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Surgical Considerations in Children with
Corneal Opacities and Cataracts

Alexander Foster, Anne Ko, Michael R. Banitt

Introduction

Corneal opacities in children have been classified as congenital versus acquired or as traumatic
versus nontraumatic in nature. While these categories may offer some insight into prognosis, the
evolution of corneal surgery beyond penetrating keratoplasty suggests that more attention should
also be directed toward the anatomic location of the corneal pathology. In Peters anomaly, many
congenital corneal opacities are typically treated with penetrating keratoplasty, while congenital
hereditary endothelial dystrophy (CHED) can now be treated with endothelial keratoplasty. This
chapter discusses surgical treatment options for pediatric corneal opacities, including penetrat-
ing, endothelial, and lamellar keratoplasties. Attention will also be given to Boston keratoprosthe-
ses (KPro), as well as to a less frequently reported procedure, optical iridectomy. The management
of coincident glaucoma will also be discussed.

Indications and Timing of Corneal Transplantation

One of the rewards of caring for pediatric patients is the ability to limit or avoid lifelong visual
disability. Since there is great variability in how pediatric corneal disorders are expressed, no two
pediatric cornea cases are ever the same, which, in turn, makes it difficult to make blanket state-
ments about whether, when, or which specific surgery is advisable.

Indications for pediatric keratoplasty vary by region. In North America, congenital corneal
opacities and dystrophies are the most common [1]. Opacities that result from infectious keratitis,
ulceration, and traumatic scar predominate in Asia and Africa [2, 3].

A. Foster, A. Ko, M. R. Banitt (<)
Department of Ophthalmology, University of Washington, Seattle, WA, USA
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Although the timing of surgical interventions has been studied, when best to operate
remains unclear. Early interventions intended to minimize amblyopia may be associated with
increased risks from general anesthesia and graft rejection. However, studies have not always
demonstrated worse outcomes for surgery at a younger age [1]. Early surgery should be con-
sidered in cases of bilateral involvement, particularly when there are concerns about bilateral
deprivational amblyopia.

Due to the heterogeneity of corneal opacities and varying study sizes and follow-up periods,
it is difficult to make firm conclusions from the literature regarding the outcomes of penetrating
keratoplasty in children related to age. A study from Lowe and co-workers of 765 grafts in individ-
uals younger than 20 years of age revealed that the grafts of children 5 years of age and younger did
worse than did those in the older age groups [4]. Grafts did best in the oldest subjects. However,
adolescents aged 13 to 19 tended to undergo penetrating keratoplasty for keratoconus, which
carries a more favorable prognosis (due to its limited clinical associations) than does, for instance,
Peters anomaly. Dana and coauthors reported on over 160 grafts for which visual outcome was
not affected by the timing of surgery [1]. And, finally, Low and colleagues studied 105 children for
whom graft survival tended to improve in patients over 12 months of age [2], although the differ-
ence was not statistically significant. The effect of the patient’s age and ideal timing of surgery on
prognosis is not clear cut.

The ability of a patient’s family to comply with treatment and follow-up should also inform deci-
sions regarding the timing and type of surgery performed. Furthermore, as some corneal opacities
present as part of a syndrome, the general health of a patient (and his/her ability to undergo serial
examinations under anesthesia [EUA]) must be taken into consideration. Comorbidities, including
developmental delay, can affect daily care and drop administration. The potential for self-inflicted
trauma should also be considered, particularly if penetrating keratoplasty is to be performed.

The decision to perform a corneal transplant should be carefully considered, weighing various
factors including the bilateral or unilateral nature of the disease, the density of the opacity(ies),
intraocular pressure (IOP) control, anesthetic and surgical risks, and risks for early or delayed
complications, including amblyopia. In general, we tend to be surgically less aggressive in children
with unilateral opacities. Children with bilateral central opacities typically warrant early surgery.
For example, a child with congenital hereditary endothelial dystrophy who undergoes bilateral
endothelial keratoplasty can expect to do well. On the other hand, a child with a unilateral type
2 Peters anomaly presenting with no clear peripheral cornea and glaucoma would require a pen-
etrating keratoplasty and glaucoma surgery with a more complicated postoperative course and
a guarded visual prognosis. Preoperative discussions should include a reasonable estimation of
visual potential, particularly in unilateral cases, as a well as a thorough discussion of medication
and appointment regimens to be expected postoperatively.

Pediatric Penetrating Keratoplasty

At all stages, penetrating keratoplasty in a child is more challenging than when undertaken in an
adult. Concomitant ocular abnormalities, such as anterior segment dysgenesis and glaucoma, are
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common. Reduced scleral rigidity and positive posterior pressure can make surgery more dif-
ficult. Depending on the ability of the child to cooperate, routine postoperative evaluations and
suture removal may not be able to be performed in a clinic setting and therefore require multiple
serial EUAs. For patients who are unable to articulate complaints, parents may only become aware
of problems after symptoms and findings become severe. Since the pediatric immune response
is robust, children experience higher rates of allograft rejection compared to adults [1, 5]. Even
when graft clarity is maintained, visual outcomes can be disappointing due to amblyopia. Despite
these difficulties, the art of pediatric keratoplasty has evolved considerably.

Surgical Technique

The surgical technique for penetrating keratoplasty in pediatric populations is similar to adult
surgery with a few notable exceptions. To reduce the risk of damage to the lens, pilocarpine can be
administered preoperatively in cases where the iris is not adherent to the cornea. Placement of a
Flieringa or McNeill-Goldman ring (Katena Products, Denville NJ, USA) can assist with reduced
scleral rigidity, a characteristic of young eyes. Preoperative use of a Honan balloon or intravenous
mannitol can mitigate positive posterior pressure that might otherwise cause the lens to come
forward. Rather than oversizing grafts by 0.25-0.5 mm as we typically do in adults, larger grafts
(oversized by 0.75-1.0 mm) can aid in securing the wound over the lens and iris. Larger grafts
also offer the advantage of deepening the anterior chamber (AC) and limiting or preventing the
formation of iridocorneal adhesions and glaucoma [6, 7].

For young children, host buttons are often punched to a diameter of 5-6 mm. Although these
wounds can be closed with fewer sutures than in larger grafts, sutures loosen frequently and early
in children, so we feel it is best to place roughly 16 interrupted sutures. The use of a running suture
is discouraged due to the possibility of uneven wound healing and suture loosening.

Postoperative Management

Younger patients often require frequent EUAs to monitor graft health, IOP, and axial length. As
the likelihood of graft rejection is higher in the first year after transplant, close follow-up will be
necessary during this period [8]. Suture removal tends to occur earlier than it does in adults due
to faster healing. Unlike in adults, all sutures should ultimately be removed to minimize the risk
of suture-related infections. These children are often best managed by a team of specialists able to
attend to amblyopia and patching as well as congenital and secondary glaucoma.

Outcomes

Pediatric corneal opacities are a heterogenous group of disorders, which makes it difficult to make
firm statements about outcomes after penetrating keratoplasty. The prognosis after pediatric pen-
etrating keratoplasty (PKP) depends on several factors, most important of which might be the
presence of other ocular anomalies.
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Table 1 summarizes selected series of pediatric PKP and highlights the heterogeneity of the
patients and outcomes [1, 2, 4, 9-15]. Yang and coauthors found that corneal staphylomas and
adhesions between the lens and cornea conferred a 7.93-fold increase in the rate of graft failure
[5]. In reviewing the literature, Bhandari and coauthors noted a similar finding in Peters anomaly
patients with the more severe, lens-involving form of Peters having significantly worse graft sur-
vival than type 1 patients, 14.2% compared to 87.5% [16]. Not surprisingly, several studies have
indicated that concurrent surgical procedures, including lensectomy and vitrectomy, are also
associated with poorer graft survival [11, 13, 16, 17]. A series reported by Low et al. also identified
deep corneal neovascularization, active inflammation, preexisting glaucoma drainage device, and
ocular surface disease as factors associated with poor graft survival [2].

Subsequent intraocular surgery, including cataract extraction with intraocular lens place-
ment, has also been found to negatively affect graft survival [1]. In a study that involved 164 grafts,
Dana and colleagues found that only 19% of 27 eyes that underwent repeat grafting remained
clear. Of the six eyes that underwent a third graft, none maintained clarity, suggesting that prior
grafting may be strongly associated with graft failure [1].

