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ARTICLE INFO ABSTRACT

Posterior capsule opacification (PCO) is the most common delayed complication of cataract surgery.
On the other hand, Nd YAG laser capsulotomy is accepted as standard treatment for PCO. Although,
Nd YAG laser capsulotomy is a noninvasive and safe treatment it carries risk of some complications.
Using less total energy and performing smaller capsulotomies are effective choices to decrease
complications after Nd YAG capsulotomy. The purpose of this review is to look through the
complications associated with Nd YAG laser capsulotomy, and the effect of capsulotomy size and
used total energy on such complications.
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INTRODUCTION
PCO is a common long term complication of cataract surgery
that causes decrease vision, glare, and other symptoms similar
to that of the original cataract.1

The term posterior capsular opacification is actually a
misnomer. It is not the capsule which opacifies, rather an
opaque membrane develops as retained cells proliferate and
migrate on the posterior capsular surface which causes fibrotic
changes and wrinkling of the posterior capsule. Though there
are many factors suggested to reduce posterior capsular
opacification. The incidence of posterior capsular opacification
still exists considerably. And till today Nd YAG laser
capsulotomy has been the ultimate choice to get rid of it.2

Incidence

Incidence of PCO is 20% in patients within 3 years after
surgery and around 38% after 9 years4, However advances in
intraocular lens (IOL) design and materials have resulted in a
significant reduction of the incidence of PCO over time. A
recent study reported the rate of PCO was 16% over a 7 years
period5.

The reported Nd YAG laser posterior capsulotomy rate ranged
from 30% to 50% in the 1980s. More recent reports document
an additional decrease in PCO and Nd YAG laser capsulotomy
rates.

With the use of modern surgical techniques and IOLs,
posterior capsule opacification and Nd YAG laser posterior
capsulotomy rate is decreasing to less than 10%6.

IOL Material and Design

It has been found that 10 years after surgery, eyes with the
sharp-edged acrylic IOL had a significantly greater cumulative
Nd YAG laser capsulotomy rate than eyes with the round-
edged silicone IOL7.

Silicone and PMMA IOLs led to significant pearl formation on
the capsulotomy margin, often combined with a reduction of
peripheral regeneratory PCO (silicone). Hydrogel IOLs led to
a higher incidence of reclosure of the Nd YAG capsulotomy
opening8.
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Table1 Six Factors to Reduce PCO3

Surgery-Related Factors
(“Capsular” Surgery)

IOL-Related Factors
(“Ideal” IOL)

 Hydro dissection-enhanced
cortical cleanup

 In-the-bag fixation
 Small CCC with edge on IOL

surface

 Biocompatible IOL to reduce
stimulation of cellular
proliferation

 Maximal IOL optic- posterior
capsule contact, angulated
haptic, “adhesive”
biomaterial to create a
“shrink wrap”

 IOL optic geometry square,
truncated edge
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The 360-degree square edge design may be is a good
alternative technique to improve PCO prevention. Even in the
high-risk diabetic patients, although the early stage
inflammation is higher, doctors still prefer to choose
hydrophobic IOL for its lower PCO rate9

Energy levels

We suggest that laser energy be set at lowest possible level and
laser beam focused slightly beyond posterior capsule. An
initial shot of 1.8 mJ will crack most PCO of the membranous
subtype and an initial shot of 3.1mJ, for all fibrous PCO. In
cases with fibro-membranous PCO, we recommend to fire the
initial shot of 3.1mJ on the fibrous portion to avoid prolapsed
anterior hyaloid phase interfering with focusing of laser beam
and consequently, more energy to cut the fibrous part11.

Tetz et al (2000) analysed energy levels for Nd YAG laser
capsulotomy for PMMA IOLs and found that sulcus fixated
IOLs required higher energy11.

Auffarth et al (2000) analysed energy levels for capsulotomy
in a series of 172 patients and found that the average total
energy used was 12.7 +/- 9.4mJ11.

Khanzada and co-workers (2008) found mean initial energy
level in their study was 3.2 mJ and the mean summated energy
level was 48.8 mJ11

Type of PCO significantly influenced laser energy levels
required for capsulotomy, whereas IOL biomaterial and
fixation did not influence. Complications such as IOL pitting,
uveitis, IOP elevation, RD and CME was significantly more
common when total laser energy was higher.

