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    Abstract
Background: A small number of studies used nailfold capillaroscopy (NC) in the evaluation of nailfold capillary changes in Behçet's disease (BD). The purpose of this study was to investigate the characteristics and frequency of nailfold capillary changes in BD by dermatoscopy and videodermatoscopy and to develop a scoring system for those capillary changes to predict the activity and severity of the disease. Methods: We performed NC on 40 BD patients and 20 healthy controls with dermatoscopy and videodermatoscopy. Capillary morphology, distribution, and density were analyzed qualitatively and quantitatively. We also assessed the activity and severity of the disease with BD Current Activity Form and BD Severity Score Classification and evaluated the relation of these scores with morphology scores and capillary density. Results: Capillary morphologic alterations were encountered significantly more in BD group (P < 0.05). Loss of continuity in capillary loops and irregularity of capillary distribution were significantly more frequent in BD group compared to healthy controls (P = 0.003 and P < 0.001). Morphology score was significantly higher in BD patients compared to control group (P < 0.001); however, we could not detect a significant relation between capillary morphology and density and the activity and severity of BD. Conclusion: Although we could not demonstrate a significant relation between capillary changes and the activity and severity of BD, we consider that NC performed with dermatoscopy can reflect the presence and extent of microvascular involvement and thereby might have diagnostic and prognostic value in BD.
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    Introduction


    Behçet's disease (BD), described for the first time by a Turkish physician, Hulusi Behçet in 1937 as a triad of recurrent aphthous stomatitis, genital ulceration, and relapsing uveitis,[bookmark: ft1][1] is now considered as a multisystemic vascular disorder characterized by mucocutaneous, ocular, pulmonary, cardiovascular, neurological, gastrointestinal, and articular manifestations.


    Vascular involvement, one of the major manifestations of BD, is accepted as a poor prognostic sign. Most of the studies about vascular involvement are related to large vessel involvement; however, very few studies have been reported on microvascular damage in BD.[bookmark: ft2][2],[bookmark: ft3][3],[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6]


    Nailfold capillaroscopy (NC) is a safe and reliable technique that examines the morphology of nailfold dermal papillary capillaries, thus enabling prediction of microvascular involvement mainly in connective tissue diseases.[bookmark: ft7][7] The capillaroscopic results of dermatoscopy and videodermatoscopy were reported to be comparable to those described by other capillaroscopic instruments.[bookmark: ft6][6],[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13],[bookmark: ft14][14],[bookmark: ft15][15] Thereby, NC performed with dermatoscopy and videodermatoscopy may be considered to have diagnostic and prognostic value in BD.


    The objectives of this study were to detect the characteristics and frequency of nailfold capillary changes in BD by dermatoscopy and videodermatoscopy, to analyze their possible relation with activity and severity of the disease and to develop a scoring system for these features to predict the activity and severity of the disease.


    Methods


    Patients


    This study was designed as an observational case–control study. Institutional Ethics Committee of our research hospital approved the project (E-14-375), and a written informed consent was obtained from all participants included in the study. We prospectively studied BD patients and frequency-matched healthy controls by age and gender. The participants were selected consecutively from the patients who were admitted to the dermatology department of our hospital between January 2015 and January 2017. All of the patients with BD fulfilled the classification criteria of International Study Group for BD (ISBD).[bookmark: ft16][16] Patients and controls who had any connective tissue disease, Raynaud's phenomenon, cardiovascular disease, coagulopathies, any deformities on the fingers due to trauma or surgical intervention, radiotherapy history, and who were pregnant/lactating were excluded from the study.


    Demographic features and routine laboratory examinations (including acute-phase reactants) were recorded for BD patients. Treatment history for BD and history of smoking were recorded for the participants. The patients who described arthralgia were evaluated for arthritis by a rheumatologist.


    The activity of the disease was evaluated using BD Current Activity Form (BDCAF) of ISBD,[bookmark: ft17][17] and BD Activity Index Score (BDAIS) was calculated for each BD patient. Patient's perception of disease activity and clinician's overall perception of disease activity (the thoughts of the patient or the clinician on the disease course for the past 4 weeks) were evaluated by the help of a visual analog scale including seven different facial expressions on BDCAF (on a scale of 1–7, ranging from very bad to very good).


    The severity of the disease was assessed according to the BD Severity Score Classification of Krause,[bookmark: ft18][18] and a systemic severity score was determined for each patient.


