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¢ Rheumatoid arthritis is the most common inflammatory joint disease and one of the most common chronic in-
flammatory diseases. The leading role in the pathogenesis of rheumatoid arthritis is the damage to the endothelial
glycocalyx — a thin dynamic layer of macromolecules located on the surface of the endothelium and consisting of
proteoglycans, glycoproteins and glycosaminoglycans, which contributes to the maintenance of rheumatoid arthri-
tis activity. Therefore, early detection of violations of the vasculr endothelium condition, especially the endothelial
glycocalyx, will identify a group of patients with a poor prognosis. In this context, the method of dark-field micros-
copy may be promising. It allows non-invasive and in vivo assessment of the thickness of the sublingual endothelial
glycocalyx, which will make it possible to search for new unconventional risk factors for the unfavorable course
of rheumatoid arthritis and cardiovascular risk in these patients, as well as personalize treatment by developing
a complex of preventive and therapeutic measures aimed at restoring endothelial function, reducing the risk of
cardiovascular complications, disability and mortality from rheumatoid arthritis. The unique capabilities of this
research method are demonstrated by the example of the clinical case.

¢ Keywords: rheumatoid arthritis; damage to the endothelial glycocalyx; dark-field microscopy; vasomotor dys-
function; laser Doppler flowmetry.
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¢ PeBMaTONUJHDIN apTPUT ABIAETCA HambOJee YacTHIM BOCIIAMUTEIbHBIM 3a00/IeBaHMeM CYCTaBOB M OfHUM U3
Hauboslee paclpoOCTpaHeHHBIX XPOHMYECKMX BOCIANUTENbHBIX 3ab0neBanmil. Befyuylo ponp B IaTtoreHese pes-
MAaTOMIHOTO apTPUTa OTBOAAT MOBPEXIECHNIO SHNOTENNATIBHOTO ITIMKOKA/INKCAa — TOHKOTO IVHAMUYECKOTO CII0s
MaKPOMOJIEKYII, PACIIOIOKEHHOIO Ha MOBEPXHOCTY SHIOTENNA M COCTOAILIETO U3 IPOTEOINIMKAHOB, ITIMKOIIPOTE-
VHOB U IJIMKO3aMIHOITIMKAHOB, YTO CIIOCOOCTBYeT COXpaHEHNI0 aKTMBHOCTY PEeBMATOMHOIO apTputa. ViMeHHO
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M03TOMY paHHee BbIABJIEH)E HAPYIIEHNI COCTOSAHNUA COCYAUCTOTO SHAOTEMN, 0COOEHHO SHAOTENNANIbHOTO [N~
KOKaJIMKCa, IO3BOINT MAeHTUGULPOBATh IPYIIITY IIAIIIEHTOB C HeO/IaroNnpuATHBIM IPOTHO30M TeYeHMsI peBMaTo-
UTHOTO apTpUTa. B 35TOM KOHTEKCTE NMepCHEKTUBHBIM MOXKET OKa3aTbCsA METOJ, TEMHOIIOJIbHONM MUKPOCKOINM, TP
MOMOLIY KOTOPOTO MOYKHO HEMHBA3MBHO M IIPVYKM3HEHHO OLIEHMBATD TONIIVHY HOAbA3BIYHOTO 93HJOTE/INA/TbHOTO
IJIMKOKAJIVIKCA, OCYIECTB/IATD IOMCK HOBBIX HETPAIUIIMOHHBIX (aKTOPOB PUCKA HEOTarOIPUATHOTO TeUSHNS PEB-
MaTOMJJHOTO apTPUTA ¥ KapJMOBACKYIAPHOIO PUCKA Y JAHHBIX IIALIMEHTOB, a TaKXXe IIePCOHANIM3MPOBATh IeYeHNeE,
pa3paboTaB KOMIUIEKC IpOGMIaKTUYeCKIX 1 JIedeOHBIX MEPOIIPUATII, HAIIPaB/ICHHBIX Ha BOCCTAHOBJICHNUE SHTIO-
TeINaNbHON (QYHKIMY, CHYDKEHVE PUCKA CepHieYHO-COCYAUCTBIX OCIOXHEHU, VHBAIMJHOCTY Y CMEPTHOCTH OT
PEBMATOMIHOTO apTPUTA. YHMKA/IbHbIE BOSMOXXHOCTY YKa3aHHOTO METOJa UCCIEl0BaHMA IPOJIEMOHCTPUPOBAHbI
Ha TIpuMepe KIMHUYECKOTO Cydas.

