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Abstract

Aim: The aim of the study was the evaluation in vivo of the differences between the microcirculatory characteris-
tics of the scars (keloids and hypertrophic scars) and healthy skin.

Material and methods: Twenty three patients with keloids and twenty with hypertrophic scars were included in the
study, evaluating fifty six scar areas and twenty healthy skin areas by means of contact optical probe videocapil-
laroscopy. Capillary density, length and capillary distribution pattern (punctiform, reticular, directional) together
with the presence of microhemorrhages and neoangiogenesis were studied.

Results: Capillary length, capillary distribution pattern and presence of neoangiogenesis were found to be signifi-
cantly increased in keloids and hypertrophic scars compared with controls. There were also significant differences
between scars at the active stage and the ones in the atrophic phase as regards capillary length and the degree of
neoangiogenesis.

Conclusions: Patients with keloids and hypertrophic scars showed in videocapillaroscopy a variety of microcircula-
tory changes, often clustered in a characteristic pattern of abnormally oriented, dilated capillaries and neoangio-
genesis phenomena. This methodology is highly likely to be of value in the assessment and prognostication of

keloids and hypertrophic scars outcome.
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Introduction

Keloid, a specific type of human skin scar, is a benign,
exuberant, autonomous growth of dense connective tis-
sue, which formation represents an abnormal wound heal-
ing process. Despite the high prevalence in the general
population (4-16%), keloidal scarring is one of the most
challenging condition to be managed in dermatology.
More than a cosmetic nuisance, keloids are severely symp-
tomatic and can have a significant psychosocial burden
for patients, decreasing their quality of life [1-3].

Keloid appears only in human skin, although corneal
keloids were also described [4]. The feature may devel-
op in the place of insignificant injury or may even occur
spontaneously in genetically predisposed patients. Fre-
quently keloids can be formed in inflammatory areas,
especially in post acne lesions. For unknown reasons,
keloids occur more frequently among black people and
Asians, and rarely in Caucasians. They were not seen in
albinos [5].

Clinically, keloids are firm irregular nodules, which can
be erythematous and reddish-blue colored, extending
beyond the original borders of the wound (Figure 1).

Contrary to the hypertrophic scars, keloids are pre-
dominantly symptomatic, experienced pruritus and burn,
pain, reporting especially in the early phase of their for-
mation. Additionally, keloids can grow even many months
after scar developing, never outgoing spontaneously, and
the treatment answer is usually poor [6, 7].

The pathogenesis of keloids is complex and not fully
known. The disturbed balance between extracellular
matrix (ECM) production and its catabolism, particularly
increased proliferation of collagen and a lower rate of
apoptosis in activated fibroblasts, seems to be crucial in
keloids evolution [8]. Increased vascular density, microvas-
cular obstruction, and malformed vessels have been
described in keloids and hypertrophic scar tissues [9].
Local microcirculation modifications, referred to as angio-
genesis, play a key role in the formation of keloids and
hypertrophic scars. Angiogenesis is an essential process
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Fig. 1. Keloid (own material)

Table 1. Vancouver Scar Scale (VSS)

A. Vascularity

0. Normal

1. Pink

2. Red

3. Purple

B. Pigmentation

0. Normal

1. Hypopigmentation

2. Mixed

3. Hyperpigmentation

C. Pliability

0. Normal

1. Supple

2. Yielding

3. Firm

4. Ropes

5. Contracture

D. Height

0. Flat

1L.<2mm

2.2-5mm

3.>5mm

Scale: 0-14

0 - Normal skin
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in many physiological advances, such as development and
tissue repairs as well as in disease states, including inflam-
matory diseases, where a modification of the local micro-
circulation architecture would depend on the degree of
inflammation [10].

The diagnosis of the pathological scar type is mainly
based on clinical evaluation and is seldom supported by
histopathologic features. Traditional clinical rating, repre-
sented by the Vancouver Scar Scale (VSS) (Table 1) or the
Patient and Observer Scar Assessment Scale, is limited by
subjectivity [11]. In recent years, several objective diag-
nostic methods have been proposed: tissue ultrasound
palpation system (TUPS), laser Doppler ultrasound moni-
tors to check blood flow, photographic planimetry assist-
ed by computer image analysis, assessment of pigmen-
tation using a dermaspectrometer, pliability assessment
by means of a pneumatonometer and a durometer [12].

Videocapillaroscopy is a diagnostic tool that obtains
a sensitive and specific assessment of scar evolution in
time. It is a non-invasive and in vivo device for direct
observation of the microcirculation architecture. Capillary
microscopy is recognized as a diagnostic method and to
monitor the course of skin diseases, such as connective
tissue diseases, particularly systemic sclerosis [13], Ray-
naud’s syndrome, dermatomyositis [14], primary antiphos-
pholipid syndrome [15], as well as psoriasis [16] and lichen
planus [17].