    Nailfold capillaroscopy


    NC was performed with a handheld dermatoscope (DermoGenius II dermoScan) and also with a videodermatoscope (MoleMax HD; Derma Medical Systems, Vienna, Austria). All ten fingers of the participants (excluding fingers affected by recent local trauma) were examined using a transparent gel for better visualization of the capillaries. The nailfold images were obtained by attaching the dermatoscope to a digital camera (Canon EOS 450D-18–55 mm lens) and also by recording images at ×30 in videodermatoscopy. Dermatoscopic and videodermatoscopic images were evaluated by an expert dermatologist. The evaluation of the nailfold capillary system was performed morphologically and morphometrically. Since we had observed that the resolution of the images taken from the handheld dermatoscope attached to the digital camera was higher than the resolution of videodermatoscopic images in our preliminary study, morphologic evaluation was performed from dermatoscopic images obtained from the digital camera. Morphometric examination of the capillary density was performed by a scientific image measurement software (ImageJ version 1.51q for Windows, NIH Image, Bethesda, Maryland, USA) from the videodermatoscopic images for standardization.


    Capillary morphology, distribution, and density were analyzed based on Maricq's criteria modified by Bergman et al.[bookmark: ft8][8],[bookmark: ft19][19] Accordingly, capillary morphology was evaluated by enlarged capillaries (megacapillaries), deformity of the capillaries (tortuosity, branching, or angulation), presence of microhemorrhages (at least two punctate bleedings around a single capillary), and loss of capillary continuity (avascular areas) [Figure - 1], [Figure - 2], [Figure - 3], [Figure - 4]. Capillary vascular anomaly was defined as the presence of at least two morphologic features in at least two nailfolds. For each participant, we recorded the number of nailfolds (n = 10) in which each feature was observed and total number of that feature in all the nailfolds (values over 5 were assumed as 5). Total morphology score was calculated by multiplying the number of nailfolds, for which we have observed a specific feature, with the total number of that feature in all of the nailfolds, and finally taking the sum of all results. Capillary distribution was evaluated as regular (scattered homogeneously and in parallel) or irregular. Capillary density was measured by counting the number of capillary loops per mm in each nailfold, and finally, the mean number of loops in all of the nails analyzed for each patient was taken into consideration.
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        	Figure 1: Nailfold capillaroscopy image with tortuosity (thin circle) and dilatation (thick circle) of capillaries
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        	Figure 2: Nailfold capillaroscopy image with branching of capillaries
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        	Figure 3: Nailfold capillaroscopy image with angulation of capillaries
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        	Figure 4: Nailfold capillaroscopy image with microhemorrhages
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    Statistical analyses


    IBM SPSS version 21, IBM Corporation, New York, USA was used for data analyses. All of the defined parameters were analyzed by comparing the patient and control groups. The descriptive statistics were presented by frequency, percentage, mean, median values (min, max), standard deviation, and interquadrate range values according to groups. The demographic and clinical characteristics of the patient and control groups were investigated using Chi-square test. The difference between capillaroscopy scores was evaluated with Student t-test or Mann–Whitney U-test according to characteristics of score distribution. The correlation between disease activity and capillaroscopy scores in the patient group was analyzed with Pearson or Spearman correlation tests, where necessary. P < 0.05 was considered to indicate statistical significance.


    Results


    In total, 40 BD patients (19 women and 21 men) and 20 frequency-matched healthy controls (10 women and 10 men) by age and gender were enrolled in the study. The mean age of the patients was 34.63 ± 10.25 years (range: 20–65). The mean duration of disease was 11.76 ± 7.7 years and the mean age was 22.85 ± 7.03 years at the disease onset and 27.88 ± 7.4 years at the time of diagnosis. The mean time of delay in the diagnosis was 5.03 ± 5.6 years. The mean age of the healthy controls was 35.3 ± 10.17 years (range: 23–57). The mean erythrocyte sedimentation rate (ESR) was 10.53 ± 9.3 (range: 1–39) (N: 0–20 mm/h), and the mean C-reactive protein (CRP) value was 5.08 ± 5.5 (range: 0.2–18) (N: 0.2–5 mg/L) [Table - 1].
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        	Table 1: Demographic characteristics and laboratory parameters of Behçet's disease group and control group

        

        Click here to view
      

    


    Thirty-seven patients were being treated with at least one systemic agent for BD. Colchicine was the most common agent (n = 35). The other agents were azathioprine (n = 9) and corticosteroids (n = 3). In 40 BD patients, 55% (n = 22) had a history of arthralgia, whereas only 10% (n = 4) was diagnosed with arthritis by a rheumatologist. There was a history of deep vein thrombosis only in 10% (n = 4) of the BD patients. Twenty-two (55%) patients and six (30%) healthy controls were smokers.


