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Abstract

There are several types of surgeries which use lasers in the operating room. Surgeons use lasers in
general surgery or surgical specialties to cut, coagulate, and remove tissue. In modern medicine, the
application of laser therapy is an attractive subject due to its minimal invasive effect. Today lasers
are widely used in the treatment and diagnosis of many diseases such as various cancers, lithotripsy,
ophthalmology, as well as dermatology and beauty procedures. Depending on the type of lasers, the
wavelength and the delivery system, most lasers have replaced conventional surgical instruments
for better wound healing results. Over time, by using many different tools and devices, new lasers
have been created; as a result, they are used in a wide range of medical special cases. In this review,
laser applications in surgery and its beneficial effects compared to previous surgeries with the aim of
providing appropriate therapeutic and non-invasive solutions with minimal side effects after surgery
are investigated.
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Introduction

Laser surgery is a kind of surgery which makes use of the
laser beam cutting power to obtain bloodless cuts in tissue
or eliminate a superficial lesion such as a skin tumor.
Today there is an increased interest in minimally invasive
surgery.' In other surgery areas, the techniques have been
refined, in which no or smaller incisions are required.
There are many types of lasers that are different in emitted
light wavelengths and their power and ability to clot, cut
or vaporize tissue. Lasers are used to relieve bleeding
or obstruction of some diseases. Lasers are applied to
shrink or destroy and eliminate colon polyps and tumors
that have intestinal or gastric obstruction. Sometimes,
laser therapy is used alone, but it is often associated with
surgery, chemotherapy, or radiation therapy. Lasers can
close the nerve endings to relieve postoperative pain and
seal the vessels of lymph to decrease swelling and the
growth of tumor cells.?

As it is shown in Table 1, among the commonly used
lasers are the erbium-doped yttrium aluminium garnet
(Er:YAG) laser,’ the diode laser, the argon laser, the
neodymium-doped yttrium-aluminum-garnet (Nd:YAG)
solid state laser, and the CO2-gas laser.> These lasers

penetrate only at short distances in the tissue and result
in fine and precise cuts in surgery. Laser technology was
introduced by an Austrian neurosurgeon in 1976 to the
neurosurgical community.

Lasers are used for surgical or non-contact surgical
applications. In the first case, laser radiation heats a
special surgical tip, which in turn is used for tissue
excision through thermal conduction. Diode lasers are
suitable for this operation method. Alternatively, in a non-
contact mode, the laser source wavelength is selected to
use high amounts of water in most soft tissues. Thulium-
doped fiber lasers, erbium-doped fiber lasers, and Mid-
IR hybrid lasers are suitable for this operation method.®
Multiple systems of lasers are studied in some fields of
medicine such as cancer treatment and tumor ablation,
brain surgeries, epilepsy, cardiology and atrial fibrillation,
lithotripsy, dermatology, skin rejuvenation, and lipolysis
(see Figure 1). The energy of laser is a safe and effective tool
for treating various cancers and the ablation of abnormal
conductive pathways, for many reconstructive procedures
and cosmetics.” Due to advances in application of laser in
surgery and its beneficial features, this review is planned
to provide new perspective about usage of laser in surgery.
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Table 1. The Various Types of Lasers Used in Surgery

Laser Wavelength (nm) Absorption Chromophore
Er:YAG 2940 Water

Diode 630-980 Pigment, water (range)
Argon 350-514 Pigment, hemoglobin
Nd:YAG 1064 Pigment, proteins
CO, 10600 Water
Methods

“Laser”, “surgery’, and “beneficial” were the main keywords
that were searched in NCBI and Google Scholar. The titles
in English were studied and the suitable abstracts were
selected. Finally, the full text of the intended documents
was extracted. The time of search was considered by 2019.

