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Introduction 

Several different methods enable the study 
peripheral microcirculation. Among them, non-in-
vasive laser Doppler flowmetry (LDF) is routinely 
used to assess microvascular function by quantify-
ing rapid changes in skin blood flow in response 
to a given pharmacological or mechanical stimulus 
[1]. Owing to its accessibility, peripheral microvas-
cular function has been proposed as a diagnostic 
and prognostic marker in cardiovascular disease. 
Importantly, it has been shown that peripheral 
microvascular endothelial dysfunction correlates 
with endothelial function in coronary microves-
sels suggesting that endothelial dysfunction is  
a globalized pathological condition [2]. However, 
there is still a strong need in clinical practice to 
develop a tool which enables heart microcirculation 
in vivo assessment. Although, a direct assessment 
of the target microvascular bed such as coronary 
microcirculation is technically challenging. 

Cardiac surgery, especially coronary artery 
bypass grafting (CABG), may be associated with 
several cardiovascular complications, including 
ischemia or acute myocardial infarction, arrhyth-
mias and hemodynamic instability. Therefore, the 
possibility of intra- and postoperative myocardial 
microvascular perfusion assessment is of major 
clinical importance. Various studies have indicated 
that LDF is able to detect the real-time oscillations 
in myocardial perfusion in different experimental 
setups [3]. Of note, there is relatively little data 
concerning myocardial microvascular measure-
ments in humans.

Laser Doppler flowmetry mesurements

The LDF technique is based on the emission 
of a beam of laser light carried by a fiber-optic 
probe. Tissue is illuminated with coherent laser 
light of 780 nm from a laser diode through a fiber 
optic light guide. The light undergoes changes 
in wavelength (Doppler shift) when it hits mov-
ing blood cells. The magnitude and frequency 
distribution of these changes in wavelength 
are related to the number and velocity of blood 
cells. Single point LDF assesses blood flow over 
a small volume (approximately 1 mm3) and is ac-
curate at detecting and quantifying rapid changes 
in microvascular perfusion. Integrating probes 
made of several collecting optical fibers improve 
spatial resolution and the reproducibility of the 
technique. Of note, this technique does not pro-
vide an exact measure of flow (mL/min). Indeed, 
LDF measurements are expressed as arbitrary 
perfusion units (PU) or as vascular conductance, 
which is flux divided by mean arterial pressure. 
Such an approach is more physiological as it takes 
into account differences and variations in blood 
pressure [1]. Importantly, all LDF measurements 
could be carried out continuously during sur-
gery Figure 1A presents a significant decrease 
of the myocardial microcirculation after artery 
occlusion during CABG, while on Figure 1B  
microcirculation remains constant during the 
same procedure in another patient. Of note, 
there are few papers regarding LDF perfusion 
measurements on the beating heart and most of 
them concern experimental animal studies [4].
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A recently published case report presenting 
a patient with extensive coronary artery disease 
undergoing off-pump CABG. All measurements of 
myocardial microvascular perfusion were carried 
out using commercially available LDF (Periflux 

System 5000, Perimed, Järfälla, Sweden) equipped 
with a special insertion probe (Stainless Steel 
Probe 411-311, Perimed, Järfälla, Sweden). Laser 
Doppler intramuscular fiber-optic perfusion probe 
(Fig. 2A) was inserted 3–5 mm into the myocar-

Figure 2. A. Laser Doppler flowmetry intramuscular perfusion probe; B. Laser Doppler flowmetry intramuscular perfu-
sion probe was inserted into the myocardium during coronary artery bypass grafting downstream from the planned 
anastomosis.

Figure 1. A. Significant decrease of the myocardial microcirculation after artery occlusion during coronary artery 
bypass grafting (CABG); B. Microcirculation remains constant after artery occlusion during CABG.
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dium during coronary surgery downstream from 
the planned anastomosis (Fig. 2B). It was shown 
that myocardial microcirculation remained constant 
after coronary artery occlusion and during per-
forming the anastomosis [5]. It was hypothesized 
that it could be due to a well-developed coronary 
collateral circulation which was well-illustrated on 
the angiogram [6].

A currently running pilot study in patients 
undergoing CABG procedures is underway. Pre-
liminary observations showed that insertion of the 
laser Doppler perfusion probe into the myocardium 
during cardiac surgery was safe and well-tolerated. 
Although invasive, this procedure was not associ-
ated with any cardiac side effects. Of note, laser 
Doppler perfusion measurements are reproducible 
and highly sensitive to acute changes in myocardial 
microvascular perfusion. According to available 
research, only LDF with intramuscular fiber-optic 
perfusion probe enables direct assessment of 
endocardial microcirculation. Newly-developed 
laser speckle contrast imaging provides an index 
of microvascular blood flow. Laser speckle contrast 
imaging allows non-contact and non-invasive real-
-time monitoring of microcirculatory perfusion on  
a wide area of tissue with a very good spatial resolu-
tion and an excellent reproducibility [1]. However, 
it could only measure a superficial layer of the tis-
sue. Therefore, it would be useful to exclusively 
assess epicardial blood flow.

Conclusions

The assessment of the myocardial microvas-
cular perfusion is of essential interest in various 
experimental and clinical studies. Accumulating evi-
dence suggests that coronary collateral circulation 

may protect against myocardial ischemia and other 
secondary cardiac complications. Laser Doppler 
perfusion monitoring would be useful in predicting 
myocardial ischemia during cardiac surgery.
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