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Childhood glaucoma is a vision threatening but relatively uncommon disease, 
which often requires surgery. These characteristics make childhood glaucoma 
challenging for the surgeon, who must master all the different modalities of 
treatment, acquire new surgical techniques, and furthermore transfer these 
skills to trainees.

For a child and their parents to receive a diagnosis of glaucoma is a 
stressful event and a learning process for the child’s entire family and support 
circle. These young patients and their families are usually surprised by the 
diagnosis, understandably perceiving glaucoma to be a “disease of the 
elderly.” This element of surprise, coupled with anxiety, also adds to the 
emotional burden of the situation.

Perhaps also unique to glaucoma management in the pediatric age group 
is that often the clinical scenario is not complete without subjecting the child 
to an examination under anesthesia (EUA). Then given the desire to minimize 
anesthetic sessions in affected children, the surgeon must be prepared to 
gather and interpret clinical data for rapid clinical decision-making 
immediately after the EUA, including choosing the appropriate surgical 
intervention, if necessary. Furthermore, preparing the family for all possible 
options, including the risks, benefits, and expected postoperative management 
of the possible surgical interventions, is necessary and presents an additional 
challenge to the pediatric glaucoma surgeon.

Most pediatric glaucoma surgery is based on the principle of restoring or 
bypassing the obstruction to aqueous flow. From the tried and tested, the old 
and new, each of these surgical options has its own set of advantages and 
disadvantages. It is our hope that this text will be a helpful guide to the 
evaluation and surgical management of those who are our smallest of patients, 
but who deserve our greatest efforts.

Miami, FL, USA Alana L. Grajewski
Rochester, MN, USA Elena Bitrian
London, UK Maria Papadopoulos
Durham, NC, USA Sharon F. Freedman
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assistant stabilizes the globe and rotates it to expose additional 
angle. Note that the needle entry is closed with a single bur-
ied10-0 polyglactin suture. (Courtesy of Sharon F.  Freedman, 
MD)

Video 4.2 Nasal goniotomy technique without traction suture or assistant 
using modified Swan Jacob lens. The anterior chamber is main-
tained with viscoelastic and a 25-gauge needle. (Courtesy of 
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(Coutesy of James D. Brandt, MD)
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Childhood Glaucoma Surgery: 
Perioperative Considerations

Maria Papadopoulos, Alana L. Grajewski, 
Elena Bitrian, and Sharon F. Freedman

Managing glaucoma in childhood is one of the 
greatest challenges in the field of glaucoma, espe-
cially its surgical treatment, itself a critical compo-
nent of management. Most children with glaucoma 
will require surgery in their lifetime, often in their 
childhood years. The surgical repertoire for child-
hood glaucoma has remained relatively unchanged 
for many years, with most progress resulting from 
modifications to existing surgery. Each surgical 
technique has its advantages and disadvantages, 
with potentially good success rates when chosen 
appropriately and performed with meticulous 
attention to detail to minimize complications. The 
aim of surgery is to eliminate or bypass aqueous 
flow obstruction. The challenge of surgery is to 
balance greater success with fewer complications. 
To achieve this fine balance, the surgeon often 
modifies and develops a technique that is safe. 

Internationally, approaches to surgery for child-
hood glaucoma can vary, but these highly special-
ized operations should preferably be performed by 
a trained surgeon in centers with sufficient volume 
of patients to ensure surgical experience and skill, 
coupled with safe anesthesia.

Given that most children with glaucoma have 
normal life expectancies and may therefore need 
several operations to control intraocular pressure 
(IOP), the impact of successful surgical treatment 
on the patients and their families cannot be 
 overestimated. We hope that in the new millen-
nium, evidence from surgical trials will better 
guide the management of children with glaucoma 
and that surgical techniques will continue to 
evolve for greater success and safety.

 Definition and Classification 
of Childhood Glaucoma

Childhood glaucoma is characterized by elevated 
intraocular pressure (IOP) and related damage to 
the eye, which can be caused by a diverse group of 
conditions. In an effort to standardize the nomen-
clature worldwide, the Childhood Glaucoma 
Research Network (CGRN) proposed a definition 
and validated classification for childhood glau-
coma, which were presented to the international 
community at the World Glaucoma Association 
(WGA) Childhood Glaucoma Consensus in 2013. 
The definition and classification were adopted 
and are used in this book (Tables 1.1 and 1.2).
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Table 1.1 Definition of childhood glaucoma and child-
hood glaucoma suspect

Definition of childhood glaucoma: Two or more 
required
  IOP >  21 mmHg (investigator discretion if 

examination under anesthesia data alone due to the 
variable effects of anesthesia on all methods of IOP 
assessment)

  Optic disc cupping: a progressive increase in 
cup-disc ratio, cup-disc asymmetry of ≥ 0.2 when 
the optic discs are of similar size, or focal rim 
thinning

  Corneal findings: Haab striae/corneal edema or 
diameter ≥ 11 mm in newborn, > 12 mm in child 
< 1 year of age, > 13 mm any age

  Progressive myopia or myopic shift coupled with an 
increase in ocular dimensions out of keeping with 
normal growth

  A reproducible visual field defect that is consistent 
with glaucomatous optic neuropathy with no other 
observable reason for the visual field defect

Definition of childhood glaucoma suspect: At least 
one required
  IOP > 21 mmHg on two separate occasions, or
  Suspicious optic disc appearance for glaucoma, i.e., 

increased cup-disc ratio for size of optic disc, or
  Suspicious visual field for glaucoma, or
  Increased corneal diameter or axial length in setting 

of normal IOP
Based on national criteria: < 18 years of age (USA); 
≤16 years of age (UK, Europe, UNICEF)

Adapted from Beck et al. [1], with permission
IOP = intraocular pressure

Table 1.2 International (CGRN/WGA) Childhood 
Glaucoma classification

Primary childhood glaucoma
  1.  Primary congenital glaucoma (isolated 

trabeculodysgenesis)
   (a) Neonatal or newborn onset (0–1 month)
   (b) Infantile onset (> 1 month–2 years)
   (c) Late onset or late recognized (> 2 years)
   (d)  Spontaneously arrested (nonprogressive 

buphthalmos, Haab striae, normal IOP, and 
optic nerves)

  2. Juvenile open-angle glaucoma (JOAG)
Secondary childhood glaucoma
  1.  Glaucoma associated with Non-acquired 

Ocular anomalies
         Conditions with predominantly ocular anomalies 

present at birth which may or may not be 
associated with systemic signs

    Axenfeld-Rieger anomaly (syndrome if systemic 
associations)

    Peters anomaly (syndrome if systemic 
associations)

   Congenital ectropion uveae

Table 1.2 (continued)

   Congenital iris hypoplasia
   Aniridia
    Persistent fetal vasculature (if glaucoma present 

before cataract surgery)
   Oculodermal melanocytosis (Nevus of Ota)
   Posterior polymorphous dystrophy
   Microphthalmos/microcornea
   Ectopia lentis
   Simple ectopia lentis (no systemic associations)
   Ectopia lentis et pupillae
  2.  Glaucoma associated with Non-acquired 

Systemic Disease or Syndrome
         Conditions predominantly with known syndromes, 

systemic anomalies, or systemic disease present at 
birth that may be associated with ocular signs

    Chromosomal disorders such as trisomy 21 
(Down syndrome)

   Connective tissue disorders
    Marfan syndrome
    Weill-Marchesani syndrome
    Stickler syndrome
   Metabolic disorders
    Homocystinuria
    Lowe syndrome
    Mucopolysaccharidoses
   Phacomatoses
    Neurofibromatosis type 1 (NF-1)
    Klippel-Trenaunay-Weber syndrome
    Sturge-Weber syndrome
   Rubinstein-Taybi syndrome
   Congenital rubella
  3. Glaucoma associated with Acquired condition
         Conditions that are not inherited or present at 

birth but that develop after birth
   Uveitis
    Trauma (hyphemia, angle recession, ectopia 

lentis)
   Steroid induced
   Tumors (benign/malignant, ocular/orbital)
   Retinopathy of prematurity
   Post-surgery other than cataract surgery
  4. Glaucoma following Cataract surgery
         Meets glaucoma definition only after cataract 

surgery is performed. Subdivided into three 
categories based upon cataract type

   (a) Congenital idiopathic cataract
   (b)  Congenital cataract associated with ocular 

anomalies/systemic disease or syndrome
   (c) Acquired cataract

Adapted from Beck et al. [1], with permission
CGRN/WGA Childhood Glaucoma Research Network/
World Glaucoma Association, IOP  = intraocular 
pressure

M. Papadopoulos et al.
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Childhood glaucoma is classified as primary or 
secondary. In primary childhood glaucoma, only a 
developmental abnormality of the anterior cham-
ber (AC) angle exists, which is responsible for 
reduced aqueous outflow. In secondary childhood 
glaucoma, the condition associated with reduced 
aqueous outflow is classified according to whether 
it is present at birth (non-acquired or congenital) or 
acquired after birth. Non-acquired childhood glau-
coma is further classified according to whether the 
signs are mainly ocular or systemic (Fig. 1.1).

 When to Operate?

 Objectives

A child should not be labeled as having glaucoma 
or subjected to surgery unless one is reasonably 
sure of the diagnosis and has excluded other con-
ditions that may mimic glaucoma.

The objective of managing children with glau-
coma is to provide a lifetime of vision. When target 
IOP is not achieved medically and is associated 
with objective evidence of ongoing ocular damage: 
corneal/ocular enlargement, clinical signs of 
uncontrolled IOP (e.g., corneal haze, photophobia, 
watering), optic disc progression, repeatable visual 
field loss, or deteriorating vision, then surgery is 
indicated. However, the risks associated with glau-
coma surgery in children should not be underesti-
mated, and the threshold to proceed with surgery 
should be high. The decision to proceed with sur-
gery should only be made once the benefits of sur-
gery outweigh the risks and other less risky options 
such as medications have been attempted.

 Temporizing Measures Before 
Surgery

Surgery for uncontrolled glaucoma is usually 
preceded by medical therapy. The exact role of 

CHILDHOOD GLAUCOMA CLASSIFICATION SYSTEM

CHILDHOOD GLAUCOMA RESEARCH NETWORK + WORLD GLAUCOMA ASSOCIATION

Congenital Ocular Anomalies
or Systemic Syndromes?

History of trauma, uveitis,
steroid use, tumor, ROP,

etc.?

Buphthalmos?

Systemic
involvement?

Diagnostic Checklist

Glaucoma Suspect

At least 1 diagnostic sign
from checklist

(Confirm IOP > 21mmHg
on two occasions)

Glaucoma Associated with
Non-Acquired Systemic
Disease or Syndrome 

Glaucoma Associated with
Non-Acquired Ocular Anomalies

Glaucoma Associated with Acquired Conditions

• Open-angle glaucoma (> 50% open)

• Angle closure glaucoma (< 50% open or acute
  angle closures)

Primary Congenital Glaucoma 

• Neonatal onset (< 1 month)
• Infantile onset (> 1 to 24 months)
• Late onset (> 2 years)

Glaucoma Following Cataract Surgery 
• Congenital idiopathic cataract

• Congenital cataract associated with ocular
   anomalies / systemic disease
• Acquired Cataract

• Open-angle glaucoma (> 50% open)
• Angle closure glaucoma (< 50% open or acute angle
  closures)

Juvenile Open Angle Glaucoma (JOAG)

YES YES

YES YES

YES

YES

NO

NO

NO

NO

NO

NO

MORE RESOURCES AVAILABLE AT

CHILDHOODGLAUCOMA.COM

Glaucoma diagnosed only
after cataract surgery?
(without pre-existing

glaucoma)IOP > 21mmHg

Optic nerve cupping
• Increased C:D ratio
• Asymmetry > 0.2
• Focal Thinning

Corneal Changes
• Haab striae
• Increased Diameter 

     Visual Field defect 

> 2 of these?

Myopic shift or increased
axial length

Fig. 1.1 Algorithm for Childhood Glaucoma classification. (Courtesy of the Childhood Glaucoma Research Network 
and the World Glaucoma Association)

1 Childhood Glaucoma Surgery: Perioperative Considerations
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medications depends largely on the type of glau-
coma. For example, primary congenital glau-
coma (PCG) is a surgical condition, and its 
diagnosis prompts surgical planning in a timely 
fashion in almost all cases. However, medica-
tions are useful as a temporizing measure prior to 
surgery to decrease the IOP and reduce corneal 
edema, allowing better angle visualization and 
the possibility of ab interno angle surgery. In 
most other cases of childhood glaucoma with 
open angles, medical treatment is first line and is 
escalated over time, depending on its effect in 
reducing IOP and achieving the desired target 
pressure. Medication choices and dosing must be 
tailored with consideration for not only the glau-
coma severity but also for the age and health of 
the child. Infants are particularly susceptible to 
the systemic absorption and consequences of 
medications, and some medications should be 
used with caution (e.g., beta blockers), while oth-
ers are contraindicated in small children (e.g., 
brimonidine). Escalation of medical therapy 
often occurs over many months to years. 
Exceptions include some cases of secondary 
glaucoma, e.g., glaucoma secondary to uveitis or 
trauma, which may present with elevated IOP 
that remains refractory to medical treatment and 
results in very rapid glaucoma progression. These 
cases require close monitoring and timely surgi-
cal intervention. It is important to highlight that 
in those cases that are poorly controlled with 
medications, where visual potential exists and 
benefits of surgery outweigh the risks, surgical 
intervention should not be delayed by medical 
management.

 Consent

The relationship the physician has with the child 
and the parents/caregivers is very important and 
must be a trusting one. There is no substitute for 
time spent with the family especially around the 
time of surgery, which is quite stressful for the 
child and parents. This is particularly true if sur-
gery is indicated soon after the diagnosis of glau-
coma has been made. After the various options 
have been discussed with the parents and a deci-
sion made as to the most appropriate surgical 

plan, the details of the surgery should be dis-
cussed with the parents, including possible com-
plications. It is important not to trivialize any 
surgery in children and to set realistic expecta-
tions regarding the outcome, the need for regular 
follow-up, and the possibility of unplanned sur-
gery should problems occur. Furthermore, when-
ever possible, the assent of the child should be 
sought when making these difficult decisions.

 Selecting the Appropriate 
Operation and Planning for Surgery

Developing a long-term surgical strategy to pre-
serve vision in a child with glaucoma is essential 
due to the long life expectancy and the inevitabil-
ity of repeat surgery for an incurable condition 
[2]. Selecting the most appropriate operation is 
paramount, as the first operation has the greatest 
chance of successfully controlling IOP [3–8]. 
And in eyes that have undergone multiple proce-
dures, it is vital that the next operation be very 
carefully determined to maximize benefit and 
minimize harm and risk. However, the best surgi-
cal procedure for any particular child cannot 
always be determined by a preset algorithm, 
since it is affected by a combination of diverse 
factors that include glaucoma type, associated 
ocular and systemic features, child’s age and gen-
eral health, previous ocular surgery, likelihood of 
further ocular surgery, visual prognosis, social 
circumstances (i.e., likelihood of follow-up and 
available parental support), available local facili-
ties and equipment, and surgeon experience. 
These factors, along with the absence of random-
ized trials to inform decision-making, result in 
diverse strategies to childhood glaucoma surgery 
internationally.

The type of glaucoma significantly influences 
the choice of surgery. For PCG, angle surgery is 
usually the procedure of choice due to its high 
rate of success [9]. Conversely in uveitic glau-
coma, peripheral anterior synechiae make angle 
surgery potentially less successful [10]. 
Furthermore, uncontrolled uveitic glaucoma 
treated with transscleral diode cycloablation not 
only has a high failure rate but should be discour-
aged, as it targets an already compromised ciliary 
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body [11]. Glaucoma following congenital cata-
ract surgery treated with trabeculectomy is asso-
ciated with poor outcomes, even when augmented 
with mitomycin C (MMC) [1–14]. Additionally, 
it may be inappropriate for children requiring 
contact lens refractive correction because of the 
potential for poor contact lens fitting in some 
cases and of the increased risk of infection with 
an avascular bleb.

Accompanying ocular anomalies and sys-
temic disease often need to be taken into consid-
eration. In Axenfeld-Rieger anomaly, access to 
angle structures may be hampered by iris attach-
ments to Schwalbe line making angle surgery dif-
ficult. Peters anomaly associated with a 
significantly disorganized anterior segment may 
respond better to glaucoma drainage device 
(GDD) surgery than to trabeculectomy. In 
patients with Sturge-Weber syndrome and a cho-
roidal hemangioma, a GDD with techniques to 
restrict flow that minimize the risk of hypotony 
may be preferable to trabeculectomy with its less 
predictable postoperative IOP and risk of hypot-
ony. Certain surgical procedures require specific 
anatomic features, such as corneal clarity, which 
is required to perform ab interno angle surgery. 
However, there exist modifications to facilitate 
surgical procedures even when clinical features 
are suboptimal, for example, corneal epithelial 
edema can be overcome by epithelial debride-
ment in 90% of Caucasian patients [15], and 
endoscopy allows a view of the angle despite cor-
neal opacity [16]. The general health of a child 
may be severely compromised or limited by asso-
ciated systemic disease or rare syndromes that 
may limit the child’s tolerance for anesthesia 
duration and drug exposure. This influences the 
type of procedure toward a more temporizing or 
alternatively a more definitive one.

The choice of surgery is also influenced by the 
age at onset or presentation of glaucoma. For 
example, the onset of PCG less than 3 months of 
age, especially within the first month, is associ-
ated with a poorer prognosis for angle surgery 
success [17–19], as is a late presentation over the 
age of 2–3 years [20, 19]. However, angle surgery 
can still typically be the first procedure of choice 
in these children, given the low rate of 
complications.

Past surgical history and anticipated future 
surgical interventions (e.g., cataract extraction) 
may influence the decision toward GDD surgery 
rather than trabeculectomy, because trabeculec-
tomy success is reduced following previous con-
junctival incisional surgery and its survival with 
subsequent lensectomy is also less likely. 
Furthermore, it is vital to consider the past surgi-
cal history of the fellow eye, because if a well-
performed operation is associated with a poor 
outcome in the fellow eye, then an alternative 
operation may need to be considered. Limited 
visual potential or a severely buphthalmic eye 
with compromised structural integrity, i.e., very 
thin sclera, may warrant less aggressive surgical 
intervention.

The child’s social circumstances may also 
influence the decision regarding the most appro-
priate operation. If the child is likely not to attend 
for follow-up or follow-up is restricted due to dis-
tances required to access the tertiary care, as is 
often the case in the developing world, then oper-
ations such as trabeculectomy which require 
intensive postoperative review are best avoided. 
Furthermore, in the developing world, the opera-
tions available may be restricted by the availabil-
ity of equipment such as GDDs due to their cost 
and by local surgical training and expertise.

Once the decision has been made regarding 
the most appropriate operation, it is incumbent 
on the surgeon to prepare for the operation, which 
includes the anticipation of potential complica-
tions and detailed consideration of how best to 
prevent them. Although Duke-Elder summarized 
the difficulties of operating on buphthalmic eyes 
by stating “accidents are prone to occur at the 
time of operation” [21], it is worth highlighting 
the surgical maxim that the best way to manage 
complications is to avoid them.

 Challenges to Successful Surgery

The challenges to successful childhood glaucoma 
surgery are numerous and varied and include not 
only the surgical planning outlined above but also 
operative technique, a greater tendency for com-
plications, accentuated healing response, and the 
potentially difficult postoperative examination 
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and management, all of which contribute to an 
unpredictable outcome.

The surgical technique itself is made challeng-
ing by the thin and elastic pediatric sclera, the 
distorted anatomy of the buphthalmic eye, the 
variable anatomy of congenital ocular anomalies, 
and the legacy of previous surgeries. The inherent 
characteristics and behavior of pediatric tissues 
make the eye prone to complications especially 
likely when the surgeon lacks familiarity with 
buphthalmic eyes. The aggressive healing 
response of children is thought to hinder the suc-
cess of operations dependent on external path-
ways of aqueous drainage from the eye.

These factors are all compounded by the dif-
ficulty of caring for children with a limited ability 
to cooperate and cope with the frequency of 
intensive anti-inflammatory postoperative medi-
cations essential to maximize success. The sur-
geon often faces challenges when trying to 
adequately examine children and perform post-
operative manipulations such as suture removal. 
Therefore, examinations under anesthesia (EUA) 
may be required for this purpose, often on a 
repeated basis. Furthermore, significant commit-
ment is necessary from the parents to administer 
the drops and attend regular postoperative fol-
low-up, especially necessary for operations such 
as trabeculectomy to ensure adequate filtration 
and control of bleb inflammation. It is important 
to be mindful that these frequent visits for post-
operative monitoring may impact the child’s 
schooling and potentially the parents’ ability to 
care for the rest of their family and their commit-
ment to work with loss of earnings. Medical 
expenses when covered by the family add to the 
financial burden. Finally, the potential for glau-
coma surgery and its complications to affect the 
quality of life of children and the entire family 
should not be overlooked [22].

 When to Stop Operating?

Even though it is important to keep a child seeing 
for as long as possible, when the eye has limited 
visual potential or the fellow eye is healthy, it 
may be advisable to take a less aggressive 

approach. For example, an eye with poor vision 
from secondary glaucoma related to a unilateral 
exudative retinal detachment for which transs-
cleral diode laser cycloablation is performed may 
unnecessarily place the fellow healthy eye at risk 
from sympathetic ophthalmia. This dilemma is 
more commonly faced in the developing world 
where resources are more limited or where treat-
ment is funded by the family.

 Inoperable Patients (What to Do 
with Those Who Do Not Fit Any 
Recognized Category) 

Some children may present with congenital ocu-
lar anomalies that do not fit into any recognized 
category or spectrum, such as anterior segement 
ectasia or unclassified anterior segment anoma-
lies. These cases can vary widely, and in some, it 
may not be possible to visualize the intraocular 
structures except with use of an anterior segment 
ultrasound. These children are at risk of glau-
coma, as often the anterior segment anomalies 
are accompanied by maldevelopment of angle 
structures. When glaucoma occurs, the anterior 
segment and limbal sclera are sometimes so dis-
torted that conventional incisional surgery is not 
possible, with the only choice being transscleral 
cycloablation.

 Visual Rehabilitation and Follow-Up

The criteria for success of glaucoma surgery in 
children are usually IOP-related parameters and 
the absence of serious complications. However, 
the preservation of visual function is the goal in 
these children and the true measure of success. 
So, concurrent ametropic correction and amblyo-
pia therapy, where indicated, are crucial to opti-
mize long-term visual outcomes. Simple 
measures, such as protective, impact resistant 
lenses for monocular children are likewise criti-
cal to preserve visual function for a lifetime in 
these special children. Visual rehabilitation may 
also involve the management of corneal opacities 
and cataracts.
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Not to be forgotten is the support these children 
need with regard to schooling such as the provision 
of low vision aids and, occasionally, with their 
social circumstances or mental health. There is also 
the care of the family as a whole, which involves 
not only examining siblings in certain circum-
stances such as autosomal dominant conditions, 
and offering genetic counseling, but also being sen-
sitive to the dynamics of the family which may 
impact the provision of the child’s care.

As these children grow up and possibly leave 
our practice, it is important to remember that the 
elevated IOP they once experienced as an infant or 
child may impact their ocular health as an adult. 
Apart from the ongoing risk of uncontrolled glau-
coma at any stage for which they need lifelong 
follow-up [23], there is also the risk of complicated 
cataract surgery [24], increased risk of retinal 
detachment [25, 26], and corneal complications 
(decompensation, band keratopathy), all of which 
underscore the unique circumstance of high IOP in 
eyes at a critical time of development. It is the hope 
of the editors and all the contributors to this book 
that we can help present treatment modalities to 
alter the course of damage in these vulnerable eyes.
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 Introduction

Each year in the United States, more than 6 million 
infants and toddlers require some form of anesthe-
sia to facilitate a wide array of examinations, pro-
cedures, and surgeries. Unlike adults, who are able 
to submit to all but the most invasive examinations 
and diagnostic procedures awake or with mild 
sedation, most children are unable to tolerate all 
but the most minor medical procedures in an 
awake, non-sedated state. In this population, even 
detailed eye exams can be challenging without the 
assistance of some sedation, and in many cases 
general anesthesia is required to complete neces-
sary diagnostic and treatment interventions. These 
sessions often occur in an ambulatory surgical 

environment and are not always coupled with an 
actual surgical intervention.

Given the importance of sedated examination 
in the unique setting of childhood glaucoma, this 
chapter is devoted to the practice of pediatric 
anesthesia and what every pediatric glaucoma 
specialist should know about bringing their 
 smallest patients to the operating suite, including 
the preoperative, intraoperative, and postoperative 
components of a visit, a discussion of optimizing 
patients prior to undergoing anesthesia, and pos-
sible complications that may arise during an anes-
thetic. Lastly, as the breadth of practice and age 
range is wide in the treatment of childhood glau-
coma, there are some salient points regarding the 
child’s age and the comorbidities one will encoun-
ter in anesthetizing those with systemic  syndromes 
that affect multiple organ systems.

 Preoperative Assessment

 Pediatric Anesthesia 
in the Ambulatory Setting

Most children undergoing examination or surgi-
cal intervention with anesthesia will do so in the 
ambulatory setting. Each year, over 3 million 
children receive anesthesia care on an outpatient 
same-day basis, many of which occur in a free-
standing facility separate from a hospital [1]. 
There are specific guidelines for the pediatric 
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ambulatory setting with regard to appropriate cri-
teria for same-day surgery, preoperative workup, 
and discharge. Specifically, current or recent 
upper respiratory tract infection, apnea risk in 
those with sleep apnea or in infants, and poten-
tially undiagnosed myopathies or cardiac disease 
are special areas of concern during triaging pedi-
atric cases for same-day surgery [2]. In this set-
ting, the plan is for same-day discharge; in order 
to ensure that this approach is efficient and safe, 
short-acting drugs, multimodal pain control, and 
regional anesthetics when possible are utilized at 
every opportunity [2].

Routine management of childhood glaucoma 
consists of serial exams and/or surgical interven-
tions when warranted from the time of diagnosis 
onward. In some cases, these children present 
soon after birth and thus will undergo compre-
hensive examinations under anesthesia (EUAs) 
repeatedly throughout their early childhood. 
Children are almost twice as likely to experience 
any perioperative adverse event (incidence 35%) 
as adults (incidence 18%) [3]. Neonates,  high-risk 
patients (American Society of Anesthesiologists 
[ASA] level III and above), and children with 
congenital heart disease have a higher relative 
risk of cardiac arrest [4, 5] and subsequent mor-
talities, especially neonates [6], and require 
the  specialized knowledge of pediatric 
anesthesiologists.