Cancer Treatment and Tumor Ablation Surgery

Lasers today are safe methods for treating various
cancers in organ systems. Laser ablation techniques have
been successfully and widely used to treat superficial
gastrointestinal cancers such as superficial esophageal
and early gastric cancers, colorectal adenoma, and high-
grade Barrett’s esophagus.® Laser photodynamic therapy
is an effective treatment for specific types of lung cancer

lesions.” Direct laser ablation through its photochemical
and photothermal effects has been used to directly kill
cancer cells. Photochemical reactions eventually produce
toxic radicals and cause tissue death, cause stress on the
tissue and fragmentation, and induce warming, blood
coagulation, and cell death."” Nearly a century ago, the
photodynamic method was developed to target the tumor
cells more precisely. This treatment involves the use of a
photosynthetic drug followed by subsequent illumination
of the desired area with visible light proportional to the
absorption wavelength of the photosynthetic drug."! The
photosynthesizer, which first forms a single excited state
and then a triplet state, generates reactive oxygen species
which are destructive to neoplastic cells.”> Selective
photothermal therapy uses the best “light absorbed dyes”
to enhance laser inducing destruction of tumor cells.”®

Brain Surgery

Surgical excision is the first treatment for malignant brain
tumors; then chemotherapy and radiation therapy are
done. However, glioblastoma surgery causes irreversible
neurologic deficits, but it improves survival compared
to chemotherapy and radiation alone. Some patients
do not become candidates for surgery because of their
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Figure 1. Schematic Representation of Laser Applications in Surgeries.
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multiple comorbidities. In addition, the presence of
deep lesions, accompanying symptoms, low functional
scores, and general anesthesia incapacity are considered
as other limitations on surgical removal, so survival is
limited. Radiosurgery is a low-risk invasive percutaneous
alternative to brain metastases treatment with an 80%-
90% local control rate over metastatic lesions.'*!* Recent
advancement in laser interstitial thermal therapy (LITT)
has improved the efficiency and safety of this method.
LITT is a low-risk invasive percutaneous procedure that
directs light energy through the fibropathic catheter
to target in the tissue which leads to selective thermal
ablation of malignant and benign lesions.

In 1983, Bown described LITT'® and Sugiyama, in
1990, applied LITT in treating the brain lesions.”” LITT
uses Nd: YAG lasers, which have a special tip for making
and emitting light that prevents tissue carbonization
(because carbon detoxification prevents light from
being transmitted through the tissue). By using MR
thermometry, dosage and resulting tissue temperature
can be monitored. During surgery, real-time MRI
produces the brain’s living temperature map. This allows
continually monitoring brain tissue temperatures and
ensures that laser-induced damage is effectively located
on the tumor and is restricted to the healthy tissue
surrounding the tumor.

LITT is primarily used in tumor surgery”® and
chronic pain'® and is a safe soothing alternative to high-
grade malignant glioma®* and recurrent metastatic
lesions.** LITT is also used to treat many brain
lesions including epilepsy,** radiation necrosis,**
and refractory cerebral edema® and tumors such as
meningioma, ependymoma, primitive neuroectodermal
tumor, chordoma, and hemangioblastoma.®® LITT
produces low-risk invasive demolition of soft tissue
pathology compared to other stereotactic procedures like
radiofrequency thermocoagulation, gamma knife, and
focused ultrasound. In addition, damage to the areas of
the cerebral cortex during deep lesions can be minimized
and completely prevented, and the treatment of epileptic
foci near the scattered or even critical areas of the brain is
possible. This method requires only a small incision and
puncture to guide the laser fiber, so the treatment does
not involve a craniotomy and is considered minimally
invasive. The procedure typically lasts 3-4 hours and most
patients are discharged the next day."®

Epilepsy Surgery

Pharmacologic treatment is one of the therapeutic
methods with about 70% efficacy in treating epilepsy.*
Epilepsy surgery is an effective and safe treatment tool for
symptomatic and focal epilepsies.**

