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Abstract

Sidestream dark field (SDF) imaging enables direct visualisation of the microvasculature from which quantification of key
variables is possible. The new MicroScan USB3 (MS-U) video-microscope is a hand-held SDF device that has undergone
significant technical upgrades from its predecessor, the MicroScan Analogue (MS-A). The MS-U claims superior quality of
sublingual microcirculatory image acquisition over the MS-A, however, this has yet to be robustly confirmed. In this manu-
script, we therefore compare the quality of image acquisition between these two devices. The microcirculation of healthy
volunteers was visualised to generate thirty video images for each device. Two independent raters, blinded to the device type,
graded the quality of the images according to the six different traits in the Microcirculation Image Quality Score (MIQS)
system. Chi-squared tests and Kappa statistics were used to compare not only the distribution of scores between the devices,
but also agreement between raters. MS-U showed superior image quality over MS-A in three of out six MIQS traits; MS-U
had significantly more optimal images by illumination (MS-U 95% optimal images, MS-A 70% optimal images (p-value
0.003)), by focus (MS-U 70% optimal images, MS-A 35% optimal images (p-value 0.002)) and by pressure (MS-U 72.5%
optimal images, MS-A 47.5% optimal images (p-value 0.02)). For each trait, there was at least 85% agreement between the
raters, and all the scores for each trait were independent of the rater (all p-values > 0.05). These results show that the new
MS-U provides a superior quality of sublingual microcirculatory image acquisition when compared to old MS-A
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List of abbreviations 1 Background
pm Micrometer

IDF Incident dark field Sublingual video-microscopy is becoming an increasingly

LED  Light emitting diode important clinical technique used for real-time assessment
MIQS Microcirculation Image Quality Score of the in-vivo microcirculation [1]. The technology permits
MS-A Microscan Analogue evaluation of several variables including vessel density, per-
MS-U Microscan USB3 fusion indices (such as the proportion of perfused vessels
SDF  Sidestream dark field and microvascular flow index), and the heterogeneity of the

blood flow throughout the capillary bed. Through measur-
ing these variables, sublingual video-microscopy directly
quantifies the microcirculation, and this is essential given
that it can bear no resemblance to common ‘macro-circu-
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lation’—variables such as blood pressure which we usually
quantify and then make microcirculatory inferences from
[2]. Additionally, studies have shown it is possible to meas-
ure variables related to leucocytes, including quantity and
kinetics [3-5]. In light of this, video-microscopy therefore
offers the potential to optimize treatment of the microvascu-
lature, particularly fluid management and inotropic support
in critically ill patients [6].
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Since the advent of orthogonal polarisation spectroscopy
in 1971 [7] numerous methods have been developed to illu-
minate the microcirculation including sidestream- (SDF)
[8] and incident- dark field imaging (IDF) [9]. The tech-
nique exploits the process of incident dark field illumination,
whereby blood vessels < 100 um in diameter, and < 1000 um
below the surface of the organ, are illuminated and visual-
ised in a two-dimensional plane. Both SDF and IDF illumi-
nate the microcirculation using a series of concentrically
placed light emitting diodes (LEDs) surrounding a central
light guide that contains the lens system. This structure opti-
cally isolates the lens from the illuminating outer ring of
LEDs, thus preventing contamination of the image with tis-
sue surface reflections [7]. Pulsed green light (wavelength
540 + 10 nm) that is in synchrony with the video camera
frame rate, performs intra-vital stroboscopy, with short illu-
mination times used to help to prevent the smearing of mov-
ing objects such as flowing red cells, and the motion-induced
blurring of capillaries [10].

The first SDF camera, the MicroScan Analogue (MS-A),
was released by Microvision Medical, (Amsterdam, The
Netherlands) in 2007. In 2012, Braedius Medical (Hui-
zen, The Netherlands) introduced a new sublingual video-
microscope—the Cytocam IDF, and this demonstrated sig-
nificantly superior image acquisition when compared to the
MS-A [11]. In 2018, Microvision Medical revealed their new
and updated version, the MicroScan USB3 (MS-U), claim-
ing an improved quality of the data acquisition compared
to their earlier model—the MS-A. The updated camera has
a number of objective improvements compared to its pre-
decessor (see Table 1; Fig. 1), including a higher camera
resolution, an increased frame rate, a much lower weight
(predominantly due to its custom built camera as opposed to
its predecessors use of a bulkier third-party camera), and a
conversion from analogue to digital image capture. Although

these improvements would imply that the MS-U should
demonstrate significant superiority in terms of the quality
of image acquisition over its predecessor, this has not been
validated and requires confirmation. This study therefore
directly compares the upgraded 2018 Microvision MS-U
camera with the previous 2007 analogue MS-A model.

