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This editorial refers to ‘Light sheet fluorescence microscopy

as a new method for unbiased three-dimensional analysis of

vascular injury’ by N.E. Buglak et al., pp. 520–532.

Vascular pathologies create marked changes in the structure of the
vessel wall, with pronounced alterations in the extracellular matrix and
vascular cell organization together with infiltration of inflammatory cells.
The result is a complex co-ordinated series of events that, depending on
the nature of the condition, resulting in vascular repair or chronic injury
and inflammation. In rodent models of vascular disease, ex vivo analysis of
these changes is frequently performed using destructive or where possi-
ble, non-destructive methods. The most widely used method of assess-
ing vascular morphology and spatial localization of cells and disease
markers involves traditional histological methods, whereby tissue sec-
tions (typically 4–10mm) are cut and stained either for morphological
analysis/scoring or immunohistochemistry/immunofluorescence (IHC/
IF) for identifying particular cells and markers of interest. While such
tools are particularly useful for identifying the presence or absence of pa-
thology, several factors converge to produce a final data set that is often
only semiquantitative and prone to selection bias.1 These include the
somewhat arbitrary number of tissue sections used for analysis, thus
making like for like comparisons between animals problematic. This is an
important concern in interpreting datasets since vascular pathologies
consist of microenvironments with a non-homogenous distribution of
cells and morphology. Since vascular remodelling in response to injury
occurs in three dimensions, the above limitations can arise from the in-
herent two-dimensional (2D) approach of sectioning and imaging arterial
cross-sections across a single axis (e.g. transverse or longitudinal). These
limitations may be mitigated by three-dimensional (3D) imaging of the
vessel in a non-destructive manner, thus allowing volumetric analysis, in
addition to the more precise analysis of the geometry and topology
throughout the site of vascular injury.

One such approach is light sheet fluorescent microscopy (LSFM), that
allows 3D structural analysis of intact tissues following illumination with a
sheet of laser light across multiple planes. The principles behind this tech-
nology are relatively simple,2 whereby the tissue of interest (typically

several mms in diameter) is perfusion-fixed, mounted and stained with
fluorescently labelled antibodies before undergoing tissue clearing
(to induce transparency) and exposure to LSFM, followed by digital image
analysis (Figure 1). Previously, LSFM has been performed to investigate the
architecture and function of both zebrafish3 and mouse hearts,4–6 and only
very recently to visualize atherosclerotic plaques and neointima formation
in mice.7 Since optical sections can be acquired across multiple planes,
both 2D and importantly 3D quantitative measurements of vessels can be
extracted such as medial and intimal hyperplasia volumes.

Buglak et al.8 provide further validation of the technique by quantita-
tively comparing LSFM with traditional 2D histological staining in two ro-
dent models of vascular injury: the rat balloon angioplasty and the mouse
carotid artery ligation. The authors utilize the inherent autofluorescence
of the media layer alongside fluorescent antibodies specific for endothe-
lial cells to define the architecture of the vessel. When comparing meas-
urements of stenosis (intima:media ratio) between LSFM and
haematoxylin and eosin stained histology slices, a greater degree of pre-
cision [lower coefficient of variation (CV%)] was observed for LSFM
while mean values were similar. It was also noted that CV% values for
stenosis in the rat model decreased as the number of optical sections
used for analysis increased. Importantly, since the measurements are
performed automatically along the entire section of the vessel, the
results are less prone to selection bias than physical tissue sectioning. In
addition, the 3D long spatial view of the injured vessel segment allowed
the identification of regions of intimal hyperplasia and quantitative com-
parison with neighbouring regions where hyperplasia was absent. The
ability to create both 2D slice images and 3D volumetric rendered
images also allowed a more detailed and accurate view of vessel mor-
phology. This is evidenced by the finding of neoangiogenesis in the ad-
ventitia of injured mouse carotid arteries, a feature also recently noted
by Becher et al.7 Furthermore, by utilizing similar laser excitation wave-
lengths to classical confocal and multiphoton microscopy, the authors
employed multi-channel LSFM to identify the presence of CD68þ mac-
rophages within the same adventitial space. One could, therefore, imag-
ine LSFM being used to identify the location of leukocyte aggregates in
vascular pathology such as dendritic cell/T-cell interactions which have

* Corresponding authors. Tel: þ44 (0)141 330 7142, E-mail: pasquale.maffia@glasgow.ac.uk (P.M.); Tel: þ44 (0)141 330 5015; E-mail: neil.macritchie@glasgow.ac.uk (N.M.R.)

The opinions expressed in this article are not necessarily those of the Editors of Cardiovascular Research or of the European Society of Cardiology.

Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author(s) 2020. For permissions, please email: journals.permissions@oup.com.

Cardiovascular Research (2021) 117, 348–350 EDITORIAL
doi:10.1093/cvr/cvaa131

http://orcid.org/0000-0003-3926-4225


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.been shown to play an important role in experimental
atherosclerosis.9–11 Moreover, as demonstrated by Buglak et al.,8 3D
reconstruction can be very informative in delineating disease-specific
changes in the endothelium. This has been expanded recently to assess
endothelial erosion on atherosclerotic murine plaques and even small
diameter human vessels.7

The advantages of LSFM in comparison to classical histology/micros-
copy can be summarized as follows: (i) greater precision; (ii) imaging in
three dimensions and hence greater extraction of information; (iii) in-
creased imaging depth; (iv) faster data capture and less photobleaching/
phototoxicity compared with laser scanning fluorescence microscopy;
(v) reduction in user bias; (vi) easier to standardize between experi-
ments/laboratories than arbitrary physical sectioning. On the contrary,
confocal and multi-photon microscopy display higher spatial resolu-
tion12–14 allowing more detailed examination of events at the cellular
level but this limitation of LSFM may be mitigated to some degree by the
ability to prepare physical sections and perform IHC/IF following LSFM.8

As noted by Buglak et al.,8 the process from vessel isolation to analysis is
also longer (although less user intensive) than physical sectioning. It is

also worth considering that LSFM cannot be applied in vivo and hence
longitudinal imaging of evolving vascular pathologies cannot be per-
formed. However, LSFM could act as a supplemental tool for post-
analysis following in vivo imaging by other high-resolution modalities such
as magnetic resonance imaging or ultrasound.

Increased experimental rigour and techniques that allow reproducibil-
ity are highly desired given the lack of reproducibility of many animal
models.15 By extracting larger and more accurate datasets over compa-
rable methods, LSFM may reduce the number of animals required per
study and therefore be aligned with the principles of 3Rs (Replacement,
Reduction, and Refinement), as well as improve the translation of new
therapeutics for vascular disease.
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Figure 1 Workflow schematic summarizing the use of light sheet fluorescence microscopy for the assessment of vascular injury. DBE, dibenzyl ether;
DCM, dichloromethane.
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