Age at the time of first surgery has been variably implicated as a prognostic factor
[8, 10, 11, 15, 18]. With a mean age at first transplant of 42.4 months and 83% of children under-
going their first surgery after 12 months of age, Chang et al. noted graft failure rates at 1, 3, 5, and
10 years of 30%, 39%, 70%, and 77%, respectively [10]. They concluded that delaying PKP was
not inferior to earlier surgery in children with Peters anomaly. Rao and coauthors determined
that children with Peters anomaly younger than 6 months of age had a 2.2-fold higher risk of
graft failure than did older children [8]. However, the poor outcomes in these studies may be less
related to age at the time of surgery than to the underlying pathology.

While it is likely that delaying PKP increases the incidence and depth of deprivational ambly-
opia, a large study from Dana and associates found that amblyopia treatment (and not timing
of surgery) was the only independently significant prognostic factor for postoperative visual
improvement [1]. In a small study from Al-Rajhi and coauthors, children who presented with
the delayed-onset form of CHED had better postoperative acuity and graft survival (92 vs 56.4%)
than did those with the congenital form of CHED [19]. In one of the largest studies of PKP in
children, Lowe et al. attributed the better outcomes attained by their adolescent patients to their
primary indication for surgery, keratoconus [4]. None of their Peters anomaly patients saw 20/40
or better. The majority of these patients saw 20/240 or worse. For all other indications, a nearly
equal number of children saw 20/120 or better (mostly with 20/40 or better vision) or 20/240 or
worse. In the end, amblyopia was seen to have a major impact on visual outcome, affecting 8% of
the total cohort with infants accounting for over 40% of the group.

Pediatric PKP and Glaucoma

It is common for glaucoma to develop or worsen after PKP due to synechial angle closure. The
postoperative use of topical steroids can also play a role.



SURGICAL CONSIDERATIONS IN CHILDREN WITH CORNEAL OPACITIES AND CATARACTS - 5

““panuijuod

sisouboud asiom yum pajerosse

9s5easIp 95eyNns Jendo bunsixaaid ‘quejdwi sbeurelp ewodne|b
Hunsixaaid ‘uonezie|ndsea |eaulod dsaq s1eak 91-5 %6°08 ‘sieak
—T 18 %6°88 ‘18K | 18 948'76 Sem |eAlAIns A)sejdojelay Bunelysusd

|eAIAINS

Ja100d yym pajerdosse Jou A1abins e aby “103oey di3souboud sood
e sem AW0323.131A JUBHWODUO)) *A|9A1309dsal ‘ewodne|6 Inoyum
puB YHM 9%/°06 PUB %6’ LG SeM [eAIAINS 1eib Jedk-| (1eak | je
%/°G/ 938l [BAIAINS) SYIUOW 8'G F 7'Giy dWI} [BAIAINS }jeib ues|y

S9WO02IN0 43319 YIIM PajeId0oSse Juswiealy

eidoA|quy ‘|eAlnins Jood Yy3im pajeldosse buijelbal ‘Awo3dasua)
/AW012313IA "UOISIA 00Z/0Z UBY) J9NDC PeY 9%EE ‘d|qeynuenb
USY "SYIUOW 7 18 9/9 ‘SYIUOW Z | 3& [eAIAINS 1eib 9508

9SI0M

pIp sanjewsoude 3|di}NW JO ‘UOIIRWIWEUI SAIIIE ‘SUOIIRIONS]
'sisouboid 3s3q pey ua.p|iyd JapP|o ‘Uolesusdwodsp [esulod
‘sieds paJinbdy ‘suoI3ea|dINUS 1 ‘syjelb pajie) o€ ‘syelb Jesp zg

4vYWb07 29/ 7 dnoib 1eib pajies
"YYWB07 £88°L sem dnoib 3jelb Jea|d ul Ayinde [euy uealy ‘sieak

0L %LL ‘s1edK G 38 960/ ‘s1eah € 38 946€ 1edK | Je D).l aunjie) %0

sanpedo

|eyuabuod g3HD-uou sem sisouboud 3sI0p\ 'SUOIIRDIPUL JBYIO
uey3 g3HD ul 1aybiy Ajpuesyiubis uoisia K1oye|nquie Jo pooy oyl
‘|BAIAINS 1JRID) "P3|IR) 068°GS 4RI paulewal seib JO %7 i

SUOISN|DUOD pue s} Nsay

syjuow
L'6E F V€

syjuow
88T F o€

syluoW Gy

sieak Q-1

sieak Q-1

syelb pajiey
J1oj syjuow 9
‘syeub Jespd
Joj syjuow 0§

dn-mojjo4

sieak
€9°GF¥ Q€8

syjuow
6'6EFOVC

Syuow €'y

syjuow ¢z

pajuswndop
10N

K136ans
joawn e aby

SNUOD0}eIDY
%E L ‘SISDUaBSAp Juawbas
JolR1Ue %7 G| ‘PlOWISP [equl|
%6° LT "1edS [eauI0d %6°7T SOl

Aydedo cnewnesjuou pasinboe
9%6°9 ‘Aydedo diewnes o%¢'y
‘Aydedo |e3usbuod %168 ot

Jljewnesyuou
pasinboe 96| “dlrewnel) 9%/ |
‘sanypedo |eyusbuod 949 el

syeib
PaJie) %G8 ‘SNU0D0)RIY %G 8L
‘uolesuadwod9p [edUI0D %0E

‘uoiesyidedo |e}uabuUOd o%hEE 99
Alewoue sia3a( ¥4
%E0L

Aypedo dewnesjuou pasinboe
‘%6°01 A1dedo dniewnesy ‘(QIHD

%) f1oedo |eyuabuod 9%g'g/ ]
syeab jo
£136ans 10) suonedipuj JaquinN

[a
|0 32 MO

[zl
12 bepeuey

[1]
‘|b 12 eURQ

[L1]
uspmod

[oL]p
2 bueyd

[6] /012
Ipweyn-|y

salIag

*sjuaned jo dnoib d1usboialay
B dNS Ul SSwod3)no pue suonedipul buikiea ay) bunesysuowsp ‘A1sejdorelsy Hunesysuad >ujeipad jo saipnis pa1dadjas jo Alewwns :| djqeL



6 + CUTTING EDGE - GLAUCOMA

|eAlAIns Jood Yjim pajerdosse

AW0103131A/AW03295UD| JUBHWODUOD pUE ‘S303)3p [eljayHda
Jua3sisiad ‘uojrezie|ndseA |eaulod aaljeldoald ‘A|9A13d3dsal ‘% /9
pUB ‘0 G ‘%67 249M 191397 1O UOISIA 001/0T JO Sa3ey "sanidedo
paJinboe di3ewnesjuou 10y %€/ pue ‘sanidedo diewnely palinboe
104 90/ ‘sa1Hdedo |e3IuabU0D 10} 9609 D19M JBIA | Je sarel Ajue|D

SWODINO [BNSIA 3SIOM PUE [BAIAINS
JO S3)e1 JSMO| PRy SuonedIpUl [}USBUOD "Jeak | Je [eAIAINS 0478

S1e3A G 1B 0418 SeM |[BAIAINS ‘JUDSId D1aMm

$10)0B} 9591 JO SUOU USYAN 'd4N|Ie} J0) S1010.) yS1 Juspuadapul

919M bBunjeibal pue ‘uoieziie|NdseA0dU [eaul0d ‘Yelb Jo swi) Je
A196.ns JejndoeJjul snosue}NWIS ‘sieak G Je Jes|d syelb Jo %9t

ww §'8-G'/ 9zIS pag-1soy
Ul U33S SeM |BAIAINS 1599 Saposida uondsfas aiow Jo | ‘ainpadoid
aAnelado yeib-3sod ‘uolreziendsenosu yeib ‘1eib pajies jo
K10351Yy AQ padnpal [BAIAINS }eID) ‘p3)ie) A[ewoue 519194 J0) dUop
syelb g€ Jo | ‘dnoub abe p|o-1eak-z | -S ul %0/ 03 paiedwod
SjuRJUI Ul %01 Sem AjoAnesadolsod sieak 9| [eAlAINs JjeiD

Jlewnely
paJinbde Joy
syiuow g6
‘Jljewnelyuou
palinboe

oy syyuow

/6 ‘dnoib
|enuabuod ui

syuow |"0g syjuow og

1eak | siedk €y F90L

(s1eak
1 uelpaw)
sieak 9| 01
syjuow gy

AydonsAp |eljayopua Kieypalay [enusabuod giHd

(%07) 2hewned
paiinboe ‘(907) d13eWNEIIUOU
palinbde ‘(950¢€) |leHuabuo)

