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Abstract

Streszczenie

Advances in laser techniques used in medicine significantly expanded the pool of procedures as well as increased the
frequency and ease of their use. Paediatric surgery is one of the branches of medicine open to use the dynamically developing
laser technologies. Based on the current literature and our own experiences, we present a cross-sectional review of modern
applications of laser therapy in the paediatric population. Laser therapy is often used complementary to other treatment
methods and, in many cases, it becomes the main treatment approach in a variety of conditions. It is an indispensable element
in the management of many diseases, both those health- and life-threatening as well as those responsible for cosmetic defects
directly contributing to reduced quality of life of patients. This allows for a very short recovery time, with a low risk of adverse
effects. The method is gaining popularity and is continuously improved. It is used, among other things, in the management
of congenital and acquired vascular lesions, pilonidal sinuses, and scars. Undoubtedly, the future use of laser therapy in
paediatric surgery will definitely expand to include further disease entities. A brief overview of therapeutic options for
conditions in which laser therapy has become the leading therapeutic strategy can help general practitioners and
paediatricians choose the optimal treatment strategy for their patients. Raising the awareness of general practitioners of
indications for laser therapy may bring significant benefits for paediatric patients. Laser is becoming an increasingly available
tool, which, considering the efficacy of laser therapy and a large number of indications, encourages referring patients to
specialists performing such procedures.
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Postep techniki laserowej w medycynie spowodowat istotne zwiekszenie puli procedur i czesto$ci oraz tatwosci ich
wykonywania. Chirurgia dziecieca jest jedna z galezi medycyny, ktora chetnie korzysta z dynamicznie rozwijajacych sie
urzadzen laserowych. Na podstawie przegladu aktualnego pismiennictwa i wlasnych do$wiadczen autorzy prezentujg przekroj
nowoczesnych zastosowan laseroterapii w populacji pediatrycznej. Laseroterapia czesto uzupelnia juz istniejace metody
leczenia, a w wielu przypadkach staje si¢ gldéwnym sposobem terapii réznych rodzajow schorzen. Jest nieodzownym
elementem leczenia wielu choréb, zaréwno tych zagrazajacych zdrowiu i Zyciu, jak i takich, ktére powoduja defekty
kosmetyczne bezposrednio obnizajace jako$¢ zycia pacjentow. Umozliwia bardzo krétki okres rekonwalescencji przy
niewielkim ryzyku dzialan niepozadanych. Jest coraz bardziej powszechna i z dnia na dzien udoskonalana. Znajduje
zastosowanie mig¢dzy innymi w leczeniu wrodzonych i nabytych zmian naczyniowych, torbieli wlosowych, blizn. Nie ma
watpliwosci, ze w przyszlosci zastosowania techniki laserowej w chirurgii dzieciecej beda si¢ zdecydowanie rozszerza¢ na
kolejne jednostki chorobowe. Krétki przeglad opcji terapeutycznych dla schorzen, w ktérych laseroterapia stata si¢ wiodaca
opcja terapeutyczng, moze utatwic¢ lekarzom rodzinnym i pediatrom dobdr optymalnej drogi leczenia dla ich pacjentow.
Zwiekszenie $wiadomo$ci lekarzy pierwszego kontaktu na temat wskazan do laseroterapii moze przynie$¢ znaczacg korzysé
pacjentom pediatrycznym. Laser staje sie urzadzeniem coraz latwiej dostepnym, co - biorac pod uwage efektywnosé
laseroterapii i duzg liczbe wskazan - zachgca do kierowania pacjentéw do specjalistow wykonujacych takie zabiegi.

Stowa kluczowe: laseroterapia, chirurgia dziecigca, malformacje naczyniowe, blizny, torbiel wlosowa
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INTRODUCTION

presence in various fields of medicine, including sur-

gery, ophthalmology, dermatology, and aesthetic med-
icine. Laser is used for cutting, coagulation, biostimulation,
photodynamic therapy, and photoablation of diseased tis-
sues. The dynamic development of laser devices used in
medicine has encouraged us to review the progress in this
field as well as the potential future benefits.