    In the evaluation of BDCAFs, the mean perception of disease activity scores was 5.03 ± 1.50 for the patients and 4.56 ± 1.66 for the clinician. Although the perception of disease activity score was slightly higher for the patients than the clinician, it was not statistically significant (P = 0.47). Similarly, we could not detect any correlation between patient's or clinician's perception of disease activity scores and acute-phase reactants (ESR and CRP). When all BD patients were considered, the mean BDAIS was 3.20 ± 2.02 and the mean score of severity was 5.44 ± 2.41. There was a positive correlation between the severity score and BDAIS (P = 0.004 and r = 0.34).


    When we compared capillary morphologic features between BD and control groups, we determined that the scores of megacapillaries, deformity of capillaries (tortuosity/branching/angulation), and microhemorrhages were significantly higher in BD group, respectively (P < 0.001, P < 0.001, and P = 0.002) [Table - 2]. Loss of continuity in capillary loops was significantly more frequent in BD group (60%) than healthy controls (20%) (P = 0.003). Similarly, capillary vascular anomaly was more common in BD group (85%) than healthy controls (40%) (P < 0.001) [Table - 3]. Loss of continuity was accompanying the presence of capillary vascular anomalies in 30% of the patients in BD group. Capillary distribution was irregular in 80% of the patients and 30% of the controls. Irregular capillary distribution was identified significantly higher in the patient group compared to the control group (P < 0.001).
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        	Table 2: Comparison of the scores of morphologic features in Behçet's disease group and control group
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        	Table 3: Frequencies of the morphologic features in Behçet's disease group and control group
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    The medians of the total scores that we obtained from the evaluation of capillary morphology were 38.06 (0–100) for BD patients and 15.38 (0–77) for healthy controls. The medians of the capillary density were 5.36 (3.9–8.0) loops/mm for BD patients and 5.64 (4.7–6.5) loops/mm for healthy controls. Morphology score was significantly higher in BD patients compared to control group (P < 0.001), and the difference between two groups was close to the level of statistical significance in terms of capillary density (P = 0.086). However, no significant correlation was detected between morphology score and capillary density (P = 0.58 and r = −0.076).


    When we examined the relation between both activity and severity of disease and capillaroscopic features such as capillary morphology and density, we could not detect any correlations [Table - 4]. No significant correlation was detected between morphology score and duration of disease (P = 0.44); however, the correlation of megacapillary and microhemorrhage scores with the duration of disease was close to the level of statistical significance, respectively (P = 0.057 and r = 0.304; P = 0.090 and r = 0.272).
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        	Table 4: The relation of morphology score and capillary density with Behçet's disease activity index score and severity score
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    No correlation was found between age and number of microhemorrhages in the patient group (P = 0.433 and r = 0.127); however, there was a weak positive correlation in the control group since the number of microhemorrhages was increasing as the age increases (P = 0.056 and r = 0.433). There was no additional significant correlation between capillary morphology, distribution, and density with age, gender, duration of disease, concomitant systemic diseases, systemic treatment, or presence of arthritis in BD group (P > 0.05).


    The relation between acute-phase response parameters (ESR and CRP) and morphology and activity scores was explored. The only correlation that was close to the level of statistical significance was between CRP and BDAIS (P = 0.09 and r = 0.28). There was no significant correlation between other parameters (CRP and morphology score [P = 0.19 and r = −0.210], ESR and BDAIS [P = 0.77 and r = 0.047], and ESR and morphology score [P = 0.68 and r = −0.068]).


    Smoking was significantly more common in BD patients compared to control group (P = 0.024; Chi-square test). Nevertheless, there was no relation between smoking and microhemorrhage score (P = 0.687), morphology score (P = 0.893), and capillary density (P = 0.165) (Mann–Whitney U-test). Thereby, smoking was not a confounding factor for the capillaroscopic changes both in BD patients and healthy controls.


    Discussion


    BD is classified as a vasculitis with multisystemic manifestations, and it is characterized by endothelial dysfunction and chronic inflammation.[bookmark: ft20][20],[bookmark: ft21][21] Vascular involvement, which is reported in 18.2% of the cases, includes arterial and venous involvement. Arterial thrombosis, aneurysms, deep vein thrombosis, large vein thrombosis, and superficial phlebitis are the most common forms of vascular involvement; nevertheless, all sizes of vessels may be involved.[bookmark: ft22][22] Therefore, the involvement of the capillaries is an expected finding in BD.