 Pediatric Patient Selection 
and Optimization

Prior to each scheduled anesthetic session, every 
child must have an evaluation and clearance from 
an anesthesiologist to ensure that they are fit and 
optimized for anesthesia. The details of optimiza-
tion are individualized to each child and specifi-
cally consider the presence of any additional 
medical problems, co-associated syndromes, car-
diopulmonary dysfunction, and recent or acute ill-
ness, all of which may increase perioperative risk.

The child’s medical history, birth and perina-
tal history, recent hospitalizations, and current 
post-conceptual age are factored into the above 
assessment to calculate risk and to formulate a 

plan for the anesthesiologist’s approach to their 
flow through the perioperative day. Medical his-
tory review includes perinatal events and hospi-
talizations with review of relevant medical 
records, specifically including any pertaining to 
neonatal intensive care unit (NICU) or pediatric 
intensive care unit admissions. An assessment of 
functional capacity with a focused physical exam 
includes, at minimum, heart, lungs, and airway 
assessment and review of applicable laboratory 
values. A discussion with parents or caregivers 
and the patients, when applicable, addresses risks 
and benefits of the planned anesthesia, as well as 
reviewing anesthesia-related instructions for the 
day of the procedure [7].

A thorough risk assessment considers co-
associated disease states, pervasive developmen-
tal disorders, metabolic disorders, neuromuscular 
disorders, muscular dystrophies, congenital syn-
dromes, and genetic disorders when formulating 
the anesthesia plan. The presence of an unex-
plained murmur should undergo possible evalua-
tion. Untreated congenital cardiac disease may 
require a pediatric anesthesiologist with subspe-
cialty training in congenital heart disease, as 
these patients may exhibit cardiac physiology 
vulnerable to administered anesthetics. This cat-
egorical assessment of disease states will allow 
for a more organized preoperative assessment of 
anatomical dysmorphology, with special atten-
tion given to craniofacial abnormalities and met-
abolic and end-organ compromise [8, 9].

The patient and their caregivers will undergo 
this pre-anesthesia workup either in the days 
leading up to the scheduled procedure in an 
ambulatory anesthesia preoperative clinic or over 
the phone when indicated for otherwise healthy 
patients. The final details will be discussed in 
person on the day of the procedure with the mem-
bers of the anesthesia care team.

 Physical Exam and Airway 
Considerations

The Mallampati classification is a key component 
of the airway examination. It is the gradation 
assessment of the oral aperture and the hard and 
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soft palate and is one of several objective findings 
that assist the anesthesiologist in predicting air-
way complications. Children who are cooperative 
with examination of their oropharynx will receive 
a Mallampati classification, but it is expected that 
infants and typically toddlers will not cooperate 
with this exam (Fig.  2.1). Neonates and infants 
have several anatomical differences of the mouth 
and airway compared to older children and adults, 
which should be familiar to the pediatric anesthe-
siologist. Briefly, this includes a large tongue in 
relation to the area of the mouth, obligate nose 
breathing for the first 3  months of life, a large 
oblong-shaped epiglottis, anteriorly slanted vocal 
cords, and a glottis opening situated higher in the 
neck at the level of C3–C4 of the cervical spine. 
These differences result in a higher incidence of 
obstruction and difficult mask ventilation in chil-
dren less than 1 year of age. However, overall the 
incidence of difficult mask ventilation in children 
is 0.2% compared to 1.4% in adults [10–14].

 Anesthesia Assessment and Plan

American Society of Anesthesiology Physical 
Status Classification Each patient, child and 
adult alike, receives a numeric score referring to 
the ASA physical status classification system 
(Table 2.1) [14–17]. The ASA status is a subjective 
assessment of a patient’s risk of adverse cardiopul-

monary complications while receiving sedation or 
general anesthesia. Pediatric patients who are cat-
egorized ASA I and II are considered at lower risk 
for procedural sedation and general anesthesia. 
Patients with ASA status III or higher have signifi-
cant systemic dysfunction and typically are quite 
ill. These patients usually require careful medical 
optimization of their systemic conditions prior to 
elective surgery, and in most cases their surgeries 
are best performed in a hospital operating suite 
and not in a strictly ambulatory setting.

Preoperative Fasting, nil per os (NPO) 
Status Once appropriate review and examina-
tion have taken place, a plan for the anesthetic 
approach will be formulated. Patients will receive 
their presurgical instructions with regard to fast-
ing times, which medications to withhold versus 
which to take, and any other specific orders for 
preparation [18]. The ASA guidelines recom-
mend fasting times prior to surgery, which can be 
reviewed in Table 2.2 [19]. Pediatric patients and 
parents should be given specific instruction to 
follow fasting guidelines, which allow for clear 
liquids 2 h prior and breast milk 4 h prior to sur-
gery. Infants and neonates are especially sensitive 
to fluid shifts and rapidly dehydrate and therefore 
are not able to tolerate depleted intravascular 
states that accompany the prolonged fasting peri-
ods expected of adults.

Class I Class II Class III Class IV

Hard
palate

Soft
palate Uvula Pillar

Fig. 2.1 Mallampati assessment of the oral aperture. (Courtesy of Jacqueline L. Tutiven, MD)
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Aspiration Aspiration intraoperatively can be a 
fatal complication, and about 50% of patients 
who do aspirate end up developing various levels 
of lung injury, including aspiration pneumonia 
[20]. Almost all of the medications routinely used 
in anesthesia will decrease lower esophageal 
sphincter tone and potentially increase the risk of 
aspiration [21]. There are many predisposing 
conditions that can also increase the risk of aspi-
ration; while some are anatomic abnormalities 
that may relate to the child’s specific syndrome 
(Table 2.3), others include obesity, hiatal hernia, 
or need for emergency surgery, to name a few. 
For emergency surgeries, when the appropriate 
NPO time cannot be honored, a technique of cri-
coid pressure with rapid administration of induc-
tion agents and paralytics is used to secure the 
airway as quickly as possible after loss of lower 
esophageal sphincter tone and protective airway 

reflexes. This rapid sequence induction technique 
requires the use of a cuffed endotracheal tube 
(ETT) and avoidance of bag mask ventilation to 
avoid insufflation of the stomach. Therefore, no 
breath is delivered to the apneic patient until the 
ETT is secured and placement has been con-
firmed with inflation of the cuff in order to limit 
regurgitation of stomach content into the lungs.

 Delivery of Anesthesia Care 
and Anesthetic Technique

 Sedation for Examinations 
and Induction of General Anesthesia

Sedation of pediatric patients should be provided 
by specialists who have acquired an advanced set 
of skills, knowledge, and certification to practice 
with absolute adherence to published guidelines. 
Risk assessment for procedural sedation should 
not be taken lightly. In the United States, the 
American Academy of Pediatrics, the American 
Academy of Pediatric Dentistry, the American 
College of Emergency Medicine, and the ASA 
have published revised guidelines for the 

Table 2.1 Adapted from the American society of anes-
thesiologists modified ASA physical status classification 
system 2013 [15, 16]

Class Physical status Example
I A healthy patient A fit patient with 

an umbilical hernia
II A patient with mild 

systemic disease
Mild diabetes and 
controlled 
hypertension

III A patient with severe 
systemic disease that is a 
constant threat to life

Moderate to severe 
COPD and angina

IV An incapacitating disease Congestive heart 
failure

V A moribund patient not 
expected to live

Ruptured aortic 
aneurysm

E Emergency case –

Table 2.2 American society of Anesthesiologists pre-
procedure fasting guidelines

Ingested material
Minimum fasting 
period (h)

Clear liquids (water, pedialyte, 
apple juice, black coffee/tea)

2

Breast milk 4
Formula (nonhuman milk, juice 
with pulp, light meal)

6

Light meal (toast and clear fluid) 6
Heavy meal (high fat content) 8

Data from the American Society of Anesthesiologists 
Committee [19]

Table 2.3 The effects of anesthetic medications and 
techniques on intraocular pressure

Drug or procedure
Intraocular pressure 
change

Induction/sedation agents
  Propofol
  Etomidate
  alpha-2 

agonists—dexmedetomidine
  Ketamine

↓↓
↓↓

↓
+/−

Benzodiazepines
  Midazolam ↓↓
Opioids ↓
Inhaled anesthetics
  Volatiles (sevoflurane)
  Nitrous oxide

0/↓
↓

Neuromuscular blockade
  Depolarizing agents 

(succinylcholine)
  Non-depolarizing agents

↑ 

↓
Direct laryngoscopy ↑↑
Valsalva maneuver (coughing, 
“bearing down”)

↑↑
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 procedural sedation in infants and children. 
Similarly, in the United Kingdom, guidelines 
have been produced by the National Institute for 
Health and Care Excellence (NICE). Irrespective 
of the level of sedation that is intended, pediatric 
sedation exemplifies a continuum. As such, it 
may consequentially result in respiratory depres-
sion with a loss of protective airway reflexes.

Therefore, procedural sedation must be 
 provided within an area that provides neces-
sary  resuscitation and supportive equipment. 
Unexpected complications may arise, and practi-
tioners should not be fraught with the inability of 
rescuing a patient due to lack of skill, appropri-
ate resuscitation equipment, medicines, or spe-
cialized ancillary staff. Every patient is 
administered oxygen, via nasal cannula, while 
receiving intramuscular (IM) or intravenous (IV) 
sedation. Observation and monitoring of vital 
signs of a sedated pediatric patient include heart 
rate, pulse oximetry, respiratory rate, and blood 
pressure recorded at regular intervals. Because 
sedation is a continuum of a phase of anesthetic 
somnolence and analgesia, purposeful responses 
may wane to a point where intervention is 
required [22]. Infants, as opposed to older chil-
dren, have greater total body volumes of distri-
bution for certain water-soluble pharmacologic 
agents while less total body volume of distribu-
tion for liposoluble agents. This may present dif-
ficulty in predicting how a patient, in this case an 
infant, will respond to a continuum of sedation. 
Practitioners administering moderate to deep 
sedation and analgesia should be ready to rescue 
patients who may enter into a deeper level of 
sedation and analgesia. This requires specialized 
airway management skills. Anesthesiologists are 
usually best suited to administer sedation to 
infants and toddlers [17, 19, 23].

There are only a few drugs that are used for 
pediatric sedation, but more often than not, one 
sole agent may not be enough to provide ade-
quate sedation. A cocktail of drugs may be 
needed, as some drugs suppress the ability to 
breathe, while others may not. Using more than 
one complementary agent can also decrease the 
narcotic dose required to maintain a deep enough 
level of sedation [24].

Midazolam Midazolam is a widely selected 
benzodiazepine, chosen for its anxiolytic effects, 
its amnestic properties, and its ability to decrease 
eye muscle tone along with minimally affecting 
IOP [25]. Midazolam can be administered orally, 
intravenously, rectally, or intranasally and is used 
as a premedication to encourage a child’s coop-
eration. In addition to providing sedation, anx-
iolysis, and anterograde amnesia, midazolam can 
help combat emergence delirium after general 
anesthesia. The side effects of midazolam can be 
minor, including hiccups to paradoxical hyperac-
tive reactions [26].

Midazolam has a rapid onset of action, within 
15–20 min after oral ingestion. A brief half-life 
time, 1–4  h, gives it a safer margin than using 
chloral hydrate, for instance, which has a much 
longer half-life and may not be the best sedative 
on an outpatient basis [25, 27]. Midazolam is fre-
quently used in conjunction with the following 
sedative medications, as it is usually insufficient 
to provide adequate sedation for examination, 
e.g., as part of premedication.

Ketamine A N-methyl-D-aspartate (NMDA) 
receptor antagonist and phencyclidine derivative, 
ketamine has been and continues to be a com-
monly used anesthetic for procedural sedation. 
Its pharmacokinetic profile gives it particular 
properties that have allowed it to be used in 
infants and children for noninvasive diagnostic 
exams and minor emergency room procedures. 
Ketamine is a “dissociative anesthetic,” in that it 
provides sedation and analgesia through NMDA 
receptor antagonism, potassium/sodium hyper-
polarization-activated cyclic nucleotide-gated 
channel 1 (HCN1) receptor antagonism, and a 
balanced modulating interplay among choliner-
gic, aminergic, and opioid systems. Dissociation 
occurs between the cerebral cortex and the limbic 
system, resulting in antinociception or analgesia, 
increasing levels of sedation, hypnosis, and 
unconsciousness with marked adrenergic sympa-
thetic activity. Ketamine also causes cerebral 
excitation with evidence of seizure-like activity 
in susceptible individuals, transient increase in 
IOP [26, 28], and elevation of heart rate and sys-
temic blood pressure. Ketamine can be adminis-
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tered by IV or IM with the former being preferred, 
as its effects are longer-lasting. The overall inci-
dence of severe adverse complications and events 
remains low as long as risk assessment for 
adverse events is considered and discussed prior 
to sedation. Green et al. pooled data from 8282 
pediatric ketamine sedations in the emergency 
departments and demonstrated that an overall 
incidence of upper airway and pulmonary adverse 
events was 3.9% [23]. Clinical variables shown 
to increase risks among this age group include 
patients younger than 2  years of age, young 
adults aged 13 or older, high IV dosages greater 
than 2.5 mg/kg or a total dose of 5 mg/kg, and 
concurrent use of anticholinergic or benzodiaze-
pines [29–31].

The potential benefit of ketamine is that there 
is little to no risk of apnea, as it does not interfere 
with breathing, in contrast to the more commonly 
used agent, propofol. However, it does have the 
potential to cause laryngospasm and rapid desat-
uration. Anticholinergic use, such as atropine or 
glycopyrrolate, can help reduce the increased 
laryngeal secretions associated with ketamine 
use. Glycopyrrolate is most often used due to 
its  short half-life and because it does not 
cross  the  blood-brain barrier as atropine does. 
Hemodynamic compromise is not a concern with 
ketamine as it is with other agents; therefore, ket-
amine is considered safer to use in those with 
hemodynamic instability. Ketamine is generally 
well tolerated in the pediatric population and is 
sometimes the only option for sedation in those 
who carry too high a risk to receive agents that 
could cause hemodynamic or respiratory com-
promise [23].

Propofol Propofol is an IV sedative-hypnotic 
agent that, when given as a bolus, will quickly 
result in a loss of consciousness followed by a 
quick and smooth awakening. Propofol causes 
cardiovascular and respiratory depression, 
decreases cerebral metabolic uptake of oxygen, 
and decreases cerebral blood flow and intracra-
nial pressure (ICP). Its depressant effect is uni-
formly distributed in the central nervous system, 
decreasing synaptic transmission, and will also 
act as an anticonvulsant, mediated via gamma-

aminobutyric acid receptors. Changes in IOP 
have been noted with low-dose IV sedation with 
propofol. An IOP decrease of 20–25% can be 
expected after an initial bolus of propofol with 
0.5 mg/kg and is likely due to extraocular muscle 
relaxation [28, 29, 31, 32].

Pain on injection is a common adverse event 
that can be decreased by adding lidocaine to the 
IV line. Anaphylaxis is rare. The incidence of air-
way obstruction and apnea is very high in infants 
and children undergoing continuous sedation 
with propofol; hence credentialed providers of 
deep sedation/anesthesia must demonstrate 
appropriate skills in airway rescue management. 
A report from the Pediatric Sedation Consortium 
Research group presented data on more than 
49,000 sedation/anesthesia encounters utilizing 
propofol. Their analysis found it unlikely for pro-
pofol to yield worrisome adverse outcomes when 
well-motivated and appropriately supported 
sedation/anesthesia services are in place 
[33–36].

Dexmedetomidine Dexmedetomidine is an 
α-2-adrenergic agonist approved in the United 
States by the Food and Drug Administration as an 
IV sedative for patients intubated in the ICU and 
for patients requiring procedural sedation  without 
intubation. As an off-label medication, dexme-
detomidine has been used in children, in and out 
of the operating room, for surgical, medical, 
and  procedural sedation in the pediatric ICU. 
Dexmedetomidine provides sedation, maintains 
respiratory drive, and attenuates analgesia, emer-
gence delirium, and pain in the postoperative 
period. Notably, upper airway patency is main-
tained with dexmedetomidine infusions during 
sedation in children. This is also noted in children 
with obstructive sleep apnea when compared to 
propofol [37]. In children, 93% of IV dexmedeto-
midine is protein bound, and its redistribution 
half-life is approximately 7  min. It is biotrans-
formed in the liver to inactive metabolites. 
Adrenoceptors in the central nervous  system 
mediate the cardiovascular effects of dexmedeto-
midine, mainly causing systemic hypotension 
and bradycardia, through central sympatholysis. 
A slow loading infusion is recommended to 
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attenuate the drop in blood pressure. A loading 
dose of 0.5 μg/kg, infused over 5 min, can give 
modest 10% decrease in systolic blood pressure 
[37, 38]. Dexmedetomidine-induced bradycardia 
can decrease heart rates up to 30% from awake 
states. Intravenous glycopyrrolate yields unex-
pected responses and does not attenuate the bra-
dycardia, and transient systemic hypertension 
has been reported [39, 40].

Oral dexmedetomidine (2.6 μg/kg) has been 
used as a preoperative sedative, achieving seda-
tion within 30 min, comparable to midazolam at 
0.5 mg/kg, and has a similar recovery profile, but 
it is slow and unpredictable [36, 40]. Intranasal 
(IN) dexmedetomidine, 1 μg/kg, can provide ade-
quate sedation in approximately 50% of children 
within 1 h. Preoperative anxiolysis, provided by 
IN dexmedetomidine, decreases heart rate by 
11% within the hour and has been found to assure 
effective sleep in patients before they enter the 
operating room. Although dexmedetomidine is 
available and used in children, specific indica-
tions are not in place for its use in the pediatric 
population, and more clinical research is needed 
on the hemodynamic challenges, analgesia, and 
anesthesia recovery in infants.

Sedation may not be well tolerated in the pedi-
atric population as incomplete anesthesia of the 
globe may elicit discomfort during examination, 
causing the patient to move, cry, and elicit higher 
than normal IOPs due to agitation. In contrast, 
general anesthesia ensures a stable airway and an 
akinetic globe; however, it usually lowers the IOP.

 General Anesthesia

General anesthesia is most often used in prefer-
ence to sedation in childhood glaucoma patients 
requiring a comprehensive examination (including 
IOP), since a procedure may follow the EUA if 
needed. Establishment of general anesthesia ren-
ders the patient unconscious and static in order to 
obtain clinical findings. Vascular access can be 
easier to obtain and may be required prior to 
advancing airway support and for surgical proce-
dures. General anesthesia is also beneficial in that 
the anesthesiologist can control ventilation via 

various modes available for use on the ventilator 
and has the ability to change the respiratory rate of 
the patient. Hypoventilation or hyperventilation 
can change arterial partial pressure of carbon diox-
ide (PaCO2) and cause changes in IOP.  Therefore 
spontaneous ventilation can be overridden with 
controlled ventilation in the patient with an endo-
tracheal tube (ETT), a laryngeal mask airway (k), 
or via bag mask ventilation by the anesthesia pro-
vider and with titration of anesthetic agents. The 
disadvantage of general anesthesia is that all vola-
tile agents and most IV anesthetic agents will 
cause a change, usually a decrease, in IOP, which 
can lead to falsely reassuring IOPs. The exception 
to this is ketamine, which may potentially and 
transiently increase IOP.

At 6  months of age, infants under general 
anesthesia often need a higher minimum alveolar 
concentration (MAC) of volatile anesthetics to 
produce an optimal depth of anesthesia and avoid 
Bell’s phenomenon (palpebral oculogyric reflex) 
on the eye being examined and operated on. 
Bell’s phenomenon denotes light anesthesia and 
will increase IOP.  Higher MAC of volatile 
 anesthetics often results in unstable hemodynam-
ics reflected by low mean arterial pressures. 
Cardiovascular changes seen in infants under 
general anesthesia include hypotension, tachy-
cardia, and decrease in venous pressure. For 
patients who exhibit Bell’s phenomenon while 
under an appropriate amount of general anes-
thetic, it is advised to consider a balanced anes-
thetic, protecting the airway with an ETT and 
adding a muscle relaxant to attenuate this reflex. 
This will decrease nociceptive stimulus on the 
eye being examined, decrease the anesthetic 
requirements through volatile anesthetics or IV 
anesthetics, and provide akinesia for surgical 
procedures [41, 42].

General anesthesia has been reported to cause 
a significant and often time-dependent decrease 
in IOP after anesthetic induction. The timing of 
IOP measurement under anesthesia is important 
and should be consistent with serial examina-
tions. IOP tends to fluctuate, with the lowest IOP 
occurring after induction of anesthesia and prior 
to instrumentation of the airway and the highest 
IOP occurring 1 min after extubation [43].
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Bag Mask Ventilation In certain scenarios 
(i.e., short EUAs), the patient will need to be 
anesthetized, but actual placement of an airway 
device is not necessary, and maintenance of 
anesthesia can be simply sustained through bag 
mask ventilation. This technique involves place-
ment of a face mask over the patient’s nose and 
mouth, with or without the use of an oral airway, 
to deliver anesthetic gases to patients while they 
breathe spontaneously. It is the least invasive but 
does not provide for selective entry of air into the 
trachea. The major disadvantage is that peak air-
way pressures must remain relatively low so as 
not to insufflate the stomach and cause regurgita-
tion of stomach content that can be aspirated into 
the lungs. This decreased amount of airway pres-
sure will not allow for adequate-sized breaths to 
be delivered to the patient, and hypercarbia 
could ensue. Light plane of anesthesia and laryn-
gospasm remain disadvantageous to this tech-
nique in addition to possibly increasing IOP 
from external compression of the globe by the 
face mask. This method is nonetheless vital to 
performing inhalational induction so that venous 
access and future placement of an airway can be 
obtained. IOP may be measured once the patient 
has entered stage III depth of anesthesia and 
before IV access is obtained. One-hundred-
percent oxygen is delivered prior to removing 
the mask. The face mask may be removed, espe-
cially in infants and children with small faces, to 
obtain IOP measurements, while the anesthesia 
provider maintains airway patency maneuvers, 
such as a chin lift during IOP measurement. If 
the mask is kept in place, the anesthesiologist 
avoids positive pressure ventilation through the 
mask during the actual IOP assessment. Once 
the IOP measurements are taken, IV access is 
secured, and an advanced airway or supraglottic 
airway is placed for continued EUA or surgery 
[42, 44].

The Supraglottic or Laryngeal Mask Airway 
(LMA) Supraglottic airways sit above the glot-
tic opening and do not pass through the vocal 
cords. The LMA is the most commonly used 
supraglottic airway device in spontaneously ven-
tilated patients. Positive airway pressure is 

required to perform adequate ventilation with the 
LMA, and it has a higher success rate with a 
lower complication rate than ETT [45]. The LMA 
remains in the supraglottic area and does not go 
through the vocal cords. This reduces the cough 
reflex seen with endotracheal intubation. 
Therefore, a lighter plane of anesthesia is required 
when compared to placement of an ETT. This has 
less effect on the patient’s hemodynamics and 
preserves blood pressure, while it also avoids the 
sympathetic surge that follows placement of an 
ETT. This effect is proven by the lack of change 
seen in IOP from baseline after insertion of the 
LMA [46].

The disadvantage is similar to the bag mask 
ventilation technique; insufflation of the stom-
ach can occur at high airway pressures leading 
to aspiration. Although the complication rate is 
lower than with placement of an ETT, partial 
airway obstruction can occur, and inadequate 
ventilation can ensue. Ill-fitting LMAs can 
induce edema of the airway, especially if used 
for a  prolonged procedure [47, 48]. Prolonged 
procedures (>2  h) are typically not the ideal 
cases to be performed with a supraglottic air-
way. There are increased risk of regurgitation 
and increased amount of gastric volume as sur-
gery time increases [48]. There is also a poten-
tial risk for pharyngeal ischemia when higher 
than recommended cuff pressures are used [49]. 
These complications are rare, and more recent 
studies and reviews are showing that even pro-
longed surgeries have a very low risk of the pre-
viously described complications [34]. During 
emergence from general anesthesia, the LMA 
does not protect against laryngospasm. 
Therefore, placement and removal should be 
performed when a patient is no longer in the 
hyper-reactive phase of their anesthetic, or 
phase II.

LMA failure is more likely in children with 
acquired or congenital airway syndromes. The 
LMA was designed for the normal airway anat-
omy. Craniofacial dysmorphology, seen in many 
syndromes that present for glaucoma and other 
eye surgeries, can alter the airway anatomy. This 
would predispose the patient to an ill-fitting LMA 
[50]. The LMA is part of the pediatric difficult 
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airway algorithm and can be a lifesaving device 
in children with difficult airways. Every pediatric 
airway should be thoroughly examined and 
assessed for appropriate airway management as a 
case-by-case/risk to benefit ratio decision. Hence, 
the “best” approach to airway management will 
vary for all children and especially those with 
craniofacial abnormalities and airway 
anomalies.

Endotracheal Intubation Placement of an 
ETT involves use of a laryngoscope, which 
allows visualization of the patient’s vocal cords 
and epiglottis. Placement of the ETT requires 
operator experience, especially in the pediatric 
patient with a difficult airway that can be 
caused by syndromic variations in anatomy. 
The major advantage of an ETT is that ventila-
tion is easier to control with minimal concern 
for stomach insufflation and laryngospasm, as 
occur with light anesthesia. The cuff can also 
help prevent regurgitation of stomach content 
from being aspirated into the lungs, which the 
supraglottic airway devices do not prevent. 
Ventilation can be controlled via a pressure or 
volume mode of ventilation, avoiding baro-
trauma. Patients may still breathe spontane-
ously with an ETT, although a deeper plane of 
anesthesia may be required to avoid emerging 
to stage II of anesthesia, leading to coughing 
against the ETT, which will increase IOP and 
risk interfering with intraocular procedures for 
glaucoma. Maintaining a patient under deep 
anesthesia could also lead to hypoventilation 
and hypercarbia. The benefit of a spontane-
ously breathing patient is the ability to draw air 
into the lungs via negative pressure that will 
decrease central venous pressure (CVP) and 
allow for an IOP more similar to the patient’s 
baseline when they are not anesthetized. 
Positive pressure ventilation will increase CVP 
and in turn increase IOP, as it limits venous 
drainage from the head and neck. The use of 
spontaneous and controlled ventilation with 
their advantages and disadvantages is also 
applicable to the LMA, while pulmonary respi-
ratory parameters are adjusted to deliver ade-
quate volumes [50].

 Perioperative Physiology Affecting 
Intraocular Pressure

Intraocular pressure and its measurement can be 
greatly affected when a patient is anesthetized or 
sedated. The point at which IOP measurement 
occurs is essential for accurate assessment of 
glaucoma, and it may vary from the preinduction 
phase, where a patient may receive premedica-
tion of an anxiolytic, such as midazolam, to the 
extubation phase where coughing on an ETT can 
greatly raise IOP to up to 34–40 mmHg [41]. It is 
essential to understand how anesthesia medica-
tions—both IV agents and inhaled volatile anes-
thetics—as well as how the time point during an 
anesthetic may impact the measurement of 
IOP.  These effects are briefly summarized in 
Table 2.3.

