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Summary

Purpose: The neodymium (Nd) laser irradiation has 
been successfully applied to the treatment of slightly elevat-
ed skin melanoma. At the same time the hist  ologic aspects of 
such a treatment have not been precisely investigated. The 
aim of this study was to retrace the histological features in 
human primary cuta    neous melanomas after 1060 nm high-
energy mono pulsed Nd laser treatment in the dynamic heal-
ing of the affected tissues.

Methods: Histologic analysis of cutaneous melano-
mas irradiated by Nd laser was carried out. Tissue specimens 
were taken before and immediately after exposure to laser 
and 1 hour, and 1, 2 and 3 days aft erwards. Also the wounds 
that appeared after the scab fell off and the scars formed fol-
lowing laser irradiation were also the subject of histologic 
analysis at 2, 4 and 6 months post-treatment.

Results: The Nd laser irradiation caus ed coagulation 
necrosis of melanoma, epidermis and dermis with skin ap-
pendices and superfi cial layers of subcutaneous fatty tissue. 
Foci of laser destruction were characterized by st   rict local-
ity and effi    cient separation from the adjacent tissues, by the 
presence of stasis, thrombosis and coagulation of blood and 
lymphatic vessels. The r  e was an increase of lymphocytes, 
macrophages and histiocytes in the area damaged by laser 
as well as in wounds and scars.

Conclusion: The pulsed Nd laser induces acute photo-
thermal damages of melanoma tissue, which differs from the 
usual thermal lesions and the most critical difference of the 
effect of this modality is gain of immunocompetent cells in the 
affected tissue after laser beam application.
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Introduction

The high-energy pulsed Nd laser irradiation has 
been advocated as an alternative therapeutic modal-
ity for fl at and slightly elevated cutaneous melanoma 
[1-3]. There is a number of references concerning mor-
phological changes in normal tissues, experimental tu-
mors, skin cancer and cutaneous metastases of malig-
nant melanoma irradiated by different types of lasers [4-
9]. At the same time there is no information regarding 
pathological changes in the skin of primary melanoma 
subjected to pulsed Nd laser irradiation. Owi  ng to this 
lack of information we planned to examine the charac-
ter of pathological changes in human primary cutane-
ous melanoma treated by high-energy pulsed radiation 
of Nd laser as well as in the wounds that appeared after 

the scab fell off and the scars formed in the place of ir-
radiated tumors.

Methods

Eighteen patients with biopsy-confi rmed prima-
ry cutaneous melanoma were included into this study. 
Melanomas were located on the skin of trunk and up-
per and lower limbs and clinically were tumors ele-
vated over the skin surface by 1-3 mm. Histologically, 
they were epithelioid cell (n=9), spindle cell (n=2) and 
mixed cell (n=7) melanomas.

The histological evaluation of cutaneous melano-
mas was performed before irradiation and immediately 
after the tumor exposure to 1-2 pulses of laser radiation 
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had become desolate and the nuclei looked like sus-
pended in the emptiness surrounded by cellular mem-
brane. Some of the vacuoles were fi lled out with eosino-
philic material (Figure 1B). The intercellular spaces in 
the irradiated melanomas were fi lled out with erythro-
cytes and other blood cells of which leukocytes looked 
deadly damaged. The blood and lymphatic capillaries 
were widened and had irregular form with features of 
erythrocyte-leukocyte stasis (Figure 1C). Hemorrhage 
was seen, created via perforation of necrotic walls of 
arterioles and venules. In some samples the walls of 
the blood vessels had turned into formless eosinophilic 
mass. There were clots consisting of fi brin and disinte-
grating leukocytes and erythrocytes within many blood 
vessels.

Neither tumor cells were found in histological 
sections got 1 hour after melanoma laser treatment, nor 
epidermal cells persisted within the laser fi eld. Instead, 
collagen fi bers due to coagulation necrosis were im-
pregnated with single macrophages containing melanin 
(Figure 1D). The vessels both of dermis and subcutane-
ous fatty tissue were widened and hemorrhages as well 
as erythrocyte-leukocyte stasis were seen everywhere. 
The seb aceous and sweat glands and hair follicles were 
in a state of necrobiosis. There was insignifi cant infi l-
tration of small lymphocytes and neutrophils on the pe-
riphery of skin appendices and vessels. Atrophy and dis-
organization of the texture due to papillary layer fi brosis 
were typical for the adjacent tissues.

