
Noncontact monitoring of vascular
lesion phototherapy efficiency by
RGB multispectral imaging

Dainis Jakovels
Ilona Kuzmina
Anna Berzina
Lauma Valeine
Janis Spigulis



Noncontact monitoring of vascular lesion
phototherapy efficiency by RGBmultispectral imaging

Dainis Jakovels,a,* Ilona Kuzmina,a Anna Berzina,b Lauma Valeine,c and Janis Spigulisa

aUniversity of Latvia, Institute of Atomic Physics and Spectroscopy, Biophotonics Laboratory, Raina Boulevard 19, LV—1586, Riga, Latvia
bThe Clinic of Laser Plastics, Baznicas 31, LV-1010, Riga, Latvia
cBeauty Clinic “4th Dimension”, Jeruzalemes 1, LV-1010, Riga, Latvia

Abstract. A prototype low-cost RGB imaging system consisting of a commercial RGB CMOS sensor, RGB light-
emitting diode ring light illuminator, and a set of polarizers was designed and tested for mapping the skin eryth-
ema index, in order to monitor skin recovery after phototherapy of vascular lesions, such as hemangiomas and
telangiectasias. The contrast of erythema index (CEI) was proposed as a parameter for quantitative characteri-
zation of vascular lesions. Skin recovery was characterized as a decrease of the CEI value relative to the value
before the treatment. This approach was clinically validated by examining 31 vascular lesions before and after
phototherapy. © 2013 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.18.12.126019]
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1 Introduction
The effectiveness of vascular lesion treatment is usually evaluated
by visual inspection by a dermatologist. Color images are taken
beforeandafter treatment inorder toqualitativelyassess theresults
of the treatment; they also serve as evidence in case of complaints.

Several studies of techniques for quantitative assessment of
therapy1 have been performed by laser speckle imaging,2 laser
Doppler perfusion imaging,3 optical coherence tomography,4

optical Doppler tomography,5 reflectance confocal microscopy,6

pulsed photothermal radiometry,7 diffuse reflectance spectros-
copy, and spectral imaging.8,9 Skin color image analysis has
been offered as a simple and fast method for treatment evalu-
ation,10,11 but there are some limitations due to errors associated
with surface reflection and the effects of skin chromophores
other than hemoglobin.12

Multispectral imaging can be used for noncontact assessment
of skin chromophore (e.g., oxy-/deoxyhemoglobin, melanin) dis-
tribution; it reflects the overall skin condition and may facilitate
better pathology diagnostics.13,14 However, commercial multi-
spectral imaging cameras are bulky and expensive, thus limiting
their clinical implementation. A digital color RGB camera can be
regarded as a low-cost alternative. It acquires three spectral
images [red (R), green (G), and blue (B)] simultaneously and
can be used as a simple and fast spectral imaging device. In com-
bination with specific narrow-band spectral light sources, RGB
imaging could become competitive for some specific applications
including the assessment of hemoglobin concentration.15–18

Erythema index (EI) is a useful parameter for estimating the
cutaneous hemoglobin content and quantitatively characterizing
vascular lesions. Simplified methods for determining EI are
based on comparing the skin optical density (OD) in green
(high hemoglobin absorption) and red (low hemoglobin absorp-
tion) spectral ranges.19 Sometimes EI is attributed also to blood
contrast20 or tissue viability.16,21 Derma Spectrometer® and
Mexameter® are commercially available instruments for

point measurements of EI.22 The contribution of melanin in
the skin absorption processes exploited for EI calculations is
usually neglected. However, the difference in OD between
the blue and green spectral ranges20 or a weighting factor
applied to the absorption index in the red band23 can be used
to correct for the melanin absorption.

EI difference (ΔEI) images representing difference between the
port-wine stain (PWS) and normal skin areas were analyzed before
and after laser therapy, suggesting that ΔEI may be used as an
effective parameter to monitor PWS treatment.24,25 Imaging tech-
niques support visual inspection of the treatment result and allow
spatial analysis of the skin lesion, for example, to compare the area
of certain ΔEI threshold level before and after treatment.24

Image analysis still requires user-friendly interface improve-
ments before routine clinical use.1 Dermatologists are interested
in a simple, fast, and low-cost technique that supports visual
inspection and evaluation of the treatment result.

