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of confocal microscopy™
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Fig. 3 Imaging of fundus by scanning laser ophthalmoscopy (SLO)®” . (a) Differences between SLO and traditional

fundus imaging; (b) SLO images of the retina at different levels
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Fig. 4 Block diagram of optical coherence tomography™ (FFT: fast Fourier transform; OCT: optical coherence

tomography)
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F s/ B 7 4 O IRIA YT BT A BOGH
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Table 1 Laser technique and characteristics in glaucoma treatments ™"
Laser treatment Principle Wavelength Indication Complication
Laser peripheral Full thickness hole is created in pe- 1064 nm Primary or secondary 1) Hyphema

iridotomy (LPI)
(Nd: YAG)

Laser trabeculoplasty

(LTP) including argon

laser trabeculoplasty
(ALT) and selective
laser trabeculoplasty
(SLT)

Laser peripheral
iridoplasty

Laser
cyclophotocoagulation
(CPC)

Endo-
cyclophotocoagulation
(ECP)

Laser suture lysis

(LSL)

Excimer laser
trabeculotomy (ELT)

ripheral iris to create a communica-
tion between the two chambers of
eyes and counteract the pupillary

block

Argon laser trabeculoplasty ( ALT)
causes coagulative damage to the
trabecular meshwork, which results
in collagen shrinkage and subsequent
scarring of the TM so as to increase
the outflow facility

Laser burns of low energy to the
peripheral iris to widen the AC
angle and/or break PAS

Destructing ciliary body struc-
tures in order to decrease aqueous
production

As above CPC

Laser-assisted technique of cut-
ting nylon suture of the sclera flap
through the overlying conjunctiva
to enhance filtration post-trabecu-
lectomy

Creation of microperforations in
TM and inner wall of Schlemm’s
canal to enhance outflow facility

1) 488,514,532 nm
(argon laser)

2) 532 nm
(frequency-doubled
Q-switched

Nd: YAG laser)

1) 810 nm (diode
laser)

2) 532 nm
(double-frequency
Nd: YAG laser)

810 nm (diode laser)

810 nm (diode laser)

532 nm

308 nm

angle closure glaucoma

Primary open-angle
glaucoma (POAG),
ocular hypertension

(OHT)

Appositional angle closure
such as plateau iris
syndrome,
nanophthalmos,

and iris cysts

Management of refractory
glaucomas as last resort

1) Refractory glaucomas as
last resort

2) More commmonly used
for post-vitreo-retinal
surgery glaucoma

3) NVG

4) Post traumatic glaucoma
5) Post PK glaucoma

Unsatisfied filtration after
trabeculectomy

Open-angle glaucoma

2) Inflammation

3) 1I0OP spike

4) Corneal decompensation
5) Cataract

1) Transient mild redness
2) Discomfort

3) Inflammation

4) T1OP spike

1) Extensive iris atrophy
2) Pupillary distortion

1) Pain

2) Inflammation

3) TOP spike

4) Corneal edema and
epithelial defect

5) Pupillary distortion
6) Cataract

1) Fibrin exudates

2) Hyphema

3) Cystoid macular edema
4) Vision loss

1) Conjunctival perforation
2) Flat AC

3) Hyphema

4) Iris incarceration

5) Bleb leak

6) Prolonged hypotony

1) Hyphema
2) Transient IOP rise

Notes: TM represents trabecular meshwork;

AC represents anterior chamber; PAS represents peripheral anterior

synechia; IOP represents intraocular pressure; NVG represents neovascular glaucoma; CPC represents cyclophotocoagulation;

PK represents penetrating keratoplasty.
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Fig. 5 Modified Jablonski energy level diagram illustrating the principle of photodynamic therapy (PDT)"™ . PDT requires

three elements: a photosensitizers (PS), light, and O,. A represents photon absorption; F represents fluorescence

(emission); P represents phosphorescence; S represents singlet; T represents triplet I; C represents internal

conversion; ISC represents intersystem crossing; EET represents excitation energy transfer; ET represents electron
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Abstract

Significance Recently, laser technology has made great progress, particularly its clinical application in
ophthalmology, from the diagnosis and treatment to the surgery of various eye diseases. While these wide
applications or emerging technologies have shown effective and safe results, there are still difficulties and challenges
to overcome. Therefore, it is necessary to review the current application and progress of laser technology in
ophthalmology, through which we can get inspired and further advance and optimize laser technology and its
application in the diagnosis and treatment of eye diseases.