Intraocular pressure can be affected by exter-
nal pressure on the eye, venous congestion, and 
changes in intraocular volumes. The patient, sur-
geon, and anesthesiologist can influence these 
three factors in a multitude of ways.

External Compression External pressure to the 
eye will increase IOP [42]. Careful attention 
must be paid to patient positioning. Eyes must 
remain free of pressure in all positions (prone, 
supine, or lateral). Elevation of the head, such as 
placing a patient in the reverse Trendelenburg 
position, can also ameliorate increased IOP 
because it allows for venous drainage [51, 52].

An increase in extraocular muscle tone can 
increase IOP from external compression. This has 
been seen with spasms, mediated by the depolar-
izing muscle blocker,  succinylcholine [53].

Venous Congestion Venous congestion can 
impede drainage of the head and neck, which in 
turn can increase IOP and ICP.  Increasing CVP 
can inhibit efflux from the eye and increase IOP 
[54, 55]. CVP can be greatly affected by patient 
positioning, choice of anesthetic, and parameters 
set on the patient ventilator. High peak airway 
pressures and use of high levels of positive end-
expiratory pressure (PEEP) while a patient is 
under general endotracheal anesthesis will impede 
venous drainage from the head and neck due to 
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increasing CVP.  Any positive pressure applica-
tion in the ventilated patient has the potential to 
increase CVP. This is in contrast to a patient who 
is breathing spontaneously, creating negative 
inspiratory pressures, without the assistance of 
the ventilator, which decreases CVP [56].

The spontaneously breathing patient has a 
negative airway pressure with each inspiration, 
thereby reducing CVP and increasing venous 
drainage from the head and neck, reducing 
IOP.  Work of breathing and airway resistance 
plays an indirect role on IOP. Depending on the 
type of airway support in use, i.e., face mask, an 
LMA, or an ETT, and if a patient is left spontane-
ously breathing or on a mechanical ventilator, the 
IOP will be affected [56, 57]. Placement of an 
oral airway device to permit unobstructed flow 
will decrease inspiratory work of breathing and 
measurements of IOP in infants and children and 
should be performed after an appropriate depth 
of anesthesia is achieved and before definitive 
airway manipulation.

Changes in Intraocular Volume Blood volume 
and aqueous humor formation and drainage affect 
intraocular volume and IOP. The basal intraocu-
lar blood volume is determined by intraocular 
vessel tone, which is affected by PaCO2. An 
increase in PaCO2 will increase IOP because of 
increasing choroidal blood volume [54]. This 
effect can be manipulated under anesthesia where 
hypoventilation results in an increase in arterial 
CO2, a mild acidotic state, and vasodilation of 
cerebral vessels with concomitant increase in 
choroidal blood volume. Alternatively, hyperven-
tilation will reduce PaCO2 and produce vasocon-
striction of choroidal blood vessels and a lowering 
of IOP. Generally, arterial pressure has very little 
effect on IOP [55, 58, 59].

Autonomic Stimulation and Changes in Aqueous 
Humor Volume and Drainage Peripheral auto-
nomic fibers from the pterygopalatine ganglion 
(parasympathetic) and the superior cervical gan-
glion (sympathetic), along with local influences 
from trigeminal sensory fibers, innervate struc-
tures that maintain IOP in a complex interrelated 
way. Aqueous humor is formed by the ciliary 

 epithelium, and its production is increased with 
sympathetic stimulation and decreased with para-
sympathetic stimulation. The adrenergic nervous 
system plays a significant and complex role in the 
regulation of IOP. Autonomic nerve fibers inner-
vate the ciliary processes, the trabecular mesh-
work, and the episcleral blood vessels. These last 
vessels are actually arteriovenous anastomoses. 
Their vascular tonicity or episcleral venous pres-
sure (EVP) is afforded to the episcleral blood 
vessels via parasympathetic, sympathetic, and 
trigeminal fibers. This EVP needs to be overcome 
in order to allow for proper outflow of aqueous 
humor; internal adrenergic stimulation and 
locally applied β agonists (epinephrine) will 
decrease IOP.  Clonidine, an α-2-adrenoreceptor 
agonist, will also directly decrease IOP when 
placed as a topical treatment. Yet, β-adrenergic 
antagonists can also decrease IOP. This occurs as 
there may be different sites of action for a β ago-
nist (reabsorption areas) and antagonist 
(decreases secretion) [60, 61]. Further physio-
logic research may contribute to understanding 
the complex interrelationship of the central path-
ways, ascending neuromodulatory pathways, the 
extrinsic system, and the local autonomic ner-
vous system (intrinsic system) on the neuromod-
ulation affecting IOP [62, 63].

Changes in Volume of the Vitreous Humor The 
volume of vitreous humor is generally constant 
but can be affected by hydration and osmotically 
active agents such as mannitol, which can create 
a significant reduction in IOP. Preoperative dehy-
dration, seen in infants with prolonged NPO sta-
tus before being examined under anesthesia, may 
reflect a mild decrease in IOP [63–65].

 Anesthetic Agents and Their Effect 
on Intraocular Pressure

Inhaled Anesthetics Volatile anesthetics that are 
in current use today include the halogenated agents 
of sevoflurane, isoflurane, and desflurane. 
Halothane is no longer available for use in the 
United States but could be found in other parts of 
the world. Nitrous oxide is the oldest inhaled anes-
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thetic that is available but must be used with other 
halogenated agents due to its low potency [66].

Nitrous oxide requires a high minimum alveo-
lar concentration in order to provide reliable 
anesthesia, but giving high concentration of 
nitrous oxide is limited due to its ability to cause 
hypoxia. Nitrous oxide has greater solubility than 
nitrogen and can expand in air-filled spaces, in 
addition to causing diffusion hypoxia when given 
in concentrations greater than 3:1 with oxygen. 
Therefore, nitrous oxide has been used as a sole 
agent in concentrations of 70% or less to provide 
anxiolysis to patients. The benefits include its 
rapid onset and offset, minimal changes on hemo-
dynamics, and minimal effect on IOP [67]. When 
used as a sole agent, there is no concern for 
malignant hyperthermia or possibly even emer-
gence delirium [68]. Nitrous oxide is controver-
sial because of its increased risk of postoperative 
nausea and vomiting, its potential of inactivation 
of vitamin B12, and the possibility of expansion of 
air-filled structures. This is of concern when sur-
geries involve the inner ear or with the use of an 
intraocular gas. Perfluoropropane (C3F8), sulfur 
hexafluoride (SF6), and filtered room air are com-
monly used in retinal surgery, which, when cou-
pled with the use of nitrous oxide, can expand the 
intraocular gas leading to increased IOP and 
potentially permanent visual loss. The avoidance 
of nitrous oxide for 3  months is recommended 
after ophthalmic surgery involving the use of an 
intraocular gas unless the intraocular gas has 
become completely absorbed [69].

Sevoflurane is the halogenated agent of 
choice for both the typical pediatric inhalational 
induction and for the maintenance phase of a 
general anesthetic, as it is fast-acting and the 
least irritating to the airways. Other agents are 
less useful in this setting; desflurane, while fast-
acting, is the most pungent; isoflurane has a 
slower onset to achieving a deep anesthetic level 
and is also very unpleasant for inhalation induc-
tion. Both will induce harsh coughing and sig-
nificant airway irritation in patients of all ages 
[70, 71]. Desflurane induces sympathetic stimu-
lation, with transient increases in blood pressure 
and tachycardia [70]. However, such fluctuations 
are not linked to increases of IOP when com-

pared to the use of sevoflurane. The mechanism 
for lowering IOP, upon the use of halogenated 
agents, is likely related to an increase in the out-
flow of aqueous humor and decreased aqueous 
production, along with relaxation of extraocular 
muscles [72]. Schäfer and colleagues described 
the mechanism of decreased IOP after the use of 
sevoflurane as being due to a decrease in heart 
rate and blood pressure, which would also 
decrease CVP and potentially choroidal blood 
flow [32]. Since there are many factors that can 
influence the IOP of a child under anesthesia, the 
timing of IOP measurement related to inhala-
tional anesthesia is important. It is generally rec-
ommended that IOP should be checked 
immediately after inhalational induction, as IOP 
continues to decrease with time [32].

Intravenous Agents Intravenous agents for the 
induction of anesthesia include propofol, etomi-
date, ketamine, and thiopental (although thiopen-
tal is no longer available in the United States). 
Dexmedetomidine is also commonly used for the 
maintenance of anesthesia when volatile agents 
may be contraindicated. As previously described, 
all of these agents will decrease IOP except ket-
amine. Ketamine is a dissociative anesthetic that 
can also cause an increase in blood pressure and 
heart rate. Controversy exists whether or not 
induction dose ketamine causes an increase in 
IOP or has no effect at all. Older studies exam-
ined ketamine without the use of premedication, 
such as midazolam, and found that IOP was 
increased after administration possibly due to 
causing nystagmus and increased extraocular 
muscle tone [32]. More recent studies have been 
unable to replicate this when premedication was 
given and found that IOP measured under ket-
amine fairly accurately represents IOP in the 
awake state [32, 73, 74]. Ketamine has unpleas-
ant side effects, including increased oral secre-
tions, which could potentially cause laryngospasm 
(reduced with atropine or glycopyrrolate), nys-
tagmus, and unpleasant dreams or hallucinations. 
The use of midazolam can help mitigate these 
unpleasant dreams. Premedication of atropine 
and midazolam given 20–30 min prior to attend-
ing the operating suite is recommended.
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Propofol is the most commonly used induc-
tion agent, as its profile has fewer side effects 
compared with other agents. Propofol is rarely 
contraindicated unless there is a history of a 
mitochondrial disorder; prolonged exposure may 
lead to propofol infusion syndrome [75, 76]. 
Propofol formulations commonly include a soy-
bean oil emulsion and egg lecithin, which have 
previously been contraindicated in patients with 
soy or egg allergy. Most patients with egg allergy 
are actually allergic to the proteins found in egg 
white, but not the yolk. Multiple studies have 
confirmed the safety of propofol use in egg or soy 
allergy [77]. When compared with etomidate and 
thiopental, all of which decrease systolic blood 
pressure and IOP after induction, propofol was 
found to decrease IOP the most and to prevent an 
increase in IOP when an LMA was inserted [78]. 
Propofol has also been found to cause a signifi-
cant decrease in IOP when compared to sevoflu-
rane alone [33].

 Local Anesthetics for Analgesia

Local anesthetics (LAs) play a key role in reduc-
ing the need for opioid-based analgesia and are 
especially useful in ophthalmic ambulatory sur-
gery. The application of LAs to the surface of the 
pediatric globe, or placement along periocular 
tissues, should be performed by specialty-trained 
physicians on children under general anesthesia, 
almost always by the operating surgeon in cases 
of childhood glaucoma. LAs are classified as 
either amino-esters or amino-amide compounds, 
both of which possess characteristics unique to 

their class. Common agents used in pediatric eye 
surgery are summarized in Table 2.4.

Amino-Esters Amino-esters are hydrolyzed 
by  plasma cholinesterases. Cholinesterases, 
enzymes found ubiquitously in plasma and tis-
sues, quickly metabolize these esters, giving 
them a low toxicity profile in older children. 
Neonates and infants have decreased levels of 
plasma cholinesterase and, as such, are suscepti-
ble to a buildup of toxic levels when given in 
summative fashion. Fortunately, ester LAs are 
short-lived, being metabolized within minutes. 
Tetracaine and proparacaine are two common 
ester LAs utilized in ophthalmic surgery on 
infants and children.

Amino-Amides Amino-amides are eliminated 
by hepatic enzymatic degradation. The amino-
amides include lidocaine, bupivacaine, ropiva-
caine, and levobupivacaine. The neonatal hepatic 
system is immature at birth, with limited enzy-
matic metabolism of such agents, which increases 
the risk of drug buildup causing LA toxicity. 
Hepatic clearance of LAs approaches adult levels 
by 8 months of age [79]. Bupivacaine is a com-
mon agent used in infants and children eye blocks 
at concentrations of 0.25–0.5%. It is typically 
bound to plasma-binding proteins, α-1-
glycoprotein and albumin. Neonatal levels of 
these proteins are less than those in adults, result-
ing in a greater free fraction of bupivacaine and 
other circulating highly bound drugs, thus ren-
dering the potential cardiotoxicity a key consid-
eration in dosing in neonates and children under 
general anesthesia. A single-dose slow bolus 

Table 2.4 Local anesthetics commonly used in eye surgery with recommended maximal dosages

Local anesthetic Class Maximum dose (mg/kg) Duration of action (min)
Procaine Ester 10 60–90
2-Chloroprocaine Ester 20 30–40
Tetracaine Ester 20 30–60
Lidocaine Amide 1.5 180–600
Bupivacaine Amide 2–4 180–600
Ropivacaine Amide 2–4 180–600
Levobupivacaine Amide 2–4 180–600

Data adapted from the American Academy of Pediatrics; American Academy of Pediatric Dentistry, Coté CJ, Wilson S; 
Work Group on Sedation [15].
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injection for ophthalmic blocks may range from 
2 to 4 mg/kg. Ropivacaine is an S(−) enantiomer 
and a racemate of bupivacaine and exhibits fewer 
cardiovascular and central nervous system side 
effects [80].

Local Anesthetic Systemic Toxicity Local 
anesthetic systemic toxicity involves the cardio-
vascular and central nervous systems with symp-
toms that include tinnitus, perioral numbness, 
dizziness, agitation, and seizures [76]. The most 
feared complication involves complete circula-
tory arrest that does not respond to normal resus-
citative efforts. The treatment of choice is a lipid 
emulsion 20%, with avoidance of most vasopres-
sors and a much reduced dosage of epinephrine 
(<1 μg/kg) [80–82].

 Postoperative Analgesia

After invasive surgery that is likely to be painful, 
such as glaucoma drainage device surgery or 
laser cyclodestruction, a long-acting local 
 anesthetic via the sub-Tenon or peribulbar route 
at the end of the procedure significantly reduces 
postoperative pain and postoperative nausea and 
vomiting (PONV). The size of the globe is an 
important consideration for peribulbar blocks. 
The anteroposterior length of a typical adult 
globe is approximately 22–24 mm. A premature 
neonate may have an axial length of 15  mm, 
while a full-term neonate’s globe is characteristi-
cally 16–17 mm in length. The globe continues to 
grow until reaching full size at approximately 
3 years of age. A short-beveled needle or angled 
cannula can be used with an amide anesthetic; 
our institution uses ropivacaine 0.375% for an 
inferotemporal approach to a peribulbar block 
(Fig. 2.2) [83].

 Topical Anesthesia and Neonatal 
Intensive Care Unit Patients

Neonates and premature infants residing in 
NICUs do not typically require sedation for the 
brief measurement of IOP. Diagnostic modalities 

that require minimal movements can fuel discus-
sion on how best to provide immobility in NICUs 
without exposure to anesthetics. Most academic 
centers in the United States and United Kingdom 
conduct feed and swaddle techniques for mag-
netic resonance imaging (MRI) and other nonin-
vasive diagnostics, avoiding sedation altogether 
[84]. A topical local anesthetic, usually a very 
short-acting ester anesthetic eye drop, is applied, 
not only to decrease possible discomfort but to 
depress the corneal reflex upon achieved surface 
analgesia. Common topical preparations are lido-
caine, tetracaine, and proparacaine. Studies in 
healthy adults have demonstrated that episcleral 
venous pressure is not affected by topical anes-
thetics [85]. Systemic absorption is increased in 
neonates and infants. The thin keratin layer of the 
newborn’s skin around the eyes, conjunctiva, 
nasal mucosa, and gastrointestinal tract increases 

Fig. 2.2 Sub-Tenon pediatric eye block. A short-beveled 
needle or angled cannula can be used with an amide anes-
thetic; our institution uses ropivacaine 0.375% for an 
inferotemporal approach to a peribulbar block useful for 
postoperative analgesia at the end of major surgery. 
(Courtesy of Jacqueline L. Tutiven, MD)
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the systemic absorption of these and many other 
ocular medications, easily contributing to toxic 
effects of these or other ocular medications. 
Punctal occlusion over the nasal lacrimal canal 
can reduce up to 90% of this absorption. Excess 
medication overflow should be immediately 
cleaned and punctal occlusion placed for 3 min to 
decrease systemic absorption [85, 86].

 Postanesthesia Care Unit 
and the Recovery Period

Monitoring and documentation of all types of 
anesthetic given to patients must be continued 
into the recovery phase within the postanesthesia 
care unit (PACU).

 Post-extubation Croup

Small children and infants recovering from gen-
eral anesthesia are at risk for post-extubation 
complications such as stridor and dyspnea due to 
laryngeal swelling. This is seen especially in 
children convalescing from upper respiratory 
infections that required an ETT during surgery. 
The supraglottic airway or LMA may be supe-
rior in the aspect of maintaining laryngeal air-
way patency with less postoperative laryngeal 
swelling [87].

 Postoperative Nausea and Vomiting

Postoperative nausea and vomiting is a major 
concern following general anesthesia. The risk of 
PONV may also be elevated due to the type of 
surgery and its duration even when only sedation 
is involved, as with surgery on the eye. Children 
undergoing ocular surgery experience increased 
incidence of PONV, likely due to a trigeminal-
medullary oculo-emetic response, especially fol-
lowing emergence from general anesthesia. Use 
of inhaled volatile anesthetics, e.g., nitrous oxide, 
and the inclusion of opioids for pain control are 
associated with a greater incidence of PONV as 
is a history of motion sickness. Age of onset of 

PONV occurs after 2 years of age and increases 
until puberty, and the risk of PONV in children is 
thought to be twice that of adults [88]. Prophylaxis 
against PONV is recommended for those at high 
risk, and it includes the use of 5-HT3 antagonists 
such as ondansetron, the glucocorticoids such as 
dexamethasone 0.15  mg/kg, and hydration, 
unless there is a contraindication [88]. Other 
ancillary medications that can be used effectively 
to reduce the risk of PONV include clonidine, 
metoclopramide, droperidol, and substitution of 
general volatile anesthesia with total IV anesthe-
sia (TIVA) using propofol or dexmedetomidine 
or some combination thereof.

Ophthalmic surgeries carry one of the highest 
risks of PONV with an elicitation of the oculo-
cardiac reflex during surgery thought to be pre-
dictive of PONV [89]. PONV most frequently 
occurs in the first 3 h following general anesthe-
sia but can occur up to 24  h after. Persistent 
PONV in the PACU may herald ongoing acute 
pressure/volume changes occurring within the 
eye that may need immediate attention from the 
surgeon or surgical team [90, 91].

 Postoperative Pain

The dissection of extraocular and intraocular tis-
sues is painful and often complicated with post-
operative PONV, stressful hemodynamics (high 
mean arterial pressures), and increased incidence 
of oculocardiac reflexes (OCR) reflected in the 
PACU area as moderate pain scores. As men-
tioned above, the use of a long-acting local anes-
thetic given via the peribulbar or sub-Tenon route 
just before emergence from general anesthesia 
reduces surgical pain and the incidence of PONV. 
This is due to an effective nerve conduction block 
of the efferent fibers of the trigeminal nerves that 
disrupts the trigemino-emetic reflex.

A multimodal approach to pain control best 
decreases opioid requirement and possibility of 
PONV. Ketorolac is a nonsteroidal anti-inflam-
matory drug that can be used topically, via IV or 
via IM.  Acetaminophen is also available in a 
wide array of formulations, including IV, rectal, 
pill, or liquid with a low side effect profile.
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Intravenous acetaminophen is a novel analge-
sic for pediatric use in the perioperative period. It 
offers an alternative or supplement to opioid 
analgesia when treating surgical pain in term 
neonates or former preterm infants in whom the 
reduction of opioid-associated side effects is 
desirable. Neonates greater than 10 days of age 
and children weighing up to 33  kg can receive 
15 mg/kg every 6 h without evidence of hepato-
toxicity. An increase in unconjugated hyperbili-
rubinemia reflects a low drug clearance, which 
would dictate lowering the dose [92].

 Malignant Hyperthermia

Malignant hyperthermia (MH) is a fatal, unless 
treated, complication from the use of succinyl-
choline or volatile anesthetics. There is a hyper-
metabolic response from these anesthetic 
triggering agents, which leads to increased intra-
cellular calcium concentration causing an over-
whelming metabolic stimulation resulting in 
increased carbon dioxide and lactic acidosis. This 
is manifested as tachycardia, tachypnea, and an 
elevation in body temperature being a late and 
ominous sign [89]. Treatment involves early rec-
ognition with the only antidote, dantrolene. 
Dantrolene helps to decrease intracellular cal-
cium concentration and should be continued con-
tinuously over the next 24 h [93]. An MH reaction 
often occurs in the operating room but can be 
delayed to the recovery room after the anesthetic 
has been terminated. Therefore, there must 
always exist an index of suspicion when there is 
unexplained tachycardia, tachypnea, or elevated 
body temperature that does not respond to nor-
mal interventions. Patients that have had previous 
general anesthetics without an episode of MH are 
not immune from MH during future anesthetic 
sessions. Patients on average require three expo-
sures to triggering anesthetic agents to have an 
MH episode [94, 95].

The suspicion for MH offers a variety of pre-
sentations, from sudden death under anesthesia in 
a family member or the patient may provide a 
vague history of a family member having an 
“allergy” to anesthesia. Routine testing is not rec-

ommended unless a family member had an MH 
episode.

The confirmation test for MH is offered only 
in five centers across the United States and 
Canada, is extremely expensive, and may not be 
covered by some insurance plans. The gold stan-
dard for diagnosis is the caffeine-halothane con-
tracture test. A person is considered MH 
susceptible if contracture tests are positive to 
both caffeine and halothane, and they are 
 considered not susceptible to MH if both tests are 
negative [95]. Genetic testing is also available for 
MH as it is autosomal dominant, and the muta-
tion can result de novo. Even if a patient has a 
negative mutation result, they may still have a 
positive muscle contracture test deeming them 
MH susceptible as there are at least 30 causal 
mutations for MH [96].

Therefore, a diagnosis of MH prior to the 
operating room is extremely rare unless the 
patient personally has had a previous reaction. 
Due to the insidious onset of MH, and difficulty 
in diagnosis, there is a 24-hour hotline available 
to anesthesia providers to offer advice regarding 
symptoms and treatment. If there is a high suspi-
cion for MH, the patient should be scheduled as 
the first case of the day, and anesthesia machine 
should be prepared. The vaporizers should ide-
ally be removed from the anesthesia machine, 
and fresh gas flow should be kept at 10 liters per 
minute for at least 10 to >90 min depending on 
the machine. The carbon dioxide canister, breath-
ing circuit, and fresh gas hoses should be new. 
Each anesthesia machine has different recom-
mendations regarding preparation for a malig-
nant hyperthermia-susceptible patient [96]. Total 
IV anesthesia (TIVA) should be used to avoid 
anesthetic vaporizers, and depolarizing muscle 
relaxants, succinylcholine, should be avoided.

 Special Considerations

Many of the children who require anesthesia in 
the management of childhood glaucoma are 
healthy and otherwise free of systemic disease 
such that most anesthesiologists may manage 
their anesthesia. However, there are those that 
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will require the specialized knowledge of a pedi-
atric anesthesiologist. The following section 
summarizes the approach to the more complex 
patients who may exhibit physiologic and/or ana-
tomic abnormalities that occur with various eti-
ologies of secondary glaucoma and present added 
risk during induction, airway management, and 
emergence and postoperatively.

 Anesthetic Considerations 
of Pediatric Glaucoma in the Neonate

Primary congenital glaucoma is the commonest 
glaucoma seen in infants; however many will 
develop increased IOP secondary to manifesta-
tions of syndromes and systemic disease or as a 
consequence of prematurity [97]. Neonates share 
a unique physiology that is shifting from that 
which is adapted to an in utero environment to 
life outside the uterus, which requires close and 
careful intraoperative management. Despite vast 
improvements, perioperative complication rates, 
morbidity, and mortality remain disproportion-
ately high in neonates undergoing general anes-
thesia [3, 5, 97, 98]. The incidence of perioperative 
neonatal (less than 30 days of life) mortality after 
cardiac arrest is estimated to be 144.7 per 10,000 
anesthetics (0.014%) compared to 2.1 deaths per 
10,000 anesthetics (0.00021%) in children aged 
greater than 10  years (overall mortality 6.8 per 
10,000 anesthetics) [5]. Factors which contribute 
to higher mortality rates include level of preop-
erative illness, neonatal/infant physiology with 
depressed cardiopulmonary reserves, and surgi-
cal complexity. Neonates, infants, and preterm 
infants are at an increased risk of apnea due to 
immaturity of their respiratory center, underde-
veloped chemoreceptor responses to CO2 levels 
in the blood, and delayed laryngeal reflexes.

While glaucoma surgery in the neonate is con-
sidered low risk for adverse cardiopulmonary 
events, carrying the neonate through an anes-
thetic brings to the forefront several issues of 
concern which are unique to the population and 
include intracardiac shunting with patent fora-
men ovale or ductus arteriosus open, immature 
cardiopulmonary physiology that is heart rate 

dependent, tendencies toward rapid desaturation, 
and a narrow range of temperature and glucose 
homeostasis. Furthermore, immature renal func-
tion with decreased glomerular filtration rates, 
compared to adults, impacts many administered 
anesthetic drugs and sensitivity to opioids and 
inhaled agents. Anatomical differences of the air-
way lend to difficult intubation and ventilation in 
the inexperienced provider, and finally a large 
percentage of these neonates will have associated 
congenital anomalies requiring increased vigi-
lance and care [99].

Neurotoxicity and the Neonate Newborns are 
very susceptible to anesthetics, and the require-
ment needs to be measured carefully against the 
urgency, type, and length of surgery. For the past 
decade, anesthesia-related neurotoxicity risks in 
newborns and infants have been a topic of inter-
est worldwide. Although epidemiological evi-
dence has not been consistent, it does appear to 
indicate that neurotoxicity may result after pro-
longed or repeated exposures to anesthetics early 
in life [99, 100]. The decision to subject a child to 
an EUA should not be taken lightly and should be 
performed with the view to aiding clinical deci-
sion-making. Concerns of neurotoxicity should 
be considered in the context of a disease, which is 
potentially blinding if not adequately assessed or 
managed.