+ KmroueBbie CIOBa: peBMaTOI/II[HI)IﬁI ApTPUT; IOBPEXAEHNE SHIOTENMAIBHOTO ITIMKOKA/IMKCA; TEMHOIIO/IbHAA

MUKPOCKOIINSI; BA30MOTOPHas AUCHYHKLNA; Na3epHas JOIIIEPOBCKasi GpIoyMeTpusl.

Rheumatoid arthritis (RA) is a very common
inflammatory joint disease [1] and is widely
considered as one of the most prevalent chronic
disease of its kind [2]. It imposes a major bur-
den both for a patient and society as a whole,
significantly increasing the disability and mor-
tality rates in a population [2]. In recent years,
the incidence of RA in the Russian Federation
has increased, as confirmed by recent epidemio-
logical studies [3]. Despite the decrease in overall
mortality due to the application of modern anti-
inflammatory therapy strategies [4], the contin-
ued investigation of RA remains relevant. This is
due to the presence of risk factors for an unfa-
vorable course of RA [5]. Another reason is the
high risk of cardiovascular complications [4, 6],
the identification of which would enable timely
changes in the approaches employed to manage
such patients [7].

The key link in the pathogenesis of RA is en-
dothelial dysfunction [8], which is an imbalance
between the production of vasodilating, angiopro-
tective, and antiproliferative factors, on the one
hand, and vasoconstrictive, prothrombotic, and
proliferative factors, on the other hand [9]. A spe-
cial role in the functioning of the endothelium
is assigned to the endothelial glycocalyx (eGC),
which is a thin, dynamic layer of macromolecules
located on the endothelial surface and consisting
of proteoglycans, glycoproteins, and glycosami-
noglycans [10]. According to a recent study, the
eGC is the major regulator of endothelial func-
tion and serves as a biological barrier, which is
the first to be damaged during the development
of autoimmune inflammatory and cardiovascular
diseases [11]. Damage to the glycocalyx causes
a disorder of the barrier function of blood ves-
sels, increasing their permeability; in turn, this
induces protein extravasation and tissue edema,
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changes the shear stress, enhances the adhesion
of platelets and leukocytes to the vascular wall,
changes blood flow, facilitates a prothrombot-
ic effect, and triggers oxidative stress [10, 11].
These pathological processes contribute to the
preservation of RA activity; therefore, the early
detection of disorders of the vascular endothe-
lium, especially the endothelial glycocalyx, en-
ables the identification of poor prognosis in some
patients. In turn, this can help in the design of
personalized treatment by developing preven-
tive and therapeutic measures aimed at restor-
ing the endothelial function, reducing the risk of
cardiovascular vascular complications, disability,
and mortality resulting from RA. In this context,
the methods of Doppler flowmetry and dark-
field microscopy may be promising options. The
use of both techniques can help in conducting in
vivo and non-invasive assessment of the structure
and function of the vascular endothelium and in
searching for new, unconventional risk factors for
an unfavorable course of RA.

Despite the fragility and instability of the
glycocalyx, its assessment can also be used
as a tool for diagnostics and monitoring of
diseases [10]. One of the methods for visualizing
the glycocalyx is dark-field microscopy, which
allows the non-invasive and in vivo assessment
of the sublingual eGC [12, 13]. The method is
based on the measurement of the boundary
area of eGC perfusion, that is, the degree of
immersion of erythrocytes in the thickness of
the vascular wall. In the future, the thickness of
the glycocalyx can be calculated mathematically
[12, 14]. This method can be a potential marker
for the stratification of cardiovascular risks
and the verification of pathological changes in
the vascular bed [15]. For example, in a study
of patients with cardiovascular diseases, this

Volume 12 ¢ Issue 4 ¢ 2020



was used as an auxiliary indicator for assessing
the severity of coronary atherosclerosis [16].
In another study, dark-field microscopy was
employed to identify an unfavorable prognostic
value in case of a family history of cardiovascular
diseases [17]. A correlation was also found
between the borderline region of eGC perfusion
and the level of syndecan-1 in the blood serum,
thus indicating glycocalyx destruction [18].