    The observation of the skin capillaries is generally made at the nailfold, because here capillaries run parallel to the skin surface, while in other areas they appear in a perpendicular state.[bookmark: ft23][23] Normal findings of NC are characterized by homogeneous distribution of hairpin-shaped capillaries in the nailfold plexus without capillary loss (normal medium density, linear 30 capillaries per 5 mm), and absence of morphological alterations.[bookmark: ft7][7],[bookmark: ft11][11] The observation of the microvasculature with NC helps us to determine the early morphological markers of microvascular damage which has been useful for the early diagnosis of many systemic rheumatic disorders such as systemic sclerosis (SSc), dermatomyositis (DM), SLE, antiphospholipid syndrome, and Sjögren's syndrome.[bookmark: ft7][7],[bookmark: ft23][23] BD was also suggested to have a detectable alteration in microcirculation for which nailfold videocapillaroscopy can provide qualitative and quantitative information to predict the degree of vascular damage.[bookmark: ft4][4]


    The first study in the English literature about the periungual capillaroscopic findings of BD was reported by Wechsler et al.[bookmark: ft2][2] in 1984. They observed microvascular changes in 73% of their 30 BD patients. Similarly, abnormal nailfold capillary findings were noted in 75% of 33 BD patients by Vaiopoulos et al.[bookmark: ft3][3] in their study where they used a stereomicroscope. Movasat et al.[bookmark: ft5][5] reported abnormal findings (dilated loops, hemorrhages, and loss of capillaries) in 40% of 128 patients. In their recent study, Aytekin et al.[bookmark: ft6][6] reported a close frequency of abnormal capillary morphology using videodermatoscopy. They observed at least one capillaroscopic change in 37.5% of their 40 BD patients. In our study, we detected capillary vascular anomaly in 85% of 40 BD patients. The difference between our results and the last two studies may be attributed to the high prevalence of capillary deformity observed in our patients. Movasat et al.[bookmark: ft5][5] did not include this criterion into the evaluation of capillary changes, and Aytekin et al.[bookmark: ft6][6] did not detect any ramified, tortuous capillaries in their BD patients.


    It has been suggested that dermatoscopy can replace capillaroscopy for the detection of nailfold capillary morphological changes.[bookmark: ft6][6],[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft12][12],[bookmark: ft13][13],[bookmark: ft14][14],[bookmark: ft15][15] All of the studies about nailfold capillary abnormalities in BD were performed using capillaroscopy, except the most recent one reported by Aytekin et al., for which they used videodermatoscopy.[bookmark: ft2][2],[bookmark: ft3][3],[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6] Our study is the first one performed using both dermatoscopy and videodermatoscopy.


    The capillary density has a prognostic and predictive value in connective tissue diseases such as SSc. A decrease in the capillary density is recognized as a sign of possible clinical complications in SSc.[bookmark: ft7][7] Patients with psoriasis were also reported to have a decreased capillary density in the studies performed by NC.[bookmark: ft24][24],[bookmark: ft25][25] Morphologic alterations such as coiled and tortuous capillaries were also detected to accompany the decrease in capillary density in psoriasis.[bookmark: ft25][25] In our study, abnormal capillary morphology was observed significantly more in BD patients; however, although there was a decrease in the capillary density compared to controls, it was not prominent.


    Possible mechanisms for the formation of common capillary morphologic alterations have been defined in connective tissue diseases. The enlarged capillaries/megacapillaries that can be encountered in secondary Raynaud's phenomenon, SSc, and DM have been accepted as an abnormal angiogenic response against peripheral ischemia. Capillary dilatations are considered as the first sign of microvascular damage. Capillary microhemorrhages similarly reflect the injury of capillaries by ischemia/reperfusion. They arise due to microvascular extravasation of red blood cells from megacapillaries that are close to collapse and subsequent disappearance. Single microhemorrhages may rarely be found in healthy persons whereas multiple dotted or lined microhemorrhages are specific for patients with scleroderma spectrum disorder (SSD), and DM. Microhemorrhages may also be related to capillary thrombosis as in the antiphospholipid syndrome. Loss of capillaries/avascular areas is characteristic for SSD and DM, the severity reflecting the peripheral circulatory disturbance. Deformity of capillaries such as ramified or bushy capillaries can be found in late SSc and secondary Raynaud's phenomenon associated with DM or mixed connective tissue disease. They result from an abnormal angiogenic response (neoangiogenesis) secondary to hypoxic state in patients with advanced vascular damage.[bookmark: ft7][7],[bookmark: ft11][11]


    Endothelial dysfunction, which is considered to play an important role in the pathogenesis of vasculitis and thrombosis in BD,[bookmark: ft26][26] might have an additional effect in the mechanism of capillary changes in BD. Patients with longer disease duration are expected to have more severe damage in the capillaries. Accordingly, there was a weak correlation in megacapillary and microhemorrhage features with duration of disease in our study.


