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S u m m a r y

IInnttrroodduuccttiioonn::  Nailfold videocapillaroscopy allows assessment of
structural abnormalities in the peripheral microcirculation in patients
with Raynaud’s syndrome (RS), whereas an increased level of high-
sensitivity C-reactive protein (hsCRP) is an acknowledged marker of
even low-intensity inflammation of vascular endothelium in many
autoimmune diseases, and also in atherosclerosis. 
OObbjjeeccttiivvee::  Assessment of capillaroscopic structural abnormalities in
microcirculation with regard to the duration of Raynaud’s phenom-
enon (RP), the level of hsCRP and the presence of ANA in the serum
of children and adolescents with RS.
MMaatteerriiaall  aanndd  mmeetthhooddss::  The study involved 144 patients (104 girls and
40 boys) at the mean age of 16.07 ±3.66 years, who had undergone
at least two capillaroscopies. The study patients were divided into
3 groups depending on RP duration (≤ 2 years, 2–5 years and over 
5 years). A STEMI 2000 capillaroscope (ZEISS) was used. Capillaries
were measured using the computer program NIS-Elements D2.30
Nikon Corp. Japan. Capillary loops wider than 50 µm were considered
dilated. In 59 patients with abnormal patterns of microvessels and
low classical inflammatory markers, hsCRP was determined using the
immunoturbidimetric method by means of a HITACHI 912 analyser. 
RReessuullttss::  Secondary RS was diagnosed in 43 (39.8%) and primary RP
in 101 (70.2%) patients. Disorders in capillaroscopic pictures were more

S t r e s z c z e n i e

WWssttęępp::  Wideokapilaroskopia wału przypaznokciowego umożliwia oce-
nę strukturalnych zaburzeń mikrokrążenia obwodowego u pacjen-
tów z zespołem Raynauda (ZR). 
Zwiększenie stężenia białka C-reaktywnego, oznaczanego metodą
wysokiej czułości (high sensitivity C-reactive protein – hsCRP), jest
natomiast uznanym wyznacznikiem zapalnej aktywacji lub dysfunkcji
śródbłonka naczyniowego w wielu schorzeniach z autoimmunizacji,
a także w miażdżycy, zwłaszcza w jej przedklinicznym stadium. 
CCeell  pprraaccyy::  Ocena zmian kapilaroskopowych w odniesieniu do czasu
trwania objawu Raynauda oraz analiza zależności pomiędzy stęże-
niem hsCRP a ilościowymi i jakościowymi zaburzeniami mikrokrążenia
obwodowego u dzieci i młodzieży z ZR. 
MMaatteerriiaałł  ii mmeettooddyy::  Analizie poddano 144 pacjentów (104 dziewczęta
i 40 chłopców) w średnim wieku 16,07 ±3,66 roku, u których co naj-
mniej dwukrotnie wykonano badanie kapilaroskopowe. Badanych
podzielono na 3 grupy w zależności od czasu trwania objawu Ray-
nauda (≤ 2 lat, 2–5 lat i > 5 lat). Badania przeprowadzano przy uży-
ciu kapilaroskopu STEMI 2000 Firmy ZEISS. Pomiarów kapilar doko-
nano za pomocą programu komputerowego NIS-Elements D2.30
Nikon Corp. Japan. Pętle kapilar szersze niż 50 µm uznano za posze-
rzone. U 59 pacjentów z obecnymi nieprawidłowymi wzorami
mikronaczyń i stwierdzonymi niskimi klasycznymi wskaźnikami zapal-
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Introduction

The presence of Raynaud’s phenomenon in adolescent
patients often raises concerns and leads to seeking help
from many doctors. It is characterized by sudden and recur-
ring episodes of blanching of the fingers following which
they turn blue in response to cold or stress. Raynaud’s phe-
nomenon may be primary in character (Raynaud’s disease)
– accounting for approx. 80% of cases – or secondary, also
known as Raynaud’s syndrome – generally a manifestation
of an underlying connective tissue disorder [1, 2]. 

