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¢ This article considers capillaroscopic changes in the patients with systemic sclerosis compared to the patients
with a group of rheumatological diseases (rheumatoid arthritis, polymyositis, osteoarthritis) and the patients with
idiopathic pulmonary hypertension. All the patients diagnosed with systemic sclerosis according to nailfold capil-
laroscopy had a characteristic combination of capillary disorders (Raynaud’s syndrome): the expansion of all three
segments of the capillary loop, the “loss” of capillaries, and the destruction of the nail fold. In the comparison groups,
the capillaroscopic picture was represented by single pathological changes that did not add up to the pathognomonic
scleroderma patterns, with the exception of the groups with dermato/polymyositis, where 2 patients had significant
Raynaud’s syndrome. There were also significant differences in the density of the capillaries in the patients with
systemic sclerosis in comparison with the other groups.

¢ Keywords: capillaroscopy; systemic sclerosis; rheumatoid arthritis; polymyositis; osteoarthritis; pulmonary arterial
hypertension.
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¢ B naHHOM cTaTbe IPOBEEHO CPAaBHEHME KANM/UIAPOCKONMYECKMX M3MEHEHNUI HOITEBOTO JIOXKa y MalMI€HTOB
C CHCTeMHOJI CKJIEpOfiepMUeli, Y allMeHTOB C PeBMATOIOTMYeCKIMY 3a60/IeBaHUsAMY (PeBMAaTOMAHBIM apTPUTOM,
[O/TMMIO3UTOM, OCTEOAPTPUTOM), & TAKXKE C MAMONATIIECKOI IETOYHOIT TUIIepTeH3Mell. Y BCeX MaleHTOoB C [ua-
THO30M CHCTEMHOJI CK/IepOJepPMUN II0 JAaHHBIM KaIlVJISIPOCKONMYM HOTTEBOTO JI0XKa OOHAapy)KeHa XapaKTepHas
KOMOMHAIVA KalWJLIPHBIX HapYIIEHMII — pacliipeHye BCeX TpeX CerMEHTOB KaNVUISAPHON IeTIH, «II0Teps»
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KallM//IAPOB U paspylleHe HOITeBOTO KalWUISAPHOTO JIOXKa, XapaKTepHas [ cuHApoMa PeiiHo. Y manueHTOB
B I'PYIIIIaX CPaBHEHVSI KaIVJIIPOCKOIMYeckas KapTuHa OblIa IPeCTaB/IeHa eAMHIYHBIMY IIaTOJIOTMYeCKVMIY U3~
MEHEHMAMY KallUJJIAPOB, He CK/IA/IbIBaIOIIMMMCSA B IATOTHOMOHMYHBIE CKIE€POfiepPMUYeCKIe TaTTEPHDI, 33 UCKITIO-
YeHJEM IPYIIIbI € [ePMaTO/IIOIMMUO3UTOM, Ifie y 2 MallIeHTOB AMAarHOCTUPOBaH JJOCTOBEPHBINT cuHApPoM PeitHo.
Habmropanuch Takke JOCTOBEpHBIE Pa3nNyyA B IVIOTHOCTY KalVJUIAPHON CeTH y GOBbHBIX CUCTEMHOII CKJIepo-

fiepMyuell 10 CpaBHEHMIO C OO/IbHBIMM APYTYX IPYIIL

+ KnroueBbie cioBa: Kaln/IsApOCKOIINA; CYICTEMHAs CKIIEPOAEPMIIA; peBMaTOI/IHHbIIZ ApTPUT; IIOIMMMNO3NT; OCTE-

OapTpUT; I€TOYHAA apT€pualbHad I'MIIEPTEH3NA.

Introduction

Capillaroscopic analysis of the microvascula-
ture was established in 1939 when Muller pub-
lished various color capillaroscopic images. In
the following decades, capillaroscopy method
gained importance in the diagnosis of Raynaud’s
syndrome and associated pathological conditions
since Maricq and LeRoy published in 1973 the
tirst study to describe specitic capillaroscopic pat-
terns in systemic sclerosis (SS) [1].

In 1976, the same authors noted a continuous
change in the nature of the capillary blood
flow during cold exposure in both primary and
secondary Raynaud’s syndrome. Detailed studies
by Bollinger, Grassi, Carpentier, and Herrick
(1980-1990) contributed to the further use of
nailfold capillaroscopy (NFC) in the diagnosis of
rheumatological diseases [2-4].