It is recommended that the lowest possible single pulse laser
energy be used for capsulotomy to minimize complications12.

There are only a few published studies in the literature which
have evaluated the effects of laser energy per se on
complication rates, and the effect of factors such as IOL type
and fixation, and type of PCO on energy levels. It has been
found neither age nor the type of IOL (silicone, hydrophobic
acrylic, hydrophilic acrylic and PMMA) have a significant
effect on the total laser energy required to create a
capsulotomy

Auffarth et al found that the total laser energy was
significantly higher with sulcus fixated IOLs12

Technique

The procedure involves clearing of the visual axis by creating
a central opening in the opacified posterior capsule by
focusing Nd YAG laser pulse, with energy of few mJ and
duration of a few nanoseconds, just behind the posterior
capsule13.

Fig.-1 Sillicone IOLs. Left to right: Increasing PCO.

Fig.-2 Acrylic IOLs 10 years after surgery.

Table 2 Comparison of different Nd YAG laser capsulotomy patterns10

Parameters Jin Ho Yim Zeki Khanzada et al Hayashi et al

Laser pattern type Circular pattern + Inverted U strategy Cross pattern
Cross pattern

(large Capsulotomy)

No of patients
76 patients
(77 eyes)

200 320 41

Follow up period 1 week to 40 months 6 week to 6 months 4 week 4 to 21 months

Visual acuity 96 % improvement All improvement 96.9%
Contrast VA and glare VA : significantly

better than those with the small
capsulotomy

Used Energy Level
0.8-1.2 mJ/pulse

Total energy: 40 to
167 mJ

Maximum 1.9 mJ/ pulse,
The number of laser
application: 5 to 11

1.5-5 mJ/pulse
Total energy:
12 to 180 mJ

0.5-1.5 mJ/pulse
2 times

Complications
CME (-),

RD (-)
CME (-), RD (-)

IOL pitting
(+, 9.37%) CME
(+,0.62%), RD (-)

CME (-), RD (-)
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In the early 1980s, the application of Nd YAG laser
capsulotomy as treatment for PCO was presented by Aron-
Rosa and Fankhauser. Nd YAG laser capsulotomy showed
itself to be an effective alternative to surgical discission,
avoiding such complications as endophthalmitis and vitreous
loss. Improvement in visual acuity after Nd YAG laser
capsulotomy in patients with significant PCO has been well
documented improvements in glare and contrast sensitivity
may also be important outcome measures for many patients.
Although Nd YAG laser capsulotomy is accepted as standard
treatment for PCO and has been found to be safe and effective,
it is not without complications, some of which can be sight-
threatening such as retinal edema and detachment.14

The Nd YAG lasing medium is a manmade crystal of
Neodymium doped yttrium-Aluminium-Garnet is a photo
disrupter not a photo-coagulator like argon or krypton laser. In
laser machines, emitted photons are trapped in highly polished
mirrors forcing them to travel back & forth in the cavity. When
a photon passes close to an excited particle, the particle will be
stimulated to emit a photon that is identical in wavelength,
phase and spatial coherence to the first. This amplification
continues, increasing the number of active photons.15

The laser emits a 50µ diameter beam of ultrashort light pulses
of 30 picosecond (10-12 sec) duration in a 40 nanosecond (10-9

sec) pulse train, at an infrared wavelength of 1064 nm and a
maximum frequency of 4-5 cycles per second. A coincident
red helium-neon (ReNe) laser beam is used for accurate visual
positioning, and a filtering system attenuates backward
radiation. Pulse energy at the corneal entry point to the eye
averages 3.0-4.5 mJ per shot. This pulsed laser energy ionizes
target tissue, producing plasma with a subsequent
hydrodynamic shock wave. The action radius of this energy is
estimated to be 150µ in the plane perpendicular to the beam,
and less than 500µ in front of and behind the irradiation zone
boundary. The physical characteristics of the ultra short laser
energy employed limit the intraocular temperature increase
associated with a mJ energy pulse to less than 2x10-3 ºC, which
is not harmful to the eye16.