In the last few decades, laser technology has marked its

THE MECHANISM OF LASER ACTION
AND TREATMENT TECHNIQUE

Laser action is based on a physical phenomenon known as
stimulated emission, with different length and strength of
the emitted wave, depending on the type of device, which
in turn determines its use. Laser generates a beam of ener-
gy absorbed by the tissue in the form of heat, which may cut
or coagulate the tissue. The frequency of the laser wave al-
lows for controlling the size of the beam. Most medical la-
sers use wavelengths from infrared to ultraviolet. The longer
the emitted wave, the deeper the penetration into tissue.
The power of a laser is expressed in J/cm?*Y. The most
commonly used laser types include pulse dye laser (PDL),
neodymium-doped yttrium aluminum garnet (Nd-YAG),
and carbon dioxide (CO,) laser. Due to its limited depth
of penetration (1 mm), PDL is primarily used for superfi-
cial lesions®?. Higher wavelength of Nd-YAG compared to
PDL allows for deeper tissue penetration. The type of laser
is initially selected based on the type, location and colour
of the lesion as well as skin phototype, and then, depending
on the efficacy of previous treatment®. Most laser therapy
applications require repeated treatments to achieve the de-
sired effect. Depending on patient’s age, laser therapy may
be performed under general or local anaesthesia, or after
administering oral analgesics. If needed, an ointment, gel
or cream containing an analgesic may be applied on the le-
sion under the dressing about an hour before the proce-
dure. During laser procedure, every person in the room
must wear protective glasses or use other means to protect
the eyes against visible and invisible radiation. It is also im-
portant to perform a patch test to check for adverse effects.

INFANTILE HAEMANGIOMA

Laser therapy is one of the methods used for the management
of infantile haemangiomas (IHs), which are the most common
benign tumours of infancy, accounting for 5% of the popu-
lation. Most haemangiomas resolve spontaneously®. Their
clinical presentation varies and includes superficial, deep and
mixed types. Haemangiomas are rarely found in the internal
organs®. The decision on the need and type of treatment de-
pends on the form, number, location and stage of the lesion.

Between 20% and 30% of IHs require the use of pro-
pranolol due to their unfavourable size, dysfunction
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of the affected tissue, bleeding or ulceration®. Cases of
propranolol-resistant IH, unfavourably located (respirato-
ry tract, oral cavity, mammary gland, perineum, face) or
complicated lesions require surgical treatment.
Laser therapy, which is also used in our department, is one
of the available therapeutic options. Laser photocoagulation
is intended to induce tumour involution®.
According to the available literature, laser therapy should be
initiated already in infancy, and early treatment allows for
either complete involution of the lesion®, or significant im-
provement of its colour?”. Up to 80% of haemangiomas stop
growing by 3 months of age. Most patients are reported for
their first visit at the age of about 5 months, which is the pe-
riod of the most intense or completed growth of haemangi-
oma®. The energy needed to affect the tumour is lower in
this patient population. Also, children have a greater capac-
ity of tissue healing after each laser session.
The use of a dye laser affects the proliferative phase of hae-
mangioma by slowing it down and enabling involution even
in infants >6 months of age®. The use of PDL is currently
recommended for:
1. early superficial skin lesions of the face;
2. complex haemangiomas, to salvage the skin covering the
lesion;
3. complications in the form of persistent ulcerations;
4. persistent telangiectasia or persistent postinvolution flat
infantile haemangiomas®.
It is also recommended to use laser therapy for additional
8-18 months to manage persistent lesions. It significantly
improves the size and colour of such lesions?.
The Nd-YAG laser, which ensures complete resolution of su-
perficial lesions and shows high efficacy in the case of com-
plex and deep haemangiomas in the growth phase, is an al-
ternative for dye lasers. Treatment outcomes depend on age,
tumour size and type of haemangioma®?. Lower absorption
of laser energy at 1,064 nm by haemoglobin requires the use of
higher energy, which may increase the risk of adverse effects®.

VASCULAR MALFORMATIONS

Vascular malformations are congenital vascular defects fre-

quently mistaken for infantile haemangiomas. They affect

1-2% of the population, with equal incidence in both sexes.

Their differentiation is based on the type of the source ves-

sel and blood flow. These lesions are already present at birth,

they grow proportionally with the child’s growth and do not
spontaneously involute. They develop as a result of impaired
angiogenesis, vasculogenesis and lymphangiogenesis. Such
lesions can be a major cosmetic problem for the patient,
cause organ dysfunctions, and even be life-threatening for

the child, leading to disability .

1. Capillary malformations (CMs), commonly known as
port wine stains, are the most common type of slow-flow
vascular malformations, and are comprised of a capillary
network in the skin and mucous membranes. They are
usually located within the head and neck?.
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PDL is the standard treatment for these lesions. Complete
clearance of malformations is achieved in 10-20%
of cases, whereas partial clearance of varying degree is
seen in most patients, which is due to the deep location
of lesions. Different therapies are increasingly often com-
bined to improve treatment outcomes!'?. The best effects
are achieved when the therapy is initiated in the first year
of life, when the size of the lesions is the smallest, the
childs skin is relatively thin and shows high regenerative
potential'®. Between 20% and 30% of lesions may fail to
adequately respond to PDL treatment®.