The pathophysiological mechanisms responsible for Ray-
naud’s phenomenon have not yet been fully determined.
In recent years, researchers have emphasized the signif-
icance of damage/dysfunction of the vascular endotheli-
um, induced by local hypoxia [3, 4]. Chronic endothelial acti-
vation may result in the release, by the endothelium, of
excessive amounts of substances that cause constriction
of the vessels of the microcirculation (e.g. endothelins and
E-selectins) as well as reduced production of myorelaxing
and anti-thrombotic factors (nitric oxide, prostacyclin) [5, 6].
This has been confirmed in studies of biochemical mark-
ers of inflammation and endothelial dysfunction, includ-
ing adhesions and chemokines in autoimmune diseases
and many peripheral vascular disorders (atherosclerosis,
hypertension, diabetic microangiopathy) [7–11].

These determinations are, however, rarely performed
in everyday clinical practice. Determination of C-reactive
protein values using an ultrasensitive method – high-sen-
sitivity CRP (hsCRP) – is a less expensive and labour-inten-
sive investigation. It has been established that a local
process in the vessel wall produces a systemic inflammatory
response that manifests through increased production of
acute-phase proteins, mainly C-reactive protein by hepa-
tocytes, further promoting inflammatory and thrombot-
ic reactions. An association between elevated hsCRP con-

centrations and acute coronary syndromes, cerebral stroke
and diabetic microangiopathy has been proven. Further-
more, some researchers have suggested that hsCRP is the
leading marker of the inflammatory process that accom-
panies the development of atherosclerosis in its preclin-
ical stage, stronger, and perhaps even more objective than
classic lipid parameters [8, 12].

Therefore, it appears plausible that elevated hsCRP con-
centrations in patients with Raynaud’s phenomenon
could be a prognostic indicator for inflammatory damage
of the vessels of the microcirculation long before the appear-
ance of clinical symptoms of one of the scleroderma spec-
trum diseases on the one hand and premature athero-
sclerosis on the other [13]. 

The monitoring of morphological abnormalities in cap-
illary vessels and vascular flow using videocapillaroscopy, 
particularly in patients with long-standing Raynaud’s phe-
nomenon, may also provide an indirect indication of the pres-
ence of dysfunction and/or inflammatory endothelial acti-
vation within the vessels of the microcirculation [14, 15]. The
videocapillaroscopic examination is non-invasive and inex-
pensive, thus allowing multiple re-testing. Meanwhile, com-
puterized analysis of images of the microcirculation and the
possibility of data storage enable assessment of the dynam-
ics of changes taking place over time [16].

The purpose of the study was to assess changes in cap-
illaroscopic images in children and adolescents with Ray-
naud’s phenomenon in relation to the duration of Raynaud’s
phenomenon and serum hsCRP concentrations. 

Material and methods

The analysis was conducted on 144 patients (104 girls
and 40 boys) aged 5–22 years (mean age: 16.07 ±3.66 years),
who had attended the Rheumatological Clinic in the
years 2000–2010 and had undergone at least 2 nailfold 
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enhanced in patients with longer disease duration (p < 0.01). The mean
levels of hsCRP (0.44 ±0.47 mg/dl) correlated significantly with pa tients’
age and RS duration. The mean width of the arterial arm (35.4 
±11.4 µm) and venous arm (45.3 ±26.5 µm) correlated significantly with
the mean level of hsCRP (p < 0.05).
CCoonncclluussiioonnss::  In patients with Raynaud’s syndrome, structural abnor-
malities in microcirculation, together with elevated level of hsCRP,
suggest the presence of subclinical vasculitis, with possible endothe-
lial dysfunction.
Further investigation into impairment of microcirculation in patients
with secondary Raynaud’s syndrome could support the therapeutic
option oriented at suppressing proinflammatory and prothrombot-
ic endothelial activation.