A handheld prototype RGB imaging system for mapping and
monitoring of the hemoglobin distribution in the skin has been
designed and tested. The previous study showed that this system
can be used to monitor hemoglobin concentration changes dur-
ing specific provocations such as arterial/venous occlusions and
heat test.17,18 The aim of this study was to clinically test the
handheld RGB imaging system for evaluating the vascular
lesions’ laser and intense pulsed light (IPL) treatment results.
The contrast of EI (CEI) was proposed as a parameter for simple
and fast quantitative characterization of vascular lesions. The
multispectral imaging system was used as a reference.13

2 Materials and Methods

2.1 Data Acquisition

Measurements were taken with a homemade handheld RGB im-
aging system [Fig. 1(a)] that consists of a commercial RGB
CMOS sensor (USB uEye LE from IDS Imaging
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Development Systems, GmbH, Germany) within a ring of RGB
light-emitting diodes (LEDs). Two orthogonally oriented polar-
izers were placed in front of the CMOS camera and RGB LEDs,
respectively, in order to suppress specular reflection from the
skin surface.26 The system was adapted for a working distance
of 3 cm, providing a 3 × 3 cm field of view and a spatial res-
olution of 0.05 × 0.05 mm per pixel. The imaging camera was
connected to a PC via a USB interface. All settings were manual
and were maintained constant during the measurements.
Measurements were taken in darkness to reduce artifacts caused
by the ambient light. A single measurement lasted <10 s; most
of the time was spent for positioning and less than a second for
taking a snapshot.

The multispectral imaging system was used as the reference.
It consisted of a multispectral imaging camera (Nuance from
Cambridge Research & Instrumentation Inc., Woburn,
Massachusetts), a halogen lamp ring light, and a pair of crossed
polarizers for reducing the specular reflectance. The system was
adjusted for a spatial resolution of 0.75 × 0.75 mm per pixel and
a spectral resolution of 15 nm (bandwidth of the Nuance liquid
crystal tunable filter). The spectral operating range was 450 to
950 nm.13 The measurement lasted several minutes—most of the
time was spent for positioning and ∼1 min to acquire the spec-
tral image cube (51-image stack in steps of 10 nm). The multi-
spectral data were further used for extracting absorption spectra
from the regions of interest.

2.2 Data Processing

The RGB camera acquired three spectral images simultaneously,
where the R channel can be roughly attributed to the 600- to
700-nm spectral range, G to the 500- to 600-nm range, and B
to the 400- to 500-nm range. The spectral sensitivity of the RGB
imaging system [Fig. 1(b)] was expressed as the product of the
spectral sensitivity of the camera and the emission spectrum of
the light source.18

A registered four-dimensional (4-D) image stack was created
in the preprocessing step. The 4-D image stack consisted of two
spatial, one spectral, and one temporal dimension. Image regis-
tration for each measurement set was performed to compare the
data obtained from the measurements. Spatial transformations
were performed by manual selection of three control points
and using nonreflective similarity transformation. The spectral
dimension was created by separating the output signals from the
R, G, and B channels of the image sensor. The time dimension
consisted of measurements before, directly after, and a month
after the treatment.

The EI was used as a parameter for estimating the cutaneous
hemoglobin content. The EI can be expressed as a difference in
the OD between the green and red spectral ranges of the image
detector. The melanin absorption spectrum can be characterized
as a curve that descends from blue to red. Therefore, the mela-
nin-corrected EI can be expressed as an OD difference between
G and the average value of the B and R channels.17

EI ¼ ODðGÞ − ODðBÞ þ ODðRÞ
2

: (1)

The OD that represents absorption can be expressed as

ODðλÞ ¼ − log

�
IðλÞ
I0ðλÞ

�
; (2)

where I0 is the intensity falling upon an object (skin) and I is the
intensity of the diffusely reflected light from the skin.

The EI in Eq. (1) can be approximately obtained from the
acquired reflectance images (a set of intensity signals I)
using Eq. (2).

EI ¼ log

�
I0ðGÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

I0ðBÞ · I0ðRÞ
p ·

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
IðBÞ · IðRÞp
IðGÞ

�

¼ log

�
k ·

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
IðBÞ · IðRÞp
IðGÞ

�
≈

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
IðBÞ · IðRÞp
IðGÞ ; (3)

where the parameter k was a constant value because all
instrument settings were maintained constant during the
measurements.

The CEI was proposed as a parameter for quantitative char-
acterization of vascular lesions; it can be expressed as

CEI ¼ EIstd
EImean

; (4)

where EIstd is the standard deviation of EI over the examined
area and EImean is the mean value of EI of the same region
of interest. The examined area differed from 60 × 60 pixels

to 400 × 400 pixels depending on the lesion size, but was
kept constant within each image stack. The CEI was calculated
for each measurement for two regions of interest: the vascular
malformation (lesion) and normal skin (reference).