Aim

The aim of the study was the evaluation in vivo of the
differences between the microcirculatory characteristics
of the keloids together with hypertrophic scars and
healthy skin controls using videocapillaroscopy.

Material and methods

We studied 43 patients (21 males (48.8%) and 22
females) so far untreated for the primary illness, recruit-
ed from the outpatient dermatology clinic, 23 patients
with single or multiple keloids (mean age 33.3 years) and
20 patients with single or multiple hypertrophic scars
(mean age 36.2 years) (Table 2). We evaluated 56 scar
areas (31 keloids, 25 hypertrophic scars), where 77.4%
were located on the trunk and the remaining 22.6% on
the upper limbs (Table 2). More than 70% of patients
demonstrated Il skin phototype by Fitzpatrik. As controls
we studied 20 healthy skin areas from a margin site
patients treated for other cutaneous diseases in the Sur-
gical Room in Dermatology Clinic UJ CM.

In all cases and controls, a representative area of
2 cm x 2 cm was chosen. Firstly, scars were evaluated
with the VSS obtaining on average 9 points (range 4-17)
for keloids, and 5 points (range 1-12) for hypertrophic
scars (Table 2). Then, based on clinical evaluation and
activity rank, particularly scar growth in the last 3 months,
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Table 2. Clinical features of the study population

Keloid (n = 31) Hypertrophic scar (n = 25) Control (n = 20) Value of p
Age, median (IQR) [years] 33.3 (19-65) 36.2 (21-43) 35.4 (23-54) NS
Males, n (%) (n = 21) 7 (30.4%) 14 (70%) 10 (50%) NS
Females, n (%) (n = 22) 16 (69.6%) 6 (30%) 10 (50%)
Scar age, median (IQR) [months] 12 (4-48) 28 (9-52) 0 0.03
Multiple scars, (< 2), n (%) 8 (25.8%) 5 (20%) 0 NS
VSS, median (IQR) 9 (4-14) 5(1-11) 0 0.05
IQR — interquartile range, VSS (Vancouver Scar Scale): scale 0-14, p < 0.05 is considered statistically significant
Table 3. Capillaroscopic features of the study population
Scar stage Active (n = 26) Stationary (n =19) Atrophic (n = 11) Control Value of p
Capillary density, median (IQR) [no/mm2] 44 (28-51) 19 (11-26) 12 (8-21) 8 (7-10) <0.01
0.04
<0.01
Capillary length, median (IQR) [um] 498.8 256.3 4113 163.4 < 0.05
(271.1-756.9) (222.3-345.8) (288.3-497.5) (138.2-266.5)
Capillary distribution pattern [%]
Punctiform 7.7 15.8 9.1 75 <0.01
Reticular 69.2 31.6 63.6 25 <0.01
Directional 23.1 52.6 27.3 0 < 0.0001
Neoangiogenesis (0-5), mean (SD)
Vascular ramifications 4.05 (2.15) 2.29 (1.78) 2.6 (1.7) 0.39 (0.61) < 0.01
Arboriform vessels 3.21 (1.56) 1.02 (0.29) 1.3 (0.6) 0.11 (0.33) <0.01
Microhemorrhage, mean (SD) 1.48 (1.65) 0.23 (0.34) 0.56 (0.87) 0.13 (0.28) NS

IQR — interquartile range, SD — standard deviation, p < 0.05 is considered statistically significant

all scars were classified at stages: active — ACS (26 cas-
es), atrophic — ATS (11 cases) and stationary — SS (19 cas-
es) (Table 3).

Next the analysis of scars’ microcirculation was per-
formed using videocapillaroscopy (DermaScope Net Ver.
3.0, MediciMedical System, Castelfranco Emilia, Modena,
Italy; magnification 300x). The videocapillaroscope was
specifically calibrated. The investigation was always car-
ried out by two operators and at least 3 photos for each
examined area were stored.

The following parameters were used: capillary densi-
ty (no/mm?2); capillary length (um); capillary distribution
pattern (punctiform — Figure 2 A — presence of dilated cap-
illaries with a pointed form; reticular — Figure 2 B — net-
like distribution; directional — Figure 2 C — capillaries ori-
entated along a single direction); microhemorrhages
(0 —absent; 1 -4 —from 1to 4/mm2; 5 -5 or more per
square millimeter); neoangiogenesis (0 — absent; 1-4 —
from 1/mm? to 4/mm?; 5 -5 or more per square millime-
ter). The presence of “bush-like” capillaries pattern (arbori-
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form vessels) or “deer horn-like” capillaries pattern (vas-
cular ramifications) was the features that characterized
neoangiogenesis at the videocapillaroscopy.