nymi oznaczono hsCRP metodą immunoturbidymetryczną przy
użyciu HITACHI 912. 
WWyynniikkii::  Wtórny ZR rozpoznano u 43 pacjentów (39,8%), a pierwotny
objaw Raynauda (PR) u 101 (70,2%) osób. Zaburzenia w obrazach kapi-
laroskopowych były bardziej nasilone u pacjentów z dłuższym cza sem
trwania choroby (p < 0,01). Średnie stężenie hsCRP (0,44 ±0,47 mg/dl)
istotnie dodatnio korelowało z wiekiem pacjentów i czasem trwania
ZR. Średnia szerokość ramienia tętniczego (35,4 ±11,4 µm) i żylnego
(45,3 ±26,5 µm) istotnie dodatnio korelowały ze średnim stężeniem
hsCRP (p < 0,05).
WWnniioosskkii::  U pacjentów z zespołem Raynauda stwierdzenie zaburzeń
strukturalnych mikronaczyń w badaniu kapilaroskopowym jedno-
cześnie ze zwiększonym stężeniem hsCRP sugeruje obecność sub-
klinicznego vasculitis, z możliwą aktywacją śródbłonka. 
Dalsze badania strukturalnych i czynnościowych zaburzeń mikro-
krążenia u pacjentów z wtórnym ZR mogłyby wspomóc działania ukie-
runkowane na hamowanie prozapalnej i prozakrzepowej aktywacji
śródbłonka. 
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capillaroscopies of the fingers because of the presence of
signs of Raynaud’s phenomenon. In patients with primary
Raynaud’s phenomenon, follow-up investigations were
repeated at intervals of 6–12 months whereas in patients
with secondary Raynaud’s phenomenon, associated with
a systemic connective tissue disease, they were repeated
at intervals of 3–6 months. Approval for the study was ob -
tained from the Bioethics Committee of the Medical Uni-
versity of Białystok.

Study subjects were divided into 3 groups depending
on the duration of the disease (≤ 2 years, 2–5 and > 5 years). 

Nailfold capillaroscopy of the fingers of both hands was
performed following a period of acclimatization lasting at
least 20 minutes, in an isolated room where the temper-
ature was maintained at a constant 20–22°C. A drop of
cedar wood oil was deposited on the examined finger in
order to improve light penetration. The source of light, shone
at an angle of 45°, was a KLD 1500 LCD lamp (ZEISS). Test-
ing was conducted using the STEMI 2000 capillaroscope
(ZEISS). In order to obtain measurements, capillary images
captured on photographs were recorded on a computer
hard drive (tests were performed by the first author – A.G.).

Capillary morphology was evaluated by examining the
capillaries of the nailfold of fingers 2 to 4 of both hands.
An abnormal image was defined as an image with over 
2 irregular (tortuous and branched) vascular loops in each
examined finger. Features such as a decreased number of
capillaries (a deficit of 2 or more in 1 finger) and avascu-
lar areas in at least one finger were described as microan-
giopathy characteristic of scleroderma [17]. 

Using the NIS-ELEMENTS D2.30 computer software from
Nikon Corporation Japan, Researcher II (M.B.) evaluated cap-
illary parameters such as the number of capillaries and the
diameter of the arterial and venous limbs of the capillary
loop using registered capillaroscopic images of the 4th fin-
ger of the left hand. Capillary loops exceeding 50 µm in
diameter were described as dilated [18].

In 59 patients with low classic inflammatory process
parameter values (43 with secondary RP and 16 with pri-
mary RP), hsCRP was determined during the course of the
last capillaroscopic examination analysed in this study, using
a latex enhanced immunoturbidimetric assay in a HITACHI
912 biochemical analyser (Department of Paediatric Lab-
oratory Diagnostics, UDSK). The normal range of hsCRP was
determined as 0–0.5 mg/dl.

