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Chapter 7 

General Discussion 
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Laser Doppler perfusion monitoring (LDPM) is a technology for assessing 

tissue blood perfusion, of which the main advantages are: 

• Non-invasive use. 

• Continuous measuring. 

• Fast responses to changes in the microcirculation. 

Despite these advantages, LDPM has not succeeded yet to earn a place at 

the practitioner’s office. This is partly caused by the fact that LDPM cannot 

measure in absolute flow units [16], by the large flux-signal fluctuations 

[26] and by the lack of standardisation in monitor’s signal processing [16]. 

Furthermore, the complexity and randomness of the microvascular network 

makes it nearly impossible to place the probe twice on the exactly same 

spot. 

In 1999, a consortium of several European research groups and the Euro-

pean manufacturers began cooperating with the support of the European 

Union to standardise the laser Doppler perfusion monitoring technique. Our 

task within the consortium was to perform clinical and animal studies. The 

results from the animal experiments were published by Petoukhova [22]. 

This thesis presents the data obtained in the clinical studies, aiming for 

improving the clinical applicability of LDPM. 

7.1 Influence of fibre separation 

Based on Braverman’s description of human skin and other studies 

[3,7,10,16,24], we hypothesised that the 0.2-mm fibre separation (fig. 4.1 

right) should assess mostly the nutritional flow whereas the 1.0-mm (fig. 

4.1 left) separation should assess the nutritional flow plus some of the 

thermoregulatory flow (Chapter 2). However, the ratio of the flux signals 

at both separations, referred to as fibre flux ratio, was rather constant in 

time (fig. 2.2), meaning the 0.2-mm separation assessed a major perfu-

sion, included the thermoregulatory flow. Therefore, we concluded that it is 

not possible to assess the nutritional flow only by using a 0.2-mm fibre 

separation, and perhaps neither by a shorter fibre distance [9]. Actually, 

these results support the findings of Fagrell, who concluded that LDPM flux 

evaluates total skin blood perfusion [6], and capillaroscopy should be pre-

ferred to assess the nutritional microcirculation [2]. 

The calibration routine is very important for the final performance of a 

LDPM monitor. A point of attention is that the corrections sought by the 

monitor during the calibration are influenced by the fibre separation. After 
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calibration of two separate channels with different fibre distances, a LDPM 

monitor measuring within the calibration liquid shows similar flux values 

for both fibre separations (Table 2.2). However, when measuring in an-

other calibration liquid, the fluxes are not only different from that in the 

initial liquid used for calibration, but they are not proportional as well (fig. 

7.1). Apparently, the fibre-flux ratio is also related to the scattering prop-

erties of the liquid and thus, when measuring on tissues, to the scattering 

properties of these tissues. Furthermore, the properties of calibration liq-

uids change by evaporation, which changes the scattering properties. The 

Brownian motion of the particles of which the calibration liquid is made, 

has some dependence on the liquid temperature. In the future, a standard-

ised calibration method may be preferred, not based in the Brownian 

movement of particles suspended in water [15-17]. 

The optical properties of human skin change with age [20]. In Chapter 2, 

we noted that the fibre-flux ratio was significantly different between pa-

tients and controls, which were of different age (fig. 2.5 and Table 2.2). 

However, no differences were found in the measurements presented in 

Chapter 4 from subjects and patients of similar age. From the results in 

Figure 7.1, which shows dependence of the fibre flux ratio on scattering 

properties, we conclude that the scattering coefficient of tissue probably 

changes with age. For that reason, it is concluded that the influence of age 

can be avoided by comparing with age-matched control subjects. 
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Figure 7.1. After calibration of Moor’s channels M1 (0.25 mm) and M2 (0.50 mm), flux readings 
were recorded from Moor’s and then from Perimed’s calibration liquids. 
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7.2 Reproducibility and comparability 

Since the early days of LDPM, users have been aware of the low reproduci-

bility for repeated LDPM flux measurements [26]. However, the technique 

was often able to discriminate between normal and disturbed microcircula-

tion [5,12,19]. In Chapter 3, we defined a standard protocol together with 

other clinical users for better evaluation of the comparability of LDPM 

measurements. We also agreed on some technical aspects like the stan-

dard probes Guided by previous works [5,11,21], we evaluated the re-

sponsiveness of a LDPM monitor to reactive hyperaemia. Our novel ap-

proach was to use the time at which the flux shows up again after the oc-

clusion as the reference time for subsequent time calculations. The result-

ing resting flux (RF) and maximum flux (MF) values showed no clinical 

relevance. However, the response times as well as the flux ratio discrimi-

nated very well between the control subjects and the PAOD patients (fig. 

