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Background: The cutaneous microangiopathy plays a key role in the development of the skin clinical lesions of venous insufficiency. Capillaroscopy allows a non-invasive observation of the superficial skin capillaries of the lower leg, which have previously been shown to be altered in patients with advanced venous disease. As it is now available in a friendly, easy to handle way through modern video devices, we report our findings in a short series of patients with C3–C5 chronic venous disorders using this technique.

Methods: A total of 21 patients with venous insufficiency (C3–C5 on at least one leg) underwent a capillaroscopic examination of both legs and pictures recorded from the sites of the most severe venous skin lesions. This was performed with a CapXview handheld video-capillaroscope (×100 magnification), allowing easy manual measurement of maximum capillary bulk diameter and capillary density.

Results: Dramatic changes in capillary density, size, and shape were easily observed at the site of the venous skin lesions. A significant negative linear relationship was found between capillary density and the “C” classes (r = −0.45; P < 0.001). A significant negative correlation was also found between capillary density and bulk diameter (r = −0.52; P < 0.001). The area under the ROC curve for the mathematical prediction of venous skin changes by capillary density was 0.842, which shows the strength of the link between the microvascular and the clinical status.

Conclusion: Video-capillaroscopy allows a direct observation of the cutaneous venous microangiopathy and provides the possibility to measure capillary density which allows its quantification. This simple to use technique shows the potential for a more precise follow-up and treatment evaluation of the cutaneous consequences of venous disease, which remains to be further investigated.
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Introduction

Chronic venous disease of the lower limbs is one of the most prevalent pathological conditions in industrialized countries. The severity of its consequences is related to the damage in the cutaneous tissue that can eventually lead to leg ulcers, which induces a huge burden for the health care systems (1, 2). In patients with this condition, the cutaneous microangiopathy plays a key role in the development of the skin clinical lesions (3).

Capillaroscopy allows a non-invasive observation of the superficial skin capillaries of the lower leg, which have previously been shown to be altered in patients with advanced venous disease (4–9). As it is now available in a friendly, easy to handle way through modern video devices (10, 11), we report our findings in a short series of patients with C3–C5 chronic venous disorders using this technique where we tried to evaluate if this examination was feasible in a regular outpatient setting and whether it is able to quantify the venous microangiopathy.



Materials and methods

Patients with venous insufficiency (CEAP “C” classes C3–C5) underwent a capillaroscopic examination as part of the physical examination of their lower legs during a balneotherapeutic treatment course in the spa resort of La Léchère (Savoie – France), with a primary aim to more carefully evaluate the skin changes related to chronic venous disease. Twenty-one consecutive patients who were graded at least C3 in one lower limb gave a written consent for the use of their data and clinical pictures for clinical research.

This capillaroscopy examination was performed on the patient in standing position “Figure 1” on both legs, and pictures recorded at the site of the most severe venous skin lesion of the leg or at the medial malleolus level if no significant skin lesion was detected. We used a CapXview handheld video-capillaroscope, with ×100 magnification objective, which provided 3 × 2.2 mm pictures.
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FIGURE 1
Capillaroscopic examination of the lower leg with the CapXview handheld video-capillaroscope.


Measurement of capillary density/mm2 and maximum loop diameter was performed by a single blinded investigator (PHC) on de-identified pictures as follows “Figure 2”: six areas, each of 1 mm2, were automatically superimposed to the capillaroscopy image. The number of capillaries in each area was counted manually; when a capillary was crossing the limit between two or three areas, it was counted in the area where stayed its barycenter. The mean value of the six measurements was taken into account. The maximum diameter of the largest capillary bulk in the area was also measured.


[image: image]

FIGURE 2
Capillaroscopic picture obtained with the CapXview handheld video-capillaroscope at ×100 magnification, with superimposed 1 × 1 mm allowing manual measurement of capillary density and of the maximum capillary bulk diameter.


Statistics were performed with IBM SPSS Statistics version 27, using analysis of variance, paired Wilcoxon tests and ROC analysis software. A P < 0.05 alpha risk threshold level was considered significant. Descriptive statistics are given as mean (SD).



Results

Data were obtained from eleven females and ten men, aged 71 + 7 years. Thirteen of them had a previous history of deep vein thrombosis. Fourteen legs showed no venous insufficiency (C0–C2), nine were C3, ten C4a, five C4b and four C5 (as the examination took place before the publication of the 2020 CEAP revision, corona phlebectatica – C4c – was not taken into account). Regarding ultrasound duplex evaluation, 12 limbs showed deep venous reflux, 27 had saphenous reflux, and no significant reflux was found in thirteen limbs. The capillaroscopic examination was easily performed in all patients, with an ergonomics of the procedure very close to a Duplex examination.