The eye consists of the eyeball and its appendages ( eyelid, orbit, conjunctiva, lacrimal apparatus, and
extraocular muscle). The application of laser in ocular appendage is similar to that of laser in dermatology, which
produces a transient high temperature and vaporizes the tissue for treatment. Meanwhile, the eyeball, the optical
component of the eye, features the application of laser in ophthalmology. The special structure of the eyeball makes
it an optimal model for laser technology applications. The eyeball is composed of the ocular wall and the contents
inside it. From the outermost part, the ocular wall includes the outer cornea and sclera, the middle uvea, which is
rich in its vascular network, and the inner retina, where the photoreceptor cells reside. From front to back, eye
contents include aqueous humor, lens, and vitreous body. The cornea, as well as all three eye contents, constitutes
the refractive system of the eyeball. The normal visual function of the eye requires a transparent refractive system
and a well-functioning chorioretinal vascular system. Therefore, the application of laser technologies is mainly
focused on the diagnosis and treatment of two abovementioned components (the refractive and chorioretinal vascular
systems), which is also the main topic of this paper.

Different laser-tissue interaction mechanisms are exploited in laser-based ophthalmology instruments, including
photodisruption, photocoagulation, and photochemical. The application of laser technology in the diagnosis and
curative effect monitoring of ocular diseases includes in vivo confocal microscopy, scanning laser ophthalmoscopy,
and optical coherence tomography. The application of laser technology for treating eye diseases includes corneal
diseases, cataracts, glaucoma, and retinal choroidal diseases. The treatment of corneal diseases mainly includes
excimer laser keratectomy, femtosecond laser-assisted in situ keratomileusis, and laser thermokeratoplasty.
Cataract is treated using FSL-assisted cataract surgery (FLACS) and Nd: YAG laser posterior capsulotomy. The
application of laser in glaucoma is to relieve pupil block between anterior and posterior chambers to increase the
function of the trabecular meshwork to drain aqueous humor, thereby improving the entrance of the anterior chamber
angle and reducing the outflow resistance. In the applications of treating retinal choroidal diseases, laser
thermotherapy (fundus laser photocoagulation and transpupillary thermotherapy) and laser photodynamic therapy
(photodynamic therapy) are always exploited.

Progress With precision, convenience, remote operation, and low cost as its development trends, the application
of laser in ophthalmology has made great progress in the following aspects. Precision means better vision, lower
laser-related damage, and more effective biological regulation at the subcellular level with low-level laser therapy.
With respect to corneal transplant surgery, the laser helps to achieve more accurate corneal cuts, which contributes
to reduced astigmatism and better visual quality. Besides, with the assistance of adaptive optics and wavefront
aberration technology, supernormal vision (visual acuity of ==2.0) can be achieved in corneal refractive surgery, and
low-level laser therapy can improve mitochondrial function and plays a protective role for retinal ganglion and
photoreceptor cells, which trigger a series of physiological and biochemical reactions without inducing irreversible
damage to the tissue. With respect to glaucoma, several more convenient laser therapies have been developed.
MicroPulse® transscleral laser therapy (MicroPulse® TLT) has a wider range of indications and fewer complications
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compared with traditional transscleral ciliary photocoagulation, which can only be used for advanced refractory
glaucoma without functional vision. Simultaneously, noncontact direct selective laser trabeculoplasty (DSLT) has
been achieved to enforce the noninvasive, noncontact, and remote-operated treatment of glaucoma. Regarding the
application of laser in cataract surgery, much attention is paid to circular curvilinear capsulorhexis, which is the key
step in cataract surgery. Precision pulse capsulotomy and selective laser capsulotomy are the two representative
techniques, which have better cost-effectiveness than FLACS.

Conclusion and Prospect In summary, the application of ophthalmic laser technology covers various diseases of
the anterior and posterior segments, from diagnosis to treatment. With the breakthrough of laser technology and
increasing ophthalmology clinical demand, laser technology of diagnosis and treatment will be continuously
optimized. This paper summarizes the applications of laser technology in the eye, and future challenges of different
ophthalmology instruments, hoping to guide the breakthrough point of future technology.

Key words laser technique; laser application in ophthalmology; photodisruption; photoablation; photothermal

effect; photochemical effect; photobiomodulation
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