All values were obtained from average of all the obser-
vations for each examined area of the scar. The statisti-
cal significance of the differences between the scars
(keloids and hypertrophic scars) and healthy controls was
checked with Student’s t-test for independent samples
with regard to parametric data, with 2 test with regard
to categorical data and with Mann-Whitney test for
unpaired samples with regard to nonparametric data. The
level of significance was set at p < 0.05. Data analysis was
performed using SPSS 12.01 system.

Results

In the healthy skin from controls (C) typical comma
shaped capillaries, with a punctiform or reticular pattern,
and regular vessels and collagen fiber distribution were
seen. No angiogenesis features were found. Despite sta-
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tistically significant differences between scars and con-
trols, no unique and specific microcirculatory pattern was
detected.

Capillary density was significantly higher in active
scars compared to stationary and atrophic scars (mean
ACS 44/mm? vs. SS 12/mm?Z, p < 0.01; vs. ATS 19/mm?,
p < 0.01) and controls (ACS 44/mm? vs. C 8/mm?, p < 0.01;
ATS 19/mm? vs. C 8/mm?Z, p < 0.01) (Table 3).

Concerning capillary length, significant p-value was
found for all three scar types in comparison to controls,
and the longest mean value was observed in active scars
(ACS 498 um vs. C 163.4 um, p < 0.05) (Table 3). In active
and atrophic scars, the reticular pattern was the com-
monest (ACS 69.2%; ATS 63.6%, respectively). Compar-
ing to controls, the reticular pattern was significantly fre-
quent in active scars (p < 0.01), while presence of the
directional pattern in the studied population was specif-
ic of keloids and hypertrophic scars because it was not
found in the control group (p < 0.0001) (Table 3).

Neoangiogenesis was significantly frequent expressed
as arboriform capillaries (Figure 3 A) or as ramificated and
tortuous loops (Figure 3 B) in patients with scars than in
controls (p < 0.01) (Table 3). In the active phase of scar-
ing (ACS), the process of angiogenesis was significantly
increased compared to the atrophic stage (ATS) (p < 0.01)
(Table 3).

Discussion

Keloids and hypertrophic scars appear as raised, red
and stiff tumors. Because of high recurrence, systemati-

Fig. 2. Capillary distribution patterns: A — punctiform,
B — reticular, C — directional

Fig. 3. Neoangiogenesis patterns: A — arboriform vessels,
B — vascular ramifications
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cal lesion increase, frequent adjunctive symptoms, keloids
cause long disability [7].

The presence of prolonged inflammatory state in
keloids and hypertrophic scars has been advocated as rel-
evant to one of etiopathological hypotheses where dam-
aged pile-glandular structure and excessive tumor growth
factor B (TGF-B) production through crucial skin immune
system cells, lymphocytes T, are responsible for the main-
tenance of a continuous inflammatory state [18, 19]. On
histologic examination, keloids are found to have not only
increased deposits of collagen bundles but also large num-
ber of microcapillaries. Due to immoderate proliferation
of endothelium and increased vascular endothelial growth
factor (VEGF) expression, which is a major player in
wound healing angiogenesis, more capillaries in keloids
are crushed with dilated, partly or fully closed light [20].
The presence of closed microcapillaries may be respon-
sible for tissue ischemic status appearing in the injury
area and may promote pathological scar evolution [21].
The microcirculatory changes occurring in keloids might
be related to ischemic events due either to rheological
disturbances or to perivascular leukocyte infiltration of
small- or medium-sized tributary vessels. Therefore,
neoangiogenesis is an attempt to compensate for the
defective nutritional circulation, manifested as giant cap-
illaries, vascular ramifications and tortuosity. The capil-
lary proliferation may stretch the nervous fibers altering
local sensitivity, with the itchiness, pain, burn and dyses-
thesia as the consequences.

The scar scales used in clinical settings for a long time,
are not an objective tool. Also in our study,VSS was not
able to clearly assess the maturity of the scars (Table 2).
The videocapillaroscopy technique allows for in vivo
examination of morphological and functional changes of
microcirculation in a totally non-traumatic, non-invasive
and immediate way. From this point of view, videocapil-
laroscopy might become a very useful diagnostic tool and
allows for monitoring the course of keloids and hyper-
trophic scars. Videocapillaroscopy confirms the presence
of a specific capillary pattern, the increased capillary den-
sity and length, and neoangiogenesis in scars, especial-
ly in ASC, compared with controls (Table 3).

What is more, this technique has permitted to iden-
tify two parameters, such as the capillary length and
degree of neoangiogenesis as crucial for the definition of
scars evolution from the active to the atrophic stage. This
method can be helpful to check the effectiveness of the
selected therapeutic protocol. Symptoms decrease could
be directly associated with parallel reduction of neoan-
giogenesis in videocapillaroscopy examination.

Our study should be considered as a novel and pre-
liminary work confirming that videocapillaroscopy con-
stitutes a new option of microcirculatory evaluation in
patients with keloids and hypertrophic scars, although
further future studies are required to optimize this
method.
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