Despite the fact that there are currently no
data on the use of dark-field microscopy in RA,
the results of scientific research and the opinions
of Russian and international scientists [10, 15]
enable the conduct of studies using dark-field
microscop, thereby claritying its place in assessing
the state of the endothelium in RA patients. It
is advisable to compare dark-field microscopy
with the conventional method of laser Doppler
flowmetry (LDF) for several reasons; it is a faster
method for assessing vascular endothelium
with a lower risk of errors, it is characterized
by good implementability and tolerability by
patients, and because it has good reproducibility
of measurements, which do not depend on the
tield of study and the time intervals between
measurements [19].

LDF is one of the preferred methods of
screening for endothelial disorders, and it can
be used to assess quickly and non-invasively
the vasomotor function of the endothelium,
which is the main argument when choosing
this method [20]. In 2011, LDF was included in
the list of recommended methods for assessing
the state of the endothelium in humans [21].
According to Russian and international authors,
this method is actively used to assess endothe-
lial dysfunction in RA patients, as the presence
of significant disorders of skin microcirculation
has been proven during both the basal measure-
ment of microcirculation [22] and after func-
tional tests [23]. This method can also be used
in the correlation of RA with acute phase indi-
cators [24] and the degree of RA activity [25]. In
some studies, a correlation was revealed between
an increase in cardiovascular risk and coronary
perfusion as well as the degree of impaired
blood flow in the microvasculature during LDF
[25, 26]. Thus, the assessment of peripheral cir-
culation in LDF can be extrapolated to general
microvascular function, including coronary
blood flow, to predict the risk of cardiovascular
complications.
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This work aimed to demonstrate — using
a clinical case as an example — the relationship
of markers of endothelial glycocalyx damage
with other indicators of endothelial dysfunction
in RA, depending on the disease activity.

Patient M., 64 years old, was admitted to the
hospital with complaints of constant aching pain
in the wrist joints as well as the metacarpopha-
langeal, proximal interphalangeal, and metatar-
sophalangeal shoulder joints. The pain was expe-
rienced with the greatest severity in the second
half of the night and in the morning, accompa-
nied by morning stiffness for 5 hours. The an-
amnesis showed that at the age of 40, the patient
tirst started to notice recurrent aching pains and
swelling of the ankle joints, for which she did not
consult a doctor. She independently took non-
steroidal anti-inflammatory drugs with a positive
effect. Fifteen years later, she experienced pain
in the small joints of the hands, accompanied
by morning stiffness, for which she was hospita-
lized. During hospitalization, the diagnostic pre-
sentation was formulated as seropositive cyclic
citrullinated peptide antibodies (CCPA)-positive
erosive RA. The anamnestic assessment of the ar-
ticular syndrome was 7 points according to the
2010 EULAR/ACR criteria. Sulfasalazine was
prescribed at a dose of 2000 mg per day, along
with prednisolone at a dose of 20 mg per day,
followed by a dose reduction to 5 mg per day.
During her intake, the patient noted an improve-
ment in well-being in the form of decreased joint
pain. However, with a decrease in the dose of
prednisolone to 5 mg per day, pain in the wrist
and small joints of the hands resumed; there-
fore, instead of sulfasalazine, methotrexate was
prescribed at a dose of 10 mg per week. Despite
the improvement in health, during therapy with
methotrexate, a twofold excess of the upper limit
of the norm of liver enzymes was recorded. Then,
leflunomide was prescribed as a baseline therapy
at a dose of 20 mg per day. The patient toler-
ated this therapy satisfactorily; she did not notice
pain, swelling, or stiffness in the joints. In 2019,
the patient developed leukopenia, so leflunomide
was canceled. After achieving a normal number
of blood leukocytes, methotrexate was prescribed
again as a baseline therapy at a dose of 15 mg
per week.