(%6) d1reWNe))
paiinboe ‘(9499) di3eWNeIUOU
palinboe ‘(%1 1) |esusbuod

(%9) e1puiue ‘(%¢1) Anoedo
|e}uabuod (%t 1) AydossAp
|eaUI0D ‘(%/ 1) SNUOD0}RIDY
‘(9%€7) Anoedo dnewnesuou
pasinbae ‘(% /) Ainfu|

0598 SNU0D0}RID)Y

:dnoub Juddsajope 9/ A1dedo
10 JBDS “96GE snuod03eld) :dnoib

obe 1eak-z | -¢ ‘Aywiogep
|eaulod 9, | 7 ‘Alewoue
$1919d %tr{ :dnoib Jueju)

(435

S9

[44

S9L

[SL]p
19 bunms

L]
‘D 32 |91ed

[€L]lp12
Japuefepy

[¥] /o
12 9MOT

panuiuos>*



SURGICAL CONSIDERATIONS IN CHILDREN WITH CORNEAL OPACITIES AND CATARACTS - 7

Glaucoma negatively affects graft survival in adults, and it appears that the same holds true in
children. Huang et al. reported a 1-year graft survival rate of 32% in eyes with glaucoma compared
to 70% in eyes without glaucoma [17]. Karadag and colleagues corroborated this finding in their
series of 46 grafts in which 51.9% of patients with glaucoma had a clear graft at 1 year compared
to 90% of patients with clear grafts in those without glaucoma [12]. The mechanism for this dis-
crepancy is unclear. It is not solely attributable to endothelial failure secondary to raised IOP, as
children with controlled glaucoma also had a higher likelihood of graft failure. In a series of 66
PKPs performed in 50 children, Cowden noted higher rates of failure in the setting of preopera-
tive glaucoma. His recommendation that IOP be controlled prior to PKP [11] aligns with other
studies that indicate that children who undergo combined procedures tend to have poorer long-
term success rates.

Autorotational Penetrating Keratoplasty

For patients with smaller corneal opacities and 4-5 mm of clear peripheral cornea, a rotational
graft fashioned from the patient’s own cornea can be effective in producing a clear central visual
axis. This technique is best employed in patients with static corneal scars whose opacities do not
extend more than 10-20% (3-4 mm area of clear peripheral cornea present) of the corneal diam-
eter beyond the corneal center [19]. Although fundamentally a PKP, autorotational grafts offer a
large advantage over PKP in that there is little need for chronic, topical steroid use to suppress
rejection. Therefore, autorotational grafts are most appropriate for patients at high risk for rejec-
tion. The aim of rotational autokeratoplasty is to achieve a clear central visual axis of approxi-
mately 3 mm, if possible, with rotation of the scar [20]. Those in resource-poor countries where
there is scarce access to optical-grade corneal tissue may also benefit.

Children who undergo rotational grafts are at risk for suture-related problems and infec-
tions. These grafts seem to result in a significant increase in postoperative astigmatism when com-
pared to traditional, centered, penetrating keratoplasty. Jonas and coauthors have suggested that
planning for a clear central axis of 3-4 mm permits better postoperative acuity [20]. Patients
with induced, irregular astigmatism will likely benefit postoperatively from rigid gas permeable
contact lens wear, if tolerated. Consultations with pediatric ophthalmologists and optometrists are
warranted with regard to irregular astigmatism, contact lens use, and amblyopia assessment and
treatment in children.

Endothelial Keratoplasty

Endothelial keratoplasty is the procedure of choice for adults with endothelial dysfunction, but
it has also been adapted to pediatric cases. Pediatric Descemet stripping endothelial keratoplasty
(DSEK) was first reported in 2008 by Fernandez and Jeng and their colleagues [21, 22]. Since then,
the indications for pediatric DSEK have expanded to include other causes of relatively isolated
endothelial dysfunction, such as CHED, primary corneal graft failure, Descemet breaks caused by
forceps delivery, and posterior polymorphous dystrophy (PPMD).
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The advantages of DSEK over PKP are well documented and include early stabilization of
refractive error (6 weeks versus 1 year for PKP) and a lower risk of traumatic wound dehiscence.
For children in particular, DSEK requires fewer EUAs for suture removal (and fewer suture-
related complications) as well as less induced astigmatism and, therefore, a reduced dependence
on contact lenses.

Surgical Technique

In children, positive posterior pressure from the vitreous pushes the lens-iris diaphragm forward,
further shallowing the AC of eyes that are usually small and often phakic. To mitigate the effect
of posterior pressure, we employ many of the techniques discussed earlier with regard to pedi-
atric PKP: use of a Honan balloon, administration of intravenous mannitol, and administration
of pilocarpine (to protect the lens from inadvertent damage). In these cases, the cardinal sutures
are often extremely difficult to place and care should be taken to observe for incarceration of iris
within the wound.

In eyes with CHED, the view into the AC may be limited by severe edema. Removal of the
epithelium often improves visualization. The application of topical glycerin may also be helpful.

The corneas of CHED patients are characterized by thickened Descemet membranes and few
endothelial cells [23]. In these patients, Descemet membrane is firmly adherent to stroma and can
be difficult to identify and remove. To avoid iatrogenic damage to the lens and iris, non-Descemet
stripping endothelial keratoplasty (nDSEK) has been performed. Eliminating this step has not
been shown to affect visual outcomes [24-26]. However, there is some indication that children
who undergo nDSEK are subject to higher rates of postoperative graft dislocation [27]. Poor com-
pliance with postoperative positioning may also have contributed to this finding.

Donor tissue can be inserted into the eye in a variety of ways. The method of tissue inser-
tion must be compatible with a comparatively shallow AC in an eye that is often phakic. In pull-
through techniques, where instruments reach across the eye, shifting incision sites to either side
of the pupil can help to avoid reaching over the lens with instruments [23].

Poor cooperation with postoperative positioning is likely in young patients and may suggest
a role for a larger air bubble with an inferior iridotomy. Postoperative assessments of graft adher-
ence and IOP will also be difficult. Use of imaging to assess graft adherence may not be possible
due to patient positioning and cooperation.

Outcomes

In the largest series of DSEK performed for CHED, Busin and coauthors showed visual outcomes
that were superior to published results for PKP, with eight out of nine patients (88%) achieving
visual acuities of 20/40 or better [23]. In a paired-eye analysis of five children with CHED [28],
Ashar and colleagues directly compared DSEK to PKP. Despite the presence of residual anterior
stromal haze in the corneas that underwent DSEK, the final visual acuities were comparable. The
authors postulated that the haze was a result of differences in the ultrastructure of the stroma.
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Advances in endothelial keratoplasty are promising. Gonnerman and colleagues have
reported on the case of a 12-year-old boy who underwent Descemet membrane endothelial kera-
toplasty (DMEK) for corneal endothelial dysfunction secondary to Kearns-Sayre syndrome [29].
They observed an excellent anatomic result. The final visual acuity of 20/100 was achieved within
1 week after surgery and was thought to be limited by retinal dysfunction.

Endothelial Keratoplasty and Glaucoma

Glaucoma after endothelial keratoplasty can occur immediately after surgery as a result of pupil-
lary block caused by a large air bubble. Alternatively, air that has travelled behind the iris can
occlude the angle by pushing the iris forward. Both forms of air bubble-induced angle-closure
glaucoma should be recognized early and treated promptly to minimize long-term effects.

Standard glaucoma surgeries can be performed in eyes that have undergone endothelial kera-
toplasty, namely, angle-based, trabeculectomy, and glaucoma drainage devices. If an angle-based
surgery is planned, areas of iridocorneal adhesions and synechial angle closure should be mapped
out, with careful consideration to the possible necessity of goniosynechialysis. Some types of iri-
docorneal adhesions after endothelial keratoplasty can be broken and the angle can be reopened,
but frequently the anterior synechiae can reform again postoperatively, thereby undoing or negat-
ing any IOP reduction from the angle surgery. Glaucoma drainage devices can be performed
before, concurrently, or after endothelial keratoplasty. In children who are pseudophakic, we
prefer posterior chamber tube insertion to avoid ongoing damage to the corneal graft.

Lamellar Keratoplasty

Keratoconus is the most common indication for lamellar keratoplasty in the pediatric popula-
tion. With a later age of onset, adolescents who undergo surgery are typically well outside of the
amblyopic period. The limited nature of the disease also confers an excellent visual prognosis. If
the stroma is successfully dissected from the Descemet membrane, surgery in this population
should proceed as it does in an adult.

Keratoprosthesis

Keratoprosthesis surgery involves the implantation of an artificial cornea with a clear central
visual zone. The Boston keratoprosthesis (KPro) is most commonly used. The 7.0 mm backplate
version is approved for pediatric use.