In 2000, Cutolo et al. identified three main NFC
patterns, namely, early, active, and late, to identify
and assess the progression of microangiopathy in
SS and created a qualitative and semi-quantitative
assessment system of the recorded alterations
[5, 6]. Since 2004, the European League Against
Rheumatism (EULAR) has held annual training
courses on NFC, which indicates an increased
interest and the need to master this technique.
In addition, capillaroscopy was included in the
2013 American College of Rheumatology (ACR)/
EULAR criteria for diagnosis of SS.

This study aimed to compare capillaroscopic
changes in the nail bed in SS and in rheumato-
logical diseases (such as rheumatoid arthritis,
polymyositis, and osteoarthritis) and idiopathic
pulmonary hypertension.

Materials and methods

The SS group included 68 patients. The 1980
APA classification criteria were used to verify the
diagnosis. Of the 68 patients, 32 had a diffuse
form and 36 had a limited form. The median
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age was 50.2 [42.0-60.0] years, and the median

disease duration was 7 [3.0-9.0] years. Most of

the patients were women (98%).

The comparison groups were as follows:

1. Thirteen patients (11 women and 2 men) with
idiopathic pulmonary hypertension, with me-
dian age of 51 [33.0-60.0] years and median
disease duration of 12.6 [6.4-18.5] months.

2. Twenty patients (18 women and 2 men) with
rheumatoid arthritis diagnosed based on the
2010 EULAR criteria, with median age of 62.5
[44.0-78.0] years and median disease duration
of 18.2 [8.0-24.5] months.

3. Twenty patients with primary generalized os-
teoarthritis (16 women and 4 men), with me-
dian age of 59.5 [44.0-82.0] years and median
disease duration of 15.4 [12.2-18.4] months.

4. Twelve patients (all women) with primary der-
matomyositis/polymyositis (diagnosed based
on the criteria developed by Bohan and Peter
in 1975). The median age was 55.3 [29.0-71.0]
years, and the median disease duration was
20.4 [16.3-25.7] months.

NFC was performed using a DigiMicro Lab 5.0
digital microscope. Lesions of the microvascula-
ture were assessed according to the proportions
of the parameters of sclerodermic patterns (such
as giant capillaries, “loss” of capillaries, microhe-
morrhages, and capillary branching). Three main
patterns are generally accepted in the standards
of capillaroscopic research technique, namely,
early, active, and late (Figs. 1-4).

The experiment was performed using im-
mersion oil applied to the base of the nail bed
of the phalanges of fingers II-V of both hands.
Parameters such as morphology, architecture,
and capillary density were evaluated. When the
number of pathologically altered capillaries cor-
related with the number of capillaries along 1 mm
in the distal row of the nail bed, a semi-quan-
titative assessment of morphological changes
was also performed. The average value for each
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Fig. 1. Normal structure of capillaroscopic pattern. Homo-
geneous structure of the capillaries, their parallelism.
Capillary density is more than 7 capillaries per 1 mm?

Puc. 1. HopmanpHad CTPyKTypa KaIM/ULAPOCKOINYIECKO-
ro martepHa. OTHOpPOJHAsA CTPYKTypa KaNlWIIAPOB, UX
HapajiensHoCTb. Il1oTHOCTD Ha 1 MM? Gormee 7 Kammi-
TIAPOB

e
Fig. 2. “Early” pattern. The capillaries with dilated ascending

and descending loops, marked loss of parallelism. Capil-
lary density is normal: more than 7 capillaries per 1 mm?

Puc. 2. «Pannmit» narrepH. KanuamApel ¢ pacuipeHHbIMA
BOCXOfIAINVMM UM HUCXOJAIIMMM METAAMY, OTMEYAETCH
HOTepsl Mapa/leNnbHOCTH. IIMoTHOCTD HOpMarbHasd, 6omee
7 KanuniApoB Ha 1 mMm?

Fig. 3. “Active” pattern. The dilated capillaries with a more
than three-fold increase in the diameter (giant capillaries).
Non-parallelism is more expressed than in the “early” pat-
tern. Capillary density is less than 7 capillaries per 1 mm?