Statistical analysis

A statistical analysis of the results was performed; for
quantifiable parameters the following were calculated:
mean minimum value, maximum value and standard devi-
ation. Student’s t-test was used for variables that met the
criteria of normal distribution. The Mann-Whitney U-test

was used to analyse variables that did not meet the cri-
teria of normal distribution. A correlation analysis was con-
ducted using Pearson’s linear correlation test. Differen ces
with p < 0.05 were considered statistically significant. The
statistical analysis was performed using the Statistica 8.0
software from StatSoft.

Results

Secondary Raynaud’s phenomenon was diagnosed in
43 (39.8%) patients (in 25 with localized scleroderma, 2 with
limited systemic sclerosis, 2 with juvenile idiopathic
arthritis and 14 with an undifferentiated connective tissue
disease). The remaining patients were diagnosed with pri-
mary Raynaud’s phenomenon – 101 (70.2%). The duration
of Raynaud’s phenomenon was 2 to 10 years, mean
duration was 4.62 ±2.06 and was longer in the group with
secondary RP (5.70 ±4.18 years). 

The results of inflammatory process marker deter-
minations (ESR, CRP) in all of the participants remained
within normal limits. ELISA assays for the presence of anti-
nuclear antibodies (Index ANA 0-0.8 – negative result; 0.9
to 1.2 – borderline; above 1.2 – positive result) were per-
formed in 98 patients (67.9%); 10 patients (10.2%) were
found to have elevated titres. Qualitative and quantita-
tive changes in capillary walls and hsCRP and ANA values
are presented in Table I. The presence of capillaries with

PPaarraammeetteerrss GGrroouupp  AA GGrroouupp  BB

((NN ==  110011)) ((NN ==  4433))

age (years)1 16.60 ±4.16 16.13 ±3.37

disease duration (years)1 4.73 ±2.43 5.70 ±4.18

hsCRP (mg/dl)1 0.28 ±0.32* 0.49 ±0.52

number

ANA ≥ 1 0.42 ±0.44 0.49 ±0.465

(n/%) 3/2.9 7/16.3

number/percentage (n/%)

presence of irregular loops 24/23.8 36/83.4

enlarged loops (> 50 µm) 62/61.4 39/90.7
> 2/finger

presence of spastic loops 3/2.9 7/16.3

reduced number of capillaries 0/0 11/25.6
(loss) reduction

1Data are presented as means ± SD
*p < 0.05 compared to Group B 

TTaabbllee  II.. General description of the study groups
and of capillaroscopic data: Group A – Raynaud’s
phenomenon, Group B – Raynaud’s syndrome
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an irregular course (tortuous, branched capillaries) was
observed in 83.4% of participants with secondary RP com-
pared to 23.8% of children with primary RP. Determination
of the diameter of both the arterial and venous limbs
revealed a high proportion (61.4%) of dilated capillaries 
(> 50 µm) in patients with primary RP. Abnormal capil-
laroscopic findings in the form of irregular, dilated and spas-
tic capillaries were more marked in patients with a longer
history of Raynaud’s phenomenon (Table II). Serum
hsCRP concentrations were determined in 7 patients with
a history of RP of less than 2 years, in 20 patients who had
had RP for 2 to 5 years and in 35 who had had RP for a peri-
od of over 5 years. Serum hsCRP concentrations ranged

from 0.06 to 2.34 mg/dl; mean value: 0.49 ±0.52 mg/dl.
Eighteen patients (30.5%) had hsCRP values exceeding 0.5
mg/dl. Mean hsCRP concentrations in study participants
demonstrated a significant positive correlation with the
duration of Raynaud’s phenomenon (Fig. 1). In addition,
the mean diameter of the arterial and venous limbs
showed a significant positive correlation with the mean
hsCRP concentration (Table III).

Discussion

In most young patients, Raynaud’s phenomenon 
follows a benign course. However, given the risk of devel-
opment of a systemic connective tissue disease, early iden-
tification of patients with secondary Raynaud’s phenom-
enon is very important [19, 20]. 