2. Venous malformations are the second most common
type of slow-flow vascular malformations. They are
comprised of abnormal, dilated venous channels de-
void of muscular tissue®. Venous malformations devel-
op, among other things, in congenital defect syndromes,
such as blue rubber bleb nevus syndrome (BRBNS) or
Maftucci syndrome. Sclerotisation is the most common
treatment form used for these lesions. Laser therapy is
an alternative, yet common method®. Long-wavelength
lasers (900-1,064 nm), such as Nd-YAG, which effec-
tively close superficial lesions located in the subcutane-
ous tissue, are used. Repeated laser exposure at 8-12-
week intervals contributes to significantly reduced size
and improved colour with minimal adverse effects. Small
venous malformations usually involute, while larger ones
reduce in size'?. Nd-YAG laser is a promising alterna-
tive in the treatment of venous malformations in paedi-
atric patients with critically located lesions, e.g. in mu-
cous membranes, which respond best to treatment®®.
In our department, we also successfully use an endovas-
cular diode laser, which is introduced directly into the
lumen to close the vessel.

3. Lymphatic malformations are congenital lymphatic de-

fects. The clinical presentation depends on their loca-
tion and the nature of lesion. Malformations are clas-
sified as microcystic, macrocystic, and mixed. Due to
compression on the adjacent organs and coagulopathic
bleeding, internal organ lymphatic malformations may
be life-threatening. Successful use of many types of la-
sers in the treatment of lymphatic malformations has
been documented. The Nd-YAG laser is commonly used.
In our department, we use the CO, laser for mucosal le-
sions; PDL is the best option for improving cutaneous
lesions?.
The treatment of lymphatic malformations requires
a multidisciplinary approach considering patient’s qual-
ity of life. Sclerotherapy is first-line treatment, especially
for larger lesions. Traditional surgery is the most effec-
tive solution for patients with life-threatening malfor-
mations, such as those involving the respiratory tract.
Preliminary data indicate promising effects of percuta-
neous laser ablation. New pharmacological therapies us-
ing sildenafil or rapamycin are under trials“®.

4. Arteriovenous malformations are the rarest type of mal-
formations. These lesions are characterised by rapid blood
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flow and are comprised of supplying vessels and dilat-
ed draining veins connected by fistulas. Vascular mur-
mur heard during stethoscope examination is typical of
these lesions. Schobinger stage 1 malformations require
no treatment. Further stages are most often treated with
embolisation of the focal lesion and surgery®.

Laser therapy is sometimes used as a coagulation tech-
nique during excision of this type of vascular lesions.
This method for closing vessels without contacting
their walls shows higher safety and, at the same time,
similar efficacy compared to conventional methods!”
(Fig. 1).

PYOGENIC GRANULOMA

Pyogenic granuloma is a benign vascular tumour usual-
ly found on the skin or the mucous membrane. It develops
spontaneously at sites exposed to trauma or secondary to
vascular malformations®®. It usually presents as an isolated,
fragile, polypoid or pedunculated red bump™. It may devel-
op in children at different ages, but rarely in infants. Pyogenic
granuloma is a rapidly growing lesion prone to mechanical
injury, and thus bleeding. Surgical excision is the best treat-
ment option as it ensures the lowest recurrence rates. Other
methods include, among other things, ligation of the base
of pyogenic granuloma, local coagulation with silver nitrate,
electrocoagulation, and curettage®'®. CO, laser ablation is
a practical and increasingly used alternative!'®.

PILONIDAL SINUS

Pilonidal sinus is an inflammation of the subcutaneous
tissue most often located in the gluteal cleft. It usually af-
fects adolescent Caucasian males. The aetiology of pilonidal
sinus is not clearly defined. Hair penetration into the sacral
fistula and the resulting inflammation around the foreign
body are usually the direct cause. Patients most often report
with a symptom of a fluctuant, painful nodule in the coc-
cygeal/sacral region”. Pilonidal sinus has high recurrence
rates (>30% of cases) and significantly reduces the quality
of life®*?. Surgical excision is a common treatment meth-
od for pilonidal sinus. Unfortunately, recurrence rates af-
ter this type of treatment are high (5-20%)®*%). Laser hair
removal is an alternative treatment method. Due to appro-
priate wavelength, the laser emits energy absorbed by the
tissue in the form of heat at an appropriate depth in the ab-
sorber - hair follicle melanin; therefore, better effects are
achieved in patients with dark hair, which contains more
pigment. Laser hair removal decreases recurrence rates by
reducing the thickness and the amount of hair in the gluteal
cleft, and thus improving hygiene in this region®".

It may be used as the primary method or incorporated as
a permanent part of postoperative care®. Usually, about
6 procedures performed at 3-6-week intervals are recom-
mended. Studies among adult patients have shown that
laser hair removal reduced recurrence rates for pilonidal
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Fig. 1. A. Infantile haemangioma of the face in a 3 months old child. B. Venous malformation of the forehead - 8 months old child.
C. Capillary-lymphatic malformation of the left lower extremity in a 6 months old child. D. Capillary malformation of the face in

a 15 years old boy

sinus by up to 80%®. No need for hospital stay is an advan-
tage of this method®?.