Published indications for the KPro have included multiple graft failures, congenital glaucoma
with corneal decompensation, keratitis-ichthyosiform-deafness syndrome, and congenital opaci-
ties [30]. In contrast to grafts, the KPro’s rigid, clear optic allows for rapid visual improvement
without concern for astigmatism, rejection, or tissue edema. However, the postoperative course
can be challenging and fraught with unique complications. The most common of these are the
formation of retroprosthetic membranes, which required surgical removal in 26% of children in
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the largest published series to date with a mean follow-up of 9.7 months [30]. Crowding of the
angle results in high incidence (up to 100% in some series) of glaucoma, which we prefer to pro-
actively manage with Baerveldt glaucoma implants (Abbott Laboratories, Abbott Park IL, USA)
[31]. Endophthalmitis with predictably devastating consequences has also been reported after
pediatric keratoprosthesis [32]. The postoperative management of these patients has traditionally
involved the use of a protective contact lens and prophylactic antibiotics. Although keratoprosthe-
sis may have a role in the pediatric population, it should likely be considered as a last resort due
to its significant complication profile. This view is supported by a more recent publication with a
mean follow-up of 42 months where the authors recommended against the use of the KPro (type
1) in the pediatric population due to its significantly higher rate of complications, device failure,
and worse visual outcomes than adults [33].

Optical Iridectomy

Optical iridectomy was first described in 1932 by Foster [34]. It is an alternative to penetrating
keratoplasty in children who have a central corneal opacity with an adjacent clear area [34]. The
goal of optical iridectomy, as with keratoplasty, is to provide a clear visual axis. It offers significant
advantages over PKP, including no need for suture management and no risk from suture-related
complications or rejection.

Optical iridectomy should be considered in cases of Peters anomaly, where central opacities are
bordered by clear cornea and the lens is clear. From the experience of the authors, in Peters anomaly
the peripheral clear areas of cornea can become slightly larger over weeks to years, especially if the
IOP is normal range and the iris adhesions are swept from the posterior cornea (Figs. 1 and 2).

Surgical Technique

The site at which an optical iridectomy is made is important. Ideally the size of the peripheral clear
zone will equal or surpass the diameter of a normal pupil (3 mm). Medial or temporal sites are
preferred, as the upper eyelid tends to encroach on the superior quadrants.

A conjunctival peritomy is typically created in the area of the planned iridectomy so that
a near limbal incision can be created. A relatively vertical, anteriorly placed (anterior surgical
limbus) incision is constructed with the width of the incision being proportional to the size of
the iridectomy desired. The verticality of the wound facilitates pulling of the iris up through the
wound. Typically non-toothed forceps are used in a hand-over-hand technique to externalize the
iris until the pupillary border is just outside of the wound. The iris is then excised with scissors
as close as possible to the incision, as is done during trabeculectomy surgery. The AC is reformed
using balanced salt solution. Making sure there are no iris fibers within the wound, the incision
should be closed with a 10-0 nylon or polyglactin suture. Ophthalmic viscoelastic devices can
be used but must be removed from the eye before concluding. It can be used during the proce-
dure to stabilize the AC, especially if sweeping of the iridocorneal adhesions will be performed
in an attempt to increase the clear peripheral cornea. Video 1 demonstrates optical iridectomy as
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Fig. 1: Photo before surgery on 20-day-
old infant with Peters anomaly and
cloudy cornea. (Courtesy of Alana L.
Grajewski, MD)

Fig. 2: Photo of the same patient after
iridocorneal adhesions lysed, 360°
trabeculotomy, and optical sector
iridectomy. Notice the significant corneal
clearing. (Courtesy of Alana L. Grajewski,
MD)

described above. Video 2 shows a similar approach but combined with an ab externo 360° tra-
beculotomy, iridocorneal adhesion lysis, and temporal optical sector iridectomy, demonstrating
a combined procedure.

Alternatively the procedure can be performed through smaller incisions accommodating an
AC maintainer and a vitrector. The vitrectomy cutter is applied to the iris to create the iridectomy.
Agarwal et al. described placing the vitrectomy cutter between the iris and lens with the cutter
facing anteriorly to avoid cutting the lens [35].

Outcomes
In a series from Sundaresh and colleagues, 22 children with corneal opacities underwent optical

iridectomy [36]. Preoperative acuity ranged from 6/60 to light perception. Postoperative best-
corrected acuity was variable, ranging from 6/60 to 6/12, but improved in all but two patients.
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Agarwal et al. published a series of 15 patients who underwent vitrectomy-facilitated iridectomy
[35]. There were no intraoperative complications and no cases of cataract formation. The median
best-corrected visual acuity improved from 1/60 to 6/24.

While less studied, optical iridectomy is an excellent option for children with corneal opaci-
ties. In good candidates, it offers visual results comparable to PKP with far fewer potential com-
plications and easier postoperative care. It is unlikely to cause glaucoma, nor will it worsen pre-
existing glaucoma, as opposed to PKP, optical iridectomy has no suture related complications or
concerns about rejection. Recovery is rapid and a clear visual axis is established much faster than
after PKP, allowing retinoscopy and the initiation of amblyopia treatment soon after surgery.

If unsuccessful, an optical iridectomy does not preclude later PKP, if necessary. Since patients
with type 2 Peters anomaly have a guarded prognosis with PKP, we prefer to attempt optical iri-
dectomy if there is peripheral clear cornea. For these children, optical iridectomy also offers the
advantage of potentially not having to disturb the central lens-cornea attachments.

Conclusion

Pediatric keratoplasty demands skill and postoperative vigilance. It can be humbling, yet
immensely rewarding. The care of these patients is often complicated by glaucoma. Traditional
penetrating keratoplasty in the pediatric population has given some ground to the same anatomi-
cally selective keratoplasty options being performed in adults. We believe that optical iridectomy
should not be overlooked as an effective option with few potential complications for the treatment
of children with corneal opacities.
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Abstract

The term “glaucoma” refers to a group of disorders that share common phenotypes. There are over
20 different subtypes of glaucoma. The glaucomas are defined by a characteristic loss of retinal
ganglion cell axons leading to a progressive optic neuropathy that is related to intraocular pressure
(IOP). If untreated, glaucoma can cause visual disability and even blindness. Although elevated
intraocular pressure (IOP) is no longer formally part of the definition, it is recognized as the major
risk factor for progression of the disease.
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Glaucoma is a multifactorial optic neuropathy that results in progressive vision loss.

e The only treatable risk factor for glaucoma is intraocular pressure (IOP).
Diagnosis of glaucoma requires measurement of IOP, assessment of vision loss by visual field
testing, determination of corneal thickness, examination of the ocular fundus for signs of
optic neuropathy such as cupping, and differentiation of open- and closed-angle glaucoma
by gonioscopy.
Treatment differs for closed-angle glaucoma (CAG) and open-angle glaucoma (OAG).
Medications, laser procedures, minimally invasive glaucoma surgeries (MIGS) and incisional
surgery are all critical to the management of glaucoma. The method of treating a particular
patient depends on the severity as well as the type of glaucoma.
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® Laser iridotomy is the creation of a microscopic hole through the iris that serves as an alter-
nate route of aqueous flow that bypasses the blockage at the pupil between the iris and the
lens.

e Laser peripheral iridoplasty is a procedure that causes circumferential contraction of the iris
away from the trabecular meshwork. Its main indication is CAG, specifically plateau iris syn-
drome, and is often attempted when laser iridotomy fails or is not indicated because the
pathophysiology does not involve pupillary block.

e Laser trabeculoplasty is the application of laser to the trabecular meshwork with the inten-
tion of increasing aqueous outflow. Selective laser trabeculoplasty (SLT) is a technique that
seems to be equally effective to argon laser trabeculoplasty (ALT). Advantages of SLT include
a potential benefit from treatment following ALT, and theoretically its use for multiple
treatments.

e Both ALT and SLT are effective first-line agents for primary open-angle glaucoma.
Cyclophotocoagulation is the use of laser to destroy ciliary body tissue in order to decrease
aqueous humor production and reduce intraocular pressure. Because of its higher rate of side
effects and complications, it is usually reserved for glaucoma refractory to all other treatment
options. There are four approaches to cyclophotocoagulation: contact transscleral, including
transscleral cyclophotocoagulation and micropulse transscleral cyclophotocoagulation, non-
contact transsceral, transpupillary, and endoscopic.

e There are a number of other applications for laser in glaucoma that are either adjuncts to or
very similar to surgical procedures for glaucoma. These include laser sclerostomy, laser suture
lysis, closure of cyclodialysis clefts, and goniophotocoagulation.