Epilepsy surgery has some limitations; for example,
deep-based targets can only be achieved by removing
overlying brain tissue, and there are persistent neurologic
and cognitive deficits and adverse effects on postoperative

outcomes. Particularly, it affects cognitive outcomes.****
In addition, patients who have multiple epilepsy foci are
excluded from surgery. Stereotactic surgical techniques
represent innovative solutions and significant expansion
of the neurosurgical tools. LITT is an innovative
procedure in the field of stereotactic epilepsy surgery
and it is an important instrument in the neurosurgical
toolbox. Besides other stereotactic innovative methods
such as radiofrequency thermocoagulation, gamma knife,
and attentive ultrasound, LITT produces low-risk invasive
demolition of soft tissue pathology, which is especially
important for epilepsy resections. Unlike standard
surgeries, craniotomy just needs a small trepanation.
When accessing deep lesions, damage to the cortical areas
may be completely avoided or minimized and treating
epileptic foci near eloquent and even critical areas of the
brain becomes possible.*

Cardiovascular Surgery

Angioplasty and coronary artery bypass surgery and
medications are treatment approaches that improve and
increase blood flow through the coronary arteries. When
these therapeutic methods are depleted, the patient has no
alternative to surgery except for the limited cases of heart
transplantation. Without a viable alternative to surgery,
the patient is generally treated with therapeutic drugs,
often along with significant lifestyle restrictions. Trans-
myocardial laser revascularization (TMLR), laser vascular
anastomosis, and laser angioplasty in peripheral arterial
diseases are the new methods that improve blood flow
to the heart areas which are not treated by angioplasty
or surgery. In the cardiovascular surgery fields, laser
applications are very rare throughout the world.*

TMLR is performed as a method in ischemic heart
disease with areas that cannot be bypassed through
a small split in the left of the chest between the ribs
(thoracotomy) under general anesthesia with coronary
bypass surgery or alone. It is the only treatment method
for severe angina and is used as a supplementary method
for coronary artery bypass grafting (CABG). In TMLR,
the CO2 laser or the Ho:YAG laser is delivered directly to
the target areas of the heart muscle.”’

In TMLR, angina relief is more important than maximal
medical treatment for coronary artery disease that is not
revascularized. Combining CABG with TMLR has led to
the improvement of symptoms and no additional risk.
Angiogenesis is a possible mechanism in which TMLR
has benefited from interacting with tissue. After TMLR,
perfusion and concomitant improvement in myocardial
function have been observed.*®* Using clamps or staples
in vascular anastomoses quickly works, but it causes
more vascular damage than normal vessels. In many
ways, considerable force is required to bend the straps or
clamps. Some disadvantages are the high cost and limited
size. Using fibrin and cyanoacrylate glues is very easy
and time-saving. However, they require using additional
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sutures for stopping the formation of aneurysm. Most
importantly, they cause anaphylactic and allergic
reactions. Extra luminescent rings may seem appropriate
in cardiac surgery, but one may have difficulty adjusting
the diameter in vascular surgery. Only a few number
of ring diameters are available. Low openness is the
important disadvantage of intrauterine stents for vascular
anastomosis.*

In laser bonding, energy through the laser changes
the protein structure of the tissue and consequently is
repaired by cross-linking the proteins. Main disadvantage
of sutured anastomoses is the response of vessel wall to
the external material of the applied suture. This external
body reaction from the media and intima may provide
myointimal hyperplasia.”!

Laser-assisted vascular anastomosis (LAVA) does
not require more or less optimal sutures. When
simultaneously preventing thermal damage to the
interior and environment caused by laser energy, it
may be expected to have less hyperactivity at the site of
anastomosis. Unlike other options, diagonal mismatches
and toxic reactions in LAVA are not problematic.
However, nature of the vessel walls is important. There
is a perfect uniformity of intima versus intima without
wrinkling.*

Laser angioplasty by using argon laser opens the
obstructive arterial lumen. Peripheral arterial laser
angioplasty under local anesthesia is performed in
the inferior area beneath angioscopic guidance. Laser
coronary angioplasty is also performed concurrently
at the time of CABG for the patient with coronary
stenosis.**** Clinically excellent long-term results have
been obtained in the peripheral artery and coronary laser
angioplasty. There have not been complications with the
laser. Therefore, the possibility of laser application has
been confirmed and laser angioplasty is recommended for
patients with atherosclerotic changes, especially for small
vessels.*” The LAVA vote has used different lasers such as
the Nd:YAG, diode laser and CO, laser. These lasers are
used, along with various types of protein mixture used as
weld and/or dyes, to make an anastomosis with enough
potency to resist physiological changes in blood pressure.