Primary intervention using the Nd-YAG laser may replace
conventional surgical excision. Postoperative recovery pe-
riod may be longer, whereas patients after Nd-YAG laser
procedure return to activity already after one day, with
similar efficacy of the procedure. The penetrating depth
and direct action on hair follicles are advantages of the
Nd-YAG laser®?. Ultrasound monitoring of the irradiat-
ed site, which helps determine the presence of hair and as-
sess treatment efficacy, may play an important role in such
procedures®).

DOI: 10.15557/PiMR.2020.0031

SCARS

Any injury penetrating the skin to the dermis, regardless
of the mechanism, leaves a scar after healing®®. There are
three types of scars: atrophic, hypertrophic and keloids®”.
Scars may be accompanied by pain, hyperalgesia, and pru-
ritus. Advances in laser therapy have enabled the introduc-
tion of alternative and effective treatment of both scars, and
the accompanying symptoms®®).

Adjusting an appropriate type of laser to treatment stage
and type of scar allows for maximising the therapeutic
effect. Owing to the phenomenon of photothermolysis,
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PDL acts on the smallest capillaries present in imma-
ture scars, causing their coagulation. More mature scars
are treated with CO, laser, which causes evaporation of
water accumulated in the abnormal form of collagen.
Irradiated scar tissue undergoes ablation, enabling de-
position of normal collagen®.

PDL used at an early stage of scar formation helps improve
erythema, reduce pain, pruritus, scar volume and improves
scar surface texture. Fraction lasers (e.g. CO,) induce re-
modelling of tissue, whose structure becomes similar to
that of healthy skin in terms of the content ratio of different
types of collagen. The achievable depth of tissue penetration
combined with treatment efficacy established the gold stan-
dard in the treatment of scars®®.

Postoperative management of a scar treated with laser
should be individualised and it should consider the use of
individually adjusted compression garments (pressothera-
py) and other forms of physical therapy.

Laser-assisted drug delivery (LADD) may be an alter-
native scar treatment. LADD is based on temporary
disruption of the scar tissue barrier during fractional
photothermolysis. Combining topical steroids with la-
ser therapy increases penetration depth and absorption
of these substances®. LADD has not been sufficient-
ly studied®®.

Scar treatment requires a diversified, integrated therapeutic
approach; however, prevention of scar hypertrophy remains
the most important and effective method®”. Laser therapy
should be considered at least supplementary to the already
used methods®.

LITHOTRIPSY

Laser lithotripsy is a common, globally used method for
breaking apart kidney and biliary stones. The most fre-
quently used lasers for this procedure include, among
other things, dye laser, which, introduced through a cys-
toscope, disintegrates yellow stones with a green light
beam, leaving the adjacent tissues intact. However, this
method is ineffective in the case of colourless stones,
such as cystine stones, disintegration of which re-
quires a photosensitising dye. The holmium-YAG laser
(Ho-YAG) acts through a photothermal effect. This type
of laser induces vaporisation of the liquid medium, in
which a stone is suspended, which enables the laser beam
to directly reach the target®.

BEZOARS

Laser therapy is also effective in the case of bezoars.
Small, soft bezoars can be dissolved using appropri-
ate means, which is time-consuming and likely to cause
complications. Different endoscopic techniques are used
to remove bezoars. If such methods fail, the lesion must
be removed surgically, which involves the risk of compli-
cations. Endoscopic lithotripsy using the Nd-YAG laser

PEDIATR MED RODZ Vol. 16 No. 2, p. 165=170

may solve some of the clinical problems caused by be-
zoars. It involves inducing microexplosion using a tip of
a gastroscope equipped with a laser, which leads to bezoar
fragmentation®?.

COMPLICATIONS

Skin hypopigmentation, especially in the case of dark phe-
notype, pain, hyperalgesia and irritation are the most com-
mon complications of laser therapy. Furthermore, burns,
skin atrophy, scarring, bleeding lesions, and local ulcers (es-
pecially in the case of vascular lesions) may occur. However,
complications are uncommon, and most of them are tran-
sient and reversible®?).

CONCLUSIONS

Currently we are witnessing the greatest expansion in laser
technology in medicine. Laser therapy is often used com-
plementary to the already existing treatment methods and,
in many cases, it becomes the main treatment technique in
a variety of diseases. It is an indispensable element in the
treatment of health- and life-threatening diseases as well as
those responsible for cosmetic defects directly contributing
to reduced quality of life of patients. Laser therapy allows
for a very short recovery time, with a low risk of adverse ef-
fects. The method is increasingly popular and continuous-
ly improved. Undoubtedly, the future use of laser therapy
in paediatric surgery will definitely expand to include fur-
ther disease entities.
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