The purpose, procedure and possible complications were
explained to every patient and written informed consent was
taken in each case. Routinely dilatation before laser

application was not required but it was preferred in cases of
dense PCO and in uncooperative cases. If the pupil was to be
dilated then the landmarks of the pupillary zone of capsule was
sketched to avoid eccentric opening. The middle of the
pupillary axis was marked by a single marker shot. Patients
head position was adjusted in such a way that chin and
forehead would rest well at its respective position. A drop of
topical anaesthetic proparacaine hydrochloride ophthalmic
solution was instilled before the procedure. A contact lens
called modified Abraham lens was used whenever necessary.
Capsule was examined for wrinkles and tension lines, because
if shots were fired across tension lines it might lead to larger
and uncontrolled opening per pulse. For accurate focusing, the
intersection of the He-Ne beam where the two red spots
become one that spot was used. It locates the focal point of
laser energy. For energy settings we began with less energy
1mJ at monoburst and increased in steps as required until
tissue breakdown was achieved. Successive shots were fired to
make opening ‘X’ or ‘A ‘shaped. If the membrane did not
open focal point was shifted slightly forward2.

Complications

Some recent studies have been concentrated to the influence of
capsulotomy size and total energy level on complications after
Nd YAG laser capsulotomy

Raised Intraocular Pressure

The most common complication of posterior capsulotomy is
increased IOP. Different explanations which have been given
for the pressure rise following Nd YAG laser treatment include
the deposition of debris in the trabecular meshwork, pupillary
block, and inflammatory swelling of the ciliary body or iris
root associated with angle closure14.

Hussain MM in his study of 125 eyes treated with Nd YAG
laser for capsulotomy noted 25-30 mmHg rise in IOP in 1.6%
cases, where Hassan KS et al noted 6mmHg elevation in IOP
after laser capsulotomy, 37.9% in aphakic eyes out of 29 eyes
and 16.07% in pseudophakic eyes out of 57 eyes. Average 10
mmHg rise in IOP in one third of patients with Nd YAG laser
has been recorded by some authors17.

Iritis/Uveitis

Keates et al. found iritis persisting in 0.4% and vitritis
persisting in 0.7% after a 6-month postoperative period.
Chambless, in a study with an average follow-up period of 7
months, found persistent anterior uveitis in 1.4% of the
patients. Gore et al. reported that 33.5% of patients had iritis
after Nd YAG laser capsulotomy manifested as cells and flare
in the anterior chamber on slit lamp examination. They were
given topical steroid, and reaction had subsided leaving no
delayed complication. In summary, transient anterior chamber
flare may be seen post-laser treatment; persistent iritis or
vitritis is rare14.

IOL Damage/Pitting

Hassan KS et al. has noted IOL pitting 19.8% in a study of 86
eyes and Haris WS noted 11.7% significant marks on IOL
during laser capsulotomy in 342 eyes. Khanzada et al. reported
the range of 9.4% (30 eyes) in 320 eyes. The retro-focusing of
laser aiming beam can reduce the risk of IOL damage.14

Different IOL materials had different damage thresholds and
consequent pitting and cracks (PMMA >acrylic > silicone).
IOL damage following capsulotomy has been attributed to

Fig-3 Carl Zeiss Yag laser.



International Journal Of Current Medical And Pharmaceutical Research, Vol. 2, Issue,10, pp.805-809, October, 2016

808

faulty focusing of laser beam, close proximity of the IOL to
the posterior capsule and inherent properties of IOL
materials12.

Cystoid Macular Edema

Hussain MM reported CME 0.8% in the study of 125
pseudophakic eyes treated with Nd YAG laser capsulotomy.
Haris WS noted 16 eyes (4.4%)out of 342 eyes with cystoid
macular edema. In such cases the possible mechanism of CME
is still unclear but it is suggested that in response to YAG laser
the prostaglandin released from anterior segment and reached
the retina through vitreous that alters the permeability of
paramacular capillaries to develop CME.Continuous iris
irritation by displaced vitreous in AC around the pupil margin
may promote CME. Delay in Nd YAG laser capsulotomy by
90 days after cataract surgery allows full recovery of the blood
aqueous barrier and can reduce the rate of cystoid macular
edema17.