One day after the laser appl  ication there was no in-
tact epidermis in the treated area and collagen fi bers and 
skin appendices were in the state of coagulation necro-
sis. The vessels were widened and overfi lled with blood 
and there were fresh thrombi in some of them. Minor 
infi ltration with small lymphocytes and neutrophils 
was found in the perivascular areas. In one case, foci of 
dystrophic tumor cells were revealed within necrotic 
masses and edema whereas the adjacent epidermis was 
atrophic and the dermis layers were indistinguishable.

Two days after the laser irradiation coagulation 
necrosis of the epidermis, dermis and skin appendices 
accompanied by hemorrhagic impregnation of the dam-
aged tissue and hemorrhages made up the most typical 
microscopic picture. The vessels were overfi lled with 
blood, some of them had wall rupture. There was mod-
erate lymphocytic infi ltration along the vessels.

Three days after the laser treatment coagulation 
necrosis covering entirely all skin layers and partly the 
subcutaneous fatty tissue was apparent in tissue speci-
mens. Newly formed thrombi were seen in the vessels 
of the subcutaneous fatty tissue as well as infi ltration 
of the deep layer of dermis and subcutaneous fatty tis-
sue (mainly around the vessels and skin appendices) by 

and also after 1 hour, as well as 1, 2 and 3 days after laser 
treatment according to our methodology [3]. The source 
of radiation was two solid state high-energy Nd laser 
installations (Pulsar - 1000 and its modifi cation Pulsar 
- 1000M, Russia) working in mono pulsed mode. The 
wavelength was 1060 nm, the pulse duration was 1 and 
4.5 ms, the maximum pulse energies were 700 and 1000 
J, and the energy density in the pulse ranged from 350 to 
450 J/cm2, the intervals between pulses were 50-90 sec, 
and the light spot diameters were 0.5-1.5 cm. Tumor ir-
radiation by laser was carried out under local anesthesia 
with 2% solution of lidocaine hydrochloride. Also    in 5 
patients, the smears of the wounds that appeared after 
the scab fell off were subjected to cytological study. In 
addition, in 10 patients histological studies were carried 
out of the scars formed following laser irradiation in the 
place of irradiated melanomas at 2, 4 and 6 months post-
treatment. The incision biopsy of tumors was carried 
out before laser irradiation by forming a circular block-
ing barrier by means of a laser beam [3,10,11] that pre-
vented possible dissemination of tumor cells via blood 
and lymph vessels. Each period of examination was ac-
companied by 3-5 specimens. Th  e histological samples 
were fi xed in 10% formalin and serial sections with a 
slice thickness of 5 microns were embedded in paraffi n. 
The histological sections and cytological smears were 
stained with haematoxylin and eosin (H&E) and then 
were analyzed via light microscopy.

Results

Histological study of cutaneous melanoma speci-
mens immediately after laser irradiation revealed tis-
sue necrosis with clear margins. The tumors had com-
pletely lost their original structure and appeared to be a 
detritus of coagulated cells with numerous fi ssures and 
lacunas of different sizes. Next to the necrosis area dys-
trophic changes both in the nuclei and in the cytoplasm 
of the cells with different degrees of intensity, as well 
as fi brous tissue destruction were detected (Figure lA). 
The destruction of the cells’ nuclei was characterized 
as pycnosis for they were shrunk and hyperchromatic. 
There were also single and numerous confl uent vacu-
oles in affected nuclei as well although such nuclei did 
not become hyperchromatic and stayed colorless, their 
form usually being irregular.

The most typical change of the cytoplasm was its 
complete disappearance and it was particularly so at the 
area adjusted to laser beam hit. The entire cell revealed 
mostly an elongated spindle shape. There were numer-
ous single and huge confl uent vacuoles in the destruct-
ed cytoplasm so that in some cells the whole cytoplasm 
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small lymphocytes and neutrophils. In one case mela-
noma cells with dystrophic changes were observed in 
the scab.

