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ABSTRACT 
 
In Russian Federation, childhood hemamgiomas are the most common tumor of 
infancy. This study aims to analyse the clinical effects of noncoherent monochromatic 
red light emitting diodes on infantile hemangiomas in children from the new-born to 
one-and-a half year old for the period of 2004 to 2013. We investigated the effect of 
low level irradiation of red spectrum λ=635 nm with irradiation dose 3·86-3·96 J/cm2 
to 2010 children with infantile hemangiomas enrolled between January 2004 and 
December 2013 in Rostov on Don, Russian Federation. A standardized questionnaire 
was used to collect data on each child and each hemangioma, including clinical 
characteristics, complications, and treatment. In the 2004-2013, infants with infantile 
hemangiomas were included in this study; significant regression was in 100% of 
simple hemangiomas, in 92% of mixed ones and 84.5% of cavernous forms after PHT 
(photohromotherapy) application. Progression of hemangioma was seen only in 1 
patient (0.95%) subjected to tumor destruction. After the first course of PHT, simple 
and mixed forms of hemangiomas regression were registered in half of the patients 
(49.4 and 50.2% respectively), in cases of cavernous hemangiomas – only in 15% of 
babies. Ultrasound control demonstrated reduction of tumors` size in 46-71%, 
decrease of blood flow in 11-22% and formation of capsule in 40% of the cases. After 
the second and the third courses of PHT proportion of the patients with regression of 
hemangiomas continued to increase. Decrease of tumors` size was found in 98%, blood 
flow was weak or absent in 96% of cases, clear borders or capsule were described in 
96% of cases, the absence of the feeding vessel – in 80 cases. VEGF levels in sera of 
patients with hemangiomas before the treatment were 221.1±12 pg/ml, which was 3.1 
times higher than in healthy children (72.6±3.2 pg/ml). After effective PHT VEGF levels 
in patients` sera became close to normal (68.9±2.0 pg/ml). In cases of ulcerative 
complications of hemangiomas the positive local effect of PHT on suppuration and 
inflammation was observed. The clinical PHT practice has been allowed to grain the 
effects of healing the wound just after the first course (10 procedures). After the 
second and third courses (about 25-30 procedures) procedures, the significantly 
tumor size decrease up to the regress and formation of scar has been observed. 
Ultrasound control confirmed the absence of tumor feeding vessel. The possibility and 
effectiveness of monochromatic irradiation of red spectrum of 2010 small patients 
with hemangiomas has been shown. The gaining effects of healing the wound by 
improving the reduced exudative and epitelisation phases, the significantly tumor size 
decrease up to regress has been observed.  
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INTRODUCTION 
 
Hemangiomas of infancy (HOI) are the most common 
benign tumors in early aged infants. Their incidence in 
general newborn population is between 1.1 and 2.6% but 

increases to up to 12% by one year of age. About 30% of 
HOI are noted at birth, the rest 70-90% will appear during 
the first four weeks of life; they are innate and possess high  
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growth activity (Garzon et al., 2008). The majority of HOI 
occur sporadically, however familial occurrence of HOI has 
been reported. Hemangiomas tend to appear more often in 
girls than in boys. The female-to-male ratio was 3:1 which 
is similar to previously published ratio. The risk emergence 
of HOI at prematurely born infants is higher, than at the 
full-term. By results of numerous scientific researches, it is 
possible to come to a conclusion that HOI any localization 
are a consequence of the dizontogenetic process striking 
vascular system in all phases of its development in an 
embryo (Henderson, 2013; Mattassi et al., 2009; Melnik et 
al., 2001). 