At the beginning of 2020, due to the dete-
rioration in her condition, she was hospitalized
at the Research Institute of Rheumatology and
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OueHKa SHAOTEAMAALHOTO TAMKOKAAMKCA C MTOMObI0 TEMHOMOABLHOM MMKPOCKOMHK
Evaluation of an endothelial glycocalyx using dark-field microscopy

. " Red blood cell Perfused boundary . Microvascular health
Date Density valid filling, % region (PBR) PBR at high flow score TM
14.01.2020 406 75.4 1.99 1.66 2.54
22.01.2020 430 77.2 1.82 1.42 3.73

Note. Results of the dark-field microscopy of the sublingual mucosa vessels before (line 2) and after (line 3) the com-
plex therapy are presented. Date: date of the study; Density valid: the number of vessels containing more than 50% of
erythrocytes; Red blood cell filling: the average count of erythrocytes in the vessels studied; Perfused boundary region:
boundary region of perfusion; Microvascular health score™ (MVHS): assessment of the microvasculature condition.

Allergology of the First Pavlov Saint Petersburg
State Medical University for the treatment adjust-
ment. Upon admission, the articular syndrome
(7 swollen joints, 10 painful joints, VAS 80 mm)
was observed during the clinical presentation. The
examination revealed ESR of 18 mm/h, positive
rheumatoid factor, and positive CCPA. An X-ray
of the hands revealed multiple erosions with the
development of ankylosis in the wrist joints.
There was also a complication of the underlying
disease in the form of systemic osteoporosis with
a predominant loss of bone mass of the vertebral
bodies (T-score L,-L, “~2.8 SD”) without frac-
tures, for which bisphosphonates were prescribed.

No data were received for lesions of inter-
nal organs within the RA. The activity of the

process upon admission corresponded to high
(DAS28: 5.65). Therefore, the doctors decided to
increase the dose of methotrexate to 20 mg per
week. As part of the complex treatment, physio-
therapy (magnetotherapy and phonophoresis of
hydrocortisone on the joint area) and therapeu-
tic exercises were also performed. A good clini-
cal and laboratory response was obtained during
therapy (DAS28: 5.65 — 3.88; SDAI: 100 — 38.3;
CDAI: 97 — 38; parameters of articular syn-
drome upon discharge included 6 swollen joints,
2 painful joints, VAS 30 mm, and ESR 17 mm/h).

During hospitalization, before and after the
start of complex treatment, the eGC was assessed
using a dark-field video microscope with LED
illumination in the green region of the spectrum

300 300
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Tm56s 3mb52s 5m48s

7m44s Im40s TTm36s

Tm47s

3m34s 5m21s 7m8s 8mb55s

Fig. 1. An arterial occlusion test with laser Doppler flowmetry. LDF-gram before (on the left) and after (on the right)
sampling with short-term arterial occlusion. The area of study is the locus of the anterior surface of the distal third
of the forearm skin. The abscissa shows the values of the microcirculation index (MI), measured in perfusion units,
the ordinate — time scale

Puc. 1. IIpo6a c apTepuanbHOI OKKITIO3YIeN IIPY JIa3ePHOI HONIIepoBcKoit gprnoymerpun. JIIO-rpamma o (cnesa) u no-
crne (crmpaBa) IpoOBI ¢ KPaTKOBPEeMEHHOJ apTepuaIbHOI OKKI03yell. O61acTh UCCIIeNOBaHUA — JIOKYC IepefHeil 1Mo-
BEPXHOCTM JJYICTAJIbHOI TPeTy KOXXU npeptvieybs. [To ocu abciyice paconoskeHbl 3HaYeHMs [TOKa3aTellsl MUKPOLMPKY-
naumu (IIM), usmepeHHble B Iepdy3MOHHBIX eAMHNIIAX, II0 OCY OpAMHAT — BpeMeHHas IIKaia
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Fig. 2. A test with iontophoresis of 0.1% acetylcholine solution with laser Doppler flowmetry. LDF-gram before (above)
and after (below) the application of 0.1% acetylcholine solution. The area of study is the locus of the anterior surface of
the distal third of the forearm skin. The abscissa shows the values of the microcirculation index, measured in perfusion
units, the ordinate — time scale