Programmed cell death, apoptosis, is an 
important factor during the development and 
remodeling of all multicellular organisms, in this 
case, neuronal tissue. Commonly used anesthetic 
agents increase neuro-apoptosis and have neuro-
degenerative effects after exposure in the neona-
tal period of rodents [99]. Systematic reviews of 
preclinical and clinical studies have suggested a 
strong indication of increased neuronal apoptosis 
after general anesthesia exposure in piglets and 
nonhuman primates. Studies on rodents and pri-
mates support a causal relationship between 
anesthesia and neonatal neurotoxicity [101]. 
Retrospective clinical human data in epidemio-
logic studies saw 10,450 siblings born in 1999, 
enrolled in the New  York State Medicaid pro-
gram, and found that the incidence of behavioral 
and developmental problems was 128.2 diagno-

J. L. Tutiven et al.



25

sis per 1000 person-years for the exposed group 
compared to 56.3 diagnosis per 1000 non-
exposed group. The FDA gave a safety alert advi-
sory to health-care professionals. Health-care 
professionals are to “balance the benefit of appro-
priate anesthesia in young children and pregnant 
women against the risks.” This is markedly 
important for cases that may run longer than 3 h 
or when multiple procedures are required in one 
patient less than 3 years of age.

These studies were compromised by method-
ological issues and have been deemed important 
but nonconclusive. The GAS study (general anes-
thesia vs. spinal) and the PANDA study (Pediatric 
Anesthesia and Neurodevelopmental Assessment 
study) were able to support that a single short 
anesthetic exposure was not associated with neu-
rodevelopmental compromise [102, 103]. 
Thoughtful consideration should be given to 
brain developmental stages. General anesthetics 
may have an impact on future cognitive and 
behavioral milestones in humans.

 Anesthetic Implications of Childhood 
Glaucoma Associated with Systemic 
Disease

A majority of childhood glaucoma cases present-
ing to the operating suite can be considered to be 
primary glaucoma with defects limited to one or 
both eyes and no systemic syndrome or disease. 
Secondary childhood glaucoma occurs when an 
independent disease process impairs the ocular 
filtration system [104–106] which results from an 
impressive array of clinical conditions, some of 
which are associated with systemic abnormalities 
affecting one or more organ systems.

The classification of childhood glaucoma has 
undergone multiple iterations [99–101], with the 
latest system as that proposed by the Childhood 
Glaucoma Research Network and validated by 
the World Glaucoma Association Consensus on 
Childhood Glaucoma [107]. Regardless of clas-
sification method, it is apparent that a significant 
proportion of childhood glaucoma is an ocular 
manifestation of systemic disease. Upward of 
36% of all eyes with the diagnosis of childhood 

glaucoma have secondary glaucoma, i.e., glau-
coma associated with non-acquired systemic dis-
ease/syndrome, or have an association with an 
acquired condition [96], and over 45 unique syn-
dromes have been linked to childhood glaucoma 
[104]. As such, it is imperative for the diagnosing 
clinician as well as the consultant pediatric anes-
thesiologist to recognize associated systemic 
 disease or syndromes because of the potential 
problems for those who require anesthesia, sur-
gery, or intensive acute care management. 
Children born with these rare syndromes may 
have problems associated with cardiopulmonary 
disease and congenital malformations, facial dys-
morphisms resulting in difficulties with intuba-
tion and/or ventilation, and neurologic effects 
such as seizure disorders and increased ICPs 
[108]. These phenotypic manifestations present 
significant risk during general anesthesia and 
require careful planning and specific modifica-
tions to the anesthetic technique to ensure safe 
perioperative care. Several of the most common 
disorders and conditions associated with child-
hood glaucoma are summarized in Table  2.5 
[109–116].

The Cardiopulmonary System in a Syndromic 
Child Congenital heart disease is a prevalent 
finding in this cohort of syndromic children. 
Because the association is so strong, neonates 
born with dysmorphic features and heart murmur 
undergo detailed cardiac evaluation and imaging 
to rule out congenital cardiac disease [117]. A 
typical childhood glaucoma practice will encoun-
ter infants and children who carry structural and 
functional cardiac defects because many of the 
syndromes associated with non-acquired glau-
coma carry strong associations with congenital 
cardiac defects, as well. For example, trisomy 13 
(Patau syndrome) and trisomy 21 (Down syn-
drome) each are at high risk for cardiac involve-
ment; in fact, 80% and 50% of afflicted children 
will have significant congenital cardiac involve-
ment, respectively [115, 116].

The presence of congenital heart disease alone 
adds considerable perioperative risk and increases 
perioperative mortality by twofold [118, 119]. 
Accordingly, children with congenital heart 
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 disease must undergo careful evaluation and opti-
mization prior to entering the perioperative set-
ting, which will include detailed records of the 
structural and functional anatomy. Additionally, 
all procedural and surgical history—palliative 
versus corrective—and current cardiac function 
should be provided for review and appropriate 
risk assessment [120].

Several factors will impact the plan for the 
anesthetic care of these patients. The nature, 
complexity, and status of surgical repair, as well 
as the presence of significant intracardiac shunt-
ing of blood, will determine whether the addi-
tional expertise of pediatric anesthesiologists 
with subspecialty training in congenital cardiac 
anesthesia will be necessary. Furthermore, the 
choice of anesthesia medications, IV access loca-
tion, and need for invasive monitoring in those 
with limited hemodynamic reserve and careful 
choosing of location of perioperative care (i.e., 
choosing a hospital operative setting rather than 
outpatient ambulatory surgery center) which 
should be at a pediatric center with those familiar 
with the care of these individuals will be tailored 
accordingly [121]. After anesthesia exposure or 
surgical intervention, some of these children may 
require extended observation in the postanesthe-
sia recovery unit or inpatient admission for close 
continuous monitoring. With appropriate and 
complete preoperative evaluation, experienced 
anesthesiologist care, appropriate use of agents, 
techniques, and invasive monitoring, anesthetic 
care in children with congenital heart disease can 
be safe and effective during the bulk of noncar-
diac surgeries.
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 Introduction

Pediatric examination under anesthesia (EUA) 
remains an essential part of the diagnosis and 
treatment of infants and children with glaucoma. 
Figure  3.1 shows an algorithm of a suggested 
approach to the evaluation of a child with glau-
coma or glaucoma suspect [1]. After the initial 
clinical presentation, the EUA can be used to 
confirm the diagnosis and to establish the sever-
ity of the disease if this is not possible in the 
clinic setting and in many cases to also initiate 
treatment. As the management of childhood glau-
coma often requires multiple anesthetic events, in 
an effort to decrease the burden and risk of anes-
thetic exposure, the ophthalmologist performing 
the EUA should be prepared to proceed with 
glaucoma surgery if necessary. Similarly, the 

ophthalmologist who plans to do the EUA should 
be familiar with and prepared for each of the pos-
sible components of the examination needed for 
the diagnosis and assessment of glaucoma.

Components of the EUA can include assess-
ment of any combination of the following:

• General appearance
• Intraocular pressure (IOP)
• Anterior segment

 – Gonioscopy
• Central corneal thickness (CCT)
• Posterior segment
• Refraction
• Ultrasonography: amplitude scan (A-scan) 

and brightness scan (B-scan) or ultrasound 
biomicroscopy (UBM)

• Specialized imaging: optical coherence 
tomography (OCT) and intravenous fluores-
cein angiography (IVFA)

 Preparation for Examination under 
Anesthesia

It is important to explain to the parents and, in an 
age-appropriate manner, to the patient what to 
expect during the EUA. It is also essential to dis-
cuss with the family what other interventions for 
treatment during this anesthetic session may be 
necessary, depending on the findings of the exami-
nation. Obtaining as much information as possible 
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before the EUA is of value both for counseling the 
parents and for developing a clinical management 
plan. The level of suspicion or certainty that a 
child has glaucoma, to be confirmed at the time of 
the EUA, also opens the door for discussion of 
treatment options, risks, and benefits. Even if 
uncertainty exists preoperatively, appropriate con-
sent for possible procedures should be obtained.

 Preoperative Care

Mild sedation may be given to the patients in the 
preoperative area to decrease the level of anxiety, 
and this may allow for an IOP check using the 
ICare® rebound tonometer (ICare Finland Oy, 
Vantaa, Finland), in the child uncooperative with 
clinic tonometry, which may then be able to be 
correlated to the IOP measurement taken during 
the EUA by other tonometric methods. For EUA 
with ketamine, agents that reduce bronchial secre-
tions leading to laryngeal spasm (e.g., atropine or 
glycopyrrolate) should also be considered.

Many children benefit from having their par-
ents escort them to the operating room and stay 

with them until the anesthesia is initiated. This 
may significantly decrease the level of anxiety 
for the child, allowing them to be more relaxed 
when the anesthesia is induced and therefore 
facilitating a more accurate IOP measurement.

 Examination

 General Appearance

Before the child undergoes general anesthesia, 
visual behavior should be assessed both in clinic 
and in the preoperative area. An external assess-
ment is also useful looking for ocular asymmetry, 
face abnormalities, gait, and general level of 
development. Some of the external exam may be 
completed once the child is asleep and documen-
tation obtained with external photography.

 Measurement of IOP

Intraocular pressure in normal eyes of children 
tends to be lower than in normal adult eyes and 

Office exam

Critically assess history and
exam findings

Repeat office exam
periodically, monitor for
development of high-risk
findings

Consider presumptive
medical treatment, repeat
office exam and perform
EUA when clinically
indicated and safe to do so

Glaucoma unlikely, follow
up as indicated clinically

Perform EUA

Patient is a glaucoma suspect

Patient has glaucoma

Continue to observe as
glaucoma suspect

• Obtain reliable/repeatable IOP
• Assess corneal appearance / diameter
• Assess optic nerve appearance / imaging
• Visual field testing (when age-appropriate)

• Classify type
• Obtain baseline studies
• Proceed with medical or
  surgical management
• Systemic evaluation as
  appropriate
• Genetic evaluation as
  appropriate
• Low-vision referral as
  appropriate

≥ 2 of the above?

• Obtain baseline studies
• Repeat tests
• Consider medical management

CDR = cup to disc ratio
AL = axial length
VF = visual field
EUA = exam under
anesthesia

Under age 3
• Obtain axial length
• Obtain refraction

No

No
No

No

No

No

Yes Yes

Yes Yes

Yes Yes

Able to perform all the necessary tests?

High-risk clinical impression?

EUA is necessary
and can be
performed safely?

At least 1 from the list
including IOP > 21 mmHg
on 2 separate occasions?

Follow up visit fulfills criteria for
glaucoma?

• IOP ≥ 21 mmHg
• Optic nerve cupping

• Increased/-ing CDR
• Asymmetry ≥ 0.2
• Focal thinning

• Haab striae, corneal edema or
   increased corneal diameter
• Myopic shift or increased AL
• VF defect

Fig. 3.1 Algorithm of a suggested approach to evaluate children with glaucoma or glaucoma suspects. (From 
Papadopoulos et al. [1], with permission)
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typically increases with advancing age [2]. An 
accurate IOP measurement is an important part 
of the exam and influences both diagnosis and 
management. Unlike other elements of the eye 
exam, IOP measurement can be directly affected 
by anesthesia and is discussed extensively in 
Chapter 2. All inhalational anesthetics decrease 
the IOP.  For this reason, some surgeons prefer 
intravenous (IV) induction with ketamine or use 
of succinylcholine. Whatever the method chosen, 
it is important to have a consistent approach with 
serial EUA and a good working relationship with 
the anesthesia team so that they fully appreciate 
the variables which potentially affect IOP 
measurement.

While IOP is an important finding to be col-
lected during the EUA, it may be altered by many 
factors related to the anesthetic session itself and 
not just the type of anesthesia. Hence it should be 
considered within the context of the remaining 
findings of the examination.

 Methods of IOP Assessment 
in the Operating Room

There are several methods to measure IOP, but 
only some of these can be used in the operating 
room setting with a recumbent patient. The 
tonometers most frequently used are Tono-
Pen®, Perkins applanation tonometer, pneuma-
tonometry, and Schiøtz indentation tonometry. 
Others methods such as Goldmann applana-
tion, ICare® rebound tonometer, and noncon-
tact tonometers are not used in the operating 
room setting and so will not be discussed here. 
However, it is worth noting that the ICare® 
PRO can measure IOP in a supine patient but is 
not currently approved for use in the United 
States [3].

Tono-Pen® The Tono-Pen® (Reichert 
Technologies, Depew NY, USA) is a portable 
electronic applanation device, which uses batter-
ies as a power source. This device applanates a 
small area of the cornea and is useful in eyes with 
localized corneal scars or edema, which can be 
avoided [4–10]. Because it is portable, it can also 
be used in the office setting.

The Tono-Pen® takes multiple readings, after 
which the mean IOP and the standard deviation 
are displayed. Measurements with standard 
deviations of 5 or less are considered acceptable 
[4, 5].

It is critical that the Tono-Pen® be held verti-
cally for calibration. When the eye pressure is 
outside of the normal range, the concordance 
between Goldmann applanation and Tono-Pen® 
applanation is variable, with some studies sug-
gesting that Tono-Pen® pressures can be lower, 
higher, or similar [5, 11]. Tono-Pen® and 
Goldmann applanation pressures are more simi-
lar for IOPs between 10 and 20  mmHg [5, 6]. 
However, in general, the Tono-Pen® tends to 
overestimate IOPs, with pressures of 1.4–
12.1  mmHg higher than Goldmann readings 
[8–10].

Perkins Applanation Tonometry The main 
advantage of the Perkins applanation tonometer 
(Haag-Streit, Bern, Switzerland) is that it is a 
handheld portable device, which allows for 
measuring IOP in both the upright and supine 
positions [12]. Therefore, Perkins tonometry is 
ideal for examining babies, children, and unco-
operative patients, as well as anesthetized and 
bedridden patients. Similar to the Goldmann 
applanation tonometer, Perkins tonometry is 
based on the “Imbert-Fick Law,” which states 
that the pressure (P) inside an ideal, dry, thin-
walled sphere equals the force (F) needed to 
flatten its surface. Applanation tonometry mea-
sures the force needed to flatten the corneal sur-
face area (A) with a diameter of 3.06  mm, or 
P = F/A [13].

One important potential source for inaccurate 
applanation tonometry measurements for a child 
in the operating room would be inadvertent pres-
sure on the eye, corneal irregularities (i.e., scar-
ring, high astigmatism), and, possibly, corneal 
thickness values greater or less than average, just 
to name a few [14, 15]. Although much has been 
written about CCT and its influence upon mea-
sured IOP in adults, the recorded IOP in children 
should never be adjusted based solely upon the 
CCT, but rather, the target IOP may be changed 
based upon an unusually thin (lowered) or thick 
but nonedematous  (raised) CCT [16, 17].
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Pneumatonometer The pneumatonometer is a 
pressure-sensing device, which can be useful for 
patients with corneal scars or corneal edema. It is 
a gas-filled chamber covered by a Silastic dia-
phragm. The gas in the chamber escapes through 
an exhaust vent. As the diaphragm touches the 
cornea, the gas vent is reduced in size and the 
pressure in the chamber rises. A portion of the 
gas flow pushes the outer part of the tonometer 
tip against the cornea and depresses the corneal 
surface, and another portion maintains the pres-
sure required to balance the pressure on the other 
side of the tip membrane (i.e., the IOP) [18]. The 
small 5 mm fenestrated membrane at the end of 
the device is the part that touches the cornea.

Pneumatonometry readings tend to be higher 
than Goldmann IOP readings and can even be 
much as 8.6 mmHg higher [19–21].

Schiøtz Tonometer The Schiøtz tonometer 
(Sklar Instruments, West Chester PA, USA) is an 
indentation tonometer that measures the corneal 
indentation produced by a known weight from 
5.5 to 7.5 gm. It is portable and low cost. The 
contact point of the Schiøtz device is a rounded 
cup that matches the shape of the cornea. A cen-
tral hole in the cup permits a central cylindrical 
weight to impinge on the cornea and therefore 
can be used during an EUA with the patient in the 
supine position [18]. The main problem with 
Schiøtz tonometry is that it is affected by ocular 
rigidity, and the pediatric eye may be relatively 
“elastic.”

Schiøtz indentation tonometry tends to give 
higher readings than any of the applantation 
tonometers, with higher readings up to 
16.5 mmHg more [18, 19].

In general, most surgeons have moved away 
from the use of the Schiøtz tonometry as other 
more reliable methods for measuring pressure 
have been developed.

 Other

Other specialized testing less frequently performed 
during an EUA include tonometry with Ocular 
Response Analyzer® (Reichert Technologies) or 

Corvis® (Oculus, Arlington WA, USA) [22, 23] 
and specular microscopy.

 Anterior Segment Evaluation

As elevated IOP affects an infant’s or child’s eye 
with resultant changes to the anterior segment 
that may be dramatic, they should be documented 
initially and then serially evaluated during EUA 
sessions. Hence, the measurement and inspection 
of the cornea, anterior chamber (AC), iris, angle, 
and lens all constitute portions of the EUA.

While the corneal diameter is usually mea-
sured with a caliper held against a ruler for con-
firmation to the nearest 1/4  mm, the remaining 
anterior segment evaluation is usually performed 
with a handheld slit lamp and by some clinicians 
with the operating microscope.

The cornea should be examined for the pres-
ence of corneal edema, opacities, and “breaks” in 
Descemet membrane (Haab striae). Other distin-
guishing findings such as the presence of poste-
rior embryotoxon should be recorded.

Corneal enlargement secondary to elevated 
IOP is usually seen before the age of 3 years, so 
corneal diameter is important to establish the 
diagnosis and to monitor treatment effect and/or 
glaucoma progression. The normal horizontal 
neonatal diameter is around 10 mm and increases 
by about 1  mm during the first year. Corneal 
diameter greater than 11 mm in a newborn and 
12 mm in an infant less than 1 year of age is sug-
gestive of glaucoma. A measurement of greater 
than 13 mm is abnormal at any age. These find-
ings along with other indicators of the effect from 
elevation IOP such as Haab striae are diagnostic 
of elevated IOP at some time before 3 years of 
age. The corneal diameter is measured with 
 calipers from limbus to limbus, both horizontal 
and vertical, and checked with a graduated ruler. 
The exact location of the limbus is not always 
easy to determine. The superior limbus may have 
pannus and the entire limbus is often stretched. 
This makes the normal distinct landmarks 
blurred, but this is still a valuable part of evaluat-
ing change over time. Comparison of the two cor-
neal diameters for asymmetry is also useful.
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The AC, if visible, should be assessed for 
depth. In the normal neonate, the AC is somewhat 
shallow, and in a neonate or young infant with an 
enlarged cornea, there is a relatively deeper AC.

Examining the iris and pupil for abnormalities 
may suggest a secondary cause of glaucoma. Iris 
abnormalities such as peripheral corneal adhe-
sions should be noted and recorded. In some sec-
ondary glaucomas such as Axenfeld-Rieger 
anomaly, the pupil and iris adhesions may rarely 
change over time. Other distinguishing iris details 
should be noted: stromal hypoplasia, loss of iris 
crypts, peripheral scalloping of posterior pig-
ment, and prominent iris vessels. Each of these 
details may help distinguish the type of glau-
coma, whether it is primary congenital glaucoma 
(PCG) with normal iris and peripheral stromal 
atrophy or diffuse iris atrophy, which may indi-
cate congenital iris hypoplasia or a variant of 
aniridia. Sectoral iris atrophy may indicate a par-
tial coloboma.

Evaluation of the lens for coexistent congeni-
tal cataract may suggest a secondary glaucoma 
diagnosis such as in Lowe syndrome or congeni-
tal rubella syndrome. Abnormal size or shape of 
the lens or configuration should also be noted 
during the EUA.

Gonioscopy is an important element of an 
EUA, both for diagnosis of the cause of glau-
coma and to help plan the most appropriate treat-
ment. Most types of childhood glaucoma will 
have anomalies in the angle that should be identi-
fied and documented in the examination. Normal 
angle development has been shown using elec-
tron microscopy to occur by the posterior sliding 
of the ciliary body from Schwalbe line (fifth 
month) to the scleral spur (ninth month) and then 
to a location behind the scleral spur (postnatally) 
due to differential growth rates of the corneo-
scleral coat compared to the uveal tract [24]. 
Inhibited sliding of the uveal tract to reveal angle 
structures is thought to occur in PCG. This gener-
ally results in an anterior position of the ciliary 
body and peripheral iris covering the trabecular 
meshwork and an immature angle appearance, 
similar to the late fetal position. However, the 
angle appearance depends on the timing of the 
arrest in angle maturation. The earlier, the more 

immature the angle appearance and the less angle 
structures visible and vice versa. So it may some-
times be difficult to distinguish a PCG angle from 
the normal infant angle. In the normal newborn 
eye, the peripheral iris and ciliary body have usu-
ally recessed to the level of scleral spur or even 
posterior to scleral spur, but the trabecular mesh-
work is poorly pigmented and can be difficult to 
identify (Fig.  3.2a). Looking for the “corneal 
wedge” with the portable slit lamp is often useful 
in identifying the trabecular meshwork. The 
scleral spur is also a key landmark that can be 
identified as a whitish band. In PCG the iris inser-
tion is usually higher than normal, and the scleral 
spur may not be visualized (Fig. 3.2b). The level 
of insertion can vary in different areas of the 
angle. Even in unilateral glaucoma, the angle of 
the fellow eye may not be completely normal, 
and both eyes should be always examined. Other 
anomalies can be observed on gonioscopy, like 
iridocorneal adhesions in Axenfeld-Rieger syn-
drome (Fig. 3.2c) or blood in Schlemm’s canal in 
Sturge-Weber syndrome.

To perform gonioscopy, a certain degree of 
corneal transparency is needed. Both direct and 
indirect gonioscopies can be performed. Direct 
gonioscopy is performed using a Koeppe lens 
and a Barkan light with a handheld binocular 
microscope or handheld portable slit lamp 
(Fig. 3.3). Any isotonic solution (such as natural 
tears) may be used as the interface between the 
cornea and the gonioscopic lens. The angle struc-
tures of the two eyes may be compared by plac-
ing a gonioscopic lens on each eye and then 
moving the slit lamp between them sequentially. 
While direct gonioscopy affords a beautiful ste-
reo view of the angle, the angle may also be eval-
uated using the operating microscope and a 
gonioprism to perform direct gonioscopy 
(Fig. 3.4).

Gonioscopy photographs may be taken using 
the microscope’s camera, if present, and the 
 surgeon may simultaneously evaluate the 
 visualization of the angle for possible surgery. 
Gonioscopic photographs may also be easily 
taken using the RetCam digital imaging system 
(Natus Medical, Pleasanton CA, USA) and the 
130° lens, with a mound of viscous coupling 
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agent (aqueous-based lubrication ointment seems 
ideal) on the smooth concave surface of the lens 
tip as an optical bridge between the lens and the 

cornea, affording a direct angle view. The process 
can be thought of as building a Koeppe lens at the 
tip of the camera. For direct imaging of the angle, 
the camera has to be at a slight tilt and the 

Fig. 3.3 Examination of the angle structures with a 
Koeppe lens and a portable slit lamp during examination 
under anesthesia

Fig. 3.4 Gonioscopic examination using the operating 
microscope in a 30° tilted position and a Swan-Jacob lens

a

c

b

Fig. 3.2 (a) Normal angle appearance in a child without 
glaucoma; (b) angle appearance in primary congenital 
glaucoma; (c) gonioscopic view of angle adhesions in a 

patient with Axenfeld-Rieger syndrome. (Courtesy of Ta 
Chen Peter Chang, MD, Department of Ophthalmology, 
Bascom Palmer Eye Institute, Miami, Florida, USA)
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 coupling of the gel is placed at the opposite lim-
bus and directed toward the opposite angle with 
the wide-angle lens held obliquely (Fig.  3.5). 
UBM can also provide an image of the angle 
especially when the view of the angle is obscured 
by cornea edema or scar [25].

 Measurement of Central Corneal 
Thickness

The role of central corneal thickness (CCT) in the 
evaluation of the measured IOP in childhood 
glaucoma is complex. CCT affects the accuracy 
of all applanation IOP measurement devices 
(Goldmann, Perkins, and Tono-Pen®). In general, 
thinner corneas tend to underestimate IOP, and 
thicker corneas tend to overestimate the IOP com-
pared to the actual value. While this may be true, 
other considerations in infants and children affect 
the role of pachymetry in the overall evaluation of 
child with glaucoma or suspected glaucoma [26].

CCT in normal infants increases with age 
from 1–11  years. White and Hispanic normal 
infants of 1 year old had CCT 553 microns at the 
50th percentile. African-American children had 
thinner corneas than White and Hispanic children 
by approximately 20 microns [27]. Children with 
PCG and juvenile open-angle glaucoma have 
thinner central corneas than normal subjects. 
Children with glaucoma following cataract sur-
gery and children with glaucoma associated with 
some non-acquired ocular anomalies such as 
aniridia have thicker CCT than normal [28–30].

While CCT should be measured during the 
EUA in all children with glaucoma or suspected 
glaucoma, it should not be used to adjust the 
IOP [26].

Also of note in the setting of evaluation of a 
child with glaucoma, corneal edema can be asso-
ciated with falsely low IOP readings, because 
IOP readings can also be affected by corneal hys-
teresis or the relative stiffness of the cornea. 
Tactile estimation of IOP in these cases is often 
useful.

 Posterior Segment Evaluation: 
Optic Nerve and Fundus

Dilated fundoscopy is performed during the 
EUA once the IOP has been measured and the 
anterior segment examination completed. If 
angle surgery is contemplated, then dilated fun-
doscopy may be performed prior to the EUA in 
the office or deferred. However, given the 
importance of the appearance and documenta-
tion of the optic nerve, it is probably best to 
complete this portion of the exam and instill a 
fast-acting miotic (acetylcholine chloride intra-
ocular solution, or Miochol-E [Bausch & Lomb, 
Bridgewater NJ, USA]) before angle surgery. If, 
however, the view is compromised due to cor-
neal edema or scar and surgery is planned, it is 
not worth the additional risk of trauma to intra-
ocular structures to dilate the pupil prior to sur-
gery because the posterior segment examination 
and attempted photograph are unlikely to prove 
helpful.

The posterior segment is best visualized by 
binocular indirect ophthalmoscopy using a 28D 
or 20D lens. A 20D lens will provide higher mag-
nification. The purpose of the fundoscopy is to 
rule out other pathology as well as to identify 
retinal findings consistent with other ocular or 
systemic syndromes. The optic nerve can also be 
visualized in detail with a direct ophthalmoscope 
through a Koeppe lens. Using the RetCam and 
the 130° lens, it is possible to document all of the 
retina and the periphery.

The appearance of the optic disc is of singu-
lar importance both in the diagnosis of glau-

Fig. 3.5 The RetCam and a wide-angle lens can be used 
to take pictures of the angle in children with glaucoma
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coma and in determining severity and 
progression. The  disc appearance (size of the 
nerve, degree of  cupping, focal loss, color, 
presence of  hemorrhage, noted abnormality) 
should be carefully recorded and photographed 
whenever possible for comparison to 
detect  optic disc change on subsequent 
EUA. Photographs can be obtained with a vari-
ety of cameras, including the RetCam, using 
the 30° or 80° lens for disc photos. If the 
RetCam is not available, the optic disc can be 
photographed using the surgical microscope 
and a fundus flat contact lens or the central mir-
ror of a three-mirror Goldmann lens.