According to our observations, the number of children 
who have HOI undergo spontaneous involution is negligible 
(Kozele and Sheiko, 2011). Spontaneous regression, in 
modern conditions, exposed to about 7-8% of the common 
hemangiomas located on the "closed" areas of the body and 
only full-term infants (Sheiko and Kozel, 2011). Cavernous 
hemangiomas and combined practically do not regress. 
Increase in the percentage of children with skin and 
subcutaneous proliferating forms of hemangiomas 
complicated ulcerations, inflammation, bleeding and poor 
healing wounds with the rapid growth of tumors is about 
43% (Greenberg and Bischoff, 2013). High doses of 
glucocorticoids and propranolol were suggested as the first 
choice of treatment for such infants (Fuchsmann et al., 
2011; Brooks, 2012) though in 30% of patients the result 
was not achieved and in 40% of infants growing 
hemangiomas` resumed after drug withdrawal, besides 
drugs of these classes have a large number negative side 
effects on the children (Lawley et al., 2009; Drolet et al., 
2013; Hornova et al., 2002). Therefore, the question 
remains about the development of new treatment methods, 
capable of positively affect the child's body to stop the 
growth and subsequent recourse growing tumors with 
pockets of local destruction. 

The new approach to the therapy of infantile proliferative 
complicated hemangiomas of skin, mucosa and soft tissues 
was developed and applied in our institute; this non-
invasive method is photochromotherapy (PHT).  

PHT is a kind of wave technologies of treatment is visible 
electromagnetic radiation of the optical range. PHT features 
associated with the absorption of the photon energy, 
characterized by weakening or rupture of weak inter-and 
intramolecular bonds, therefore selective photolytic 
cleavage of biomolecules may lead to an increase in their 
free forms possessing a higher biological potency. It is these 
processes appear in the red range of incoherent radiation 
(Hamblin et al., 2010). 

Clinical application of monochrome red matrix (λ=670 
nm) produces effect due to realization of intimate 
mechanisms on cellular membranes. In this connection, the 
purpose of this research was to improve the results of 
treatment of proliferating hemangiomas and complicated 
congenital skin, soft tissues and mucous membranes in 
toddlers using PHT. 

 
 
 
METHODS 
 
Participants 
 
The basis of the clinical trial observations laid the 2010 
patients, enrolled these patients over ten years between 
January 2004 and December 2013 in Rostov on Don, 
Russian Federation. Using standardized computer-
scannable forms, we collected information about patient, 
gender, ethnicity, prematurity, birth weight, 
maternal/paternal age, prenatal testing procedures, 
placental abnormalities, maternal illnesses, smoking, 
recreational drug use and medication history, and family 
history. The location, size, and morphologic subtype for 
each hemamgioma per patient were noted.  The size of each 
hemangioma was measured using “hemispherical 
measurement”. Using a flexible tape measure, the surface of 
the hemangioma was measured in the tow perpendicular 
directions using the maximum diameter in each to obtain a 
final measurement. Treatment and complications incurred 
before and during the study period were noted. Follow-up 
visits were scheduled according to clinical need, and follow-
up forms recording hemangioma characteristics, treatment, 
and complications were completed by study investigators.  
Before starting the treatment and in monitoring the 
effectiveness of PHT determination of serum VEGF by 
ELISA, immunological status and full blood count were 
performed; ultrasonography (USG) hemangiomas was 
carried out in every child with the following criteria were 
isolated effectiveness of therapy, reducing the size of 
tumors, formation of clear tumor borders (Ozawa et al., 
2013; Dubois et al., 1998). 

During regular medical observation of 2010 patients, 
1895 (94.3%) aged one month to a year marked by the 
growth of proliferating hemangiomas, often with the 
development of complications such as ulcers, inflammation, 
bleeding, the remaining 115 (5.7%) children had 
stabilization process. Under dynamic observation in terms 
of one to six months from the time of diagnosis, there were 
1700 (81%) of children included in the study group.  The 
remaining 310 (19%) children were included in this group 
on the basis of a retrospective analysis of the clinical course 
of the disease, primarily in connection with the 
development of complications. 

At birth in 1206 (60%) were diagnosed immediately with 
hemangiomas, during the first month of life in 543 (27%) 
children emerged hemangiomas, even in 261 (13%) were 
diagnosed hemangioma child over the age of one month. 