Rupture of Anterior Vitreous Face (AVF)

It has been noted that YAG laser energy focused on the
posterior capsule produces liquefaction of vitreous, in the same
way as occurs if the laser focuses into the mid vitreous. This
major change in the vitreous structure provides other
mechanisms for dynamic vitreous traction and sequel of retinal
breaks and detachments. Rupture of the AVF permits forward
displacement of vitreous in aphakic patients, this may increase
dynamic traction on the retina. Forward displacement of
vitreous can also be seen in eyes with IOL, a knuckle of
vitreous insinuating itself around the IOL and appearing at the
pupil margin. This complication may be associated with pupil
distortion and IOL displacement. Such event may be the cause
of chronic iris irritation and could certainly promote cystoid
macular edema17.

IOL Movement and Refractive Changes

There are several reports of displaced IOLs after laser
treatment. Levy et al. reported two instances of hydrogel
implant dislocation into vitreous following Nd YAG laser
capsulotomy.They stated that the larger capsulotomy openings
induce greater backward movement, and recommend small
openings to avoid this complication14.

Zaidi et al., were also recorded a significant hyperopic shift
which was especially important 1 week after Nd YAG laser
capsulotomy. Also the magnitude of shift can be affected by
IOL style. The hyperopic shift was found higher with plate
haptic implants than with polymethyl methacrylate and three
piece foldable lenses.14

Other Complications

Pupillary block glaucoma as well as aqueous misdirection
syndrome, macular hole, retinal hemorrhage, spreading of
endocapsular low grade endophthalmitis, and secondary
closure of capsulotomy aperture are other complications that
have been reported

DISCUSSION
Nd YAG laser capsulotomy is fast and noninvasive procedure
with immediate improvement. Although, it is noninvasive and
considered safer than surgical approach it carries the risk of
some complications. Capsulotomy size is important as patients
subjected to lower amounts of laser energy for perhaps a

smaller capsulotomy may benefit from fewer complications of
retinal detachment, IOP rise, and perhaps to less CME14.

The time period between cataract extraction and performing
Nd YAG laser capsulotomy was 2.49 years by Hasan et al and
24 months by Kundi and Younas. The predominant type of
PCO was capsular fibrosis which differs from Hasan et al who
reported Elschnig's pearls to be the predominant type in
pseudophakic eyes18.

Hasan et al, who noted that improvement of visual acuity after
Nd YAG laser capsulotomy on Snellen’s chart was 1-3 lines in
42 and 4-6 lines in 31 out of 86 patients. A similar study
showed improvement of visual acuity of one or more Snellen’s
lines in 56 out of 63 eyes. Latif and Aasi, using Nd YAG laser
showed overall 87.5% improvement in the visual acuity of an
average 3 lines on Snellen’s chart. Nd YAG laser use has been
accepted as standard technique for treating PCO resulting in
rapid visual improvement18.

Intraocular Straylight has added value to the description of
visual function given that it is affected independently of visual
acuity and contrast sensitivity. Straylight enters the eye but
does not come into focus because of imperfections in the
optical system rather, the light is scattered in the eye.
Straylight causes a veiling luminance on the retina that causes
halos, glare, hazy vision, and blinding at night while driving.
However, straylight is correlated highly with the severity of
the PCO and that corrected distance visual acuity (CDVA) and
straylight values improved significantly after Nd YAG laser
capsulotomy.19

Straylight is a sensitive, additional indicator for capsulotomy
referral, especially in less severe cases of PCO20.

Nd YAG laser posterior capsulotomy did not significantly
change anterior chamber depth and spherical equivalent21.

The hydrophobic acrylic 3-piece IOL showed better
performance related to the incidence and intensity of PCO and
Nd YAG capsulotomy rate than the hydrophilic acrylic 1-piece
IOL22.

Nd YAG capsulotomy seems to be a safe and effective
procedure for eyes that have previously undergone combined
Phacoemulsification and vitrectomy surgery23.

CONCLUSION
There are many methods tried for prevention of PCO but YAG
laser capsulotomy remains the most common and safe
procedure. When correctly done with proper patient selection
and thorough fundus examination and at least after three
months after cataract surgery. It is very economical,
convenient, fast and non invasive OPD procedure with
immediate results which is easily mastered with some practice.
Although non invasive and generally considered safer it carries
a low but finite risk of complications. These complications are
rare and rarely sight threatening.

Therefore we should be alert of development of cystoid
macular edema, retinal detachment. Persistent rise in IOP
during follow up of patients with ND: YAG laser posterior
capsulotomy.
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