Introduction

® Glaucoma is a multifactorial optic neuropathy that is initially asymptomatic but can result in
progressive visual field deficits.

e The prevalence of glaucoma increases with age, but can be seen at birth (i.e. congenital).
Intraocular pressure (IOP) elevation is a major primary risk factor.

e The many types of glaucoma can be generally categorized into open-angle glaucoma (OAG)
and closed-angle glaucoma (CAG).

® Diagnosis of glaucoma requires measurement of IOP and corneal thickness, optical coher-
ence tomography of the retinal nerve fiber layer, ganglion cell analysis, assessment of vision
loss by visual field testing, and examination of the ocular fundus for signs of optic neuropathy
such as cupping, and differentiation of OAG and CAG by gonioscopy.

e The only clinically proven treatment for glaucoma is lowering the IOP. This can be accom-
plished with medications, laser surgery, and/or incisional surgery.

® Laser surgery has become increasingly popular as a treatment modality for glaucoma because
the risks are favorable in comparison to incisional surgery. A number of lasers are used, the
most common being argon, neodymium:yttrium-aluminum-garnet (Nd:YAG), and diode
lasers.
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Definition, Classification, and Epidemiology

The term “glaucoma” refers to a group of disorders that share common phenotypes. There
are over 20 different subtypes of glaucoma. The glaucomas are defined by a characteristic
loss of retinal ganglion cell axons leading to a progressive optic neuropathy that is related to
intraocular pressure (IOP). If untreated, glaucoma can cause visual disability and even blind-
ness. Although elevated intraocular pressure (IOP) is no longer formally part of the defini-
tion, it is recognized as the major risk factor, and only modifiable risk factor, for progression
of the disease.

The subtypes of glaucoma are categorized into open-angle glaucoma (OAG) or closed-
angle glaucoma (CAG). The “angle” refers to the iridocorneal (iris-cornea) junction at the
periphery of the anterior chamber (Fig. 1). The angle is the site of drainage for aqueous
humor. OAGs and CAGs are further subclassified into ‘primary, when the cause of the dys-
functional IOP is unknown, or ‘secondary; when the cause of the elevated IOP is the result
of a known disease process. Furthermore, glaucomas are classified by their onset—acute or
chronic. The most common form of glaucoma in the United States is primary open-angle
glaucoma (POAG).

With approximately three million Americans affected by glaucoma it is the second
leading cause of blindness in the United States. Although it affects people of all ages, it is six
times more common in those over 60 years of age than those 40 years of age. Annual medical
costs for glaucoma services to glaucomatous patients and glaucoma suspects totals over 2.86
billion dollars.

Anterior chamber angle
(Trabecular meshwork)

Cornea

Aqueous flow

Conventional
outflow
Uveoscleral
outflow

Schlemm’s
canal

Sclera

Zonules

Ciliary body Iris/Lens diaphragm

Fig. 1: Anterior segment anatomy and physiology.
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Fig. 2: Close-angle glaucoma
due to pupillary block.

Undilated Dilated

Aqueous Physiology and Pathophysiology

Aqueous humor is a clear fluid that circulates in the anterior chamber of the eye to provide nutri-
ents and remove metabolic waste from the avascular structures of the eye—namely the lens, cornea,
and trabecular meshwork. The balance of aqueous secretion and drainage determines the IOP.
Aqueous humor is produced by the ciliary processes, which are located behind the iris, through
active secretion, ultrafiltration, and diffusion. Aqueous circulates within the posterior chamber,
travels through the pupil, and exits the eye through the angle via one of two pathways (Fig. 1):
(1) the conventional pathway through the trabecular meshwork, canal of Schlemm, intrascleral
channels, and then episcleral and conjunctival veins; or (2) the uveoscleral pathway, through the
ciliary body face, choroidal vasculature, and vortex or scleral veins. The conventional pathway
is responsible for the majority of outflow, especially in older adults. CAG results from physical
obstruction of these drainage tissues by approximation of the iris and cornea (Fig. 2). OAG occurs
when aqueous drainage is impaired by increased resistance to aqueous drainage that is intrinsic
to the outflow pathways (Fig. 3). Although it is possible that overproduction of aqueous humor
could lead to an elevated IOP, all studies have shown that the pathophysiology is poor aqueous
drainage. The average IOP is approximately 16 mmHg (2 mmHg standard deviation). An elevated
IOP is defined as a value that is 2SD above the average (i.e., >20 mmHg). There is a form of OAG,

>

named “low-” or “normal-tension glaucoma,” in which damage occurs within the average range
(11-21 mmHg). Although IOP reduction is often effective treatment for this type of glaucoma,
other etiologic factors such as vasospasm or ischemia are thought to have a larger role in the

pathophysiology.
Symptoms
Vision loss from chronic glaucoma is usually painless and slowly progressive. Peripheral vision is

usually affected first, and the deficits may be asymmetric. This results in delays in realization of
vision loss.
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Acute angle closure and a few secondary glaucomas present with symptoms, most commonly
a painful red eye, blurred central vision, and rapid progression of visual loss. The presence of
non-visually related symptoms are due to the rapid change in IOP causing immediate ischemic
compromise of several ocular tissues—principally, the cornea and optic nerve.

Diagnosis

Diagnosis of glaucoma requires a complete history and ocular examination including measure-
ment of IOP, determination of corneal thickness, assessment of the anterior chamber angle by
gonioscopy, quantification of vision loss by visual field testing, and examination of the ocular
fundus for signs of optic neuropathy such as cupping (Fig. 4). Gonioscopy is examination of the

Anterior chamber angle

(Trabecular meshwork) Cornea

Aqueous flow

Conventional
outflow
Uveoscleral
outflow

Schlemm’s
canal

Sclera

Zonules

Ciliary body Iris/Lens diaphragm

Fig. 3: Open-angle glaucoma.

a Optic nerve b Intraocular c Visual field
damage pressure defects

Fig. 4: Clinical triad of glaucoma, (a) optic nerve damage, (b) intraocular pressure, (c) visual field defects.
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iridocorneal angle with a slit-lamp and contact lens containing mirrors to visualize the angle.
Measurement of an elevated IOP identifies a significant risk-factor but is neither necessary nor
sufficient for the diagnosis of glaucoma. Visual field defects and optic nerve defects characteristic
of glaucoma are strong support for the diagnosis but other causes of optic neuropathy such as
optic neuritis need to be excluded.

Treatment

To date, lowering IOP is the only clinically proven treatment for the glaucomas. Glaucoma suspects
may also be treated depending on the presence of high risk characteristics and the individual risk
aversion of the patient. The treatment approach differs between CAG and OAG. CAG treatment
requires laser or incisional surgery to bypass the mechanical blockage. OAG can be treated with
topical medications, laser, and/or incisional surgery. Topical medication may decrease aqueous
production or increase aqueous drainage. Laser trabeculoplasty attempts to enhance the drainage
function of the trabecular meshwork. Laser peripheral iridotomy creates a secondary pathway to
allow aqueous to bypass a potential blockage; in doing so, equalization of the pressure gradient
between the spaces anterior and posterior to the iris often allows the angle to deepen. Laser iri-
doplasty directly alters the angle anatomy by moving the iris away from the drainage structures.
Glaucoma refractory to the above treatments may require cyclodestructive procedures to destroy
the ciliary body and decrease aqueous production. Incisional operations such as trabeculectomy
and glaucoma drainage implant devices create a new pathway to drain aqueous from the anterior
chamber to the subconjunctival space.

General Comments Regarding Lasers in Glaucoma

Many lasers are used in glaucoma management. Their use has increased because their less invasive
nature and generally lower rates of complications appeal to surgeons. The most commonly used
lasers are argon diode and neodymium:yttrium-aluminum-garnet (Nd:YAG). The argon laser (488-
514 nm) has a thermal effect on tissues, which either results in coagulation or vaporization depend-
ing upon the power settings used. The diode laser (810 nm) also has a photocoagulative effect. The
Nd:YAG laser (1064 nm) has a coagulative effect when used in a continuous-wave mode. The short-
pulsed g-switched Nd:YAG has a photodisruptive effect on tissues, which has an explosive effect.
Other lasers have a photoablative effect that results in excision of tissue without any damage to the
adjacent tissue. Photoablation has more applications for the cornea, but is also used in glaucoma.
Besides the type of effect observed on tissues, different lasers may be used because they specifically
target a certain type of tissue or because they have a desirable depth of penetration.