In the age of one to six months 1266 (63%) children were 
observed: 949 (75%) of them were girls and 317 (25%) 
were boys. At the age of six to nine months 603 (30%) 
children were observed: 450 (74.6%) of them were girls 
and 153 (25.4%) were boys. At the age of nine to twelve 
months 141 (7%) children were observed: 99 (70%) of 
girls and 42 (30%) of boys. Ratio of boys and girls equal to 
3:1 is consistent with the data of literature indicating a
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Table 1. Distribution of quantity, maturity full-term and clinical course of hemangiomas in 
patients birth to one and a half years at the time of applying for 2004- 2013. 

 

Indices 
2004-2006 

n, % 

2007-2009 

n, % 

2010-2013 

n, % 

Total amount  210 555 1245 

Mature full-term 172 (82%) 416(75%) 1046(84%) 

Premature  38 (18%) 139 (25%) 199 (16%) 

Progressive growth 144 (68·5%) 93 (84·5%) 1102 (88·5%) 

Stabilization of growth 66 (31·5%) 17 (15·5%) 143(11·5%) 

 
 
 

Table 2. Distribution of hemangiomas in number and morphological types of (2004-2013). 
 

Types of hemangiomas  
2004-2006 

n, % 

2007-2009 

n, % 

2010-2013 

n, % 

Single tumors  119 (57%) 306 (55·1%) 581 (46·7%) 

2 and more tumors  91 (43%) 249 (44·9%) 664 (53 3%) 

Simple form 99 (47 3%) 251 (45 3%) 502 (40 3%) 

Mixed form  71 (33 6%) 197 (34 9%) 465 (37 3%) 

Cavernous form  40 (19 1%) 107 (19 8%) 278 (22 4%) 

 
 
significant predominance of girls in all age groups. 

PHT method is as follows: on the area hemangiomas with 
clean wound or ulcer surface, previously purified from 
purulent, or in place of hemangioma performed influence 
by means of a special nozzle - matrix monochrome red light 
with λ=635 nm. Action is carried out by labile, contactless 
method, circular movements from the periphery to the 
center with the obligatory capture intact tissue within 1 5-2 
cm. Maximum radiated power is 48 mWT, the maximum 
power density (MPD) is 7 5 mWT, continuous mode, the 
intensity was 100%. Duration of irradiation of each field 1-
2 min, the total exposure time should not exceed five 
minutes. The total radiation dose is 3 86-3 96 J/cm². The 
course of treatment is prescribed depending on the extent 
of destruction and 10-15 procedures were carried out daily. 
Three to four courses of treatment was recommended with 
an interval of four weeks.  
 
 
Statistical analysis 
 
Data were processed by the Rostov Oncology Information 
Center where forms were scanned into a computer 
database. Information was manually verified. Statistical 
processing was performed using Student's t-test. 
 
 
RESULTS 
 
Distribution of the number, full-term, clinical course of 
hemangiomas and other characteristics of the surveyed 
children birth to one and a half years at the time of applying 

for 2004 to 2013 with hemangiomas for the entire 
observation period are presented in Table 1. 
The point that draws attention is the fact that the number 
of complaints of children with hemangiomas over the last 
observed period (2010-2012) significantly increased 
(compared with the first follow-up of 5.9 times, compared 
to the second follow-up of 2.2 times). At all stages of 
observation the number of full-term infants was 
significantly higher. The ratio of children with progressive 
growth of vascular tumors and stabilization of the process 
also changed: so in 2004-2006, it was marked as 2:1, in 
2007-2009 as 5·5:1, in 2010-12 as 7·7:1. It can be 
concluded that at the present stage has dramatically 
increased the number of children with proliferating 
hemangiomas forms. 

Detailed clinical information was recorded for each 
hemangioma. Hemangiomas were different in their size and 
morphology. Quantitative characterization of hemangiomas 
is presented in Table 2. 