Puc. 2. ITpo6a c nonopopesom 0,1 % pacTBOpa are TUIXO/IMHA TIPY JIa3ePHOIL JOMIIIEPOBCKOIL Bprioymerpun. JIID-rpamma
o (cBepxy) u mocne (cHusy) ammwiukanuu 0,1 % pacTBopa anermwixonuua. O6/1acTb MCCIeROBAHU — JIOKYC IIepeRHeit
MIOBEPXHOCTH JUCTAIBHON TPETH KOXI Hpeniriedbst. I1o ocu abcumce pacnonoyXeHbl 3HAYeHNUS TOKa3aTens MUKPOLMp-

Ky/aaum, U3SMEpEHHbDIE B Hep(l)ySI/IOHHI)IX €AVHNLAX, II0 OCK OpAVHAT — BPEMEHHAs IIKala

(KK Research Technology Ltd., Great Britain) and
GlycoCheckTM software (Glycocheck BV, the
Netherlands). Moreover, the vasomotor function
of the endothelium was studied using a laser
diagnostic multifunctional complex LAKK-M
(Research and Production Enterprise LAZMA,
Russia). The interval between studies was 9 days.
The research results are presented in Table 1 and
in Figures 1 and 2.

According to the results of dark-field mi-
croscopy (Table), after the start of the complex
treatment, the patient showed a decrease in the
boundary region of perfusion and, consequently,
an increase in the eGC thickness. The number
of vessels containing over 50% of erythrocytes
also increased along with the average count of
erythrocytes in the vessels studied. These changes
probably indicate an increase in vascular blood
filling, the number of functioning capillaries
and, quite possibly, the process of angiogenesis.
We registered the same positive changes for the
integral indicator and the assessment of the mi-
crovasculature condition. Thus, changes in the
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parameters of dark-field microscopy may indi-
cate indirectly an increase in the regenerative po-
tential of the microvasculature during treatment.
In this case, the key change is the thickening of
eGC.

When performing LDF, native peripheral
blood flow was recorded with the frequency-
response spectra of oscillations, after which func-
tional tests were performed with arterial occlusion
(Fig. 1) and iontophoresis of 0.1% acetylcholine
solution (Fig. 2). The study results revealed an
increase in the amplitude of the myogenic spec-
trum (vasomotion), indicating a tendency for the
predominance of vasodilation over vasoconstric-
tion after the start of treatment. Therefore, this
reflects a shift in the central regulation of arteri-
ole tone toward the trophotropic aspect. An im-
portant factor to be considered here is the in-
crease in the proportion of nutritional perfusion
relative to the shunt one due to a decrease in the
bypassing rate. On the one hand, this may be due
to an increase in the number of functioning capil-
laries; on the other hand, this can be attributed
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to a decrease in blood flow through arterial and
venular anastomoses.

The occlusion test (Fig. 1) results revealed an
extension of the half-recovery period of blood flow
to the basal level, which was largely caused by an
increase in the amplitude of the microcirculation
index after the start of treatment. An increase in
the severity of such a reaction during treatment
may indicate a tendency to restore the vasomotor
function of the microvasculature, because the test
with arterial occlusion assesses the incretion of
nitric oxide(I), which is the main vasodilator, and
the endothelium’s ability to synthesize.

The area under the curve of the microcircu-
lation index was calculated (triangle in Fig. 2)
according to the results of the test, which used
acetylcholine for a quantitative assessment of the
reaction severity. According to the literature, the
latent period should normally be absent, the du-
ration of the reaction should be 6-7 minutes, and
the increase should be about 45%. As shown in
Figure 2, after the start of treatment, these indi-
cators were closer to the above-described norm
than before the treatment. Furthermore, the area
under the curve was more pronounced after the
start of treatment, which in general, may also in-
dicate a tendency toward the restoration of the
vasomotor function of the endothelium during
treatment.

Thus, along with a decrease in the clinical
and laboratory activity of RA, the thickening of
the eGC and an improvement in the vasomotor
function of the microvasculature vessels were
revealed during treatment. Therefore, in assessing
the state of the endothelium in RA patients,
it may be promising to study the thickness
of eGC and the characteristics of peripheral
microcirculation, particularly the mechanisms of
its regulation. Doing so facilitates the process of
searching for new, unconventional risk factors for
an unfavorable course of RA and cardiovascular
risks in these patients and the designing of
personalized treatment for each of them.
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