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Capillaroscopy is a simple, non-invasive and accessible technique that allows
physicians to analyze the microvasculature of patients by observing the capillaries of the
nailfold.

Capillaroscopy makes it possible to see the shape and size of the capillaries, as
well as any changes in their structure or function. These changes can be indicators of
vascular diseases, such as Raynaud's phenomenon and scleroderma. This technique,
first described in the 17th century by Johan Christophorus Kolhaus, has been limited
throughout its history by the available technology at the time (1).

During the development of the technique, the difficulty in obtaining lenses with
sufficient magnification to allow correct visualization of the capillaries and, likewise,
contact oils to improve the refractoriness of the applied light prevented widespread use
of the technique. Even so, in the 18th century Giovanni Rasori made the first association
between the findings of the conjunctiva with capillaroscopic alterations in the nail bed.
In the first quarter of the 20th century, Lombard described for the first time a
capillaroscopy performed with immersion oil (2). These technical difficulties resulted in
large and expensive apparatus, difficult to handle and learn, and scarcely adapted to the
exploration of patients in real practice.

Well into the 20th century, technological advances translated into the
availability of increasingly modern lenses, called stereomicroscopes, an optical
microscope variant designed for low magnification observation of a sample, typically
using light reflected from the surface of an object rather than transmitted through it,
accessible to a greater number of hospitals, but a new limitation appeared: the
heterogeneity in their interpretation and inter-observer variability, derived from the

difficulty for the objective and individual analysis of each of the observed capillaries (3-
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4). For this reason, different authors such as Weiss, Maricq and Cutolo successively (5-
6), proposed different classifications that sought to solve this "impossibility" of
individual analysis by classifying the images in a few "patterns”, which combined the
most outstanding findings allowing a global analysis of the exploration, without the need
to know the individual details of each capillary. These patterns, widely used, have made
capillaroscopy a more useful tool in the classification of Raynaud's phenomenon and in
the classification, activity, and prognosis of patients with scleroderma (7-11). In
addition, in recent years the association of clinical manifestations in systemic sclerosis
with capillaroscopy findings has been revealed, considering capillaroscopy as a
promising biomarker (10, 12-14).

However, with the beginning of the 21st century great progress was made in
capillaroscopy. On the one hand, the increasingly widespread use of video
capillaroscopes; easy to use, inexpensive and portable devices that allow image
processing and storage have been replacing the classic stereomicroscopes, generalizing
the use of the technique, and making capillaroscopy possible during the patient
consultation or even bedside. On the other hand, in recent years the use of artificial
intelligence applied to capillaroscopy has brought its development to new limits that
were not previously conceivable and establishes a very promising future for
capillaroscopy.

Artificial intelligence is increasingly being used as a tool to support physicians in
different areas of medicine. For example, artificial intelligence systems are being
developed that can analyze medical images and detect patterns that may indicate
disease. This can help physicians make accurate diagnoses and save time in image
interpretation.

Since 2014, several groups have been investigating different ways to apply
artificial intelligence in a useful way in capillaroscopy. In 2019, the Automated Nailfold
Capillary Counting System (AUTOCAPI system), was presented that demonstrated that
there were no significant differences when using artificial intelligence versus manual
counting in the analysis of 183 capillaroscopies of patients diagnosed with scleroderma
(15). However, this system did not perform morphologic interpretation of the capillaries,
nor did it allow the detection of avascular areas, microhemorrhages, or other

morphologic findings. Recently, a proposal for the use of artificial intelligence for the
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automated detection of the patterns described by Cutolo et al. (6) in capillaroscopy
images according to their general appearance has been published (16). The proposed
system is based on the global analysis of the image, without providing an individualized
or detailed analysis of each image. Although this may seem to be a great advance, in our
opinion it is a limited approach since it does not allow comparing different
capillaroscopies in an objective and quantitative manner. A patient can be classified with
the same pattern even when presenting very different findings in terms of mean
capillary loop diameter or number of dilations, megacapillaries or microhemorrhages.
In addition, these systems are based on an incomplete analysis of the nail bed, which
necessarily leads to bias because the information is not available for the entire image.

From our perspective, for a true advance in capillaroscopy that allows it to be
applied not only to continue the great current advances on Systemic Sclerosis where
exists the largest series and better evidence (12-14), and autoimmune diseases or
Raynaud's phenomenon (7-9), but also to all pathologies that present microvascular
involvement, we need to count, measure, and rigorously classify all capillaries from
patients (17, 18). Only in this way will we be able to assess the increasingly proven
usefulness of capillaroscopy in diseases other than scleroderma, measure the
progression of capillaries in the same patient or compare them in a completely objective
manner with other patients. Other initiatives or perspectives, although they will
represent a short-term improvement and an advance with respect to the current
situation, will not allow a comprehensive capillaroscopic assessment to be made.

In our opinion, the way to solve this problem is to use artificial intelligence to
automate the analysis of individual capillaries (19-20), allowing an automated
identification, measurement and classification that facilitates the interpretation of the
very large number of capillaries that make up a complete capillaroscopy. This
information will assess not only the presence or absence of morphological alterations
but also the average size of each of the groups in each of its parts (afferent, efferent and
apex loops) as well as quantitatively the number of microhemorrhages, the presence of
avascular areas or other findings.

The availability of supporting software will greatly simplify capillaroscopic
interpretation, significantly reducing the intraobserver variability that is so limiting at

present. Likewise, it will make it possible to obtain reports and statistics of a complete
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capillaroscopy in less time, which until now would have required hours to be done
manually. Also, by presenting a support based on artificial intelligence, it will allow
greater accessibility to healthcare professionals with less experience doing the
technique.

Likewise, with this analysis system we will be able to classify the capillaroscopies
by means of the described patterns, so useful currently, but without losing objective and
guantitative information, fundamental in modern medicine, which will allow us to
advance deeper into the capillaroscopy applications.

In conclusion, capillaroscopy has been limited by technology throughout its
history. However, the use of portable video capillaroscopes and artificial intelligence are
driving the development of the technique, both in research and clinical use, and
establish a promising future for capillaroscopy not only for autoimmune diseases, but

for all diseases with microvascular involvement.
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