2 Methods

Ethical approval for the study was obtained from University
College London Research and Ethics Committee. A total
of sixty videos (30 for each device), were obtained from
healthy volunteers who had given informed consent. The
data capture was carried out in a single laboratory (London,
UK). Volunteers rested for ten minutes in the supine posi-
tion before images were obtained whereby the investigator
positioned and focused the cameras under the participants’
tongue. Ten seconds of video footage were digitally recorded
onto the computer, where images were stored for later anal-
ysis. This process was repeated on each participant until
six good quality recordings, three from each device, had
been acquired from separate areas of the sublingual region.
The order of use of the device was randomly generated. All
images were obtained by one of two researchers, both of
whom were experienced in using the video microscopes. The
videos were taken according to the new video-microscopy
consensus guidelines [12].

After video acquisition, the videos were saved onto a hard
drive and were then reviewed on the same computer using
Windows Media Player (Microsoft Corporation, Washing-
ton, US) without any pre-processing. Two raters (JC, EGK)
blinded to the device on which the video file was recorded,
independently graded the films according to the Microcircu-
lation Image Quality Score (MIQS) system [13] (Table 2).

Table1 A comparison of

. . Property MicroScan analog (MS-A) MicroScan USB3 (MS-U)
properties between MicroScan
analog and MicroScan USB3 Magnification 5% 5%
Optical resolution 2.1 pm 2.1 pm
Field of view (mm) 0.94%0.75 0.94%0.75
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Camera resolution (meg-
apixels)

um / pixel

Frame rate (fps)

[llumination

Pulse duration (ms)
Weight (g)

Power supply
Analysis

Interface

0.3 (640 % 480)

1.5x1.6
25/30

6xLED (540 nm)

16 0-16 (adjustable in 62.5us steps in AVA 4.x)
347 150

Battery pack (22 h) USB powered

AVA3 or AVA4 AVA 4. x

BNC USB3

1.3 (1296 X 976)

0.7%x0.8
8-54

(adjustable in 1 frame/s steps in AVA 4.x)

6 x LED (540 nm)
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Resolution: 640x480

Frame rate Weight: |
(megapixels) 25/30 fps 347 \
I",
\
|
|
Power /
Battery pack
(22 hours)
Analysis:
AVA3 or 4

Resolution: 1296x976 Frame rate Weight
(megapixels) 8 - 54 fps 150g k
‘\
|
-
Power
Via uss
Analysis
AvA3ora

A and B are photographs supplied by the manufacturer (MicroScan) of MS-A and MS-U respectively.
C and D are block diagrams indicating key technical specifications of MS-A (C) and MS-U (D).

Fig. 1 Photographs of the cameras and block diagrams outlining the key differences

With this semi-objective approach to grading the quality of
image acquisition prior to analysis, each of the six categories
is graded as O (optimal), 1 (acceptable) or 10 (unacceptable).
If the total of the six categories is > 10, then the video is
unsuitable for analysis.

Chi-squared tests were used to determine whether scores
(optimal and acceptable) for each trait were independent of
the Rater and of the Video-microscope. Agreement between
Raters and agreement between Video-microscopes were
assessed using Kappa statistic. Agreement was not due to
chance for values of Kappa statistic > 0.60. The two-tailed
significance level was set at 0.05, and R(version 3.4.3) was
used for the analyses.

3 Results

All 60 videos were analysed by both raters, and no prob-
lems were encountered. The distribution of scores by rater
is shown in Fig. 2.

MS-U was rated as having superior image quality over
MS-A in three of out six MIQS traits (Table 2). MS-U cap-
tured significantly more optimal images in terms of; (i) illu-
mination (MS-U 95% optimal images, MS-A 70% optimal
images (p-value 0.003)); (ii) focus (MS-U 70% optimal
images, MS-A 35% optimal images (p-value 0.002)); and
(iii) pressure (MS-U 72.5% optimal images, MS-A 47.5%
optimal images (p-value 0.02)). There was no significant dif-
ference between the content capture of the two video-micro-
scopes (MS-U 77.5% optimal images, MS-A 80% optimal
images (p-value 0.79)), and both techniques demonstrated
100% optimal images acquisition in terms of duration and
stability (Table 3). Please see Fig. 3 for example screenshots
of higher and lower quality videos taken using MS-U and
MS-A.