The laser balloon catheter, the commonly endoscopic
ablation method, is used for treating the atrial fibrillation.
The diode laser that is located in the central lumen with
a wavelength of 980 nm carries out ablation. The energy
of laser emits at 90 degrees to the catheter shaft cover
and allows circular ablation around each pulmonary
veins. Deuterium oxide does not absorb the laser, then
it permeates through tissue behind the endothelium
and water molecules absorb it and cause heat-shock and
coagulation necrosis. Delivered energy can be described
by varying the power (to 5.5 W) at a set of predetermined
levels.* Depending on which wall of cardiac is targeted,
the energy levels change.” The Nd:YAG lasers are usually
used for this aim.*

By comparing the effects of various levels of energy,
some studies indicate that using higher levels of energy
increases pulmonary vein isolation with lower rates
of recurrent atrial fibrillation and no compromise on
safety.**" Recently, endovascular interventions such as
atherectomy and balloon angioplasty have been clinically
performed to treat peripheral atheromatous plaques and
coronary arteries.

Laser Lithotripsy

Laser lithotripsy is a commonly accepted method for
the fragmentation of urinary and biliary stones.”* Lasers
with a photochemical device can perform lithotripsy
and photothermal effect. Green light at 504 nm is
produced and absorbed mostly by the yellow-colored
urinary calculi. It can be safely used without damaging
the surrounding tissues.>*>** This stone absorbs energy
through the laser; excited ions can build up around the
stone, creating a shock wave to break the stone into
fragments.> This laser is inefficient against colorless and
non-absorbable compounds such as those consisting of
cysteine, so photosynthetic sensors have been successfully
used as irrigation and absorbent fluids to initiate the
fragmentation process.”® The Q-switched Nd: YAG laser
uses this mechanism to perform lithotripsy and generate
a larger shock wave.*® The long-pulsed holmium:YAG
laser, which makes light at a 2100 nm wavelength with
extreme absorption by water, mostly uses a photothermal
process to break up calculi”” The peripheral fluid is
heated after the absorption of energy. Some created
steam separates from the water and cause fragmentation.’
Ho:YAG laser lithotripsy is the most effective endoscopic
method with the higher rates of stone fragmentation
for treating ureteral stones compared to pneumatic
lithotripsy. Also, it is safe and efficacious and works more
desirable than other methods. Furthermore, it is used for
the fragmentation of biliary stones.”®*

Cataract Surgery
Ophthalmology has been at the head of using lasers and
laser types have been used for over 50 years.® Ophthalmic
lasers work at a specific predetermined wavelength,
energy, duration, pulse pattern, spot size and repetition
rate. This allows the photons to enter the coherent and
monochromatic laser beam phase to achieve the identical
place and the same time in the target tissue. Therefore,
altering these parameters makes different absorption in
different tissues at various depths and biological effects,
and any problem inside the eye is targeted by laser. Many
lasers utilize molecular vibration, which produces local
thermal effects such as photocoagulation (e.g. the argon
laser). Other lasers such as excimer lasers are utilized in
imaging and others such as Nd: YAG lasers are applied in
refractive surgery by optical methods.***

Laser surgery is usually used on the eye to correct
near and far-sightedness in vision. Femtosecond
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laser (FSL) cataract surgery is highly popular due to
its better predictability and consistency for corneal
incisions and anterior capsulorhexis outcome. These
results subsequently make the energy and time of
phacoemulsification less used which is accompanied with
reduced corneal edema. FSL allows for better circulation
of capsule overlap, the anterior capsulotomy, intraocular
lens placement (IOL) and central IOL. All of these
advantages lead to promotion of refractive and visual
features of eye in the short term. The complication rate
is low and is reduced by the experience of the surgeon.®®