Most children have one hemangioma, however, the 
proportion of children with single and multiple 
hemangiomas was changed: so in 2004-2006, it was 
marked as 5:1, in 2007-2008 as 3:1, respectively, and from 
2009 to the present moment as 1: 1.1. Since 2010, we noted 
an increase in the number of children with two or more 
hemangiomas. For all periods of observation in children, 
prevailed simple forms of hemangiomas. Simple capillary 
hemangiomas were determined in 852 (42.4%) children, 
the cavernous in 425 (21.1%), mixed in 733 (36.5%). The 
ratio of occurrence of children with simple, cavernous and 
mixed forms of tumors from 2004 to 2009 was determined 
as an average of 2.5:1, and 8:1 respectively, and since 2010 
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Table 3. Distribution hemangiomas localization and size of the (2004-2013). 
 

Size/localization 
 

1-4 cm2. 
n, % 

4-7 cm2 

n, % 

> 7 cm2 

n, % 

Face 201 (10%) 169 (8·4%) 56 (2·8%) 
Scalp 163 (8·1%) 67 (3·3%) 34 (1·7%) 
Neck 73 (3·6%) 30 (1·5%) 12 (0·6%) 
Trunk - 28 (1·4%) 201 (10%) 
Buttocks - 68 (3·4%) 70 (3·5%) 
Genitals 28 (1·4%) 248 (12·3%) 209 (10·4%) 
Upper limbs 32 (1·6%) 70 (3·5%) 46 (2·3%) 
Lower extremities 30 (1·5%) 68 (3·4%) 107 (5·3%) 

 
 
 

Table 4. Results of PHT-treatment in patients birth to one and a half years (2004-2013). 
 

Clinical course/types of hemangiomas Single Mixed Cavernous 

Progression (n, %) 0 0 2 (0 95%) 

Stabilization (n, %) 0 75 (8%) 30 (14 6%) 

Regression (n, %) 863 (100%) 867 (92%) 173 (84 5%) 

   
N

u
m

b
er

 o
f 

P
H

T
  c

o
u

rs
es

   
 

    

 

1 

Progression (n, %) 52 (5 8%) 104 (11 1%) 71 (35%) 

Stabilization (n, %) 385 (44 6%) 473 (50 2%) 103(50%) 

Regression (n, %) 426 (49 4%) 365 (38 7%) 31 (15%) 

     

 

2  

Progression (n, %) 14 (3 2%) 29 (5%) 21 (12%) 

Stabilization (n, %) 167 (38 3%) 415 (54 6%) 110 (63%) 

Regression (n, %) 256 (58 5%) 233 (40 4%) 43 (25%) 

     

 

3 

Progression (n, %) 0 0 5(4%) 

Stabilization (n, %) 17(11 3%) 158 (35 5%) 101 (77%) 

Regression (n, %) 137 (88 7%) 286 (64 5%) 25(19%) 

     

 

>4  

Progression (n, %) 0 0 1(1 4%) 

Stabilization (n, %) 0 122 (77 3%) 53 (50%) 

Regression (n, %) 17 (100%) 36 (22 7%) 52 (48 6%) 

 
 
this ratio was changed, there was an increase of 2.6% in the 
number of children with mixed forms of hemangiomas and 
2.4% from cavernous hemangiomas.  

Hemangioma sizes from 1 to 4 cm² were observed in 529 
(26.5%) children, from 4 to 7 cm² in 748 children (37.2%), 
more than 7 cm² were registered in 735 (36.4%) cases. 
Rapid growth in the dynamic observation was noted in 
1439 (71.6%) children, morbidity in 945 (47%) cases. 

Hemangiomas is often located on the head - 690 children, 
including 426 (21.2%) cases on the face, on the scalp 264 
(13.1%), on the neck 115 (5.7%), genitals 485 (24.1%), the 
trunk - 229 (11.4%), in the lower extremities - 205 
(10.2%), upper limb 148 (7.4%), on the buttocks 138 
(69%) (Table 3). During the study period, patients received 
PHT. Results immediate treatments are presented in Table 
4.  

It was shown that using a low-intensity monochromatic 
red radiation in young children can achieve marked 

regression of the hemangiomas in 100% with simple forms, 
92% in mixed forms and 84.5% at the cavernous 
hemangiomas forms. Progressive tumor growth was 
observed in only one child (0.95%), which was produced 
rum tumor destruction. The remaining children were 
observed stabilization of the process or regress 
hemangiomas. 

