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Microcirculation plays a crucial role in tissue
oxygenation and nutrient supply. Indeed, microvas-
cular dysfunction may precede endothelial impair-
ment in large arteries and clinical manifestations.
It is becoming apparent that microcirculation is
essentially involved in a variety of pathological
conditions, and that microvascular dysfunction
may be a biomarker in the development of car-
diovascular disease [1]. Recently, accumulating
evidence suggests that coronavirus disease 2019
(COVID-19) should be considered as a systemic
microvascular endothelial disease with different
clinical manifestations from severe and acute to
completely asymptomatic course [2]. Hence, non-
-invasive and reliable methods for microcirculation
status monitoring are still strongly needed.

Several methods are available to study the hu-
man microcirculation and to quantify microvascular
blood flow. Among them, the recent non-invasive
laser speckle contrast imaging (LSCI) provides
areal-time monitoring of microvascular perfusion.
Using LSCI, we showed that topical administration of
treprostinil, a prostacyclin analog, increases cutane-
ous microvascular blood flow in diabetic patients [3].
Indeed, LSCI enables a precise quantification of
variations of skin blood flow in two-dimension.
LSCI measurements coupled with acetylcholine
and sodium nitroprusside iontophoresis showed
that for both agents the vasodilatation is reduced
in early-onset coronary artery disease patients
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Figure 1. Skin microvascular perfusion on laser speckle
contrast imaging with colours ranging from blue (low
perfusion) to red (high perfusion).

suggesting concurrent endothelial-dependent and
-independent skin microvascular dysfunction [4].
Taken together, in clinical studies, LSCI is mainly
used to assess skin microcirculation (Fig. 1) [5].
However, quite recently, LSCI was applied intraop-
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Figure 2. Dynamic two-dimensional microvascular
quantification during coronary artery bypass grafting
surgery by laser speckle contrast imaging. The blue part
corresponds to the myocardial tissue stabilizer (Octo-
pus) used during beating heart surgery.

eratively to estimate parathyroid viability [6]. Us-
ing two-dimensional LSCI, we recently performed
non-invasive real-time microcirculation imaging on
the beating heart (Fig. 2) in a patient undergoing
coronary artery bypass grafting surgery [7].

Laser speckle contrast imaging is a recently
developed technique based on speckle contrast
analysis that provides an index of blood flow.
When motionless tissue is illuminated with a la-
ser, arandom interference pattern, or speckle, is
observed independent of the structure of the tis-
sue surface. Speckle contrast is calculated as the
ratio of its standard deviation to its mean inten-
sity. When the laser light is scattered by moving
red blood cells, the speckle pattern decorrelates.
LSCI is based on the two-dimensional quantifica-
tion of variations in this speckle contrast. Due
to the movement of red blood cells, each single
speckle intensity will fluctuate as a function of
their velocity, and the time-integrated speckle
contrast will be reduced. The penetration depth
of LSCI measurements is about 300 um, whereas
it is deeper (about 1-1.5 mm) with laser Doppler
techniques. Therefore, LSCI mostly records
blood flow in the skin’s superficial papillary
plexus while laser Doppler techniques record
deeper dermal blood flow [8].

Laser speckle contrast imaging does not pro-
vide an exact measure of flow (mL/min). Measure-
ments are therefore often expressed as arbitrary
perfusion units or as cutaneous vascular conduct-
ance, which is flux divided by mean arterial pres-
sure. The latter approach is more physiological as
it takes into account differences and variations in
blood pressure. Importantly, LSCI measurements
can be carried out continuously, but are sensitive
to movement artefacts.

In summary, LSCI allows non-invasive real-time
monitoring of peripheral microcirculatory perfusion
on a wide area of tissue with a very good spatial and
temporal resolution and an excellent reproducibility.
Therefore, LSCI combines the advantages of laser
Doppler flowmetry and laser Doppler imaging [9].
As mentioned above, LSCI is mainly used in clinical
studies to assess skin microcirculation [5]. However,
LSCI is also successfully applied to animal studies
and angiogenesis measurements [10].

A number of common clinical conditions are
closely associated with microvascular dysfunction.
The monitoring of the microvascular perfusion is
therefore of essential interest in various experi-
mental and clinical studies. LSCI measurements
are reproducible and highly sensitive to acute
changes in tissue perfusion. Of note, this technique
coupled with vascular reactivity tests enables
assessment of endothelial function. Additionally,
LSCI can be easily applied in pharmacological
studies aimed at assessing drug safety, efficacy
and influence on microcirculation in cardiovascular
diseases [3].
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