Laser Iridotomy

Iridotomy is the creation of a microscopic hole through the iris that provides an alternate route
for aqueous to enter the anterior chamber (Fig. 5). Laser iridotomy is preferred over surgical
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a Peripheral b
iridectomy

Fig. 5: Laser peripheral iridotomy, (a) shows clinical appearance of an iridotomy at the 12 o'clock position of the iris;
(b) shows a secondary pathway to allow aqueous to bypass a potential blockage.

iridotomy because it is safer, equally effective, and preferred by patients; however, surgical iridec-
tomy serves as second-line treatment if laser iridotomy is unable to be performed (e.g. a patient
who is unable to maintain position in the laser). The popularity of this established technological
advancement is evidenced by utilization statistics. Although the total number of laser iridotomies
and surgical iridectomies has increased in proportion to the aging population, the ratio of laser
iridotomies to surgical iridectomies performed has increased from 15:1 in 1995 to 52:1 in 2004.
The procedure is treatment for all forms of CAG that involve pupillary block. Patients with easily
occludable angles may also require the procedure.

Indications and Contraindications

Indications

® C(Closed-angle glaucoma with pupillary block
e Narrow angles with signs of glaucoma
e Narrow angles with positive provocative tests

Contraindications

e Opacified cornea
e Uncooperative patient who is unable to maintain position for the procedure

The primary indication for laser iridotomy is to relieve pupillary block that may pro-
gress to acute angle closure glaucoma or CAG. Mechanistically, pupillary block is caused by an
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increased resistance to aqueous flow through the pupil because of anatomic obstruction of the
pupil by the lens or another anterior or posterior structure. Increased resistance leads to a pres-
sure differential between the anterior and posterior chambers, which results in anterior bowing
of the peripheral iris over the trabecular meshwork. Laser iridotomy is indicated if pupillary
block has caused angle-closure or is in imminent threat of causing angle-closure. Angle-closure
glaucoma may be acute, intermittent, or chronic; and all are indications for laser iridotomy.
If narrow angles are identified, then the risks and benefits of treatment should be considered.
For example, treatment would be indicated if there are signs of previous attacks or if the fellow
eye has CAG. Additionally, patients with narrow angles can undergo tests to provoke angle-
closure such as administration of a mydriatic agent, exposure to dark, or placement in the
prone position. These tests may cause IOP elevation, and therefore may serve as an indication
for treatment. Finally, in eyes where the clinician feels the angle is potentially occludable, laser
iridotomy is indicated.

Specific causes of pupillary block include phacomorphic glaucoma (glaucoma caused by
an excessively large lens), a dislocated lens, anterior protrusion of the vitreous face, occlusion
by an artificial (pseudophakic) lens in the anterior chamber, posterior synechiae (adhesions
of the central iris to the lens usually as a result of inflammation), or extreme miosis. This is in
contrast to CAG without pupillary block such as vascular or inflammatory diseases that may
cause peripheral anterior synechiae (adhesions of the peripheral iris to the cornea). However,
patients with CAG without pupillary block may also be treated with laser iridotomy because
some degree of pupillary block may be secondarily involved. Nanophthalmic (small eye) eyes
frequently develop CAG because they have very small eyes relative to the size of their natural
crystalline lens. Pupillary block related to an enlarged lens may be a contributing factor in these
cases. The same reasoning may extend to patients with primarily an OAG. If a pupillary block
component is suspected, the benefits of eliminating such a factor may outweigh the risks.

Contraindications to laser iridotomy are few and primarily include findings that increase
the risk of complications from the procedure. Corneal burns may result from either (1) use of
laser through an opacified cornea, or (2) use of laser in an eye with an extremely narrow angle.
There is also a risk of increased IOP following the laser procedure, and to avoid that, usually
apraclonidine or brimonidine are instilled prior to the procedure, and the IOP is checked 30
min to 2 h following the procedure. Acute CAG with pupillary block is ultimately treated with
laser iridotomy; however, the procedure should ideally be done following the acute phase after
the eye’s inflammation has had a chance to subside and the cornea has cleared. However, this
is not always possible and laser iridotomy is still indicated if the cornea is clear enough to
perform the procedure. Topical and systemic anti-glaucoma medications can acutely lower
the pressure.

Techniques
e Topical anesthetic and miotic medications are applied preoperatively.

e Theargon, diode, or Nd:YAG laser is used to apply laser to the peripheral iris through a focus-
ing iridotomy lens.
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e The photocoagulative effect of argon laser is dependent upon pigmentation; therefore, tech-
niques vary for irises of different colors.

e The Nd:YAG laser is photodisruptive and therefore does not dependent upon tissue
pigmentation.

e JOP-lowering medications are used perioperatively. Corticosteroids may be temporarily used
postoperatively to control inflammation.

Pre-operative Management

Topical anesthetics are sufficient to provide anesthesia. A miotic agent is applied topically to thin
the iris and pull it away from the angle. This allows for easier penetration and minimizes corneal
endothelial injury. An Abraham iridotomy lens will help stabilize the eye, keep the eyelids open,
provide a magnified view, and minimize corneal burns by acting as a heat sink and increasing the
power density of the laser at the iris. The iridotomy site should be made in a relatively thin region
of the iris, or in an iris crypt.

Description of the Technique

Q-switched Nd:YAG laser, the argon laser, and diode lasers can be effectively used for iridot-
omy. This review will focus on q-switched Nd:YAG and the argon laser because these two are
most commonly used in practice. Each has unique properties that affect the selection of laser
type and use of the laser for different colored irises. The q-switched Nd:YAG creates the iri-
dotomy by photodisruption, an optical break-down of molecules into their component ions
resulting in explosive disruption and essentially excision of tissue. One advantage of photodis-
ruption is that it does not depend upon tissue absorptivity and therefore is equally effective for
different colored irises. One disadvantage of photodisruption is its lack of coagulative effect.
On the other hand, argon laser has a thermal effect and therefore results in photocoagulation
or photovaporization, the specific effect depending upon the duration of exposure and energy
density of the laser used. The thermal effect is beneficial in that it can provide coagulation.
The disadvantage of argon laser is its dependence upon absorption by tissue pigments. Argon
laser is ideal for medium brown irises, but may have a charring effect on dark brown irises and
poor absorption in blue irises. As a result of the above differences, q-switched Nd:YAG laser is
simpler to use, and argon laser iridotomy techniques vary for irises of different color. Specific
descriptions of the techniques follow.

Q-switched Nd:YAG lasers have a wavelength of approximately 1064 nm and can be used at
a range of power densities depending upon the number of bursts. Typically, there are 1-3 pulses
per burst with each burst delivering 1-10 m]. The focal point of the laser should be within the iris
stroma to avoid corneal damage from the explosive effect. The iridotomy site should be at least
0.1 mm.

The effects of argon laser vary for tissues with different levels of pigmentation, therefore dif-
ferent techniques have been employed. The darker the iris color (i.e. greater amount of melanin
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in the stroma), the greater the absorption of the laser energy. Thus, the darker colored iris will
require less energy to achieve the same results. Typical settings range between 600 and 1000 mW
with a spot size of 50 pm with a duration of 0.02-0.05 s. The pit that is initially formed can be
enlarged to a diameter of 0.2 mm with 30-70 pulses. Light blue irises have little pigment anteriorly
(in the stroma) but the same iris pigment epithelium as brown irises posteriorly. As a result, the
argon laser may penetrate the iris pigment epithelium but leave the stroma intact. A variety of
creative techniques can be used to avoid this. One approach is to use longer exposures that gener-
ate heat that transmits to the stroma and creates a bubble. Laser entering through the apex of the
bubble will repeatedly reflect within the bubble and more effectively ablate the stroma.

Although the first laser iridotomies were performed using the argon laser alone, in the
modern era, either the Nd:YAG laser will be used alone or a combination an argon laser. Use of
the two lasers minimizes the risk of hyphema and total energy delivered. Argon laser is used to for
photocoagulation to increase tissue density and minimize the risk of bleeding. The Nd:YAG laser
is then used for photodisruption.

Post-operative Management

Intraocular pressure is generally checked 30-120 min after the procedure. Apraclonidine or bri-
monidine are given perioperatively to mitigate elevations in pressure. Topical steroids may be
given for several days post-operatively to control inflammation. If the angle remains narrow, laser
peripheral iridoplasty may be considered, which will be described in the next section.