The predictive value of capillaroscopy in patients with
Raynaud’s phenomenon with regard to development of sys-
temic connective tissue diseases has been emphasised in
numerous publications [21, 22]. The presence of a decreased
number of capillaries, dilated vascular loops, leading to the
development of giant capillaries, avascular areas and struc-
tural alterations was described by Maricq et al. as microan-
giopathy characteristic of scleroderma (scleroderma-pat-
tern of capillary abnormalities) [2, 23]. 

Our studies have shown that among 144 children and
adolescents with Raynaud’s phenomenon and low values
of classic inflammatory process markers, almost 1/3 was
diagnosed with secondary Raynaud’s phenomenon with-
in a 10-year follow-up period (average duration of secondary
RP was 5.7 ±4.2 years). The capillaroscopic images of the
majority of these patients showed signs of a characteris-
tic scleroderma pattern of capillary abnormalities – the
benign “slow” pattern, as described by Maricq et al. – while
a decrease in the number of vessels (a deficit of two or more
capillaries per finger) was observed in 11 patients (25.6%)
with secondary RP. 

The remaining 101 patients were diagnosed with pri-
mary Raynaud’s phenomenon. An analysis of capillaro-
scopic images obtained in this study group revealed ab -
normalities in vascular morphology and distribution in

PPaarraammeetteerrss PPRR  dduurraattiioonn  PPRR  dduurraattiioonn  PPRR  dduurraattiioonn  

((yyeeaarrss))  ≤≤ 22  ((yyeeaarrss))  22  ≤≤ 55 ((yyeeaarrss))  >>  55

((nn ==  1166)) ((nn ==  6611)) ((nn ==  6677))

age (years)1 14.17 ±3.35 17.59 ±2.48 17.08 ±3.44

hsCRP1 021 ±0.04** 0.39 ±0.31* 0.94 ±0.98

0.76 ±0.74 0.46 ±0.43 0.53 ±0.64

number/percentage (n/%)

presence of 5/31.25 26/42.62 43/64.18

irregular loops 

width of loops 4/25.00 28/45.90 35/52.24

> 50 µm

spastic loops 3/18.75 10/16.39 27/40.30

1Data are presented as means ± SD
*p < 0.05 compared to group > 5 years duration 
**p < 0.01 compared to group > 5 years duration 

TTaabbllee  IIII..  Qualitative and quantitative disorders
of capillary formation and measurement of
hsCRP and ANA, depending on the duration of
Raynaud's phenomenon (PR)
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FFiigg..  11..  Average concentration of hsCRP in pa -
tients studied. 

ddiisseeaassee  dduurraattiioonn  ((yyeeaarrss))

PPaarraammeetteerrss hhssCCRRPP  ((mmeeaannss  ±±  SSDD))

((00..4444  ±±00..4477  mmgg//ddll))

rr pp  

width of arterial limb 0.12 < 0.05

mean ± SD 35.4 ±11.4 µm

width of venous limb 0.14 < 0.05

mean ± SD 45.3 ±26.5 µm

TTaabbllee  IIIIII..  Correlations between width of the cap-
illary and hsCRP
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approx. 20% of participants; nevertheless, none of the
patients with primary RP were seen to have a decreased
number of capillaries (avascular areas). However, the
majority of these patients (62%) were found to have 2 or
more significantly dilated vascular loops (exceeding
50 µm) per finger, which is not consistent with observa-
tions by other authors [1, 16], according to which primary
RP is characterized by the presence of loops arranged in
parallel whose shape and morphology are normal. We feel
that the increased number of dilated capillaries seen in
our study is associated with the fact that measurements
were carried out on both the arterial and venous limbs.
According to some researchers, in a large proportion of
children, even healthy children, the descending arm
(venous branch) may be dilated and have an irregular
course [24, 25]. Nonetheless, a particularly detailed and
comprehensive assessment of the dynamics of these vas-
cular changes is indicated in this group of young patients
with primary RP in the course of follow-up capillaroscopic
investigations. 