Endoscopic Gastrointestinal Surgery

The first uses of endoscopic lasers in humans were in
the early 1970s after the development of flexible fibers
for laser energy transfer. It seems the minimal risks led
to its applications across the gastrointestinal tract. The
laser coagulant effect on gastrointestinal bleeding and
the treatment of benign small mucosal lesions and the
positive effects of the Nd: YAG laser on the tissue make
the lasers useful in the soothing treatment for malignant
gastrointestinal disorders and the incision treatment
for anatomical lesions such as stenosis or cysts. New
laser methods that can be tuned to a wide range of
electromagnetic spectrum, new optical fiber transmission
systems with specialized tips, and new tissue sensing
techniques for laser energy suggest that endoscopic lasers
should continue to be used as innovative application."%

Endoscopy detects gastrointestinal tumors at the early
stage but achieving a less invasive diagnostic method is the
aim of medicine. Lasers can be utilized as a less invasive
diagnostic method for gastrointestinal detection.”

The thermal laser is a tool which is designed to assist
the endoscopy of gastrointestinal cancers in an advanced
stage. Interstitial laser photocoagulation is effective in
the treatment of liver metastases. The most important
new applications of lasers to the gastrointestinal tract
are photodynamic therapies, especially the treatment
of endoscopic dysplasia and small tumors in the
gastrointestinal tract and pancreas. Light-based “optical”
methods make accurate and faster detection possible.
Recent methods are in the early stages of clinical trials,
but if they are successful, optical detection can play a
critical role in gastrointestinal function.®

Oral Surgery

Recent developments in laser technology have broadened
the clinical use of lasers in dentistry and oral and facial
cosmetic surgeries. CO,, Er:YAG, Diode and Nd:YAG
are common lasers that are used in oral surgeries. Also,
in assisting the procedures of disinfection and healing,
low-level lasers are applied. Oral mucosa, oral benign
lesions, oral cavity cancer, and excisional biopsy are a
number of oral diseases treated by laser technology. The
treatment of patients with oral mucosa lesions represents
a therapeutic challenge. Laser therapy seems to be an

effective alternative treatment for relieving the symptoms
of the diseases.*

Dermatology, Lipolysis and Reconstructive Surgery
The specific properties of lasers in target structures and
tissue layers have made them an important method for
reconstructive surgery and anti-aging treatment by
inducing new collagen formation systems using CO, and
Er: YAG lasers to target specific portions of the dermis.
These systems significantly destroy the epidermis and
cause side effects such as infection and erythema. Non-
excitation lasers such as Nd: YAG and diodes mainly
emitted by infra-red light are best used to overcome these
problems. These systems target the water in the dermis,
which heats the collagen in the process and causes it to
regenerate.”” A system that cools the epidermis, prevents
water evaporation and consequently external scar
production.”

Laser-assisted lipolysis has become an increasingly
popular method of cosmetic surgery that uses optical fiber
because the smaller cannula produces smaller incisions
resulting in less bleeding and less scar formation. Lasers
with a wavelength of 920 nm have the lowest absorption
coefficient in adipose tissue and therefore penetrate into
deeper layers of tissue, but lasers with a wavelength in
the range of 1320-1444 nm have the highest absorption
coefficient in adipose tissue and thus allow greater
penetration.”” Nd: YAG lasers are more commonly used in
lipolysis because application of these types of lasers alters
absorption of energy and average temperature different
amount of the fat absorption coefficient relative to the
other tissue. In this method; less tissue damage as well as
the coagulation of small blood vessels” and a significant
decrease in blood loss (54%) compared to traditional
methods are reported.”

The ability of lasers to target pathologic vessels
selectively makes them a main source for treating the
vascular defects (e.g. wine port stains). Before laser
treatment, there were not many treatment methods for
these abnormalities. Lasers, which are preferably absorbed
by hemoglobin rather than melanin, are now used for this
purpose and the trauma enters the epidermis slightly.
Larger wavelength lasers and their ability to penetrate
deeper into tissue have recently been introduced.””

Conclusion

The finding from the present review indicates that laser
surgery is spread vastly in medicine. This approach is
associated with less bleeding, short time of recovery after
surgery, and less side effects. High cost and its dependence
on a specialist surgeon, applying of suitable set up of laser,
and also finding standard laser devices are among the
considerable difficulties with laser application in surgery.
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