3.2). The proposed reference time, based on flux increase after occlusion, 

should also allow other researchers to graphically analyse their own trac-

ings to compare their results with ours, without the need to measure the 

time of cuff release.  

The reproducibility and comparability problem was more obvious for results 

obtained with different branded monitors [18,23]. This is caused by the 

somewhat different approach to the signal processing of the device’s 

manufacturers. In Chapter 4, we evaluated the performance of two differ-

ent LDPM monitors measuring simultaneously on the same perfused tissue 

of the foot. The multifibre probe (fig. 2.1 left) permitted us to show that 

the two investigated monitors did react alike to changes in the microcircu-

lation, but gave different flux signals (fig. 1.4 and 4.3). In the dorsum of 

the foot, the time parameters were capable to discriminate Controls from 

the PAOD patients, but not from the DM patients (fig 3.2). 

In our studies, we were unable to discriminate successfully between Con-

trols and DM patients. The reason of this may be the small number of DM 

patients we had or the relatively preserved condition of their microvascula-

ture. However, other studies had partially more discriminating results [11]. 

Karnafel et al. found significant differences between the male Control and 

Patient subjects for the maximum flux (MF) and time of half recovery (tHR), 

measured from the hallux [11]. Further studies are necessary for fine-

tuning the combination of the PORH and LDPM technique for application in 

patients with diabetes mellitus. 

We have mentioned before that LDPM flux signals present large fluctua-

tions over time [8,26]. These are mostly low frequency oscillations (< 0.3 

Hz) produced by the local vasomotion, as result of muscular contractions in 
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arterioles and anastomoses [1,8,25]. Higher frequency fluctuations have 

their origin from the cardiac (1 Hz) and respiratory activity (0.3 Hz) [14]. 

All these fluctuations are typically filtered out by, i.e., averaging the flux 

signals. Previous works have studied the low frequency oscillations 

[4,8,14], thus we evaluated the flux signals around the heartbeat fre-

quency (Chapter 6). This newly calculated flux signal (RMS-Flux) was di-

vided by the simply averaged flux as used in other chapters (Avg-Flux), 

the resulting ratio was referred to as pulsatility. In this study, we found 

that the RF-pulsatility discriminated between the Patients and Control 

groups. It is remarkable, that this significant difference was obtained with-

out PORH provocation, in contrast with our previous studies, and that the 

fibre separation or the LDPM monitor used does not influence it. 

In this book, a novel flow model based on a mathematical approximation 

to the original LDPM flux tracing is proposed (Chapter 5). Although in an 

early stage, the model is capable of calculating the time parameters with 

similar results as the graphical analysis. This model could be used as a ba-

sis to create better analysis tools for LDPM signals, and to help to under-

stand or, at least, to have a feeling for the mechanisms of microcirculation 

dynamics during a PORH response. 

A disturbed microvascular function is better evaluated by performing ma-

noeuvres that put the microcirculation under stress. This is the case for the 

post occlusive reactive hyperaemia (PORH) [13,27]. In combination with 

LDPM that measures relative changes of tissue blood perfusion, the PORH 

is a quick and easy way to assess the microvascular function. 

In our studies, we have investigated healthy subjects and patients with 

mild symptoms of peripheral arterial obstructive disease. Clinical discrimi-

nation was achieved using the time parameters, flux and fibre-flux ratios, 

and the RF-pulsatility. More relevant results are foreseen by applying the 

methods proposed in this book to patients with more severe symptoms. To 

the authors’ knowledge, this thesis presents up-to-date tools to improve 

the comparability and reproducibility of LDPM flux recordings. 
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