After the first course, PHT in simple and mixed forms of 
hemangiomas regress recorded almost half of the children 
(49.4 and 50.2%, respectively), with cavernous 
hemangiomas only the seventh part (15%). In the rest of 
the children according to the U.S, there was a decrease in 
tumor size by 46-71% decrease in blood flow velocity in the 
11-22%, the formation of the capsule was recorded in 40% 
of cases. After the second and third courses of PHT 
treatment, there was increased percentage of children with 
tumor regression (Table 4). In children, there was a 
decrease in tumor size by 98%, weak peripheral blood flow  
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     a). Before the treatment b). After 2 courses of PHT 

 

 
 

Figure 1. Patient M. Medical history №203911. Hemangioma of infancy involving the left hip skin. a). Before the 
treatment; b). After 2 courses of PHT. 

 
 
 

  

            a). Before the treatment          b). After 4 courses of PHT 

 

 

 
 

Figure 2. Patient C. Medical history №11698/А. Cavernous Hemangioma with ulceration of infancy involving the 
hand. a). Before the treatment; b). After 4 courses of PHT. 

 
 
or lack of it was recorded in the 96%, the presence of clear 
boundaries or capsules in 98% of cases, the lack of supply 
vessel in 80% of cases. After the fourth treatment course, 
PHT was marked only in the case of cavernous tumor 
growth. In simple cases of hemangiomas, tumor regression 
occurred in 100%, and mixed forms of hemangiomas at 
22.7%. The Figures 1-5 presented the children with 
hemangiomas before treatment and after the FHT therapy. 

Indicators VEGF hemangiomas in infants with 
pretreatment were averaged at 221.1 ± 12 pg / ml, which is 

3.1 times higher than those without hemangiomas (72.6 ± 
3.2 pg/ml). In children who were healed after PHT, forms of 
hemangiomas VEGF values were close to normal – 68.9±2.0 
pg/ml. These findings are consistent with those obtained in 
the absence of hemangiomas. 

 In cases of ulcerative complications of hemangiomas, the 
positive local effect of PHT on suppuration and 
inflammation was observed. In cases of complicated ulcers, 
hemangiomas during PHT data were obtained on the local 
impact of monochromatic low-intensity red light on  
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   a). Before the treatment 

 

   b). At age 5 years after the last 4th course of PHT. 

 

 
 

Figure 4. Patient D. Medical history № 12628/c. Large segmental facial hemangiomas of infancy. a). Before the 
treatment; b). At age 5 years after the last 4th course of PHT. 

 
 
 

  

            a). Before the treatment       b). At age 5 years after the last 10th course of PHT 

 

 
 

Figure 5. Patient P. Medical history № 15197/c. Large segmental facial hemangiomas of infancy. A) Before the 
treatment; b) At age 5 years after the last 10th course of PHT. 

 
 
inflammatory processes in the wound hemangiomas. The 
obtained results showed the acceleration of wound 
cleansing of necrotic masses, reducing more than twice the 
exudative phase of the inflammatory process with the 
simultaneous development of granulation tissue, 
normalization of growth and activation of fibroblast 

proliferation and collagen processing. Epithelialization 
wounds, on average, was completed on the fifth day after 
the start of light therapy, which is significantly less than the 
control values in the three to five times. Thus, to achieve 
the expressed clinical result of such PHT needed for three 
to four courses with intervals three to four weeks, which 
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confirms earlier results obtained. 
 
 
Conclusions 
 
HOI are common being tumors of childhood. In the last ten 
years risen by children with congenital proliferating 
hemangiomas complicated by ulceration, therefore 
developed a new method of treatment based on the use of 
low-intensity red incoherent optical radiation. An analysis 
of data obtained as a result of treatment in 2010 young 
patients with congenital hemangiomas, we can conclude 
about the effectiveness and safety of the method of PHT.  
The gaining effects is of healing the wound by improving 
the reduced exudative and epitelisation phases, the 
significant tumor size decrease regress have been observed. 
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