Dramatic changes in capillary density, size and shape were observed at the site of the venous skin lesions as illustrated in “Figure 3.” A significant negative linear relationship between capillary density and the “C” classes (r = −0.45; P < 0.001) is shown on “Figure 4A.” A significant negative correlation was also found between density and diameter (r = −0.52; P < 0.001) as shown in “Figure 5.” However, the relationship with capillary bulk diameter with “C” classes was not found significant (“Figure 4B”). The ROC curve for the mathematical prediction of venous skin changes (C4–C5) by capillary density is shown on “Figure 6”; the C parameter (area under the curve) was as high as 0.842.
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FIGURE 3
Capillaroscopic pictures illustrating the typical findings of each CEAP “C” class. C0, normal skin capillaroscopy with a “dots and comas” pattern, also found in most C1 and C2 limbs; C3, blurred picture related to the presence of edema; C4a, increased size of dermal papillae underlined by pigmentation, associated with increased tortuosity of capillaries leading to increased diameter of capillary bulk, and decreased capillary density; C4b, further increase of capillary tortuosity and bulk diameter with a marked reduction of capillary density; C5, extreme reduction of capillary density and huge capillary bulks sometimes with glomerulus-like shape.
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FIGURE 4
Relation between capillary density and diameter with CEAP “C” classes. (A) Capillary density shows a linear increase with increasing CEAP “C” classes (P < 0.001). (B) Capillary bulk diameter is increasing with increasing CEAP “C” classes but this does not reach statistical significance (P = 0.16).
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FIGURE 5
Negative correlation between capillary density and capillary bulk diameter (r = –0.52; P < 0.001).
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FIGURE 6
ROC curve showing the mathematical prediction of venous skin changes (C4–C5) for the different levels of capillary density. Area under the curve is 0.842.




Discussion

Our most interesting finding is that the capillaroscopy of the lower leg is indeed easily performed with the handheld video-capillaroscope, and able to provide pictures of the nutritional capillaries of the skin and to clearly show the venous microangiopathy in those patients with clinical signs of venous insufficiency. This microangiopathy is basically associating a decrease in capillary density and an increased diameter of the capillary bulk, and can be easily quantified. In this work, quantification was achieved through manual measurements of capillary density, which allows to avoid any detection artifact, but is time consuming. The use of digital image analysis systems would certainly easily improve the practicality of the quantification process.

Our quantitative results are interesting since they show a strong relation between the capillary density and the clinical severity of the clinical cutaneous consequences of venous insufficiency. The number of limbs examined is small, and we do not have a control group with skin lesions of different origin in order to evaluate the specificity of these microangiopathic patterns. In this respect, the ROC curve does not show the diagnostic reliability of the techniques, but we think it clearly demonstrates the strength of the quantitative relation between the decrease in capillary density and the clinical severity of the venous disease as evaluated with the world wide accepted CEAP “C” instrument. In previous work using classic capillaroscopy through vital microscopy, Franzeck et al. (5) were able to show the relationship between capillary density and TcPO2 in the lower leg of patients with chronic venous insufficiency. Their findings, as well as the inverse correlation between capillary density and diameter of capillary bulk we found, also suggest that the increases in capillary tortuosity and convolutions measured through the increased diameter of capillary bulk are probably related to hypoxia induced neo-angiogenesis.

The association of a decrease in capillary density and the risk of skin ulceration is already well documented in patients with systemic sclerosis, where nailfold capillaroscopy was able to show a similar relationship at the nailfold, the place where capillaroscopy is most often used in clinical practice (12, 13), and that refers to the well-known principle of August Krogh that the most crucial parameter for the oxygen delivery to the tissue is the oxygen diffusion distance to the closest functioning capillary (14).



Conclusion

In conclusion, the easy-to-handle video-capillaroscopes allows us to evaluate the skin microcirculation in the lower leg where it is damaged in patients with severe chronic venous disease. This opens the way for a potential routine evaluation of this important pathogenetic mechanism with important applications for the early detection of venous disease decompensation, as well as for a more precise follow-up and treatment evaluation of the patients with high risk of leg ulcers. Further works exploring the potential and limits of this technique are strongly needed.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical review and approval was not required for this retrospective study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent for the use of their data and clinical pictures.