Published literature emphasises the importance of the
description of the vascular stroma in capillaroscopic stud-
ies [9]; a statistical analysis of this was not performed in
our study. It should therefore be added that, on the one
hand, assessment of stromal pathology in children and ado-
lescents is difficult and ambiguous, while on the other, it
is the number and degree of capillary filling, as well as mor-
phological abnormalities, that reflect the level of skin nour-
ishment and are associated with metabolic processes of
the microcirculation [2], which may indirectly affect vas-
cular endothelial function. 

In clinical practice, establishing a reliable diagnosis in
children and adolescents with Raynaud’s phenomenon is
difficult, as confirmed in studies by Hirschl et al. [26]. The
authors discovered that 20% of patients initially diagnosed
as having primary Raynaud’s phenomenon were diagnosed
with secondary Raynaud’s phenomenon in the course of
the subsequent 10 years [27]. Meanwhile, following an
analysis of capillaroscopic results and clinical data, Cuto-
lo et al. [28] observed that, out of the 129 patients initial-
ly classified as having primary RP, 19 (14.7%) developed sec-
ondary Raynaud’s phenomenon within an average period
of 29.4 ±10 months. 

An interesting issue was the attempt to answer the
question of whether an association exists between abnor-
mal capillaroscopic images obtained from patients with pri-
mary and secondary RP and the subclinical inflammato-
ry process in microvessels and, given the inflammatory basis
of atherosclerosis, whether increased hsCRP values signal
a risk of the development of premature atherosclerosis in
young adults. 

Many researchers agree hsCRP is a precise indicator of
endothelial cell activation to express ICAM-1 adhesion mol-

ecules or the production of VCAM-1 and E-selectin, which
may lead to the development of inflammation in the ves-
sels of both the micro- and the macrocirculation. CRP also
induces production of MCP-1, a monocyte chemotactic pro-
tein (inhibited by statins and fibrates) [12, 28]. It is high-
ly probable that inflammation in the vessels of the periph-
eral microcirculation, even if this process takes a subclinical
course (low grade inflammatory state), will produce con-
sequences in the form of functional as well as structural
microvascular abnormalities, as studies in children with oth-
er disorders have demonstrated [29, 30]. 

Mean hsCRP concentrations obtained in our study were
significantly higher in patients with secondary RP compared
to values obtained in patients with primary RP (Table I).
Moreover, in patients who had had Raynaud’s phenome-
non for over 5 years, mean hsCRP concentrations were sig-
nificantly higher compared with patients with a shorter his-
tory of Raynaud’s phenomenon (Table II). Furthermore,
studies have shown a significant positive correlation
between hsCRP concentration and the diameter of both
the arterial and venous limbs of examined capillaries. It
should be emphasised that despite structural aberrations
in microcirculation and elevated hsCRP values, none of the
patients in the study group experienced digital ulcers or
necrosis, which suggests that the immune-inflammatory
process may develop insidiously within vessel walls over
a period of many years. 

In summary, our studies and studies by other authors
indicate that in adolescent patients with Raynaud’s phe-
nomenon, nailfold videocapillaroscopy is a non-invasive and
useful tool for monitoring the development of the disor-
der, and should be repeated at least every 6–12 months.
The presence of one or more abnormal capillaroscopic
images (primarily the type of pattern known as scl pattern)
should draw doctors’ attention to the possibility of devel-
opment of connective tissue diseases. The inexpensive and
repeatable test determining serum hsCRP concentrations
may prove useful for simultaneous assessment of subclinical
inflammation, along with possible endothelial activation,
in the vessels of the microcirculation (low grade inflam-
matory state).

Further studies into microvascular dysfunction using
non-invasive videocapillaroscopic methods combined
with simultaneous evaluation of biochemical markers of
inflammation and endothelial dysfunction (including
hsCRP) could help identify the group of patients affected
by microangiopathy, but with coexisting vasculitis in its pre-
clinical stage, as well as patients at risk of developing pre-
mature atherosclerosis. The results of these studies would
provide support for the experimental administration of
endothelial-active drugs, such as statins or platelet aggre-
gation inhibitors, particularly in patients with secondary
Raynaud’s phenomenon. 
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