 Refraction

While cycloplegic refraction is usually done in 
the outpatient setting, there are indications for 
retinoscopy during an EUA, especially if the 
clinic evaluation is impeded by poor cooperation 
or other ocular features such as opacities in the 
visual axis. The spherical equivalent can also be 
useful in the sense that increasing myopic refrac-
tion can be a surrogate for  (and also corroborate) 
axial length (AL) elongation in the face of poorly 
controlled IOP.

 Ultrasound Amplitude Scan 
(A-Scan) and Brightness Scan 
(B-Scan)

Axial length measurements determined by 
A-scan biomicroscopy is one of the key objec-
tive findings obtained as part of the EUA. It is 
a quantitative measurement between both eyes 
and also a measurement of the change in axial 
growth over time. The measurement is not 
affected by confounding variables such as 
anesthesia. The normal ocular axial growth 
curve is greatest within the first year, followed 
by a gradual increase in globe elongation dur-
ing the next 4–5  years and then a plateau by 
6–7  years of age. The rapid change in ocular 
axial growth in childhood glaucoma is based 
on the distensibility of the eye in response to 
increase in IOP.

Measurement of AL can be used in the base-
line assessment for diagnosis of glaucoma, but 
even more importantly, the serial measurements 
of AL can be used to confirm stability or to sug-
gest progression. Normative data for axial lengths 
in the pediatric population can be used in com-
parison, based on the age of the child (Fig. 3.6 [1, 
31, 32]). In general, axial length after 3 years of 
age is not of comparison value.
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Fig. 3.6 Axial length in 
millimeters plotted 
against the age in 
months. The middle line 
represents the mean 
axial length of normal 
eyes, and the upper and 
lower lines represent the 
standard deviations. 
(From Papadopoulos 
et al. [1] and Law et al. 
[31], with permission. 
Graph is based on the 
formula of the curve 
in Sampaolesi and 
Caruso [32])
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B-scan ultrasonography helps to evaluate the 
posterior segment in those eyes where the view is 
limited by corneal, lenticular, or other patholo-
gies or when the pupil is small and dilation is 
contraindicated due to the likely surgery to fol-
low the EUA.  The screening B-scan can elimi-
nate gross pathology and help to identify retinal 
detachments, choroidal detachments, and – when 
extreme – optic nerve cupping. Additionally, the 
B-scan ultrasound is helpful in confirming a 
fluid-filled bleb overlying a glaucoma drainage 
device in children [33].

 Specialized Imaging

The EUA does afford an opportunity to obtain 
some specialized testing that would be difficult 
or impossible to complete in the outpatient set-
ting, depending on the temperament and/or age 
of the patient. Anterior and posterior segment 
OCT, UBM, and IVFA are all supplemental 
investigations that may help to elucidate and 
document the anatomy and pathology present at 
the time of the exam. This is especially valuable 
when other sections of the exam are limited by 
lack of clarity of the cornea and disrupted 
anatomy.

 Optical Coherence Tomography (OCT)

Anterior and posterior segment OCT with the 
use of portable units such as the Bioptigen 
Envisu™ SDOCT (Leica Microsystems, 
Buffalo Grove IL, USA) and iVue (Optovue, 
Fremont CA, USA) can offer additional per-
spectives on the anatomy of both the normal 
and abnormal structures detected during the 
EUA. The limitation in utility of some of these 
measurements is the lack of normative data of 
some of these measurements in children. In par-
ticular, optic disc imaging and retinal nerve 
fiber layer (RNFL) have no normative data-
bases for children.

 Ultrasound Biomicroscopy (UBM)

There are those patients whose anatomy poses 
challenges, in particular those who present with 
advanced disease or extremely disrupted anat-
omy: opaque cornea, stretched buphthalmic eye, 
and uncertain previous treatments. In these 
cases, UBM can be of great value in helping 
with  diagnosis and surgical decision-making 
(Fig. 3.7a, b).

a b

Fig. 3.7 (a) Ultrasound biomicroscopy (UBM) per-
formed in a patient with Peters anomaly shows adhesions 
of the iris to corneal endothelium in preoperative picture; 

(b) postoperative UBM in the same patient after lysis of 
the iridocorneal adhesions
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 Intravenous Fluorescein Angiography 
(IVFA)

Intravenous fluorescein angiography (IVFA) can 
be of value if abnormalities are noted on fundus 
exam. This is done during the EUA with the 
RetCam  (or similar wide-field imaging camera). 
Typically, to perform the fluorescein angiogram, 
the 130° lens is used on the RetCam, the dosage 
of fluorescein is 8 mg per kilo, and the dye con-
centration is 10% in a 5  ml sterile vial. Color 
photos are taken first, followed by red-free 
images and then fluorescein images. The fluores-
cein is given by the anesthesiologist following a 
bolus flush in the port of the IV closest to the 
patient [34]. The IV push of fluorescein is done 
at the same time that the photographer indicates 
he or she is ready, and the photos are completed 
as they would be in the outpatient manner 
(Fig. 3.8).

 Minimizing the Need for EUA

While they are often invaluable, EUAs should be 
limited to an absolute minimum in order to avoid 
repeated anesthetic exposure in infants and young 
children. Rebound tonometry, obviating topical 
anesthetic, has decreased the frequency of EUAs 
in managing childhood glaucoma [35]. 
Additionally, all aspects of the office/clinic 

examination should be tailored to making the 
infant and child with glaucoma as comfortable as 
possible, thereby increasing the yield of the clinic 
exam for the examiner. For example, bringing an 
infant to the clinic when hungry will allow breast- 
or bottle-feeding as a distraction, while a toddler 
may respond to toys, videos, or other games for 
distraction.

Given the risk, the expense, and the impor-
tance of the EUA, it should be emphasized that it 
should occur with all the components for a thor-
ough examination in place and with the surgeon 
ready to follow the EUA with surgery, if needed, 
at the same session.
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Angle Surgery: Goniotomy

David S. Walton and Elizabeth Hodapp

 History

Otto Barkan performed the first goniotomy in 
1935 on a 55-year-old man, and he reported a 
series of 11 adults in 1936 [1]. His procedure 
added direct visualization via a gonio lens to a 
technique described in 1893 by De Vincentiis. He 
reasoned that typical open-angle glaucoma was 
caused by an “impervious trabeculum” and that 
his procedure could restore “the physiologic func-
tion of Schlemm’s (sic) canal” [1]. Long- term 
results in adults proved disappointing, but Barkan 
also applied the procedure with great success to 
congenital glaucoma, which was at the time virtu-
ally untreatable. He described the procedure as 
“intraocular microsurgery” that required detailed 
preoperative gonioscopy. Motivated by the impor-
tance of precise localization of the goniotomy 
incision in the trabecular meshwork, Barkan 
designed operating goniotomy lenses, a desig-
nated goniotomy knife, and a head-mounted 

 binocular device that was arguably the first oph-
thalmic operating microscope [2].

Barkan published his first paper on goniotomy 
for congenital glaucoma in 1942 [3], and he dis-
cussed his surgical refinements and cumulative 
pediatric goniotomy results in San Francisco in 
November 1951, when he presented the Jackson 
Memorial Lecture at the 37th annual clinical con-
gress of the American College of Surgeons [4]. 
Although the procedure remains much as 
described by Barkan, techniques and indications 
have evolved over the decades, and additional 
drainage angle procedures – collectively known 
as MIGS (minimally invasive glaucoma sur-
gery) – have been developed. Goniotomy is now 
used in both primary and selected secondary 
glaucomas in children [5–7].

 Indications and Contraindications

PCG is the most common indication for goniot-
omy. When chosen, it is generally performed as 
the initial procedure. Additional favorable 
 diagnoses are listed in Table  4.1. Prophylactic 
goniotomy is sometimes performed in non- 
glaucomatous aniridic eyes with early angle 
 closure to prevent further closure and secondary 
glaucoma [8].

A satisfactory view of the angle –which the 
surgeon can determine by doing intraoperative 
gonioscopy – is necessary to safely perform goni-
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otomy. If corneal epithelial edema is present, the 
epithelium may be removed (described below). If 
the corneal stroma is not clear, another proce-
dure, often a trabeculotomy ab externo, either 
partial (with a Harms trabeculotome) or 360° 
(with a suture or illuminated microcatheter), is 
generally a better choice.

 Advantages and Disadvantages

Goniotomy is faster and less traumatic compared 
to trabeculotomy. Circumferential treatment 
(360°) is not possible with a single goniotomy, 
and there is a lower success with goniotomy 
compared to circumferential trabeculotomy [9]. 
However, the success rate for one goniotomy is 
high, and the shorter operating time limits the 
patient’s anesthetic exposure. Unlike ab externo 
trabeculotomy, the surgical limbus including 
conjunctiva remains intact with goniotomy. And 
unlike ab interno trabeculotomy, there is minimal 
intraocular manipulation.

Disadvantages of goniotomy include the fact 
it is technically demanding and requires consid-
erable surgical experience to master. Furthermore, 
special instrumentation along with specific 

patient and microscope positioning are neces-
sary. All angle surgery, goniotomy or ab interno 
trabeculotomy, requires a clear view of the angle. 
So while there are specific advantages to goniot-
omy and ab interno angle surgery, it does affect 
patient selection. If epithelial debridement is 
required, the child may experience significant 
postoperative discomfort.

 Preoperative Considerations 
and Preparation

In most hospitals and surgical centers, goniotomy 
is performed less frequently than other glaucoma 
procedures. It is essential that the operating room 
staff is informed of the necessary supplies,  
instruments (Table  4.2), and equipment in a 
timely fashion and that everything needed is in 
the operating room to allow an uninterrupted pre-
surgical examination and successful goniotomy 
procedure. Preparation for an external trabecu-

Table 4.1 Some favorable diagnoses for goniotomy

Primary congenital glaucoma (PCG)
Infantile and late onset better than neonatal onset
Previously controlled PCG
Glaucoma associated with non-acquired ocular 
anomalies
  Aniridia with open-angle or limited angle closurea

  Congenital iris hypoplasia (if open angle)
  Congenital ectropion uveae (if open angle)
Glaucoma associated with non-acquired systemic 
disease or syndrome
  Sturge-weber syndrome (infantile onset)
  Klippel-Trenaunay-weber syndrome
Glaucoma associated with acquired condition
  Uveitic glaucoma (if open angle)
  Steroid-induced glaucoma
Glaucoma following cataract surgery
  Infantile onset (if open angle)

aSurgery is extremely technically challenging and is 
viewed more as prophylaxis against glaucoma from angle 
closure rather than therapeutic as treatment once glau-
coma has developed

Table 4.2 Surgical instruments and supplies for goniot-
omy surgery

Instruments
  Operating microscope
  Speculum (nasal or temporal depending on 

approach)
  Operating gonioscopy lenses
  Goniotomy knife or 23- or 25-g needle on a syringe
  Fine tying forceps
  Fine scissors
  Needle holder appropriate for small needle
 Optional instruments
  Locking fixation forceps
Supplies
  Balanced salt solution
  Pilocarpine HCl 1%
  Viscoelastic agent, Healon, or similar
  10-0 absorbable suture (Vicryl, Ethicon, Somerville 

NJ, USA)
  Antibiotic ointment
  Eye pad
  Eye shield sized appropriately for patient
Optional supplies
  30G irrigation cannula
  #15 bard-Parker blade
  70% isopropyl alcohol
  Apraclonidine 0.5%
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lotomy, described later in this chapter, is always 
advisable when planning for a goniotomy in case 
of an unsatisfactory view of the angle.

Depending on the specific clinical situation, 
glaucoma medications may be continued or dis-
continued. For example, if a patient’s cloudy cor-
nea cleared promptly with ocular hypotensive 
treatment, then the medication should not be 
stopped preoperatively so as to allow for a clear 
view of the surgical site. However, if the untreated 
intraocular pressure (IOP) level is crucial to sur-
gical decision-making, then topical glaucoma 
medications are stopped 1 or 2 days before sur-
gery. If acetazolamide is being taken, it is discon-
tinued 12 h prior to surgery. Topical bacitracin/
polymyxin ointment or other antibiotic may be 
administered to both eyes preoperatively at the 
discretion of the surgeon.

 Operation

 Intraoperative Preparation

Goniotomy, like all other surgical procedures, 
should be performed only by adequately trained 
individuals. The techniques of MIGS procedures, 
such as intraoperative gonioscopy and trans- 
cameral device placement, do translate to goni-
otomy. However, the nuances of goniotomy 
surgery, such as the ideal patient head and eye 
position, operating lens management, instrument 
selections, intraocular knife/needle management, 
and postoperative care, are best learned by direct 
observation and surgical assisting [10].

Prior to the operative procedure, an examina-
tion under anesthesia (EUA) of both eyes is per-
formed. This operating room assessment includes 
tonometry, corneal diameter measurement, axial 
length determination if equipment is available, 
gonioscopy, handheld slit lamp examination, and 
fundoscopy (usually recommended only through 
an undilated pupil of a phakic eye, to avoid addi-
tional exposure of the crystalline lens during sub-
sequent goniotomy surgery). With gonioscopy, 
the quality of the angle view is appraised, and the 
trabecular meshwork is studied to determine the 
site of the planned surgery.

The appropriate microscope position can be 
determined during the EUA, as can the best head 
position for the patient. In general, the light 
source should be about 40° from vertical, and the 
patient’s head should be turned about 30° away 
from the surgeon [11, 12]. The surgeon sits fac-
ing the angle to be treated, and the assistant is 
seated opposite.

Apraclonidine HCl 0.5% may be administered 
as a drop during the EUA or on a microsurgical 
sponge to the limbus where the goniotomy will 
be performed to lessen reflux of blood during the 
expected period of hypotony that follows the 
withdrawal of the goniotomy knife or needle. 
Unlike brimonidine, apraclonidine rarely causes 
side effects in children [13]. Pilocarpine 1% or 
2% is often instilled to constrict the pupil and 
decrease the risk of lens trauma. It should be 
instilled as soon as the decision to operate is 
made. If the pupil remains large at the time of 
surgery, intracameral acetylcholine may be 
administered immediately before the goniotomy.

 Surgical Technique

If the view of the angle is limited by corneal epi-
thelial edema and the surgeon has determined that 
goniotomy is still the best surgical choice, a seg-
ment of epithelium should be removed to create a 
clear window. This can be done by applying abso-
lute alcohol or 70% isopropyl alcohol on a sponge 
to about one-fourth of the cornea 180° away from 
the angle to be treated. As the initial surgery is usu-
ally done in the nasal angle, the temporal cornea is 
usually treated. Epithelial debridement should not 
be done in aniridic patients, and in all patients, one 
should scrupulously avoid the limbal stem cells 
when using alcohol. After about 10  s, residual 
alcohol should be thoroughly blotted. The epithe-
lium is then debrided with a #15 Bard-Parker® 
blade (Aspen Surgical/Hill-Rom, Ashby-de-la-
Zouch, Leicestershire, UK), taking care to avoid 
trauma to Bowman membrane [11, 12]. If removal 
of the epithelium is not desired or unlikely to 
improve the angle view, then convert to ab externo 
trabeculotomy, either segmental, using the Harms 
 trabeculotome, or circumferential, using a suture 
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or iScience fiber-optic filament (iScience 
Interventional, Menlo Park CA, USA).

The following description refers to goniotomy 
performed with a Barkan goniotomy lens and a 
standard Swan or Barkan non-irrigating goniotomy 
knife. Variations based on the choice of instrument 
and goniotomy lens are briefly described in the 
next section. In particular, many surgeons use a dis-
posable needle (23 or 25 gauge) mounted on a 
syringe instead of a goniotomy knife.

After preparation of the sterile surgical field 
and, if necessary, repositioning of the patient, the 
lashes are secured with tape or a surgical drape to 
prevent contact with the knife and to facilitate 
unimpeded suturing of the cornea. An appropri-
ate lid speculum that will not interfere with the 
surgery is inserted.

Some surgeons will place locking forceps 
posteriorly on the vertical muscle insertions to 
allow the assistant to manipulate the eye with-
out inducing corneal distortion and to facilitate 
entry of the goniotomy instrument through the 
cornea adjacent to the limbus. The selected 
magnification, device, and illumination source 
are adjusted to provide an optimal view of the 
angle. The operating gonio lens should leave 
about 2  mm of the exposed cornea to permit 
the comfortable entry of the knife (goniotomy 
knife or microvitreoretinal [MRV] blade) or 
needle (23 or 25 gauge) away from the gonio 
lens and to avoid elevating the gonio lens dur-
ing the procedure. The surgeon’s preferred sur-
gical goniotomy lens is placed onto the cornea 
with either a balanced salt solution or visco-
elastic under the lens acting as a fluid bridge. 
Some surgeons prefer to place a mound of vis-
coelastic either on the undersurface of the lens 
or onto the central cornea on which the gonio 
lens will sit. The goniotomy lens is usually 
held in place with the surgeon’s nondominant 
hand.

The corneal incision is made with the knife or 
needle about 1 mm beyond the limbus and 180° 
from the center of the expected goniotomy inci-
sion. The assistant may need to use the forceps to 
gently move the eye toward the surgeon as coun-
terpressure to facilitate entry. Once the knife is in 
the eye, the surgeon redirects his or her view 
from the limbus to the view through the operating 

gonio lens of the knife, which is passed across the 
anterior chamber (AC) under direct visualization, 
ideally over the iris rather than the central pupil 
opening.

The tip of the knife engages the middle to 
anterior trabecular meshwork, and the knife is 
passed in one direction as far as the corneal 
wound and view permit (Figs. 4.1 and 4.2). Then 
the knife returns to the middle and is passed in 
the other direction. Alternatively, the surgeon 
may engage the meshwork at one end of the site 
and make a single continuous incision. In either 
of these cases, the assistant may rotate the eye in 
the direction opposite to the direction of the sur-
geon’s incision to allow more of the angle to be 
treated. The incision is superficial, and the sur-
geon should feel virtually no resistance. A dis-
tinct white line can usually be seen in the wake of 
the cutting instrument as it progresses circumfer-
entially (Fig. 4.3). The knife is then withdrawn 
on a path over the iris, not over the pupil. The AC 
is deepened, and the corneal stroma around the 
incision is hydrated with balanced saline to main-
tain the IOP and discourage reflux bleeding into 
the AC. Typically no additional AC irrigation is 
done. Some surgeons use a filtered air bubble in 
the AC as well, to facilitate determination of the 
chamber integrity the following morning. If the 

Fig. 4.1 Goniotomy in progress. The assistant stabilizes 
the globe using locking forceps on the vertical recti mus-
cles, and the surgeon positions the gonio lens and per-
forms the incision. The goniotomy is being performed at 
the temporal angle, so the surgeon works across the 
patient’s nose. The surgeon in this photo is wearing surgi-
cal loupes, but most surgeons prefer to use the operating 
microscope which allows the assistant to view the angle 
and allows increased magnification if desired
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corneal wound is not self-sealing, it is secured 
with a buried 10-0 vicryl suture, which is often 
necessary (children may rub the eye). A 10-0 
nylon suture can also be used and removed at a 
subsequent EUA. The operated eye is protected 
with a patch and shield. Topical prednisolone 
acetate 1%, apraclonidine HCl 0.5%, and an anti-
biotic subconjunctival injection and/or ointment 
may be administered.

If bilateral surgery is being performed, the 
surgical instruments should be entirely 

replaced or re-sterilized, the operative team 
should rescrub, and the second eye should be 
prepped and draped in the usual sterile 
fashion.

Videos demonstrating the various techniques 
for goniotomy, type of lens, with or without 
assistant, and with or without viscoelastic, are 
included (Videos 4.1, 4.2, and 4.3).

 Potential Modifications

Multiple variations to the procedure described 
above exist and include the following:

• Locking forceps may be placed at the tenon 
insertion superiorly and inferiorly rather than 
at the muscle insertions.

• The globe may be stabilized using traction 
sutures rather than locking forceps or not sta-
bilized at all.

• An irrigating goniotomy knife attached to bal-
anced salt solution may be used.

• A 23- or 25-gauge needle may be used instead 
of a goniotomy knife, and it may be attached 
to a syringe filled with either balanced salt 
solution or viscoelastic (Video 4.2).

• A 23-gauge MVR blade can be used instead of 
a goniotomy knife.

• Viscoelastic may be injected into the AC prior 
to passing the surgical instrument into the 
angle. If used, it must be thoroughly irrigated 
out at the end of the case.

• A Swan-Jacob gonio lens or modified Swan- 
Jacob gonio lens (Ocular Instruments, 
Bellevue WA, USA), which is held by a han-
dle, may be used and is generally placed onto 
the eye after the surgical instrument has passed 
across the pupil and the lens.

• A Glaukos lens with a clip  (such as used in 
the placement of iStents) (Precision Lens, 
Bloomington MN, USA) can also be used, 
which allows lens movement.

• Atropine may be instilled at the end of the 
case to pull the lens posteriorly.

• Alternatively, pilocarpine may be instilled at 
the end of the case to pull the iris away from 
the incision and continued for a short time 
postoperatively.

1/3

Schwalbe’s line

Schlemm’s canal

Fig. 4.2 Diagram of knife/needle engaging the anterior 
trabecular meshwork during goniotomy surgery. (From 
Chen and Walton [12], with permission)

Fig. 4.3 The goniotomy cleft is easily visible as a bright 
white line on the left, just above the iris insertion
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 Postoperative Management

Parents are advised to keep the infant/child’s 
head elevated while sleeping to discourage addi-
tional blood reflux. Apraclonidine HCl 0.5% 
may be given twice daily for a few days when 
continued postoperative reflux of blood is 
observed. If a corneal suture is present, topical 
antibiotics are administered daily for at least a 
week; ointment is often more soothing than 
drops. Topical steroid use varies among surgeons 
and often depends on the presence or absence of 
a hyphema. In a very quiet eye, topical cortico-
steroids may be used for as little as a week. Often 
they are used on a decreasing schedule for sev-
eral weeks. Some surgeons treat the eye with 
pilocarpine, some with atropine, and some with 
neither.

Postoperatively, corneal clarity and intraocu-
lar pressures are assessed to ascertain the success 
of the procedure, which can take up to 4–6 weeks.

 Complications

Hyphema is the most common complication of 
goniotomy. If bleeding occurs during the proce-
dure, it may limit the amount of angle treated. 
Most postoperative hyphemas resolve spontane-
ously, although rarely a total hyphema compli-
cated by increased IOP requires an AC washout 
or other procedure.

Injury to the iris and lens may occur, particu-
larly if the AC shallows. This occurs very rarely 
if the surgeon has extensive experience and is 
unlikely to occur if an irrigating knife or a needle 
is used. AC shallowing can generally be avoided 
by use of intracameral viscoelastic.

An iridodialysis or cyclodialysis may be cre-
ated if the incision is made too posteriorly. If the 
incision is made too deep, the surgical instrument 
may perforate the limbus. These complications 
are extremely unlikely if the surgeon is familiar 
with the anterior segment and angle structures, 
has a satisfactory view, and practices meticulous 
surgical technique.

 Outcomes

The success rate of goniotomy depends on the 
severity of the angle abnormality or congenital 
anomaly. If PCG is present at birth, goniotomy 
success has been reported to be as low as 10% 
[14], although other reports are much less bleak. 
A review of 335 eyes of 210 patients with PCG 
who were treated with goniotomy in infancy 
found that 1 year after surgery, 71% of eyes were 
controlled with one procedure and 93.5% were 
controlled with one or more procedures. 
Following review of up to 30  years, 62 eyes 
relapsed (defined as progressive disease, the 
institution of medical therapy, or further surgery), 
but at 5 years, 93% were controlled without addi-
tional surgery. Eyes in which glaucoma was pres-
ent at birth did worse than those whose symptoms 
appeared in the first 3 months of life (36% relapse 
compared to 15%) [15].

Good results have been reported following 
goniotomy in childhood uveitis. The specific 
definition of success varies among studies, but 
IOP control with one or more goniotomies and 
without other glaucoma surgery is about 70% 
[5, 6]. A small series (five patients) noted 100% 
success in patients with steroid-induced glau-
coma [7]. Reported results vary in patients 
with Sturge- Weber syndrome. In a group of 
patients who received one or two goniotomies 
and were first operated at an average age of 
4 months, the pressure was <22 without medi-
cation in 6 of 12 patients with follow-up of 
2–12  years [16]. However, a review of 43 
patients with glaucoma related to the Sturge-
Weber syndrome found long-term failure in 
98% (Walton DS, Yeung HH, unpublished 
data).

 Options After Failed Surgery

If a single goniotomy does not control the patient’s 
glaucoma, the procedure may be repeated in a dif-
ferent area of the drainage angle. (Fig. 4.1 shows 
a procedure on the temporal angle.) Goniotomy 
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may interfere with circumferential trabeculotomy, 
but it does not preclude treatment of the untreated 
angle by either an ab externo or ab interno 
procedure.

If angle surgery is not successful,  medical 
treatment is generally resumed. If necessary, a 
glaucoma drainage device may be placed or a tra-
beculectomy may be performed. Because the 
conjunctiva and sclera are not incised, goniotomy 
is unlikely to affect the success rates of these pro-
cedures, although good data are lacking.
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Angle Surgery: Trabeculotomy

Beth Edmunds, Allen D. Beck, Esther Hoffmann, 
and Franz Grehn

 History

Following in the footsteps of Barkan [1], two 
other pioneers of angle surgery proposed a differ-
ent approach to Schlemm canal (SC), via a scleral 
cutdown, and this became known as trabeculot-
omy. Both involved conjunctival and scleral dis-
section to access SC. The technique was further 
refined and popularized for the treatment of pri-
mary congenital glaucoma. In particular, trabecu-
lotomy offered an advantage over goniotomy 
when corneal clouding precluded a safe gonio-
scopic view of the angle required for goniotomy.

Goniotomy and trabeculotomy enjoyed simi-
lar success rates in similar types of patients [2–5]. 
As each of these surgeries typically treated 
60–120° degrees of the angle circumference, 
consecutive surgeries on untreated sections of the 
angle extended the reach of the procedure with 
additional IOP lowering. In 1995, Beck and 
Lynch [6] proposed treating the full 360° of angle 
circumference in one surgery, using a polypro-
pylene suture filament and an ab externo 
approach. The advantage of the circumferential 
approach is that the full extent of the angle is 
treated during one surgery, potentially lessening 
the number of anesthetics in the subset of chil-
dren that would have required more than one 
surgery.