Agreement between the two raters was good, as evidenced
by being 85% or over for each trait tested, and all kappa val-
ues were over 0.60 demonstrating these results were not due
to chance (Table 4). Additionally the scores for each trait
were independent of the rater (all p-values > 0.05) (Table 4).
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Fig. 2 Film scores distributed by rater for each category

4 Discussion

These results demonstrate for the first time, that the MS-U
video microscope is superior to MS-A video microscope in
terms of the quality of image acquisition. The agreement
between the raters on each MIQS trait was at least 85%
with Kappa statistics of over 0.63, a positive indicator of
the reliability of the study. Using the total score value to
determine if an image was deemed suitable or unsuitable
for analysis, there was 100% agreement between the two
raters. The categories of the MIQS that showed the great-
est difference between the two cameras were illumination,
focus and pressure. The former two may be as a result of
the new illumination management system, and also the
improved optical resolution of the MS-U. The improve-
ment in pressure scoring may be because the MS-U device
is lighter and therefore less prone to a pressure artifact.
No difference was seen in the duration, stability and con-
tent of image capture, however, this is unsurprising given

that these traits are generally independent of the device
used. Duration and stability, were 100% optimal across
both devices. This is likely to have been because these
two traits in particular are less dependent on the device
being used, but more dependent on the person capturing
the images, and the subject’s anatomy and degree tongue
movement. Additionally, in the updated MS-U, the soft-
ware stops filming after a specific time frame, and this can
be preset prior to image capture.

Whilst this study found significant differences between
MS-U and MS-A, the Cytocam IDF video-microscope has
also been shown to be superior to the MS-A [11]. Unfortu-
nately it is not possible to make comparisons between the
Cytocam IDF and MS-U using these two independent stud-
ies, however, one contrasting feature of this study compared
to the Cytocam IDF vs. MS-A study, is that no videos in
this study were scored as unacceptable [11]. A future study
directly comparing the Cytocam IDF and MS-U is there-
fore warranted, as results obtained from video-microscopy

@ Springer
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Table 3 Distribution of scores by device for each category

MS-U MS-A P
Illumination, n 0.003
Optimal (%) 38 (95) 28 (70)
Acceptable (%) 2(5) 12 (30)
Duration, n (%)* -
Optimal (%) 40 (100) 40 (100)
Acceptable (%) 0(0) 00
Focus, n (%) 0.002
Optimal (%) 28 (70) 14 (35)
Acceptable (%) 12 (30) 26 (65)
Content, n (%) 0.79
Optimal (%) 31 (77.5) 32 (80)
Acceptable (%) 9 (22.5) 8 (20)
Stability, n (%)* -
Optimal (%) 40 (100) 40 (100)
Acceptable (%) 0(0) 0(0)
Pressure, n (%) 0.02
Optimal (%) 29 (72.5) 19 (47.5)
Acceptable (%) 11 (27.5) 21 (52.5)

*Both raters gave the same scores for duration and stability therefore
there was no variability for a Kappa statistic to be calculated

assessment of the microcirculation fundamentally rely on
optimal image capture [13].

Strengths of this paper include the agreement witnessed
between the two raters and the size of the p-values demon-
strated in the results, with all significant p-values being at
least 0.02 or below. Limitations are also evident, perhaps
the foremost being that the MIQS still relies on subjective
rater assessment of the videos. This is however, still the
gold-standard approach for grading images of the microcir-
culation prior to variable analysis. Another limitation is that
we have only compared these video-microscopes, on one
capillary bed location in the body. Although the sublingual
microvasculature is currently the most widely investigated,
further work involving other capillary beds should use the
results of this study with caution.

Notably further studies should be considered regarding
video-microscopy image acquisition and analysis. Whilst
this study has solely measured and compared the quality
of image acquisition between two devices, it has not con-
sidered the recently developed automated analysis software
that has been validated using IDF [14], enabling automated
processing of the images, thus providing objective figures
such as microcirculatory flow index. Of note, however, this
software is reliant on high image quality to work [14]. As
manual image analysis is both subjective in nature, and a
very time consuming process, automated analysis is the key
to enabling sublingual video microscopy to be used at the

A: A screenshot of a higher quality video taken using MS-A. B: A screenshot of a higher quality video
taken using MS-U. C: A screenshot of a lower quality video taken using MS-A. D: A screenshot of a

lower quality video taken using MS-U.

Fig.3 Example screenshots of higher and lower quality images taken from both devices

@ Springer
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Table 4 Agreement between raters for each of the categories

Agreement (%) Kappa Std. Err. p
Illumination 90 0.65 0.16 <0.001
Duration* 100 -
Focus 85 0.70 0.16 <0.001
Content 88 0.63 0.16 <0.001
Stability* 100
Pressure 90 0.79 0.16 <0.001

*Both raters gave the same score for the duration and stability, so
given the lack of variability, the kappa statistic cannot be calculated

bedside in a clinical setting. The software has however yet
to be validated for this new SDF device, and future studies
should seek to do this.

5 Conclusions

In this study we have established that the latest MicroVision
SDF video-microscope demonstrates superior image acqui-
sition when compared to its predecessor. In three out of six
MIQS categories -illumination, image focus and avoidance
of pressure artifacts, the MS-U out-performed the MS-A.
The findings therefore support the claims made by the
manufacturers claiming superior image acquisition over the
MS-A. With its optimal degree of image capture, the MS-U
better portrays the underlying sublingual microcirculation,
and should therefore be used for its real-time assessment.
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