Adverse Events

Adverse events Management
Iritis Corticosteroids if more than mild
Increased intraocular pressure Topical medications (a-adrenergic agonists, 3-blockers, osmotic agents, or

carbonic anhydrase inhibitors)

Cataract No treatment

Hyphema Pressure with contact lens for hemostasis
Corneal damage No treatment

Failure to perforate Retreatment after pigment cloud has dispersed
Late closure Retreatment

Retinal burn Avoid with standard precautions

Most side effects of laser iridotomy are often minimal and self-limited. Iritis occurs and is
treated by post-operative corticosteroids or topical non-steroidal anti-inflammatory treatment.
Persistent iritis may be related to a preexisting uveitis. Intraocular pressure elevations are common
1-2 h after the procedure but are usually self-limited and resolve within 24 h. Topical medications
to lower IOP can be used to limit IOP elevation. Filtering surgery may be required if more severe
and sustained elevations occur, more commonly in eyes with a component of OAG.



24 « CUTTING EDGE - GLAUCOMA

Most complications can be avoided with appropriate precautions and careful tech-
nique. Cataract may occur and is more easily formed by the q-switched Nd:YAG laser if it is
applied to an open iridotomy site because the effect of the laser does not depend upon pigmenta-
tion. Hyphema is also much more common with g-switched Nd:YAG laser because it does not
have a coagulative effect. Applying pressure with the contact lens usually provides sufficient
homeostasis. Corneal damage may occur from either argon or Nd:YAG laser iridotomy. If the
iridocorneal angle is closed or extremely narrow, the endothelium may be affected. No treatment
is generally required, but if the iridotomy is incomplete, a new site may be selected. Closure of the
iridotomy site may occur if the site is small or if there is an underlying uveitis.

Argon Laser Peripheral Iridoplasty

Argon laser peripheral iridoplasty is the delivery of thermal energy that causes circumferential
contraction of the iris away from the trabecular meshwork. Laser iridoplasty is a treatment for
certain closed-angle glaucomas, and is often attempted when laser iridotomy fails or is not indi-
cated because the pathophysiology does not involve pupillary block.

Indications and Contraindications

Indications

® Closed-angle glaucoma without pupillary block (e.g. plateau iris syndrome)
® DPreceding laser iridotomy for CAG with pupillary block and inflammation
® Preceding laser trabeculoplasty for focal areas of angle narrowing

Contraindications

Severe corneal edema
® Deripheral anterior synechiae
Corneal opacities—treatment through the opacity is not recommended

Closed-angle glaucoma without pupillary block is the major indication for laser periph-
eral iridoplasty. Plateau iris, an anatomic variant in which the posterior chamber structures are
positioned more anteriorly resulting in an anteriorly displaced peripheral iris, is a configuration
which can lead to closed-angle glaucoma without pupillary block (Fig. 6). Similarly, any posterior
chamber or segment structure can cause the iris to be anteriorly displaced. This includes nanoph-
thalmos, which results in a crowded anterior chamber, which predisposes patients to CAG.

Additionally, patients with closed or narrow angles that have laser iridotomy performed but
continue to have narrow angles may be considered for laser iridoplasty. Laser peripheral irido-
plasty may precede laser iridotomy in cases of acute CAG when the cornea is edematous and
medications are not sufficient to control the attack. The effect of the iridoplasty lasts long enough
for the corneal edema and anterior chamber inflammation to subside so that laser iridotomy can
be performed under more optimal conditions.
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Fig. 6: Plateau iris.

Undilated Dilated

Argon laser peripheral iridoplasty may also be used prior to laser trabeculoplasty in patients
with open-angle glaucoma. It is indicated when patients have focal areas of angle narrowing,
which can be opened to permit laser trabeculoplasty.

Contraindications include severe corneal edema and peripheral anterior synechiae. Laser
peripheral iridoplasty will generally not open an angle that is scarred closed by peripheral ante-
rior synechiae. Corneal opacities can also be contraindications; however, opacities that cover only
a portion of the peripheral iris—such as pterygium—still allow for treatment of the remainder of
the iris.

Techniques

Topical anesthetic and miotic medications are applied preoperatively.

® Argon laser is used to create a photocoagulative effect to large areas of the peripheral iris
circumferentially.
Gonioscopy is used to ensure that the angle has deepened.

e IOP-lowering medications are used perioperatively. Corticosteroids are used postoperatively
for inflammation.

Pre-operative Management

Topical anesthetic is sufficient to provide anesthesia. Pilocarpine is applied topically to constrict
the pupil which will have the effect of thinning the iris tissue by virtue of spreading it over a larger
area (i.e. place the iris under stretch). Apraclonidine or brimonidine is usually given before and
after the procedure to reduce the risk of intraocular pressure elevations.

Description of the Technique
The argon laser is used for its coagulative effect to form contraction burns. The spot size is large

(500 um) with low power (200-400 mW) and long duration of delivery (0.5 s). The beam is aimed at
the most peripheral iris to apply 20-24 spots are placed circumferentially, avoiding large radial vessels.
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Post-operative Management

The peripheral anterior chamber should deepen immediately; therefore gonioscopy can be per-
formed to confirm that the procedure was successful. Apraclonidine and topical steroid are given
postoperatively to reduce the risk of intraocular pressure elevations and control inflammation.
Topical anti-inflammatory treatment is continued for 3-5 days.

Adverse Events

e  Side effects and complications are similar to those of laser iridotomy.
e Additionally, there is the risk of iris necrosis, which can be avoided with appropriate spacing
of the laser spots.

Side Effects/Complications: Prevention and Treatment of Side Effects/Complications

Side effects include intraocular pressure elevations and inflammation. Their treatment is described
above. Complications are similar to those of laser iridotomy. Additionally, iris necrosis may occur
if the spots are placed too closely together. Spots should be spaced with 1-2 spot diameters apart.

Laser Trabeculoplasty

Laser trabeculoplasty is the application of laser to the trabecular meshwork with the intention
of increasing aqueous outflow to reduce IOP in patients with OAG. It can be used as first line
therapy, or after failed medical management. L laser trabeculoplasty can be offered as the initial
treatment for patients with open-angle glaucoma as an alternative to medications in patients with
early stage disease or in patients who are unable or prefer not to use topical medications.

The mechanism of increased aqueous outflow after laser trabeculoplasty is not well-under-
stood. Three theories have been proposed to explain the efficacy of laser trabeculoplasty: mechan-
ical, biologic, and cellular repopulation theories. The mechanical theory suggests that a thermal
burn to the collagen results in local tissue contraction with mechanical stretch to the adjacent
tissue. Presumably, the adjacent areas would have increased aqueous outflow. The biologic theory
suggests that thermal energy stimulates trabecular endothelial cells to release matrix metallopro-
teinase enzymes, and recruits macrophages, which results in trabecular meshwork remodeling.
The theory proposes that the resultant remodeling of extracellular matrix will increase aqueous
outflow. The repopulation theory suggests that the laser energy stimulates trabecular endothelial
cell division with downstream effects resulting in increased aqueous outflow.

The mechanisms above are potential explanations for the effect of laser trabeculoplasty per-
formed with argon and diode lasers, techniques that were first proposed by Wise and Witter in
1979. Both of these types of lasers are equally effective in the long term (5 years); however, there
are differing results in the short term (3 months), some suggesting a slight benefit to argon laser
trabeculoplasty (ALT ). ALT may also be technically easier since the end-point of laser applica-
tion is more evident. A potential disadvantage of ALT is more post-laser pain and inflammation.
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In 2001, a technique called selective laser trabeculoplasty (SLT ) was approved by the Food and
Drug Administration. SLT uses a non-coagulative double frequency Nd:YAG laser to selectively
target pigmented trabecular meshwork cells without causing a coagulative effect. The absence of
thermal burns suggests that the mechanical theory does not play a role in SLT.

More recently, a new technique called MicroPulse laser trabeculoplasty (MLT') has also come
into use for OAG. This laser uses a 15% duty cycle rather than continuous laser wave (100% duty
cycle). See “Future Directions” section for further discussion regarding MLT.

Laser trabeculoplasty has gained popularity in recent years. The number of laser trabeculo-
plasties performed decreased by 57% between 1995 and 2001 (perhaps as a result of the release
of several new classes of topical antiglaucoma medications during this time), and then doubled
from 2001 to 2004.