The CEI represents the homogeneity of the hemoglobin con-
tent within the region of interest. Higher CEI values are expected
for vascular lesions and lower values for normal skin. The

Fig. 1 RGB imaging system: color image (a) and spectral sensitivity of each color channel (b).
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results of the procedure can be assessed quantitatively by com-
paring the CEI values before and a month after phototherapy.

2.3 Participants

Forty-five Caucasian adults (23 to 57 years old) with different
skin vascular lesions were voluntarily recruited for the study.
Twenty-three hemangiomas, twenty-one telangiectasias, and
one PWS were located at different sites of the body. All the sub-
jects studied had Fitzpatrick skin type II. Therapy was per-
formed by IPL (560 nm, 18 J∕cm2), a diode laser (800 nm,
40 J∕cm2), or an Nd:YAG laser (1064 nm, 150 to 180 J∕cm2).
The type of phototherapy device and its operating parameters
were selected by a dermatologist after visual inspection of the
lesion. The dermatologist also gave a subjective evaluation of
the result of treatment by rating the improvement as unobserv-
able (no), slight, significant, or very good. The clinical trial was
approved by the local ethics committee.

Fourteen lesions were measured before and immediately
after therapy, and 31 lesions were measured before, immediately
after, and a month after therapy by use of the RGB and multi-
spectral imaging systems. Only the triple-examined 31 lesions
were further analyzed.

3 Results
Figure 2 shows a typical vascular lesion telangiectasia (v1) that
appears darker and redder compared to the surrounding tissue
(n1). A distinctly darker spot can be observed in the center
of the malformation. The optical density spectra [Fig. 2(a)] indi-
cate that the increased absorption corresponds to the character-
istic bands of hemoglobin between 500 and 600 nm.

The redness of the skin increased in the lesion and its sur-
rounding tissue (n2) after the laser therapy (1064 nm Nd:
YAG laser, 160 J∕cm2, 15 ms). OD spectra indicate increased
hemoglobin concentration. The center of the telangiectasia (v2)
appears darker and changes color to gray or black. Blood vessels
are destroyed by phototherapy in this skin region; increased OD
values in the range of 600 to 800 nm indicate increased deox-
yhemoglobin and methemoglobin concentration levels.27

A significant improvement is normally observed within a
month after the treatment. The telangiectasia (v3) is barely
noticeable to the naked eye, but still has a significantly different
spectrum in the range of 450 to 600 nm compared to the sur-
rounding tissue (n3).

The color images of skin before, immediately after, and a
month after laser treatment along with the corresponding OD
maps are presented in Fig. 2(b). Telangiectasia appears as a
spot with a higher OD value. The best contrast between the vas-
cular lesion and the surrounding tissue can be achieved in the
green (∼550 nm) spectral range, while in the red (∼650 nm)
spectral channel, absorption and contrast are significantly
reduced. Therefore, the difference in OD values between the
green and red spectral channels is used to calculate the EI. This
parameter represents the cutaneous hemoglobin content but does
not provide information about different hemoglobin types and
oxygenation.

RGB images with the corresponding EI maps and CEI values
of the same case of telangiectasia are shown in Fig. 3(a). The
CEI decreased by 50% a month after treatment, and the vascular
malformation was no longer visible to the naked eye. Decrease
in CEI (for 25%) was also observed directly after treatment, but
it was mainly caused by irritation of the surrounding skin.

An example of hemangioma treatment is shown in Fig. 3(b).
If compared to the telangiectasia before the treatment, the
hemangioma had a contrast of EI three times higher. The treat-
ment was also performed with the 1064-nm Nd:YAG laser
(160 J∕cm2, 20 ms), resulting in a 72% reduction of the CEI
value. Irritation of the surrounding skin that caused 46%
decrease in CEI was also observed.

The average contrast of EI values of all 31 lesions and their
surrounding normal skin were calculated [Fig. 4(a)]. The con-
trast of EI is much higher (on average four times) for vascular
malformations compared to the surrounding normal skin. The
variation of CEI for vascular malformations is also higher due
to different types of lesions. The CEI and its variation tend to
decrease after laser treatment by 45%, on average. Related-sam-
ples Friedman’s two-way analysis of variance test shows that
CEI values of vascular lesions before, directly after, and a
month after treatment have statistically significant differences
(p < 0.0001). However, the CEI remained stable (low and
small standard deviation) for the surrounding normal skin,
except directly after treatment, when irritation of the surround-
ing tissue occurred. It is possible to determine a clear boundary
in CEI between normal skin and vascular lesions (CEI ¼ 0.03)
for this study.