The advent of an illuminated microcatheter, 
initially reported in the adult literature, was not 
wasted on pediatric glaucoma surgeons. 
Sarkisian [7] reported an ab externo technique 
akin to conventional trabeculotomy with a 
superficial scleral flap and underlying radial 
deep scleral cutdown into SC. After circumfer-
ential advancement of the microcatheter, trac-
tion is applied to the two ends of the catheter so 
that the noose is tightened and the catheter 
cheese-wires through the TM to open SC to the 
AC for the extent of its cannulation, similar to 
the original blunted polypropylene suture 
approach described a decade before [6]. Given 
the explosion of interest in adult angle surgery 
since then, it was not long before this was 
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 modified to an internal approach, published as 
gonioscopy-assisted transluminal trabeculot-
omy (GATT) by Grover et al. [8]. This can be 
performed with either the illuminated micro-
catheter or a blunted polypropylene suture. At 
this point, these surgeries in fact become more 
akin to traditional goniotomy performed cir-
cumferentially, rather than trabeculotomy, as 
they are performed ab interno and require a 
clear cornea.

In populations where children present with 
more severe forms of PCG, complex childhood 
glaucomas, or in advanced stages of disease, com-
bining trabeculotomy with a full-thickness exter-
nal filtration procedure, such as trabeculectomy, 
has been advocated [9–18]. Combined 
trabeculotomy- trabeculectomy (CTT) creates a 
dual outflow pathway for aqueous, by addressing 
the barrier to aqueous flow responsible for the dis-
ease (the trabeculotomy portion) and by providing 
external filtration into a bleb (the trabeculectomy 
portion). This allows for IOP lowering beyond the 
limits of episcleral venous pressure, provides a 
planned backup procedure should the execution 
of the trabeculotomy portion of the surgery be 
inadequate (SC is not identified in up to 15% of 
cases [19] or in only one direction [20, 21]), and 
in the longer term provides for some remaining 
efficacy if one portion of the procedure fails [16]. 
Refinements in this technique too have been pro-
posed, such as use of mitomycin C (MMC) [14, 
22], 5FU, and releasable sutures [18, 23], as for 
trabeculectomy alone.

Other combined approaches are also of 
interest, though there is less literature avail-
able. For example, with filtering trabeculotomy 
(FTO), conventional trabeculotomy is com-
bined with a modification of deep sclerectomy 
in which the deep scleral flap is removed [24]. 
In this way, addressing the trabecular barrier to 
aqueous flow is coupled with the benefits of an 
external filtration system but without the risks 
of full-thickness penetration into the AC, as in 
CTT.  In both viscotrabeculotomy [25] and 
combined viscotrabeculotomy- trabeculectomy 
[26], the trabeculotomy portion is supple-
mented by viscodilation of SC, as well as other 
maneuvers.

 Indications and Contraindications

The most common indication for trabeculotomy, 
whether it be ab interno, ab externo, traditional, 
circumferential, or combined with filtration, is 
PCG. These various iterations of trabeculotomy 
have also been successful in other open-angle 
childhood glaucomas such as juvenile open-angle 
glaucoma (JOAG), glaucoma following cataract 
extraction (previously termed “aphakic” glau-
coma), early-onset glaucoma associated with 
Sturge-Weber syndrome, and glaucoma associ-
ated with steroid use, uveitis,  and angle reces-
sion, though are not as effective in these 
conditions as in PCG.

An absolute contraindication to an internal 
approach is a poor gonioscopic view of the angle 
structures. The surgeon should be comfortable 
with the surgical demands of appropriate patient 
positioning and microscope tilting, holding a 
goniolens in one hand (unless using a “hands- 
free” goniolens) while working in the eye with 
the other, and the anatomy of the angle. Corneal 
opacities, edema, and hyphema will also compro-
mise the view. Trabeculotomy ab externo or com-
bined with external filtration would be 
contraindicated if the condition of the conjunc-
tiva or sclera precluded safe wound closure. 
Many surgeons would also avoid an angle 
approach in glaucomas associated with non- 
acquired conditions such as Axenfeld-Rieger, in 
more severe forms of Peters anomaly, in those 
aniridia cases in which the angle is narrowed or 
closed, and in other angle-closure situations. 
Although angle surgery is performed in early- 
onset cases of glaucoma associated with Sturge- 
Weber syndrome [27], it may be prudent to avoid 
a circumferential approach in these cases given 
reports of prolonged hyphema and no improve-
ment in success compared to traditional angle 
surgery [28]. Prior surgeries that have violated 
SC, including prior trabeculotomy, are likely to 
produce scarring that may obstruct circumferen-
tial cannulation. However there have been reports 
of successful circumferential trabeculotomy after 
prior angle surgery [28, 29].

Combined procedures may be indicated in 
more severe disease and are more popular in 
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 certain populations. The choice and indications 
for type of surgery in different situations are 
influenced by the surgeon’s experience and famil-
iarity with the techniques available.

 Advantages and Disadvantages

Table 5.1 provides a comparison of the main 
techniques.

 Preoperative Considerations 
and Preparation

In cases of children with glaucoma requiring 
bilateral surgery, a decision has to be made 
whether to operate on both eyes during the same 
surgical episode or sequentially. The advantage 
of simultaneous bilateral surgery is quicker treat-
ment of the fellow eye, potentially a reduction in 
number of anesthetics required, and quicker 
visual rehabilitation. The disadvantages are that 
both eyes are surgically unstable, there is not the 
opportunity to adjust the surgical approach based 
on the postoperative experience of the first eye, 
and it prolongs the duration of anesthesia.

All instruments should be in the operating 
room (OR) or easily accessible, and equipment, 

such as the lighting source for the illuminated 
microcatheter, checked before committing to sur-
gery (Fig. 5.1). Furthermore, even though a cir-
cumferential approach may be planned, backup 
instruments (at a minimum a metal trabeculo-
tome) should be available in case conversion to a 
more traditional angle surgery, or even trabecu-
lectomy, is required. See Table 5.2 for a list of 
instruments.

 Intraoperative Preparation

The location of the surgical site is an important 
consideration. In general, for trabeculotomy 
alone, a temporal approach is preferred. For ab 
interno surgeries, this provides the easiest access 
to the angle, avoiding awkward manipulation of 
instruments over other parts of the patient’s face. 
In ab externo approaches, an inferior or tempo-
rally sited cutdown allows sparing of the superior 
conjunctiva and sclera for future trabeculectomy 
in which surgically naïve tissue is clearly linked 
to better trabeculectomy outcomes. This needs to 
be weighed against the surgeon’s confidence in 
achieving watertight scleral wound closure as 
inadvertent bleb formation in the interpalpebral 
fissure is highly undesirable. For the same rea-
son, trabeculotomy combined with external 

Table 5.1 Advantages and disadvantages of the angle-based surgeries

Approach Skill
Surgical 
time Special equipment

Visits to 
OR

Treatment extent 
(°)

Scleral 
incisions

Conventional 
goniotomy

+++ + Goniotomy knife (or 
needle), tilting microscope, 
goniolens

++ 90–180 −

Conventional 
trabeculotomy

+++ ++ Metal trabeculotome ++ 70 ++

Internal 
circumferential

++++ +++ Goniolens, tilting 
microscope, blunted 
polypropylene suture, or 
illuminated microcatheter

+ Potentially 360 −

External 
circumferential

++++ ++++ Blades for scleral flap, 
blunted polypropylene 
suture (and goniolens), or 
illuminated microcatheter

+ Potentially 360 ++ − +++ 
depending on 
size of flaps

Combined with 
external filtration

++++ ++++ Scleral punch, anti-scarring 
agents, anterior chamber 
maintainer

++++ 70 + bleb ++++ at 12 
o’clock 
position

OR operating room
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Fig. 5.1 Basic surgical instrument set for trabeculotomy. 
(Courtesy of Deborah Carter, RN, OHSU Casey Eye 
Institute, Portland OR, USA). (1) Bladed lid speculum. 
(2) Mosquito forceps (attaching traction suture to drape). 
(3) Westcott scissors. (4) Mini-Westcott scissors. (5) 
Diamond knife with depth-calibrated blade. (6) Ink 
marker for 5 × 5 parabola-shaped superficial scleral flap. 
(7) Lasik forceps (for manipulating illuminated 

 microcatheter – rounded tips avoid inadvertent Descemet 
membrane perforation). (8) Small grooved Hoskins for-
cep. (9) Straight tying forcep. (10) Curved tying forcep. 
(11) 10/0 nylon on non-cutting needle (for delicate tis-
sue). (12) 10/0 nylon on spatulated needle. (13) Mini-
crescent knife for superficial and deep flap dissection. 
(14) Crescent blade for deep flap and scleral spur 
dissection

Table 5.2 Surgical instruments

Basic set
Sterile drape
Bladed Lieberman lid speculum
Epinephrine in 1 ml w/27 g cannula
6/0 vicryl suture for traction
Mosquito forcep for traction suture
Mini-Westcott scissors
Vannas scissors
Pierce-Hoskins notched forceps
18ga cautery
Weck-Cel sponges
30 ml bottle BSS with tip
3 cc syringe BSS with 27ga cannula
75 blade
69 blade
Crescent blade for superficial scleral flap
Miostat on 30ga cannula
Healon on 27ga cannula
Curved lasik flap forceps (Rhein 08-16163)
10/0 nylon suture on CU-1 cutting needle
Tennant tying forceps
3 cc sterile air 30ga cannula
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 filtration, which is dependent on intentional bleb 
formation, should be performed superiorly.

Another vital pre- and ongoing intraoperative 
assessment includes a judgment of corneal clar-
ity as this determines whether an ab interno tra-
beculotomy can be performed safely. The 
positioning of the patient and microscope and 
surgical view of the angle should also be checked 
with a goniolens prior to incising the eye. The 
quality of the view can also be impacted by the 
quality of the goniolens, the surgeon’s skill, and 
the intraoperative developments such as 
hyphema.

In terms of the surgical preparation of the 
eye, topical miotics (pilocarpine 1–2%) can be 
given preoperatively, and acetylcholine chloride 
can be injected into the AC to draw iris over the 
crystalline lens to protect it from intraoperative 
trauma. If there is mild corneal clouding, the 
strategies discussed in the goniotomy section 
may allow sufficient clearing for an ab interno 
approach.

 Trabeculotomy Alone

 Conventional Trabeculotomy (with 
Metal Trabeculotome)
In this approach to trabeculotomy, an external 
cutdown through sclera is made (ab externo), and 
a metal trabeculotome is used to cannulate and 
tear through a section of the inner wall of SC and 
trabeculum into the AC. It is sometimes referred 
to as metal or rigid probe trabeculotomy.

Operation (Video 5.1)
Surgical Technique. Following preparation of a 
sterile field, a corneal traction suture is placed 
and the globe rotated away from the surgeon to 
achieve adequate exposure of the surgical site. 
Either fornix- or limbus-based conjunctival flaps 
may be used though access is easier using a 
fornix- based approach. Conjunctiva and Tenon 
capsule are dissected off the globe, and the epi-
sclera is cleaned with a blade. Gentle cautery 
may be required.

Table 5.2 (continued)

Double-flap technique (for deep scleral flap)
Angled mini crescent blade (Rhein 03-6452)
Micro-toothed forceps (0.06 g)
Weck-Cel sponges – Damp
Choices of trabeculotomy instruments
Metal trabeculotome
  Harms – Hairpin-like instrument with two bent arms; the same instrument can be used for both left and right 

sides. It is grasped and turned by a needle holder or between surgeon’s thumb and index finger (see Fig. 5.1a)
  Neuhann (Geuder Inc., Heidelberg, Germany) – Similar to Harms trabeculotome but with longer arms and a 

small plate to grasp and rotate the instrument (see Fig. 5.1b)
  Mackensen trabeculotome – Single arm attached to a vertical handle at 90°. A pair is needed, one for the left and 

one for right side. The advantage is that it can be more easily turned into the AC by the handle than the Harms 
probe (see Fig. 5.6c)

  McPherson trabeculotome – Hairpin-like instrument with two bent arms attached to a handle. A pair is needed, 
one for the left and one for right side. The advantage is that the direction of the inner probe can be controlled by 
the parallel outer arm (see Fig. 5.1a)

Microcatheter approach
iLUMIN system with iTRACK 250A microcatheter (Ellex) (see Fig. 5.5)
Microcatheter alone (Glaukos)
Blunted suture approach
6/0 polypropylene suture – Prepared by holding cautery close to tip to melt it into a small, blunted, mushroom 
shape (see Fig. 5.6)
Useful extras
10/0 nylon round-bodied needle
5 × 5 parabolic ink marker (Rhein 08-08233)
Stegmann PHDII micro crescent diamond knife (Mastel)
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Most surgeons use a rectangular superficial 
scleral flap of 1/2 to 2/3 scleral thickness or a 
triangular flap. The size of the rectangular flap is 
usually 3 × 3 or 4 × 4 mm. Once the superficial 
flap has been dissected into clear cornea anteri-
orly and it is reflected, a small radially oriented 
incision at the transition zone between the sclera 
and cornea is made with a blade. This incision is 
slowly and carefully dissected deeper under high 
magnification, examining the depth of the inci-
sion until SC is identified, often by a small 
trickle of blood or aqueous from the cut ends. 
Care must be taken not to dissect any deeper to 
avoid perforation. The landmarks can be difficult 
to identify because of limbal stretching charac-
teristic of buphthalmos and the pale TM charac-
teristic of a child. Gentle probing may help 
confirm an ostium into the canal as the probe 
should enter easily without resistance. However 
this should be performed very gently as false 
passages are easily created into the suprachoroi-
dal space behind the scleral spur or into the 
AC.  When SC is identified, a small amount of 
viscoelastic can be injected to dilate the open-
ings, and/or the outer wall can be slit open fur-
ther with a blade or by snipping with Vannas 
scissors in a limbus- parallel direction into the 
lumen of the canal. This can widen the entry into 
SC though care needs to be exercised to ensure 
this is performed anterior to the scleral spur as 
the potential space behind SC opens easily and 
may be mistaken for the canal.

A valuable alternative method of reaching SC 
using a double scleral flap technique is described 
in the modifications section below.

Two examples of metal trabeculotome probes 
can be seen in Fig.  5.2. The trabeculotome is 
introduced into the canal and rotated into the AC, 
cutting through the internal wall of SC and TM, 
on each side, as in Fig. 5.3 [30]. It is helpful to 
stabilize the limbus at the area of the probe tip 
from outside with forceps (such as Kolibri) 
because the plane of rotation is then better 
defined. When the goal is trabeculotomy only 
(without filtration), care must be taken not to 
break the trabecular-Descemet membrane at the 
site of the deep flap. During rotation of the probe 
into the AC, attention should be directed to the 
axis of rotation. It may be helpful to gently press 
the angle of the probe against the scleral edge to 
anchor the point of rotation. It is not necessary to 
rotate the probe 90° into the AC, because the TM 
can be adequately torn while pulling out the 
probe with a lateral movement. If the trabecular- 
Descemet membrane at the site of the deep flap is 
preserved, there is no gross filtration of aqueous, 
and the risk of hypotony is low. Another advan-
tage of the preservation of the trabecular- 
Descemet membrane is reduced risk of iris 
prolapse, and so no iridectomy is needed. 
Avoiding iridectomy may reduce the risk of hem-
orrhage and long-term cataract formation.

After the trabeculotomy is completed, the 
scleral incisions and/or flaps are closed with a 

a b

Fig. 5.2 Metal trabeculotome probes. (a) Harms trabeculotome. (b) Thomas Neuhann U-shaped trabeculotome with 
no handle. (Courtesy of Professor Nader Bayoumi, Alexandria University, Egypt)
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sufficient number of watertight sutures to avoid 
any drainage. 10/0 nylon is preferred as it main-
tains its tension, while other surgeons report suc-
cess with 10/0 polyglactin sutures which dissolve. 
Lamellar scleral sutures will avoid leakage 
around needle tracks. In very delicate tissue, 
round-bodied non-cutting needle profiles may be 
helpful if suture tracks leak. If the double-flap 
technique has been used, ensure the deep flap has 
watertight closure before closing the superficial 
flap over it. Special attention should be paid to 
good closure in the limbal area to avoid leaks, 
staphylomas, and inadvertent anterior bleb for-
mation, which can be very difficult to repair at a 
later stage. Conjunctival closure should ensure a 
smooth limbus with well-buried sutures to avoid 
any irritation that would prompt eye rubbing by 
the child. The conjunctiva is closed by inter-
rupted 10/0 nylon or polyglactin mattress sutures 
at the limbus (fornix-based conjunctival 
approach) or by an 8/0 or 10/0 polyglactin run-
ning suture (limbus-based conjunctival approach). 
Suturing the paracentesis also helps avoid hypot-
ony, iris prolapse, or incarceration.

Once the eye is secure, postoperative subcon-
junctival injections of steroid and antibiotic are 
given and pilocarpine 2% drops instilled to main-
tain miosis, which is believed to keep iris from 
adhering to the newly incised trabecular cleft. 
The eye is then patched to maintain lid closure 
and a protective shield placed such that acciden-

tal pressure or trauma would be transmitted to the 
surrounding orbital bones rather than the globe.

Problem-Solving
Finding SC. The commonest reason for failing 
to identify SC is insufficient depth of dissec-
tion. Using high magnification and slow care-
ful downward dissection in the anatomical 
location of SC, the incision can be deepened 
until the tell-tale trickle of blood from the cut 
ends of SC is seen. If no blood reflux is seen, 
despite correct location, the surgeon may gen-
tly probe the area with a polypropylene suture 
or probe. If there is any sense of forcing the 
probe, it is unlikely to be in SC, and continued 
probing will lead to false canals or perforation 
into the AC. If dissection has been difficult, the 
edges of the incision may be ragged with way-
ward tissue filaments impeding introduction of 
the probe, even though blood reflux is visible. 
Making an adjacent second incision to the 
depth of the first (facilitated by using a fresh 
knife or diamond blade) will create cleaner 
edges to allow the probe to slip into the canal 
more easily. In the authors’ experience, the 
double-flap technique is a more reliable 
approach in  locating SC, especially when the 
limbal  anatomy is stretched and landmarks 
uncertain. Providing the deep flap is indeed 
deep enough, it will incise the outer wall of SC 
along its length and deroof it.

a b

Fig. 5.3 Conventional trabeculotomy with Harms metal 
trabeculotome. (a) Trabeculotome rotating from Schlemm 
canal into the anterior chamber, left direction. (b) 
Trabeculotomy completed, right direction. (From Iowa 
Glaucoma Curriculum [29] with permission) (© 

University of Iowa. Courtesy of Wallace L.M.  Alward, 
MD, Department of Ophthalmology and Visual Sciences, 
University of Iowa Carver College of Medicine, Iowa 
City, Iowa, USA)
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Potential Modifications
Traction Suture. In a severely buphthalmic eye 
and/or when it is difficult to achieve adequate 
exposure with a limbal traction suture, one or two 
transconjunctival rectus muscle traction sutures 
may provide safer and better exposure of the sur-
gical site.

Double Scleral Flap (Superficial and Deep) 
Approach. A valuable alternative to the deep 
radial scleral cutdown approach to locating SC is 
derived from deep sclerectomy (Fig.  5.4 shows 
this approach as part of filtering trabeculotomy). 
A superficial half-thickness scleral flap is dis-
sected anteriorly into clear cornea. This flap may 
be rectangular, triangular, or paraboloid and 
approximately 4 × 4 mm in size. Either a caliper 
can be used, or an inked marker, to delineate the 
dimensions of this superficial flap. The dimen-
sions of a second, smaller, deep scleral flap are 
scored with a sharp blade to lie 1 millimeter 
within the borders of the superficial flap. The 
base of the deeper flap should be fashioned in the 
plane just above the choroid. At the beginning of 
the development of this flap, the posterior mar-
gin/apex is carefully deepened until the grayness 
of underlying uveal tissue is apparent. The flap is 
then dissected anteriorly maintaining this plane 
just above the ciliary body. This is best done with 
the microscope on high magnification and high 
illumination. Fine-toothed forceps (0.06 gauge) 
for gentle flap retraction, and a fresh sharp cres-
cent blade, are helpful to achieve clean incisions 

without tearing tissue in the delicate flap base. If 
this depth is maintained as the flap is developed 
anteriorly, it will deroof SC as it reaches the lim-
bal area. The thus exposed inner wall of SC has a 
smooth, white, glistening appearance compared 
to the texture of the scleral dissection, and there 
is usually a trickle of blood refluxing from the 
freshly cut ends of the canal.

 Circumferential 360 Trabeculotomy 
(Illuminated Microcatheter or Blunted 
Suture Approaches)
This group of surgeries treats the full or almost 
full circumferential extent of the angle by can-
nulating SC by either an illuminated microcathe-
ter or a blunted polypropylene suture. The 
catheter or suture can be introduced into SC via 
an external scleral cutdown (ab externo) or from 
within the AC via an internal TM incision (ab 
interno). Only the ab externo approach is 
described in the chapter. For the ab interno 
approach, which is more akin to goniotomy, 
please refer to Chap. 8.

Illuminated Microcatheter (Ab Externo)
Operation (Video 5.2)
Surgical Technique. A corneal traction suture is 
placed and the globe rotated away from the sur-
geon to achieve adequate exposure of the surgical 
site. A 5–6 mm fornix-based conjunctival flap is 
dissected from the limbus posteriorly with an 
inferior radial relaxing incision. Conjunctiva and 

a b

Fig. 5.4 Double scleral flap technique. (a) Deep scleral flap (double flap technique). (b) Deroofing Schlemm canal. 
(Courtesy of Franz Grehn, MD, PhD)
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Tenon capsule should be dissected completely off 
the underlying sclera to allow clean scleral inci-
sions. Cleaning episcleral tissue off the globe 
with strokes of a curved blade (e.g., Beaver 
blade) and gentle cautery also help prepare the 
surgical site.

A half-thickness, 5 × 5mm (or slightly smaller 
in some surgeon’s methods) superficial scleral 
flap is fashioned. SC is identified either using a 
radial scleral cut down in the area over the sus-
pected region of SC or a 3 × 3-mm-deep scleral 
flap (double-flap technique as in Fig. 5.4). Both 
flaps are slightly larger than for the blunted suture 
approach as the microcatheter is stiffer than the 
suture and may kink with excessive bending.

Once SC has been reached, a small paracente-
sis may be made to decompress the eye a little, 
acetylcholine chloride injected if the pupil is not 
yet miotic, and a small amount of viscoelastic 
injected to maintain the AC. Avoid overinflating 
the eye as this can compress SC and make intro-
duction and threading of the catheter more diffi-
cult and/or predispose to Descemet membrane 
prolapse which is then more vulnerable to rup-
ture or perforation by instruments.

The illuminated microcatheter may be primed 
with viscoelastic (Ellex version) and set on blink-
ing mode (Ellex or Glaukos). Dimming the room 
and microscope lights allows better identification 
of the blinking tip as it travels through 
SC.  Reducing the magnification of the micro-

scope allows the entire limbal area of the globe to 
be visualized. The catheter must be handled with 
smooth-tipped forceps so as not to damage it, and 
blunt-tipped forceps are also helpful in avoiding 
inadvertent piercing of DM while working with 
the catheter. If the catheter becomes kinked, it 
will not travel safely through SC.

The catheter should be positioned so that its 
approach is in the horizontal plane of the limbus. 
The tip can then be introduced into SC opening 
with as little distortion as possible. Either use an 
assistant or secure the catheter to the drape to 
keep it in the appropriate plane. The catheter is 
then fed into SC in small increments, avoiding 
pushing too hard if obstruction is encountered as 
this will distort the catheter; there is usually mini-
mal or slight resistance. Its course around the lim-
bus in SC can be verified by visualizing the 
illuminated tip at all times, as in Fig. 5.5a. If the 
light is not visible, withdraw the catheter until it is 
seen blinking again in an appropriate position 
(considering that the limbal anatomy is stretched 
in buphthalmic eyes and typical landmarks may 
not be as reliable). The tip may have inadvertently 
been inserted into the AC (a clue to this is twitch-
ing of the iris as the catheter is advanced) or 
diverted into a collector channel or tracked into 
the suprachoroidal space if introduced behind the 
scleral spur rather than into SC. If the catheter has 
become misdirected and is not in SC, one can 
attempt to withdraw and re-advance it, but usually 

a b

Fig. 5.5 Circumferential trabeculotomy with illuminated 
microcatheter. (a) Threading microcatheter into Schlemm 
canal, arrow showing illuminated tip. (b) Microcatheter 

tearing through trabeculum into anterior chamber, arrow 
showing microcatheter loop. (From Sarkisian [7], with 
permission)
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it is not able to be redirected into the proper tra-
jectory. It must be removed (unless it has almost 
completed its circumferential path, in which case 
a cutdown can be made over the blinking light to 
retrieve the far end of the catheter; see below 
under “obstruction”) and reintroduced into the 
other cut end of SC in the opposite direction.

Once the catheter has successfully passed 
through 360° of SC, its distal end will protrude 
from the opposite end of SC and can be delivered 
further until its tip is clear of DM and the two 
ends of the microcatheter will come to lie across 
each other. It is important that the AC is formed 
and pupil constricted. Placing interrupted 10/0 
nylon deep scleral flap sutures at the apex and 
along the sides of the deep flap and tying them 
before executing the trabeculotomy maintains the 
AC with minimal need for viscoelastic. If, on the 
other hand, the surgeon prefers filling the AC 
with viscoelastic, this will also protect the AC 
from shallowing. The catheter exits between the 
tied sutures easily. The two ends of the catheter 
suture are then grasped with forceps, and as they 
are gently pulled apart, the purse-string effect 
tears through the TM producing a trabeculotomy, 
as seen in Fig.  5.5b. This movement should be 
continuous and smooth so that as the AC shal-
lows the catheter does not become snagged on 
iris or too close to corneal endothelium. Just 
before completion of the trabeculotomy, the free 
end of the catheter is released so that it passes 
through the AC under the area of the intact 
Descemet-trabecular tissue as the other end is 
pulled out of the eye (i.e., the small section of the 
trabeculum and SC under the wound is left intact 
and contributes to watertight wound closure).

The incisions are closed as described for the 
double-flap technique above. If the majority of 
deep flap 10/0 nylon sutures have been pre-placed 
before removing the microcatheter, only one or 
two more may be required before addressing the 
superficial flap and conjunctiva. The immediate 
postoperative subconjunctival injections, drops, 
patch, and shield are also as above.

Problem-Solving
Finding SC. The comments made for finding SC 
in the probe section above also hold for the 

microcatheter approach. As it is so delicate, there 
are occasions when even in the presence of con-
vincing blood reflux from presumed SC open-
ings, the catheter tip cannot be introduced into 
SC.  In these cases a tiny ragged tissue filament 
may be catching the tip; making a fresh deep 
scleral flap incision just adjacent and parallel to 
the original incision may create cleaner edges to 
the SC openings and allow the microcatheter tip 
to pass smoothly.