Author contributions

PC: study design, statistical analysis, and manuscript writing. PC and CT: study organization and manuscript editing. PC, CT, RC, AC-T, JL, JN, and EC: data gathering. CT: data management. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Robertson L, Evans C, Fowkes F. Epidemiology of chronic venous disease. Phlebology. (2008) 23:103–11. doi: 10.1258/phleb.2007.007061

2. Davies A. The seriousness of chronic venous disease: a review of real-world evidence. Adv Ther. (2019) 36:S5–12. doi: 10.1007/s12325-019-0881-7

3. Lee B, Nicolaides A, Myers K, Meissner M, Kalodiki E, Allegra C, et al. Venous hemodynamic changes in lower limb venous disease: the UIP consensus according to scientific evidence. Int Angiol. (2016) 35:236–352.

4. Gilje O, Kierland R, Baldes E. Capillary microscopy in the diagnosis of dermatologic diseases. J Invest Dermatol. (1954) 22:199–206. doi: 10.1038/jid.1954.25

5. Franzeck U, Bollinger A, Huch R, Huch A. Transcutaneous oxygen tension and capillary morphologic characteristics and density in patients with chronic venous incompetence. Circulation. (1984) 70:806–11. doi: 10.1161/01.CIR.70.5.806

6. Bollinger A, Fagrell B. Chronic venous incompetence. In Bollinger A, Fagrell B : Clinical capillaroscopy: a guide to its use in clinical research and practice. Cambridge, MA: Hogrefe & Huber (1990). p. 93–106.

7. Jünger M, Steins A, Hahn A, Häfner H. Microcirculatory dysfunction in chronic venous insufficiency (CVI). Microcirculation. (2000) 7(6 Pt 2):S3–12. doi: 10.1080/713774003

8. Howlader M, Smith P. Correlation of severity of chronic venous disease with capillary morphology assessed by capillary microscopy. J Vasc Surg. (2006) 43:563–9.

9. Virgini-Magalhães C, Lascasas C, Fernandes F, Dorigo D, Bottino D, Bouskela E. Use of microcirculatory parameters to evaluate chronic venous insufficiency. J Vasc Surg. (2006) 43:1037–44. doi: 10.1016/j.jvs.2005.12.065

10. Humbert P, Sainthillier J, Mac-Mary S, Petitjean A, Creidi P, Aubin F. Capillaroscopy and videocapillaroscopy assessment of skin microcirculation: dermatologic and cosmetic approaches. J Cosmet Dermatol. (2005) 4:153–62. doi: 10.1111/j.1473-2165.2005.00303.x

11. Auffrey N, Boulon C, Constans J. Surface capillaroscopy and trophic disorders of the lower limbs. J Mal Vasc. (2013) 38:212–4. doi: 10.1016/j.jmv.2013.01.007

12. Sebastiani M, Manfredi A, Colaci M, D’amico R, Malagoli V, Giuggioli D, et al. Capillaroscopic skin ulcer risk index: a new prognostic tool for digital skin ulcer development in systemic sclerosis patients. Arthritis Rheum. (2009) 61:688–94. doi: 10.1002/art.24394

13. Boulon C, Aiouaz S, Blaise S, Mangin M, Decamps-Le Chevoir J, Senet P, et al. Correlation between capillaroscopic classifications and severity in systemic sclerosis: results from SCLEROCAP study at inclusion. Clin Exp Rheumatol. (2019) 37:63–8.

14. Krogh A. The number and distribution of capillaries in muscles with calculations of the oxygen pressure head necessary for supplying the tissue. J Physiol. (1919) 52:409–15.



OPS/images/fmed-10-1144102-g001.jpg





OPS/images/fmed-10-1144102-g004.jpg
=3 o o o o
©0 (¥ < o~

(wrl) Jmawelg wnwixe

50

CIRY R
X >

& 026, > RS BN
OO OO O
S O PO ®

A Eo2e
$
g & & 8§ =

-wuuw/ Ajisuaqg Asejjide)

CO C1 C2 C3 C4a Cab ¢G5

CO C1 C2 C3 C4a Cab G5





OPS/images/fmed-10-1144102-g005.jpg
o
o
i

wirl) ua3awelq Auejjided wnuwixe|n

60

50

40

30

20

10

Capillary Density (n/mm?)





OPS/images/fmed-10-1144102-g002.jpg





OPS/images/fmed-10-1144102-g003.jpg
¥






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Video-capillaroscopy, a promising tool for the clinical evaluation of patients with chronic venous insufficiency



		Introduction



		Materials and methods



		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine













OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine






OPS/images/fmed-10-1144102-g006.jpg
Sensitivity

0.8

o
o))

O
S

0.2

0.2

0.4 0.6
1 - Specificity

0.8






OPS/images/email.jpg