A comparison of the CEI values before and a month after
treatment is presented in Fig. 4(b). Normal skin measurements
(black dots) cluster around a CEI value of ∼0.02, but vascular

Fig. 2 Optical density spectra (a) before (full line), directly after (dashed line), and a month after (dotted
line) treatment of telangiectasia (red) and normal surrounding tissue (black), and corresponding optical
density maps (b) at six different wavelengths.
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malformations (red dots) have a much higher CEI with values
that are widely scattered. The threshold level indicated by the
horizontal line at CEI ¼ 0.03 (after treatment) separates the
lesions that reached the contrast of normal skin.

Improvement in skin recovery can be presented as a percent-
age decrease in the CEI by comparing the CEI values before and
a month after treatment. A histogram of the improvement in CEI
for all 31 lesions is shown in Fig. 5(a). One case [Fig. 5(b1)]
did not show improvement; this lesion was a pathology that
appeared as a PWS. Up to 10% improvement in CEI was
found in three cases [two of them are shown in Figs. 5(b2)

and 5(b3)]. The dermatologist rated these four cases as no
improvement. Slight improvement (10 to 30%) was found in six
cases and significant improvement (30 to 60%) in seven cases.
Seven treatments showed very good improvement (>60%), and
of these, the largest value for improvement in CEI was 79%. The
same ratings were received from the dermatologist [Fig. 5(a)]. In
the case of seven lesions, phototherapy was fully successful, and
the vascular lesion totally disappeared; measurements a month
after treatment could not be made.

Correcting for the melanin absorption20,23 does not fully
remove the influence of melanin on EI. Reducing melanin

Fig. 3 Examples of telangiectasia (a) and hemangioma (b) before, directly after, and a month after the
laser treatment: color images with the corresponding erythema index maps and contrast of erythema
index values.

Fig. 4 Average contrast of erythema index (CEI) values of 31 lesions before, directly after, and a month
after treatment (a) and comparison of the CEI values before and a month after treatment for all examined
lesions (b). The lesions are colored in red, normal skin in black.

Fig. 5 Histogram of improvements in the CEI of 31 lesions and the corresponding ratings from the der-
matologist (a) and color images of unsuccessful treatment samples: port-wine stain (b1), superficial
venous network (b2), and telangiectasia (b3).
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does help to better highlight vascular features in the EI maps.
Along with the previous studies,24,25 we assume that the epider-
mal melanin content does not change between the measurements.
Patients are usually recommended to avoid tanning and
other skin irritating procedures after the treatment. All the sub-
jects studied had Fitzpatrick skin type II, so the skin melanin con-
tent was assumed to be similar. Moreover, the CEI of the
surrounding normal skin had remained stable with low values
and small standard deviation. The influence of different melanin
levels on the CEI parameter should be studied further. Additional
wavelengths in the infrared spectral range could be used for more
precise measurements and for correcting the melanin content.28

Our results showed that the measured improvement in CEI
corresponded well with the dermatologist’s rating and thus, sup-
plemented a qualitative measure of the effectiveness of photo-
therapy with a quantitative parameter that can be obtained easily
from the RGB image data. Further improvements could be the
implementation of an RGB imaging device that can be con-
nected to a common clinical device or smartphone.

4 Conclusions
The developed RGB imaging system appeared to be useful for
quantitative evaluation of the effectiveness of phototherapy of
vascular lesions. The EI was chosen as a parameter for estimat-
ing the cutaneous hemoglobin content. The CEI was proposed
as a parameter for quantitative characterization of vascular
lesions; it represents the homogeneity of the hemoglobin content
within the region of interest. The degree of skin recovery is
reflected as a percentage decrease in the CEI values before
and after phototreatment.

This study demonstrates the potential of a simple RGB im-
aging technique for implementation in routine clinical praxis. It
is a fully noninvasive technology; other advantages of the
RGB imaging are small instrument size, good spectral perfor-
mance, and low equipment cost. The simplicity of computing
parameters allows nearly real-time monitoring. The RGB imag-
ing system and algorithm described above could be further
implemented as a connection kit to some common clinical
device or smartphone.
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