Obstruction. If the microcatheter encounters 
an obstruction in SC, the first maneuver is to 
withdraw the catheter a small distance and then 
dilate the area by injecting viscoelastic (a single 
“click” of the attached hub, Ellex). Often, with-
drawing the microcatheter and cannulating SC 
from the opposite opening overcome the obstruc-
tion. Changing the AC dynamics by either soften-
ing the eye a little, or filling it with BSS or 
viscoelastic, may also change the dynamics of 
the canal and allow the catheter to pass. If unable 
to pass the microcatheter 360°, it may be worth 
making a second scleral ab externo cutdown over 
the arrested illuminated tip, to execute a partial 
sectoral trabeculotomy along the section of SC 
cannulated.

Misdirection. If the illuminated tip deviates 
away from the peri-limbal area, it is either in a 
collector channel or the suprachoroidal space. If 
a collector channel deviation is suspected, try 
viscodilation as above combined with applying 
the flat end of a forcep over the suspected collec-
tor duct connection to encourage the catheter to 
remain in SC. If the iris twitches with advance-
ment of the microcatheter, it has perforated into 
the AC. In this case further careful searching for 
the opening to SC is required, though once there 
is a DM perforation, the catheter may preferen-
tially adopt that course. Trying cannulation from 
the opposite side may avoid the DM perforation 
and be more successful.

Blunted Suture (Ab Externo)
Operation (Video 5.3)
Surgical Technique. A corneal traction suture is 
placed and the globe rotated away from the sur-
geon to achieve adequate exposure of the surgical 
site. A 4–5 mm fornix-based conjunctival flap is 
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dissected from the limbus posteriorly with an 
inferior radial relaxing incision. Conjunctiva and 
Tenon capsule should be dissected completely off 
the underlying sclera to allow clean scleral inci-
sions. Cleaning episcleral tissue off the globe 
with strokes of a curved blade (e.g., Beaver 
blade) and gentle cautery also help prepare the 
surgical site.

A half-thickness, 3–4 mm × 3–4 mm scleral 
flap is fashioned starting approximately 4  mm 
behind the limbus and carried anteriorly to the 
limbal area. SC is identified either using a deep 
radial scleral incision over the suspected location 
of SC or a deep scleral flap as in the double-flap 
technique described above.

A fishhook-shaped fragment of 6-0 polypro-
pylene suture is cut with sufficient length to be 
approximately 50% larger than circumference of 
the cornea (65–80 mm). The tip of the curved end 
of the suture is blunted by bringing high- 
temperature disposable cautery close (but not 
touching) to melt it into a mushroom cap shape. 
A small smooth rounded end is required for 
smooth passage through SC.

The blunted end of the prepared suture is 
introduced into the opening of SC and fed further 
for about 5–10 mm as shown in Fig. 5.6. It should 
pass easily without significant resistance. Its 
position in the canal should be verified by goni-
oscopy which should allow the bright blue suture 
and mushroom cap to be detected, even in the 
presence of corneal edema. Having verified its 

initial location, the suture is progressively fed 
into SC, with periodic gonioscopy. Once the 
suture has successfully passed through 360° of 
SC, its distal end will protrude from the opposite 
end of SC and can be delivered further or grasped 
using jewelers or other fine-tipped forceps. Great 
care should be taken not to perforate DM with the 
tips of the forceps. It should be noted that some-
times the blunted advancing end of the suture 
will pass through the “far end” of SC and make a 
second circumferential course, so that it needs to 
be lifted from the SC at its cut end to retrieve it.

A small paracentesis is made, and an intra-
cameral miotic agent such as acetylcholine chlo-
ride is injected followed by viscoelastic. The two 
ends of the blunted suture are grasped with nee-
dle holders and gently pulled in opposite direc-
tions “cheese-wiring” into the AC through SC 
and TM.

The incisions are closed as above. The imme-
diate postoperative subconjunctival injections, 
drops, patch, and shield are also applied as for 
other angle surgeries.

Problem-Solving
Finding SC. Similar maneuvers to those 
described above for the metal probe and illumi-
nated microcatheter technique are appropriate for 
blunted suture approaches.

“Lost” Polypropylene Suture. If the suture 
position in SC cannot be verified gonioscopi-
cally, one should not continue to feed it into the 
eye. The options are to try passing it in the oppo-
site direction from the opposite SC opening, or to 
switch to an illuminated microcatheter if avail-
able, or to perform a conventional metal trabecu-
lotomy or goniotomy.

Obstruction. If an obstruction is encountered, 
a first maneuver is to make a paracentesis, fill the 
AC with viscoelastic, and attempt moving the 
suture past the obstruction. Alternatively a sec-
ond 6/0 polypropylene suture can be fashioned in 
the same way as the first, and threaded into SC 
from the opposite direction, leaving the original 
suture as a stent in SC.  Other options are to 
switch to an illuminated microcatheter approach 
or to perform a conventional metal trabeculotomy 
or goniotomy.

Fig. 5.6 Circumferential trabeculotomy with blunted 
suture filament. (Courtesy of Allen D. Beck, MD)
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Inadvertent AC Entry. If the AC is inadver-
tently entered, i.e., there is a full-thickness perfo-
ration, the AC should be maintained with BSS 
and/or viscoelastic. As it is more challenging to 
perform a paracentesis on a soft eye, some sur-
geons prefer to perform a small long oblique para-
centesis prior to starting SC dissection and thus 
have more control should inadvertent perforation 
occur. SC dissection and cannulation can still be 
performed in the presence of a small perforation 
providing the eye is not dangerously soft.

Post-op Management
The postoperative management of the various 
forms of trabeculotomy (conventional or circum-
ferential) and goniotomy is very similar.

Drops. A small amount of anti-inflammatory 
medication (usually prednisone drops) and anti-
biotic are used. A miotic is usually prescribed to 
keep tension on the iris and its insertion both to 
avoid peripheral anterior synechiae (PAS) forma-
tion and theoretically to help keep the freshly 
incised lips of trabeculotomy apart. A typical 
regimen would be:

 1. Topical corticosteroid 4 × day tapering by one 
drop daily over 5-day intervals, or starting 2 
hourly during waking hours, with a rapid taper

 2. Miotic (pilocarpine 1% or 2%) 3–4 × day for 
1  month; in newborns, pilocarpine 1% 
1–2 × day for 1 month

 3. Topical antibiotic 4 × day for 5–7 days

In newborns or medically fragile babies,  great 
care should be taken with dosage of eye drops as 
adverse effects may be less easily identified and 
more profound than in older children (e.g., 
pyloric spasm from pilocarpine). In these chil-
dren, lower concentrations and less frequent drop 
instillation should be considered and medications 
stopped if side effects develop.

Assessment. The child is reviewed on the first 
postoperative day. Cooperation is usually lim-
ited, but there are clues as to how the child is far-
ing. The eye should be comfortable once the 
trauma of removing the patch has receded. Mild 
photosensitivity is possible. The AC should be 
formed, with an air bubble visible (if used) and 

the pupil round. The globe tension should be 
physiological to palpation (if unable to perform 
tonometry). Providing there is a general impres-
sion that the eye is in a satisfactory condition, 
there is no need to subject the child to a distress-
ing examination. If there is any question of poste-
rior segment complication, a B scan is helpful. If 
the chamber is flat, the pupil is distorted (sugges-
tive of iris incarceration or prolapse through the 
wound), or the eye is excessively firm, return to 
the operating room, or initiate other therapeutic 
measures. If the wounds have been well sutured 
and the surgery itself uncomplicated, it is unusual 
for the chamber to be anything other than slightly 
shallowed. A small hyphema may be present but 
usually resolves quickly (within days) and is 
often far milder than anticipated given bleeding 
witnessed during surgery. A large hyphema 
should be cause for concern and closer monitor-
ing and scrutiny.

Frequency of Evaluation. Providing there 
are no concerns about complications, a typical 
schedule of review is a visit to clinic on postop-
erative day 1, week 1, and week 2 and then pos-
sibly for an examination under anesthesia (EUA) 
a month after surgery. Follow-up thereafter is 
dictated by the response to surgery and whether 
the second eye requires treatment as well. As 
confidence grows that the glaucoma is stable, the 
intervals can be extended so that usually, at about 
3 months postoperatively, three monthly evalua-
tions (which may require EUA in the very young 
and uncooperative) are sufficient.

Interventions. Further surgical interventions 
would be required if there were serious complica-
tions. If nylon sutures have been used, these are 
removed at the first postoperative EUA.

Complications
Trabeculotomy is subject to all the general risks 
of any intraocular surgery. Failure to appropri-
ately identify SC before inserting the trabeculo-
tome, suture, or catheter can lead to trauma of the 
angle structures, cornea, iris, or lens. Ensuring 
there is a good view of the angle (internal 
approach) before and during surgery, and famil-
iarity with the anatomy, especially in the buph-
thalmic eye, can help limit these complications.
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Some hyphema is common as blood refluxes 
from SC (as in Fig. 5.3), but this is usually inconse-
quential and resolves within the first couple of days 
of surgery. More significant hyphemas are more 
likely if there is intraoperative trauma of the ciliary 
body or iris root and may be persistent [28, 31]. 
Occasional profound hypotony has been reported 
[32] and is most likely due to inadvertent or unrec-
ognized cyclodialysis cleft or inadvertent full-
thickness drainage. There have also been occasional 
reports of subretinal blunted suture misdirection [4, 
33, 34] or vitreous loss after posterior extension of 
the deep radial scleral  incision [14].

Hyphema
Intraoperative hyphema may compromise the 
gonioscopic view of the angle. Increasing the IOP 
can help tamponade this (e.g., injecting viscoelas-
tic into the AC) though the blood can become sus-
pended in the viscoelastic and thus continue to 
compromise the view. Irrigating the AC and 
promptly reforming it with viscoelastic may help, 
though there can be recurrent bleeding as the eye 
is decompressed. Some but not all surgeons 
believe it is important to remove all viscoelastic at 
the end of the case, to avoid IOP spikes and pos-
sible splits in DM. There is no harm in leaving 
some blood in the AC  – it is remarkable how 
quickly it clears postoperatively. It is important to 
suture all wounds tightly to avoid hypotony which 
could encourage further hemorrhage. If it is not 
possible to view the angle for safe introduction of 
the suture or microcatheter, the eye should be 
closed and an external approach adopted.

A postoperative hyphema that is persistent 
(potentially amblyogenic), or accompanied by 
raised IOP that does not respond to medical mea-
sures, will require washout of the AC.

Perforation
A full-thickness perforation of the trabecular- 
Descemet area results in aqueous egress and a 
less well-supported ocular wall and angle struc-
tures. Intraoperatively this can be somewhat rem-
edied by injecting viscoelastic to keep the AC 
formed. Prior to dissecting SC, performing a 
small tangential paracentesis and injecting ace-
tylcholine chloride and a small amount of visco-

elastic so as not to overinflate the eye help avoid 
perforation as slightly decompressing the globe 
prior to working in this delicate area reduces the 
tension on exposed trabecular-Descemet mem-
brane. Using moistened sponge tips at this point 
can also prevent inadvertent perforation from a 
sharp edge. However it is important to remove all 
viscoelastic at the conclusion of surgery as the 
globe should be watertight and viscoelastic is not 
cleared as quickly as in an eye with an external 
filter (such as trabeculectomy or tube). 
Furthermore, presence of viscoelastic in the AC 
may mask leaking or oozing from wounds, which 
are critical to detect to avoid postoperative hypot-
ony or inadvertent blebs.

Hypotony
Chronic hypotony is unusual following success-
ful trabeculotomy as IOP lowering is achieved by 
internal drainage into SC and beyond in a closed 
system with downstream resistance. At most, the 
AC shallows slightly and recovers within a day or 
two. If hypotony is anticipated from the course of 
the operation and all measures have been taken to 
close the incisions as securely as possible, a 
depot of viscoelastic left in the AC may stabilize 
the IOP for a couple of days to allow early wound 
healing to occur.

If hypotony is persistent or severe enough to 
produce iridocorneal touch, the child should be 
taken back to surgery and the cause of hypotony 
identified and addressed.

Descemet Trauma
Most complications in trabeculotomy are related 
to handling of the probe. If the metal probe is 
turned into the AC with the tip too close to the 
corneal endothelium, a Descemet tear or detach-
ment may result. If small, the detachment is 
harmless, but larger detachments may result in 
overlying corneal decompensation. If detected 
early, the Descemet scroll can be repositioned 
and tamponaded with an air bubble or a suture 
passed through the cornea to tack it down.

Iridodialysis and Cyclodialysis Cleft
These complications are due to incorrect position-
ing of the trabeculotome, blunted polypropylene 
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suture, or microcatheter posterior to the scleral 
spur. This should be suspected if the catheter 
appears to be threading too freely into the eye, the 
blue suture tip is not identifiable by gonioscopy, 
and/or the illuminated microcatheter tip courses 
away from the limbus. This can damage iris root 
and lead to cyclodialysis if the trabeculotomy is 
completed. The management is dictated by the 
consequences which can be benign or include 
hypotony, hemorrhage,  and the potential for later 
acute IOP elevation if a cleft closes spontane-
ously. If hypotony is profound or persistent, cleft 
repair may be required. There are several 
approaches described in the adult literature, such 
as cautery, sulcus tension ring, and various sutur-
ing techniques.

Scleral Flap Casualties
The sclera in buphthalmic eyes may be very thin, 
especially at the limbus. Therefore, dissection of 
the superficial and the deep scleral flaps must be 
performed with great caution. Button holes, flap 
tears, leaking suture tracks, and gapes may all 
lead to overfiltration. If these cannot be addressed 
with suturing, they can be sealed by covering 
with a scleral or corneal patch graft.

Disinsertion of the scleral flap hinge can be 
repaired by one or several U-shaped 10/0 nylon 
sutures (round needle) passed from the limbal 
base through the corresponding disinserted flap 
edge and then back through the limbus with the 
knot tied on the corneal side. This will pull the 
disinserted flap back to its limbal base and pro-
vide a watertight closure.

Leak or Inadvertent Bleb
Any leak in a buphthalmic eye is likely to cause 
hypotony and therefore should be addressed 
without delay. For most children this would 
require a return to the OR for resuturing. In buph-
thalmic eyes, spatulated needles may leave tracks 
that leak, especially when sutures are tied under 
tension, and so lamellar passes (rather than full 
thickness) and round-bodied needles can be help-
ful (e.g., 10/0 nylon on a round-bodied needle). 
An inadvertent bleb may “convert” the surgery to 
a form of trabeculectomy or “filtering trabecu-
lotomy” which, provided the bleb is healthy and 

the IOP not too low, can be managed as for 
trabeculectomy.

Outcomes
The success rates and outcomes of conventional 
trabeculotomy are comparable to those of goni-
otomy in similar patient groups as they result in 
similar alteration to the angle anatomy. In such 
patient cohorts, success rates of up to approxi-
mately 90% have been reported for trabeculot-
omy [2–5, 35–41]. Those studies which report 
longer follow-up durations show a gradual reduc-
tion in success over time [38, 39, 41].

In general, the angle surgeries are most suc-
cessful in primary congenital glaucoma [36]. 
Presentation at an age of less than 3 months [3, 4] 
or greater than a year [36] or with advanced 
buphthalmos (axial length greater than 24 mm [3] 
or corneal diameter > 14 mm [36]) is a poor prog-
nostic factor. Other risk factors may also be at 
play to explain the variability in outcomes 
reported from different parts of the world [2–5, 
35–41]. This has led to varying approaches to the 
management of pediatric glaucoma, which was 
well reflected in the survey of pediatric glaucoma 
surgeons conducted for the WGA Consensus 
Series on Childhood Glaucoma [42].

Circumferential trabeculotomy results have 
also been favorable in PCG, especially in the 
low-risk PCG group in which both IOP reduction 
and visual acuity were superior in the 360 tra-
beculotomy group compared to historical con-
trols for both conventional (metal probe) 
trabeculotomy [31, 43, 44] and goniotomy [44, 
45]. This has been corroborated by prospective 
randomized controlled trials in which circumfer-
ential trabeculotomy enjoyed favorable outcomes 
and lower reoperation rates compared to conven-
tional trabeculotomy controls [46, 47]. In popula-
tions considered to experience more severe 
disease, circumferential trabeculotomy alone 
may be as successful as CTT with MMC [48].

Many studies include a mixed population of 
open-angle glaucomas making comparison of 
outcomes between these groups difficult to dis-
tinguish. While some surgeons will reserve the 
angle approach for cases with an immature angle 
typical of PCG, others regard trabeculotomy as 
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the primary angle procedure of choice for aniridic 
glaucoma [42]. As experience with circumferen-
tial trabeculotomy grows, this is also being advo-
cated for JOAG and glaucoma following cataract 
surgery [49, 50].

There have been no cost-effectiveness studies 
comparing these different forms of trabeculot-
omy. Arguments in favor of the circumferential 
approach are that it requires fewer EUAs and 
fewer surgeries in those eyes that would have 
required more than one procedure. However not 
all eyes require more than one angle procedure. A 
blunted polypropylene suture is much less costly 
than the illuminated microcatheter approach but 
then may be more complex and time-consuming 
when cannulation is tricky. When using an ab 
externo approach, circumferential trabeculotomy 
is time-consuming and takes longer than goniot-
omy or conventional trabeculotomy.

There has also been little reported on the 
impact of primary surgery on subsequent surger-
ies in a given child. A primary trabeculotomy 
could impact the performance of other intraocu-
lar surgeries in which there are periods of hypot-
ony – theoretically intra- or postoperative blood 
reflux from the episcleral venous circulation 
could complicate surgeries such as cataract 
extraction, vitrectomy, corneal surgery, etc. 
Primary trabeculotomy may also affect the per-
formance and success of future glaucoma surger-
ies depending on their relative location on the 
globe: alterations to globe anatomy and cellular 
wound healing pathways by surgical trauma may 
affect the integrity of future surgeries such as tra-
beculectomy, glaucoma drainage device (GDD), 
or cyclophotocoagulation.

Options After Failed Trabeculotomy
Surgery may be considered a failure either 
because it fails to lower IOP sufficiently or 
because it has caused complications that result in 
loss of vision. Determining the underlying cause 
for surgical failure or complication is important 
as it will contribute to decision-making for the 
subsequent management of the child.

In the case of conventional trabeculotomy in 
which only a section of the angle was treated, there 
may be benefit in further angle surgery to increase 

the extent of the circumference treated; this is dic-
tated by the response to previous angle surgery and 
ease of access to the angle. Either a conventional or 
a microcatheter approach can be used [29]. There 
are also reports of successful circumferential tra-
beculotomy after prior goniotomy [28], though the 
predictability of such surgeries is uncertain and 
likely to be limited by scarring of SC.

If the angle is to be abandoned, the surgeries 
most commonly favored are trabeculectomy or 
GDD [42]. It is well known that trabeculectomy 
surgery fares best when performed on surgically 
naïve eyes in which there is no conjunctival or 
scleral scarring. For this reason, many glaucoma 
surgeons prefer trabeculotomy to be sited tempo-
rally or inferiorly, sparing the superior globe for 
future trabeculectomy, should it be required. If 
the superior location has already been used for an 
ab externo trabeculotomy, FTO, or CTT, it may 
be possible to convert the surgery into a function-
ing trabeculectomy if the flap architecture allows. 
Sclera that has previously been incised and 
healed tends to be friable, and fashioning a new 
flap that is robust enough for a safe trabeculec-
tomy can be difficult. The deeper flap incision 
and opening into SC of a trabeculotomy is also a 
little more posterior than the ideal sclerostomy 
location for trabeculectomy and therefore more 
prone to hemorrhage [51]. In such eyes, many 
surgeons would prefer a GDD. In certain circum-
stances, transscleral cyclophotocoagulation may 
also be the preferred option.

 Trabeculotomy Combined 
With External Filtration

 Filtering Trabeculotomy (FTO)
This technique combines conventional metal 
probe trabeculotomy with elements of deep scle-
rectomy. Aqueous drains from the AC via the tra-
beculotomy openings into a scleral lake created 
beneath a superficial scleral flap and thence into a 
bleb as for trabeculectomy [24].

Operation (Video 5.4)
Surgical Technique. The preparation for FTO is 
similar to that for conventional trabeculotomy 
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using a double-flap technique, as shown in 
Fig. 5.4. The conjunctival incision can be either 
at the limbus or in the fornix. A well-dissected 
clean superficial flap is important to achieve good 
closure; thin flaps are more likely to leak along 
suture tracks and at the margins.

Once the superficial scleral flap has been 
fashioned, a deep scleral flap is created within 
its margins extending anteriorly into SC.  The 
deep flap is then resected at its base at the lim-
bus to create a space, a scleral lake, to collect 
aqueous draining from the cut ends of SC.  If 
needed, the openings to SC can be probed to 
confirm their location. The trabeculotome is 
then introduced into SC and a conventional tra-
beculotomy completed on each side. These 
steps are shown in Fig. 5.7a–d. The trabecular-
Descemet membrane in the central area beneath 
the scleral flap is left intact which helps prevent 
bulk aqueous outflow (as occurs with trabecu-
lectomy) and overfiltration. A depot of hyal-
uronic acid is placed in the scleral lake to 
maintain the space by avoiding contact and 
adhesion of the superficial scleral flap with the 
bed of the lake.

The superficial scleral flap is sutured with 
interrupted 10/0 nylon akin to trabeculectomy 
closure with a view to creating a healthy low bleb 
(see Fig. 5.7d). The conjunctiva is then closed.

 Combined Trabeculectomy- 
Trabeculotomy (CTT)
In this procedure a conventional metal probe 
trabeculotomy is combined with a trabeculec-
tomy. The intent is to provide a dual approach: 
the trabeculotomy addresses the developmen-
tally abnormal angle structures, and the trabec-
ulectomy provides an additional external 
filtration mechanism to lower IOP. The trabecu-
lotomy is performed first and the trabeculec-
tomy developed from the deep scleral 
dissection.

Operation (Video 5.5)
Surgical Technique. The eye is prepared for a 
superior surgery with a traction suture and topical 
epinephrine to blanche blood vessels. The 

 conjunctiva and superficial scleral flaps are dis-
sected as for conventional trabeculectomy. If 
MMC is to be used, it is best applied prior to 
opening the eye to avoid inadvertent seepage into 
the eye. There are also theoretical concerns that 
compared to adults, the soft collagen of the eyes 
of young babies, as well as the smaller body 
weight per unit of MMC, may result in greater 
systemic absorption of MMC than in adults 
though we are not aware of any reports of any 
systemic adverse effects from topically applied 
MMC in either adults or children. When consid-
ering the use of MMC, these concerns must be 
balanced with the risk of surgical failure in the 
individual situation. This is more fully addressed 
in the trabeculectomy section.

Figure 5.8a–h shows the main steps of this 
procedure. The superficial scleral flap is 
reflected and a deep radial incision dissected 
beneath it in the limbal area until SC is opened, 
as for conventional trabeculotomy. The trabec-
ulotomy portion of the surgery is then per-
formed. The SC incision is then extended 
anteriorly and a block of tissue excised to com-
plete the sclerostomy portion of the trabeculec-
tomy. This can be fashioned by blade, scissors, 
trephine, or punch and should be sized so as to 
be well covered by the superficial flap (e.g., a 
single bite of a pediatric-sized punch). A surgi-
cal iridectomy is then performed. The scleral 
flap is then sutured with interrupted 10/0 nylon. 
The outflow resistance can be tested by inject-
ing fluid through a paracentesis or by adjusting 
flow through an AC maintainer. The conjunc-
tiva is then closed meticulously to prevent any 
leak, with sutures buried to provide a comfort-
able eye.

Potential Modifications
Double Scleral Flap Technique. When a double 
scleral flap approach is used (as in Figs. 5.4 and 
5.7), the deep flap can be excised at its base, akin 
to a deep sclerectomy or canaloplasty, which may 
make identifying SC easier [52].

AC Maintainer and Pre-placed Apical 
Scleral Flap Sutures. An AC maintainer and api-
cal scleral flap sutures inserted before performing 
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the sclerostomy (an example of pre-placed scleral 
flap sutures can be seen in Fig. 5.8) reduce the 
duration of hypotony once the eye is open. 
Furthermore, an AC maintainer provides a more 
realistic assessment of flap fluid dynamics and 
closure, than when relying on viscoelastic to 
maintain the chamber.

Site of Sclerostomy. In conventional trabecu-
lectomy, the sclerostomy is typically performed 
more anteriorly than in CTT where the deep 
scleral incision of the trabeculotomy is devel-
oped into a full-thickness sclerostomy. As this 
area is closer to CB and iris root, there is a 
greater risk of iris incarceration and hemorrhage. 
A modification to the technique is therefore to 
dissect the base of the superficial scleral flap fur-
ther anteriorly, where a sclerostomy can then be 
made independent of the trabeculotomy 
incision.

Scleral Flap Suturing in Young and 
Buphthalmic Eyes. In very small children and 
buphthalmic eyes, it may be advantageous at 
times to use nylon sutures mounted on a round- 
bodied instead of a spatulated needle and pass the 
needle through the scleral lamella rather than full 
thickness. The tracks left by a cutting needle may 
leak, especially if there is tension causing the 
track to gape, and tight sutures may cut through 
the soft collagen of young eyes. Multiple sutures 
may be required to achieve adequate closure, and 
if there is leakage from their tracks, these should 
be replaced.

Post-op Management
As the goal of these surgeries is maintenance of a 
functioning bleb, concomitant with a greater risk 
of hypotony than for trabeculotomy alone, closer 
postoperative surveillance is necessary.

a b

c d

Fig. 5.7 Filtering trabeculotomy. (a) Removing deep flap to create scleral lake. (b) Probing opening of Schlemm canal. 
(c) Rotating probe into AC. (d) Superficial scleral flap closure. (Courtesy of Franz Grehn, MD, PhD)
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Fig. 5.8 Combined trabeculotomy-trabeculectomy. (a) 
Deep scleral radial incision into Schlemm canal. (b) 
Inserting trabeculotome into Schlemm canal. (c) Rotating 
probe into AC (right trabeculotomy portion). (d) Inserting 
and rotating probe into AC in opposite direction (left tra-

beculotomy portion). (e) Dissecting full-thickness deep 
scleral block. (f) Scleral block excised to create scleros-
tomy (trabeculectomy portion). (g) Peripheral iridectomy. 
(h) Scleral flap closure. (Courtesy of Professor Nader 
Bayoumi, Alexandria University, Egypt)

a b
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Complications
The complications of the combined procedure 
are the same as for each component alone. These 
may be compounded by greater surgical time and 
tissue manipulation inherent in a more extensive 
procedure.