Cytologic analysis of smears taken from the wounds 
revealed lymphocytes, macrophages, histiocytes and sin-
gle nuclei but viable tumor cells.

Histological study of spec  imens of the epithe-
lium-covered wounds two months after laser irradia-
tion showed focal lymphoid infi ltrates located mainly 
around the vessels (Figure 2). After 4 and 6 months, fi -
brosis with focal lymphoid infi ltration and single giant 
cells were the only distinctive fi ndings in the formed 
scars without tumor cells found in any of the sections.

Discussion

La  ser irradiation causes acute destruction by 
means of thermal, hydrodynamic and photochemical ef-
fects of the laser beam, generating coagulation, evapora-
tion and destruction of the tumor. Due to the very short 

Figure 1. Photomicrographs of changes of cutaneous melanoma irradiated with pulsed Nd laser. A: Necrosis and dystrophic changes of tu-
mor cells (H&E × 150). B: Tumor tissue loss of cell structure and bubble formation (H&E × 57). C: Widened blood and lymphatic vessels, 
and stasis (H&E × 150). D: Necrotic collagenous dermal fibers (H&E × 200).

Figure 2. Photomicrograph of the scar 2 months after pulsed Nd 
laser irradiation of cutaneous melanoma of the left shoulder. Lym-
phoid infiltrates located predominantly around vessels. No tumor 
cells visible (H&E × 150).
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and the superfi cial layers of the subcutaneous fatty tissue. 
The Nd laser energy induces acute photothermal damage 
of melanoma tissue, which diffe rs from usual thermal le-
sions. Laser irradiation gives rise to immunocompetent 
cells infi ltration of the affected area and this may be con-
sidered as an increase of local cellular immunity.
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duration of the impulse and its high energy density the 
resulting tissue destruction has some unique peculiarities 
that discriminate those from ordinary thermal damage 
[6,12]. The     possibility to create an entirely strictly local 
application and precise separation from the neighboring 
tissues are features of laser ther apy. What is more, laser 
irradiation causes immediate thrombosis, stasis and co-
agulation of the blood and lymphatic vessels at the time 
of application [6], thus diminishing the probability of tu-
mor cells’ dissemination. The   energy density of the laser 
impulse used in this study for cutaneous melanoma has 
induced complete destruction of the skin texture accom-
panied by necrosis of dermis and the superfi cial layers of 
the subcutaneous fatty tissue. However, in 2 cases dys-
trophically changed melanoma cells still persisted with-
in the necrotic tissue after laser treatment. Comparable 
complexes of dystrophic tumor cells within the necrotic 
zone were present after Nd laser beam application in ex-
perimental melanoma Garding-Passey subcutaneously 
transplanted in mice [9]. These cells died with the lapse 
of time and the lapse was longer for cells with low densi-
ty of melanin. This  seems to refl ect an uneven absorption 
of the laser energy density by melanoma cells depending 
on their melanin concentration.

It s   hould be stre  ssed that laser hit induces a promi-
nent fl ow of immunocompetent cells like lymphocytes, 
macrophages and histiocytes into the affected areas what 
may be considered as a gain of local immunity [13].

The infl uence of the pulsed Nd laser irradiation 
upon the increase of the total quantity of vacant stroma 
cells from the epicenter to the periphery and their re-
proportioning toward an increase in the number of lym-
phocytes, macrophages and leukocytes was observed 
also in the B16 experimental melanoma [14]. The ex-
istence of prominent lymphoid and macrophage infi l-
tration has been also reported in human skin irradiated 
with Nd laser for tattoo ablation [8]. The intensifi cation 
of macrophage and histiocytic infi ltration was also ob-
served in intracutaneous melanoma metastases treated 
by continuous CО2 laser [7], whereas after ordinary 
thermal burn the leukocytes infi ltration prevailed [12]. 
In view of these data the low rate of melanoma recur-
rence after treatment with pulsed Nd laser [1-3] may be 
partly attributed to local immune reaction in response 
to acute photothermal damage of tumor and normal tis-
sues by laser energy [13,15].

Conclusion

Irradiation of slightly elevated cutaneous melano-
ma by high-energy pulsed Nd laser produces coagulation 
necrosis of the tumor, dermis with the skin appendices 