Indications and Contraindications

Indications

e Insufficient IOP control with medication
® DPoor compliance with medical management
e Adult open-angle glaucomas (with the exclusion of uveitic glaucomas)

Contraindications

® DPoor visualization of the trabecular meshwork (e.g. Angle closure, peripheral anterior
synechiae)

Hazy media

Corneal edema

Uveitic glaucoma

Juvenile glaucoma

Patients younger than 35 years unless their OAG is due to pigment dispersion syndrome
Relative Contraindications

e Datients with intraocular pressures >35 mmHg
e ALT should be withheld in patients with very narrow angles due to the risk of peripheral
anterior synechiae; SLT may be used in these situations

The general approach to managing primary and secondary open angle glaucomas was pre-
viously to use topical anti-glaucoma medications, such as topical prostaglandin analogs, beta-
adrenergic antagonists, carbonic anhydrase is treated initially, and if this fails to control IOP, the
ophthalmologist may choose to treat the other 180°.

Smaller prospective randomized controlled studies have shown SLT is at least as effective
as modern topical antiglaucoma medications. SLT may have a larger role than ALT because
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mechanistically it does not cause as much tissue destruction. Hence, theoretically, SLT treat-
ments can follow ALT treatments or SLT can be used exclusively for multiple treatments.
The former has been investigated in a few studies, and results suggest that SLT is effective
following both successful and failed ALT treatment. Typically, 180-360° of trabecular mesh-
work is treated.

Laser trabeculoplasty should not be performed if laser cannot be applied to the trabecular
meshwork safely. This includes corneal edema or any corneal opacities, hazy aqueous, or angle
closure including peripheral anterior synechiae. Uveitic glaucoma is also a contraindication, as
the laser trabeculoplasty is ineffective and may aggravate an existing inflammatory state.

Techniques

Inhibitors, and selective alpha2-adrenergic agonists, as first-line treatments, and laser trabecu-
loplasty in patients that remain inadequately controlled. However, laser trabeculoplasty is now
being used as first line therapy as an equally effective alternative to medical therapy due to its
effective IOP lowering and repeatability. Incisional filtering surgical procedures are generally used
when all other measures have not successfully controlled the eye pressure. Studies suggest that
ALT has similar efficacy as first-line treatment compared with the medications available at that
time. The Glaucoma Laser Trial was a randomized control trial that followed patients treated
with medication or ALT for 7 years. The final IOP in the ALT group was 1.2 mmHg lower than
the medically treated group, and their visual fields were slightly better concluding that ALT is at
least as effective as medication as a first-line treatment. A study by Bovell which compared SLT to
ALT found that SLT reduced IOP by over 6.5 mmHg at a 3 year follow-up, and that the efficacy
of SLT was equivalent to ALT. A study done by Realini in patients from St. Lucia showed a mean
7.3-8.3 mmHg drop in IOP after patients were washed out from medical therapy. A Cochrane
review concluded that laser trabeculoplasty of 180° of trabecular meshwork controls IOP at
6 months and 2 years better than the medications used before the 1990s.

Pre-operative Management

Topical anesthetic is sufficient to provide anesthesia. Apraclonidine or brimonidine is usually
given before the procedure to reduce the risk of intraocular pressure elevations.

Description of the Technique

A mirrored contact lens such as the Goldmann gonioscopy lens, Ritch lens, or Latina lens is used
to stabilize the eye and visualize the angle at the slit lamp (Fig. 7). The laser beam is focused at the
junction of the posterior trabecular pigment band and the anterior meshwork (Fig. 8). The specif-
ics of the laser application depend on the type of laser being used.

e Topical anesthetic and miotic medications are applied preoperatively.
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® Argon or diode laser is typically applied to 180° of the trabecular meshwork circumference
with power settings adjusted to produce minimal blanching.

e Selective laser trabeculoplasty is typically applied to 180-360° of the trabecular meshwork
circumference.

e Alpha agonists are used perioperatively. IOP should be rechecked perioperatively, and again
after 1-3 weeks to determine the success of the procedure.

ALT and DLT generally require 40-50 spots over 180°. Power settings for ALT range from 400
to 1200 mW with adjustment to produce blanching and occasional gas bubble formation. DLT
power settings similarly range from 570 to 850 mW but blanching is usually less noticeable. As a
result, the surgeon must be more attentive with regards to which portions of the meshwork have
been treated. The spot size with ALT is typically 50 pm with 0.1 s exposures. DLT spot sizes range
from 75 to 100 pm with exposures ranging from 0.1 to 0.5 s. With both ALT and DLT, one should
try to space the application spots by 1-2 application spot widths apart.

SLT requires a similar technique to ALT and DLT but the 532 nm frequency-doubled
q-switched Nd:YAG laser is used with very different parameters. Seventy to 120 spots are applied
over 360°. Laser may be applied to 90°, 180°, or 360° of the meshwork, with guidelines still in

Fig. 7: Patient position at slit lamp-
mounted laser.

Fig. 8: Approximate sizes and locations
of SLT (left) and ALT (right) laser spots.
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evolution; in general, it is recommended to treat 180-360° with most practitioners treating 360°.
Only a small fraction of the energy applied in ALT is needed for SLT treatment. The duration of
exposure is 3 ns. The power setting is on the same order of magnitude; however, because of the
short duration of exposure the energy applied is 0.5-1.2 m] versus approximately 100 m]J for ALT.
Moreover, the difference in energy density is even greater because the spot size used for SLT treat-
ments is 400 um (0.5 mJ/um? for ALT versus 10—-5 mJ/um? for SLT). The application spots should
be spaced approximately 1-2 application spot widths apart.

Post-operative Management

Glaucoma medications can be given post-operatively to reduce IOP elevations. IOP should be
checked 30-120 min after the procedure and 1-2 weeks later. IOP reductions can be expected
4-6 weeks later, but can be seen as early as 2 weeks. If IOP reduction is inadequate, the remain-
ing meshwork may be treated (for ALT and DLT or if only 180° of the meshwork were treated
by SLT). There is no consensus on the treatment of post-operative inflammation following laser
trabeculoplasty.

Adverse Events

Transient and persistent IOP elevations may occur.

e Hyphema is rare and self-limited.
Appropriate power settings and treatment locations will help avoid peripheral anterior
synechiae.

e  Mild iritis is common after ALT.

Side Effects/Complications : Prevention and Treatment of Side Effects/Complications

Transient as well as sustained IOP elevations may occur. Hyphema is rare and self-limited but
can be treated by applying pressure to the globe with the goniolens or by photocoagulating with
argon laser. Peripheral anterior synechiae are more common when areas posterior to the trabecular
meshwork are treated. This should be avoided, and only the minimum power required to cause
blanching should be used. Mild iritis is common after laser trabeculoplasty. Topical anti-inflam-
matories can control the inflammation, but is used judiciously as it can reduce the efficacy of the
procedure. Laser trabeculoplasty is generally not helpful in patients with uveitic glaucoma and
therefore should not be performed in most circumstances.

Cyclophotocoagulation
Cyclophotocoagulation is the use of laser energy to destroy ciliary body tissue usually in cases of

refractory glaucoma. In contrast to all other procedures that have been described, the mechanism
of IOP reduction for this procedure is a decrease in aqueous humor production, although some
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newer cyclophotocoagulation lasers may also increase outflow as well, which will be discussed
later in the chapter. There are four approaches to cyclophotocoagulation: contact transscleral,
noncontact transsceral, transpupillary, and endoscopic. Contact transscleral cyclophotocoagula-
tion can be further separated into a traditional transscleral cyclophotocoagulation diode (TSCPC)
and a micropulse transslceral cyclophotocoagulation diode (MPCPC) Cyclodestructive proce-
dures were traditionally used as a last resort for refractory glaucomas because of their relatively
high rates of complications and side effects. However, with new advances, certain types of cyclo-
photocogulation procedures, such as MPCPC and endoscopic cyclophotocoagualation (ECP), are
being used more commonly. These newer procedures have gained popularity over other cyclode-
structive procedures such as cyclocryo-destruction because of its relatively lower rate of complica-
tions and side effects. The developmental trend with cyclophotocoagulation has been the use of
lower power due to improved targeting; the lower power settings have improved the safety profile
of these laser procedures.

Indications and Contraindications

Indications

Refractory glaucomas
e Open-angle glaucoma in which other treatments are contraindicated (e.g. neovascular
glaucoma)
Glaucomatous patients with low visual potential or blind, painful eyes
Poor candidates for incisional surgery

Relative Contraindications
®  Glaucomatous patients with high visual potential, for transscleral cyclophotocoagulation

Traditional transscleral cyclophotocoagulation is usually for refractory glaucoma or glau-
coma in which other treatments are contraindicated. Patients are already on maximal medication
therapy with inadequate control. Filtering procedures have failed or may be high risk for the
patient because of aphakic glaucoma, neovascular glaucoma, or perhaps glaucoma after penetrat-
ing keratoplasty. A l