Puc. 3. «AKTUBHBIIT» aTTepH. PacmmpenHble KanWIIApbI
C yBenmM4eHMeM Auamerpa 6ojee 4yeM B 3 pasa OT HOPMBI
(ruranTcKMe KamunnApsl). HemapanienbHOCTD BhIpaXkeHa
6orblile, 4eM IpY «paHHeM» IaTTepHe. IIIOTHOCTD Kanmi-
NApoB MeHee 7 Ha 1 MM?

capillaroscopic parameter was calculated by ana-
lyzing at least two fields in the middle area of the
nail bed of each finger. The average values of each
of these eight fingers were added and then di-
vided by eight. The resulting index for each cap-
illaroscopic parameter was analyzed according
to the system presented in Fig. 5 (0-3 points).

Results

In all patients with SS, the NFC revealed
a characteristic pathognomonic combination of
capillary disorders in the nail bed, namely, dila-
tation of all three segments of the capillary loop,
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Fig. 4. “Late” pattern. A rapid decrease in density of the
capillaries, complete destruction of the capillary structure,
the signs of neoangiogenesis

Puc. 4. «ITosguuit» marTepH. Peskoe cHM>KeHNe IIIOTHOCTH
KaIWUIAPOB, MONHOE pa3pylleHMe CTPYKTYpbl KalM/iA-
POB, IpM3HAKY HEOaHTMOTeHe3a

Number of capillaries | Number of alterations

0 — no alterations

1 — less than 33% alterations
2 — 33% to 66% alterations

3 — more than 66% alterations

0 — more than 9 capillaries/T mm
1 — 7-9 capillaries/T mm
2 — 4-6 capillaries/T mm
3 — 1-3 capillaries/T mm

Fig. 5. Semi-quantitative assessment of capillaroscopic changes

Puc. 5. TlomykonuuecTBeHHas OLieHKa KaIM/UIAPOCKOIIN-
YeCKUX M3MeHEeHUII




Sensitivity and specificity of various elements of the capillaroscopic pattern
in the patients with systemic scleroderma of different duration

"‘IYBCTBMTE/\bHOCTb U cneuuq)uquocrb Pa3AHYHBIX IAEMEHTOB KalMAAPOCKONU4YECKOro nartrepHa
Yy 0OAbHBIX CUCTEMHOM CKAepOAepMMeFi C pa3AMlIH0l71 AAMTEABHOCTbIO 3a00A€BaHKSA

; ) Early pattern Active pattern Late pattern
Systemic sclerosis S e TEg aE R o
Sensitivity, % Specificity, % Sensitivity, % Specificity, % Sensitivity, % Specificity, %
Early form 100 66,67 100 100 - -
Active form 100 100 94,4 100 100 100
Late form 50 100 100 100 100 100

“loss” of capillaries, and destruction of the nail
capillary bed. Many branched capillaries were
also recorded. According to the proportions of
the parameters of the scleroderma pattern (i.e., gi-
ant capillaries, “loss” of capillaries, microhemor-
rhages, and branching of the capillaries), one of
three main patterns (i.e., early, active, and late)
was identified in all subjects. The ratios of these
patterns were 10%, 45%, and 45%, respectively.

The distribution of patterns depending on the
disease duration was established. Table presents
the sensitivity and specificity of various elements
of the capillaroscopic patterns in patients with
varying disease durations.

In the comparison groups, the capillaroscopic
pattern was represented by single pathological
changes in the capillaries that did not indicate
pathognomonic sclerodermic patterns, except
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Fig. 6. Pathological changes of the capillary bed in the
group of patients with idiopathic pulmonary hypertension

Puc. 6. IlaTonorndeckue usMeHeHNA KalWIAPHOTO pycia
B IpyIIIe NAMEHTOB C MAMONIATNIECKO JIETOYHOI TUIIep-
TeH3uen
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for the group with dermatomyositis/polymyo-
sitis where significant Raynaud’s syndrome was
diagnosed in two patients (Figs. 6-9).

In 13 patients with idiopathic pulmonary
hypertension, NFC revealed capillary dilatation
(n = 7) and pathological tortuosity and microhe-
morrhages (n = 4) in all study fields. These ab-
normalities may be associated with microangio-
pathy that occurs with endothelial dysfunction or
damage due to an imbalance between vasodila-
tion and vasoconstriction.