    Although ESR and CRP are the most common parameters of acute-phase response, their relationship with clinical disease activity in BD was not certain, and there is no specific laboratory marker for clinical activity of BD yet. However, Melikoǧlu et al.[bookmark: ft27][27] reported that they found a significant positive correlation between acute-phase reactants (ESR-CRP) and BDCAF score. We also detected a weak correlation between CRP and BDAIS, showing that both CRP and BDAIS might be reliable indicators of clinical disease activity in BD.


    One of the main objectives of our study was to develop a scoring system for nailfold capillary changes to predict the activity and severity of BD; however, we could not detect a significant relation in capillary morphology and density with activity and severity of BD.


    Conclusion


    We studied nailfold capillary changes in BD using both dermatoscopy and videodermatoscopy. Morphologic features could be readily evaluated by dermatoscopy; however, we preferred videodermatoscopy only for the measurement of capillary density. All nailfold capillary morphologic changes were observed significantly more common in BD patients than healthy controls, but the decrease in capillary density in BD patients was not prominent. We also detected that capillary dilatation and microhemorrhages were more common in long-term disease. Although we could not demonstrate a significant relation in capillary changes with activity and severity of BD, we consider that NC performed by dermatoscopy can reflect the presence and extent of microvascular involvement and thereby might have diagnostic and prognostic value in BD.
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  Figure 1: Nailfold capillaroscopy image with tortuosity (thin circle) and dilatation (thick circle) of capillaries
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  Figure 2: Nailfold capillaroscopy image with branching of capillaries
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  Figure 3: Nailfold capillaroscopy image with angulation of capillaries
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  Figure 4: Nailfold capillaroscopy image with microhemorrhages
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  Table 1: Demographic characteristics and laboratory parameters of Behçet's disease group and control group
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  Table 2: Comparison of the scores of morphologic features in Behçet's disease group and control group
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  Table 3: Frequencies of the morphologic features in Behçet's disease group and control group
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  Table 4: The relation of morphology score and capillary density with Behçet's disease activity index score and severity score
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Demographic characteristics and BD group Control group
laboratory parameters

Gender ratio (female/malc) 1901 10110
Age (years; range) 3463£1025;  353£10.17;
2065 2357
Duration of BD (years) 1176277 -
Age of disease onset (years) 2285:7.03 -
Age at the time of diagnosis (years) 278 -
Time of delay in the diagnosis (years) -
ESR (mnvh; range: 7 0-20 mm/h) 10.5329.3; -
139
CRP (mg/L: range; 7: 0.2-5 mg/L) 5.0825.5; -
0218

Data are presented as mean=SD, unless otherwise stated. BD: Behget's
discase, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein,
<D Standard deviation
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Morphologic feature BD group Control group P

n Score n Score n; score
Megacapillary 2182205 2.65+1.99 0252044 0.40=0.82 <0.001; <0.001
Capillary deformity 3455184 430£1.36 130169 <0.001: <0.001
Microhemorrhage 0.90£1.03 1.68£1.97 02020.52 0.003: 0.002

Dhatii' i preseniod i et SI): ST Stiidard deviation. BEE: Belcot's disce
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Morphologic feature  BD group (%)  Control group (%) P

+ - + -
Megacapillary 32(80) 8(20) 525 15075 <0.001
Capillary deformity 39 (975) 1(25) 10(50) 10(50) <0.001
Microhemorrhage 2(55) 18(45) 315 1785 0003
Lossofcontinuity ~ 24(60) 16(40) 4(20) 16(80) 0003
Vascular anomaly 34(85) 6(15) 8(40) 12(60) <0.001

Data are presented as  (%). BD: Behget's discase. + means positive and
e et
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BDAIS (P, r) Severity score (P, r)

Morphology score 0350,-0.152 0348, -0.154
Capillary density 0.169.0.225 0.716.0.061

ROAIS: Fiek-at's dicnce aetivily mles seoue





