJ, Dayantas JN. 

Indications for Surgical Treatment of Angioaccess-Induced Arterial “Steal”. 

1998;187(4):422-6. 

 

Modaghegh M-HS, Roudsari B, Hafezi S. Digital pressure and oxygen saturation 

measurements in the diagnosis of chronic hemodialysis access-induced distal ischemia. J Vasc 

Surg. 2015;62(1):135-42. 

 

Odland MD, Kelly PH, Ney AL, Andersen RC, Bubrick MP. Management of dialysis-

associated steal syndrome complicating upper extremity arteriovenous fistulas: use of 

intraoperative digital photoplethysmography. 1991;110(4):664-9. 



 19

Papasavas PK, Reifsnyder T, Birdas TJ, Caushaj PF, Leers S. Prediction of Arteriovenous 

Access Steal Syndrome Utilizing Digital Pressure Measurements. Vasc Endovascular Surg. 

2003;37(3):179-84. 

 

Schanzer A, Nguyen LL, Owens CD, Schanzer H. Use of digital pressure measurements for 

the diagnosis of AV access-induced hand ischemia. Vasc Med. 2006;11(4):227-31. 

 

Scheltinga MR, van Hoek F, Bruijninckx CMA. Time of onset in haemodialysis access- 

induced distal ischaemia (HAIDI) is related to the access type. Nephrol Dial Transplant. 

2009;24(10):3198-204. 

 

Stone PA, Mousa AY, Campbell JE, AbuRahma AF. Dialysis Access. Ann Vasc Surg. 

2012;26(5):747-53.  

 

Ubbink D Th. Toe Blood Pressure Measurements in Patients Suspected of Leg Ischaemia: A 

New Laser Doppler Device Compared with Photoplethysmography. 2004; Eur J Vasc 

Endovasc Surg 27, 629–34. 

 

Widmer LW, Vikatmaa P, Aho P, Lepäntalo M, Venermo M. Reliability and Repeatability of 

Toe Pressures Measured With Laser Doppler and Portable and Stationary 

Photoplethysmography Devices. Annals of Vascular Surgery. 2012;26(3):404-10. 

 

 

 

  



 20

Table 1: Demographic table (n=24) 

Results expressed in  number (percentage) 

 

 

Variable N = 24 

Median age (years) 71.5 ± 19.6 

Male 18 (75%) 

Female 6 (25%) 

BMI (kg/m2) 27.5 ± 6.2 

Non smoker 11 (45.8%) 

Former smoker 11 (45.8%) 

Current smoker 2 (8.3%) 

Hypertension 22* (95.6%) 

Hyperlipidemia 5* (21.7%) 

Diabetes mellitus  

  No 13* (56.5%) 

  Yes 10* (43.4%) 

  > 10 years 9 (90%) 

  < 10 years 1 (10%) 

Congestive heart failure 6 (25%) 

Coronary artery disease 10 (41.6%) 

Stroke 4 (16.6%) 

Myocardial infarction  10 (41.6%) 

Peripheral Occlusive Arterial Disease 5 (20.8%) 

    Asymptomatic 4 (80%) 

    Symptomatic 1 (20%) 

Aetiology of renal failure  

    Hypertension 11 (45.8%) 

    Diabetes metillus 9 (37.5%) 

    Polycystic kidney disease 1 (4.1%) 

    Vasculitis 0 

    Glomerulonephritis 0 

    Other 8 (33.3%) 

* Data for 23 patients  
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Doppler-US characteristics of upper limbs

Variable N = 24

Calcifications 10 (41.6)

Incompressibility of ante-brachial arteries 9 (37.5)

Calcifications et incompressibility 7 (29.1)

Occluded ante-brachial artery (Allen +) 3 (12.5)

Arterial stenosis 1 (4.1)

Table 2  
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FIGURE LEGENDS 

 

Figure 1: Successive positioning of the laser Doppler and plethysmography probes on the pulps of all 

fingers (except the thumb). The patient was under a heated blanket (1a). All fingers were studied 

successively and bilaterally with LDF measurements of the two index fingers, then the two middle 

fingers, then the two ring fingers and then the two little fingers (1b). Then the measurements were taken 

with the PPG (1c). The details of the probe positions are shown here without the heating blanket for 

better visibility. 

 

Figure 2. Representing values of FSBP on the right hand and the left hand with LDF (a) and PPG (b). In 

ordinate, FSBP in mmHg. In absciss, IF;MF;RF;LF representing in order the index finger, the middle 

finger, the ring finger, the little finger on each hand. Each patient is representing with a specific color. 

 

 

Figure 3. Representing values of FBPI on the right hand and the left hand with LDF (a) and 

PPG (b). In ordinate, basal digital pressure in mmHg. In absciss, IF;MF;RF;LF representing 

in order the index finger, the middle finger, the ring finger, the little finger on each hand.  

 

 

Figure 4. Representing the correlation between medians values (in mmHG) and averages of values (in 

mmHG) of FSBP (left) of each finger excluding thumbs and values of FBPI (right) with LDF (absciss) 

and PPG (Ordinate). 
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Figure 5. Diagram of Bland-Altman: difference between pressure values (in mmHg) measured with 

PPG and LDF against the means of both methods. 95% limits of agreement (dotted lines) of the 

differences are presented as horizontal lines. 

 