In 20 patients with osteoarthritis, NFC showed
dilatation and pathological tortuosity of the capil-
laries (n = 2 each) in all study fields. These ab-
normalities are clinically insignificant and may be
caused by angiopathy in nodular osteoarthritis.

In 20 patients with rheumatoid arthritis,
NFC revealed capillary dilatation (n=3) and
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Fig. 7. Pathological changes of the capillary bed in the
group of patients with osteoarthritis

Puc. 7. IlaTonmornyeckue nsMeHeHNA KaWIIAPHOTO pycnia
B IpyIIIe NAlJMEHTOB C OCTE0APTPUTOM
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Fig. 8. Pathological changes of the capillary bed in the
group of patients with rheumatoid arthritis

Puc. 8. [laTonornyeckne nsaMeHeHUA KallMJJIAPHOTO pyciia
B I'PYIIIIE NMAaJMIEHTOB C pEBMAaTONAHBIM apTpPUTOM

pathological tortuosity (n = 4) in all study fields.
These abnormalities are clinically insignificant and
may be associated with the initial manifestations
of digital vasculitis.

In 12 patients with primary dermatomyositis/
polymyositis, NFC revealed capillary dilatation
(n = 8) and pathological tortuosity (n = 6) in all
study fields. Three alterations of each type, namely,

Fig. 10. Comparison of capillary density in different groups
(O — mean; OJ — mean error; T — mean deviation, p —
relative to the group with systemic scleroderma). The pa-
tient groups: 1 — with systemic scleroderma; 2 — with
idiopathic pulmonary hypertension; 3 — control group;
4 — with osteoarthritis; 5 — with rheumatoid arthritis;
6 — with dermato/polymyositis

Puc. 10. CpaBHeHNMe IUIOTHOCTM KalM/IAPOB B PasHbBIX
rpynmax (O — cpenHee; 0 — cpepHas ommbka; I —
CpefiHee OTKIOHEHME, P — OTHOCUTEIbHO IPYIIIbI IaLy-
€HTOB C CHCTEMHOIT CK/lepofiepMueli). [pymIbl manmeHToB:
1 — ¢ cucreMHON cKiepojepMueit; 2 — C uAMoONIaTIde-
CKOJI JIETOYHON TMIIEpTE€H3MEN, 3 — TIpyIIa KOHTPOJL;
4 — € OCTE€0APTPUTOM; 5 — C PEBMATOUIHBIM apTPUTOM;
6 — C #epMaTo/TIONMMO3UTOM
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Fig. 9. Pathological changes of the capillary bed in the
group of patients with dermato/polymyositis

Puc. 9. [TaTonornyeckie M3MeHeHUS KallMJIJIApHOTO pycCiia
B I'pyIIII€ IMallIEHTOB C ,E[epMaTO/HO]'II/IMI/IOSI/ITOM

non-parallel capillaries, microhemorrhages, and
avascular areas, were detected. Capillary dilatation,
pathological tortuosity, microhemorrhages, non-
parallel capillaries, and avascular areas in two
patients formed a pathognomonic presentation
caused by Raynaud’s syndrome, which is detected
in this rheumatological disease. In other patients,
the alterations were clinically insignificant.

Capillary density / MaoTHOCTb KanuAAsipoB
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Compared with the patients in the comparison
groups, patients with SS showed a decrease capil-
lary density (p = 0.0003) (Fig. 10).

Discussion

In this study, specific changes in the
capillary network (i.e., capillaroscopic patterns)
were found in the group of patients with SS.
Moreover, significant differences were found in
the capillary network density in patients with
SS when compared with the patients of the
comparison groups (p = 0.0003). This confirms
the high diagnostic value of NFC. In 2001, LeRoy
and Medsger proposed the criteria for the early
diagnosis of SS with Raynaud’s syndrome as
the only major clinical manifestation that were
included in the ACR/EULAR criteria in 2013.
These criteria are SS-specific autoantibodies and
specific sclerodermic abnormalities detected by
capillaroscopy.

Conclusions

The results of this study suggest that NFC is
the safest, most atraumatic, and easy-to-perform
technique of microvasculature morphological
examination in patients with Raynaud’s syndrome.
NFC s characterized by high diagnostic specificity
and sensitivity in the measures for the differential
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diagnosis of SS and other rheumatic and immu-
noinflammatory diseases. The capillary density in
patients with SS was significantly lower than those
of patients of the comparison groups (p = 0.0003).
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