Outcomes
Although debated [53, 54], CTT has been 
reported to perform better when compared, 
albeit retrospectively or with convenience con-
trols, to either surgery performed alone. For 
example, studies from India [55] and China 
[16] report greater success rates for CTT than 
conventional (metal probe) trabeculotomy 
alone, while those from the Middle East [12, 
14, 15, 20] and Africa [56] show greater suc-
cess rates for CTT than trabeculectomy alone. 
It has been suggested that in these populations, 
it is the severity of disease, rather than choice 
of surgery, that accounts for the combined pro-
cedure performing better than its components 
performed separately. In other populations, 
single-surgeon series report good results on par 
with the other angle surgeries [57]. It has only 
been recently that the combined versus single 
surgery approaches have been tested against 
each other using a prospective randomized 

study design. Two studies, one comparing metal 
probe trabeculotomy to CTT [58] and the other 
circumferential trabeculotomy to CTT [48], 
found angle surgery alone as effective as CTT, 
at least in the short term. Longer-term studies 
report some “drift” over time with reduction in 
success rates with each year postoperatively 
[16, 39, 55, 59].

The majority of studies describing the out-
comes of trabeculotomy remain single-surgeon 
series, retrospective in design and vulnerable to 
multiple sources of bias [60]. Most studies 
address PCG though some cohorts include other 
childhood glaucomas such as JOAG, glaucoma 
associated with aniridia, Sturge-Weber syn-
drome, and glaucoma following cataract extrac-
tion. In general, for both trabeculotomy alone or 
when combined with trabeculectomy, outcomes 
are better in PCG than in the secondary 
glaucomas.

Options After Failed FTO and CCT
Manipulations of the trabeculectomy flap by nee-
dling or adjustment of flap sutures can resuscitate 
a failing or failed CTT as in trabeculectomy alone. 
Needling can also be used to convert a FTO into a 
full-thickness procedure by carefully advancing 
the needle through the trabecular- Descemet 

g h

Fig. 5.8 (continued)
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 membrane into the AC [24]. Alternatively, con-
verting a FTO to a trabeculectomy can more for-
mally be performed by re- opening conjunctiva, 
elevating the superficial scleral flap, advancing 
the scleral flap dissection anteriorly into the lim-
bal area, and performing a sclerostomy and 
peripheral iridectomy as described for CTT 
above. A failed primary CTT can also be followed 
with a second trabeculectomy with MMC at a 
separate site [61], if there is adequate quality tis-
sue and space beneath the upper lid. MMC can 
also be used when converting FTO to trabeculec-
tomy. Further alternatives for failed FTO and 
CCT include GDD or cyclophotocoagulation.

Future Developments
This is a rapidly changing field and an exciting 
time in pediatric glaucoma surgery. New tech-
nologies developed for adult glaucoma may in 
turn bring greater safety and surgical success in 
childhood glaucoma. Well-conducted studies 
using standardized disease classifications, out-
come measures, and pooled data resources will 
help improve the development and delivery of 
safe effective surgery in one of the most chal-
lenging specialties of medicine.
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Pediatric Trabeculectomy

Maria Papadopoulos and Peng Tee Khaw

 History

Trabeculectomy was first described by Cairns in 
1968 in an attempt to replace full-thickness scle-
rostomy with a safer “guarded sclerostomy” 
associated with fewer complications [1]. With 
time trabeculectomy was to become, and still 
remains, the reference standard for filtering sur-
gery worldwide. Following its introduction in 
adult glaucoma surgery, it was also adopted for 
use in children. Conventional techniques at the 
time such as Elliot trephining, iridencleisis, and 
cyclodialysis were associated with poor out-
comes for refractory cases and significant com-
plications in buphthalmic eyes, fuelling the 
search for alternative operations with better and 
safer outcomes [2, 3]. Furthermore, it gradually 
became evident that angle surgery even after 
multiple attempts was not always successful in 
primary congenital glaucoma (PCG), especially 

in older children [4], and even less so in second-
ary childhood glaucoma [5, 6].

Beauchamp and Park were the first in 1979 to 
publish trabeculectomy outcomes in children 
with advanced or refractory glaucoma. Most chil-
dren in the series had previous surgery before tra-
beculectomy, and around 30% of eyes were 
aphakic at the time of surgery. Successful out-
comes were low and complication rates high for 
which the authors cited numerous reasons, 
including “more rapid healing processes” [7]. 
Despite subsequent more encouraging reports of 
trabeculectomy in children without previous sur-
gery (primary trabeculectomy) [8–10], excessive 
scarring in the region of the scleral flap remained 
a barrier to success in many cases. In the adult 
glaucoma literature, evidence was mounting that 
adjunctive therapy such as topical steroids [11] 
and 5-fluorouracil (5FU) [12] could improve out-
comes by limiting the wound healing response 
and reducing fibrous tissue formation. However, 
the association of 5FU with complications such 
as corneal toxicity and the need for frequent post-
operative subconjunctival injections made its use 
in children impractical. In 1991, Miller and Rice 
demonstrated the use of intraoperative beta radia-
tion (750 cGy) to the surgical site improved trab-
eculectomy outcomes in children and was 
associated with diffuse elevated blebs with no 
increase in complications [13]. However, despite 
the simplicity of application, it never gained 
widespread use probably because of limited 
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access to the strontium90 probes. The introduction 
in the late 1990s of mitomycin C (MMC), a 
potent inhibitor of fibroblast function, which 
could be applied at varying potencies and 
required only intraoperative exposure, offered 
major advantages over 5FU as an adjunct to trab-
eculectomy surgery in children. Although MMC 
was generally thought to improve trabeculectomy 
success, its association with significant, poten-
tially blinding complications such as bleb-related 
infection led over the years to trabeculectomy 
falling out of favor in children and to alternative 
techniques to replace it, such as glaucoma drain-
age devices (GDD)  [14–16].

However, the limited surgical armamentarium 
for childhood glaucoma and the fact that trabecu-
lectomy was able to achieve lower mean intraoc-
ular pressure (IOP) and be less dependent on 
medication for IOP control than GDDs, led to a 
reevaluation of the technique in the late 1990s 
[17]. The resulting simple modifications to the 
surgical and antiscarring application technique 
have shown trabeculectomy in the twenty-first 
century to be associated with satisfactory out-
comes in appropriate cases in children of all ages 
and with reduced complications [18, 19]. This is 
of particular relevance and importance to the 
developing world, where often the need is great 
but access to GDDs limited.

 Indications and Contraindications

In PCG, the most common indication for trabecu-
lectomy is failed angle surgery [20]. However, it 
can be considered as first-line surgery by sur-
geons unfamiliar with angle surgery, if angle sur-
gery is not possible, or if the patient is unlikely to 
respond sufficiently to angle surgery (e.g., very 
early or late presentations). A further indication 
may be cases where very low target pressures are 
required (advanced optic disc damage or to 
improve corneal clarity) as the IOP can be poten-
tially titrated. In juvenile open-angle glaucoma 
(JOAG), trabeculectomy is usually the procedure 
of choice [21], although 360° trabeculotomy may 
be effective in selected cases. For most phakic 
secondary glaucomas, trabeculectomy can be 

considered first-line due to the lower success 
rates of angle surgery compared to PCG. Possible 
exceptions include uveitic glaucoma [22], con-
genital rubella [5], and infantile presentations of 
Sturge-Weber syndrome (SWS) [23] when angle 
surgery may be attempted first.

Trabeculectomy is contraindicated in glau-
coma secondary to malignant intraocular tumors 
to prevent the risk of tumor seeding. Relative 
contraindications to trabeculectomy surgery 
include aphakia or pseudophakia following con-
genital cataract surgery due to poor outcomes and 
Peters anomaly (moderate to severe forms) as it is 
our impression it’s associated with an increased 
risk of trabeculectomy failure. The presence of a 
cataract requiring imminent surgery or corneal 
pathology that may require transplantation in the 
near future is also a relative contraindication 
because of the high risk of failure after pediatric 
anterior segment surgery. And, the inability to 
regularly review children in the postoperative 
period to assess bleb function and inflammation 
may compromise success.

 Risk Factors for Failure

There are numerous risk factors for failure of tra-
beculectomy in children, which include age, 
severity of disease, previous surgery involving 
the conjunctiva, absence of a natural lens, and 
lack of cooperation with examination and with 
the administration of drops in the postoperative 
period.

Children have lower trabeculectomy success 
rates compared to adults [24]. It has been sug-
gested that a thicker Tenon capsule in children 
acting as an impediment to filtration and as a 
large reservoir of fibroblasts results in an 
enhanced inflammatory and healing response in 
pediatric eyes [7, 25]. Infancy, especially less 
than the age of 1  year [26–29], has often been 
cited as a risk factor for failure; however, contem-
porary trabeculectomy results in infants suggest 
satisfactory long-term outcomes [19].

Conjunctival scarring [13, 24, 29–31], a leg-
acy of previous surgeries, increases the risk of 
failure as does aphakia or pseudophakia  following 

M. Papadopoulos and P. T. Khaw



81

congenital cataract surgery [28, 32–34] and long-
term drop use particularly when associated with 
conjunctival redness and inflammation [13].

Glaucoma filtering surgery, such as trabecu-
lectomy, is unique in that the actual technique 
contributes only partially to success, with bleb 
management in the postoperative period being 
just as important. Failure tends to occur early in 
children, and so frequent postoperative examina-
tions to assess the bleb and the ability to perform 
postoperative manipulations, such as suture 
removal, are crucial to trabeculectomy success. 
Regular and sometimes intensive steroid topical 
therapy is also often required to avoid failure 
from excessive inflammation. However, both 
these factors can be challenging for clinicians 
and parents due to difficulties with cooperation in 
infants and young children. Examinations under 
anesthesia (EUA) may be required possibly on a 
repeated basis to adequately monitor IOP and 
bleb progress. Although there are concerns 
related to multiple general anesthetics in children 
affecting development, they should be considered 
within the context of the high risk of blindness 
from glaucoma inadequately assessed or man-
aged surgically.

 Advantages and Disadvantages

For advantages and disadvantages of trabeculec-
tomy with MMC, refer to Table 6.1 [20].

 Preoperative Considerations 
and Preparation

Once the decision is made that trabeculectomy is 
the best surgical option, it is vital to discuss the 
details of the surgery with the parents including 
likely success, the need for regular follow-up, 
and intensive postoperative drops along with the 
possibility of unplanned surgery should there be 
a complication. A “quiet eye” is necessary to 
maximize the chances of success, for example, in 
children with uveitic glaucoma who may need 
additional topical and/or systemic immunosup-
pression preoperatively.

Preoperatively it is important to also give con-
sideration to the MMC dose, which depends on 
multiple factors such as the type of glaucoma, age, 
race, inflammatory state of the eye, previous surgi-
cal history, corneal clarity, severity of optic nerve 
damage, and the state of the fellow eye. For exam-
ple, you are more likely to use a higher concentra-
tion of MMC if a combination of high-risk factors 
exists or if a low IOP is required to maximize cor-
neal clarity or to preserve a very damaged optic 
nerve’s function in advanced glaucoma.

The surgical instruments required are as per 
trabeculectomy for adult glaucoma surgery. 

Table 6.1 Advantages and disadvantages of trabeculec-
tomy with mitomycin C

Advantages •  Titration of postoperative IOP 
possible with corneal buried 
releasable sutures

•  Lower IOP achievable compared to 
GDD and therefore indicated if low 
IOP required, e.g., to clear hazy 
cornea

•  Less medication for IOP control 
compared to GDD

•  Fewer postoperative surgical 
revisions compared to GDD

•  No tube-related complications, 
e.g., corneal decompensation or 
tube retraction/exposure

•  May significantly clear cloudy 
corneas and avoid potential corneal 
surgery

•  Many surgeons worldwide have 
experience performing 
trabeculectomy

Disadvantages •  More invasive and higher 
complications than angle surgery

•  Need regular postoperative 
follow-up which may include 
examinations under anesthesia

•  Less likely to be successful if 
previous superior conjunctival 
surgery

•  Poor results in aphakic and 
pseudophakic patients even with 
MMC

•  Significant lifetime risk of 
endophthalmitis with thin, 
avascular bleb (more likely with 
small treatment areas of MMC and 
a limbal-based conjunctival flap)

Adapted from Papadopoulos et al. [20] with permission
IOP intraocular pressure, GDD glaucoma drainage 
device, MMC mitomycin C
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A small but adequate 500 μm sclerostomy can be 
created quickly with a Khaw Descemet mem-
brane punch 7–101 (Duckworth & Kent, UK) and 
can be considered. An anterior chamber (AC) 
maintainer is mandatory for all cases. For MMC 
treatment, Merocel corneal shields (Beaver 
Visitec, UK) or pieces of a wick sponge can be 
used. In infants, consideration should be given to 
treating the undersurface of the scleral flap with a 
tear film strip (Clement Clarke, UK) soaked in 
MMC (Table 6.2).

 Operation

 Intraoperative Preparation

Following general anesthesia induction, a sterile 
field is prepared.

 Surgical Technique

The aim of trabeculectomy surgery is to create a 
pathway for external drainage of aqueous from 
the AC to the subconjunctival space. Although 
there are many ways to successfully perform tra-
beculectomy surgery in children, contemporary 
trabeculectomy techniques have evolved with 
the aim of encouraging posterior aqueous flow 
and the development of diffuse drainage blebs to 
minimize complications while achieving satis-
factory outcomes (Fig. 6.1). One such technique 
is the Moorfields Safer Surgery System [35], 
which emphasizes posterior aqueous flow 
through a fornix-based conjunctival flap, a large 
area of treatment with antiscarring agents, and 
short scleral flap radial incisions which discour-
age direct flow near the limbus (Fig.  6.2). 
Titration of postoperative IOP is possible with 
releasable or adjustable sutures. Buphthalmic 
eyes are especially prone to hypotony, flat ante-
rior chambers, choroidal effusions, and supra-
choroidal hemorrhage due to low scleral rigidity 
if aqueous flow is not well controlled. The poten-
tial for these complications should never be 
underestimated. Measures to minimize hypotony 
are essential in trabeculectomy surgery espe-
cially in cases such as aniridia and (SWS). In 
cases of SWS, some surgeons have suggested 
prophylactic measures such as sclerotomies with 
glaucoma surgery [36] to prevent suprachoroidal 

Table 6.2 Suggested instruments, suture, and consum-
ables for pediatric trabeculectomy surgery

Instruments and knives
  Eye speculum (e.g., Khaw pediatric or standard 

glaucoma speculum)
  Needle holder
  Fine, notched/grooved forceps
  Tying forceps
  Westcott scissors
  Tooke knife
  Calipers
  15° Feather® blade
  Angled crescent blade
  Descemet membrane punch (e.g., Khaw small 

Descemet membrane punch 0.5 mm)
  Vannas scissors (straight or curved)
Sutures and consumables
  7/0 Mersilk for corneal traction suture
  10–0 Nylon on a spatulated needle
  23G needle on 3 ml syringe
  Anterior chamber maintainer (e.g., Lewicky)
  Bipolar diathermy
  Mitomycin C
  Merocel corneal shields
  Balanced salt solution
  20 ml syringe with 20G Rycroft cannula
  Sterile air
  Apraclonidine 0.5% (for hemostasis)
  ± Tear film strip
  ± Viscoelastic (e.g., Provisc or similar)

Fig. 6.1 Diffuse, elevated bleb using contemporary trab-
eculectomy surgery. (Courtesy of Maria Papadopoulos, 
MBBS, FRCOphth)
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effusion and hemorrhage, but others have ques-
tioned the need [37]. We feel that the use of an 
AC maintainer and secure closure techniques 
significantly reduce the rate of choroidal effu-
sions and the need for prophylactic sclerotomies 
in these cases.

 Moorfields Safer Surgery System

Adequate exposure of the superior fornix is nec-
essary and can be achieved with a 7/0 Mersilk 
(Ethicon, US) corneal traction suture (see 
Table 6.2). Apraclonidine 0.5% drops are applied 
to the superior conjunctiva before the conjuncti-
val incision to minimize intraoperative bleeding 
from the conjunctiva. We prefer this to adrenaline 
as it produces better blanching and less pupil 
dilatation. A superior fornix-based conjunctival 
flap is created by incising the conjunctiva and 
accessing the Tenon layer at the limbus with fine, 
notched forceps and Westcott scissors. The perit-
omy is extended to allow adequate access to the 
superior sclera to fashion the scleral flap. This is 
followed by posterior blunt dissection of the sub-
conjunctival space, around 8 mm from the lim-
bus, to create a space for antiscarring treatment. 
Any bleeding vessels are cauterized before a 
wide area of approximately 3 clock hours is 
treated with MMC-soaked Merocel corneal 
shields (Beaver Visitec, UK) (Fig. 6.3). In infants 
MMC treatment occurs after the scleral flap is 

fashioned so that the undersurface of the scleral 
flap can also be treated with a tear film strip 
(Clement Clarke, UK) cut to size and soaked in 
MMC. MMC is applied at concentrations varying 
between 0.2 and 0.5 mg/ml for 3 min before irri-
gation with 20 ml of balanced salt solution.

Diathermy is applied to blanch the area of 
incision, and loose episcleral tissue is cleared 
with a Tooke knife. At the 12 o’clock position, 
a 15° Feather® blade (PFM Medical, UK) is 
used to create a 5 mm partial thickness tangen-
tial incision which forms the posterior edge of 
the flap about 4 mm from the limbus. A rectan-
gular (5 mm × 4 mm), lamellar scleral tunnel is 
then fashioned with an angled crescent blade 
beginning at the posterior incision and advanc-
ing anteriorly to the superficial limbus for the 
width of the initial incision with care not to 
enter the AC (Fig.  6.4). In infants with buph-
thalmic eyes, the wide limbus mandates the 
correct positioning of the scleral flap. The pos-
terior edge of the flap should not be at the edge 
of the limbus but within more robust sclera to 
minimize cheesewiring of sutures. The sides of 
the scleral tunnel are then opened toward the 
limbus with the Feather® blade to create the 
scleral flap. Due to the elastic nature of sclera 
in children, these radial cuts should be short to 
enable tight closure without the need to suture 
the radial edge of the flap and to also encourage 
posterior aqueous flow and a diffuse bleb 
(Fig. 6.5).

AC maintainer

Short radial cuts
Small sclerostomy

Fixed sutures

Posteriorly
directed flow

Large antimetabolite
treatment area

Releasable sutures

Fig. 6.2 Moorfields Safer Surgery System: a contempo-
rary pediatric trabeculectomy technique for infants and 
children. (Courtesy of Peng Tee Khaw, PhD, FRCP, 
FRCS, FRCOphth, FRCPath, CBiol and Maria 
Papadopoulos, MBBS, FRCOphth)

Fig. 6.3 Large treatment area with mitomycin C-soaked 
Merocel corneal shields. (Courtesy of Maria 
Papadopoulos, MBBS, FRCOphth)
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A 10-0 nylon (Alcon, UK) is used to preplace 
intralamellar scleral sutures, with a fixed suture 
at each corner and two releasable sutures at the 
posterior edge of the scleral flap (Fig. 6.6). We 
avoid passing the needle full thickness through 
the sclera to avoid aqueous seepage around the 
needle track. Releasable sutures are preferable as 
they can be loosened or removed while under 
EUA in infants and young children and on the slit 
lamp in older children. The releasable loop is 
buried in a corneal slit parallel to the limbus, so it 
can be left indefinitely without the risk of infec-
tion. Preplacement of the sutures with a formed 
globe is easier than after the sclerostomy, and it 
also reduces the duration of intraoperative 

 hypotony after the sclerostomy and peripheral 
iridectomy have been performed. The paracente-
sis for the AC maintainer (Lewicky, Beaver 
Visitec, UK) is then created with a Feather® 
blade and 21G green needle and the AC main-
tainer inserted in the AC.  An AC maintainer is 
used in all cases to rapidly reform the AC, 
 maintain the IOP intraoperatively, minimize 
intraoperative hypotony- related complications 
(choroidal effusions, suprachoroidal hemorrhage, 
vitreous prolapse with peripheral iridectomy), 
and facilitate the accurate judgment of flow 
through the scleral flap to ensure adequate flap 
closure.

The AC is entered at the anterior edge of the 
scleral bed, and a 500 μm sclerostomy is cre-
ated with a Khaw Descemet membrane punch 
7-101 (Duckworth & Kent, UK) followed by a 
surgical iridectomy. The scleral flap is then 
sutured closed by tying the preplaced releas-
ables first (four throws), followed by the fixed 
sutures in infants and children. The AC main-
tainer must be temporally turned off to soften 
the eye when tightening the sutures to prevent 
them from tearing the scleral flap. Further 
sutures are placed in the scleral flap as required 
with the aim of achieving minimal or slow 
aqueous flow through the flap at the end of pro-
cedure, e.g., gradual hydration of a sponge 
swab. A tenonectomy is not performed to mini-
mize the theoretical risk of a thin bleb develop-
ing. The removal of the AC maintainer 

a b

Fig. 6.5 Short radial cuts to encourage posterior aqueous flow and a diffuse bleb. (Courtesy of Maria Papadopoulos, 
MBBS, FRCOphth)

Fig. 6.4 Lamellar scleral tunnel fashioned with an angled 
crescent blade. (Courtesy of Maria Papadopoulos, MBBS, 
FRCOphth)
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with  suturing of the paracentesis (required in 
buphthalmic eyes, unlike adults) is followed by 
 conjunctival closure with 10-0 nylon sutures, 
all the while intermittently judging the depth of 
the AC and IOP. Purse-string sutures are used at 
the edges of the peritomy with either horizontal 
mattress sutures along the limbus (Fig. 6.7) or 
corneal buried, conjunctival sutures. Nylon 
suture ends are trimmed short to disappear in 
the corneal slit with corneal conjunctival clo-
sure, or cut short and covered well by a con-
junctival frill with horizontal mattress suture 
closure along the limbus. This is to avoid dis-
comfort and excessive eye rubbing which may 
lead to conjunctival wound dehiscence.

Viscoelastic (usually Provisc®, Alcon, UK) 
and air are occasionally left in the AC if the 
scleral flap cannot be secured by multiple sutures. 
Subconjunctival injections of steroid (betametha-
sone), antibiotic (cefuroxime), and often local 
anesthetic (Marcaine) to minimize postoperative 
pain and possibly reduce scarring by suppression 
of fibroblast activity are given at the end of the 
case. All eyes are patched overnight (Table 6.3) 
[20] (Video 6.1).

 Antiscarring Agents

The main cause of filtration ceasing and trabecu-
lectomy failure is fibrous tissue formation in the 
region of the scleral flap, which necessitates the 
use of an antiscarring agent in children. This is 
usually MMC due to its greater antiproliferative 
potency than 5FU and the need for only intraop-
erative exposure. In a small prospective series of 
12 eyes of primary and secondary childhood 
glaucoma comparing the use of MMC (0.2 mg/
ml, 88%) and perioperative 5FU to perioperative 
5FU alone (maximum 6 injections), 7/8 eyes of 
the MMC and 5FU group were controlled off 
medications as opposed to 0/4 eyes in the 5FU 
group alone [38].

The greatest advance in MMC therapy has 
been the understanding that a wider application 
of MMC treatment is more likely to be associated 
with a diffuse elevated bleb as opposed to a focal 
avascular bleb and therefore associated with a 
significantly reduced risk of complications such 
as bleb-related infection [18, 19, 39] (Fig. 6.8). 
However, we suggest adjunctive MMC for those 
experienced in its use. The most appropriate 
MMC application method (i.e., whether to also 
treat under the scleral flap), concentration, and 
duration of exposure for children are unclear 
from the literature. The MMC dose is usually 
determined by the number of risk factors for 
 scarring and the surgeon’s familiarity with spe-
cific concentrations, but most surgeons use 
between 0.2 and 0.5  mg/ml. The duration of 
MMC exposure is best kept constant, and only 
the dose varied to establish consistency of use, 
with our preference being for 3  min [40]. An 

Fig. 6.6 Two fixed 10-0 nylon sutures at the edge of flap 
and two releasables with four throws at posterior edge of 
flap allowing minimal flow. (Courtesy of Maria 
Papadopoulos, MBBS, FRCOphth)

Fig. 6.7 Horizontal mattress suture for conjunctival clo-
sure. (Courtesy of Maria Papadopoulos, MBBS, 
FRCOphth)
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Table 6.3 Pediatric trabeculectomy technique aimed at encouraging posterior flow and formation of diffuse bleb: 
important surgical points

Surgical steps Surgical points/rationale
Corneal traction suture
(7/0 Mersilk)

Allows adequate exposure
Avoids hemorrhage from superior rectus muscle suture

Fornix-based conjunctival flap Less likely to form a scar limiting posterior flow
Allows better visualization of limbal anatomy

Wet field cautery Hemostasis
Avoids scleral shrinkage (important in thin sclera)

Antiscarring agents Diffuse, large treatment to minimize risk of a focal, avascular bleb
Scleral flap Consider fashioning scleral flap first before antiscarring treatment in infants to 

enable treatment under scleral flap
Large scleral flap (4 × 5 mm) and as thick as possible
  Sutures less likely to cheesewire
  Greater resistance to aqueous outflow
Posterior edge must be well beyond limbus to prevent cheesewiring of flap
Dissection forward into cornea avoids iris, ciliary body, and vitreous incarceration
Short radial cuts enough to allow reflection of scleral flap for the sclerostomy
  Greater the scleral elasticity (incision gap) the shorter the radial cuts
  Directs aqueous flow posteriorly to prevent cystic blebs

Preplaced scleral flap sutures 
before sclerostomy

Easier to place with formed globe
Reduces duration of intraoperative hypotony after sclerostomy and PI performed
Releasable sutures through posterior edge of scleral flap and fixed sutures at 
corners if scleral flap gapes, e.g., in infants
Releasable loop buried in cornea so suture can be left indefinitely without risk of 
infection
Can be adjusted or removed under anesthetic or slit lamp without laser

Paracentesis for anterior 
chamber (AC) maintainer

Oblique, peripheral, long tunnel with a 21G needle minimizes risk of inadvertent 
lens damage, avoids wound leak, and stabilizes infusion cannula
Allows maintenance of intraoperative IOP preventing hypotony and potential 
choroidal effusions, suprachoroidal hemorrhage, and vitreous prolapse with PI
Allows AC reformation
Must turn off temporarily when tying scleral flap sutures tight to prevent 
cheesewiring
Used to gauge flow through sclera flap and ensure adequate flap closure

Sclerostomy Small sclerostomy punch (500 μm diameter) allows increased control of aqueous 
outflow both intra- and postoperatively and is quick to perform
As anterior as possible prevents iris, ciliary body, and vitreous incarceration

Scleral flap closure Tight closure vital with antiscarring agent use
Add additional sutures as required to reduce flow

Fornix-based conjunctival 
closure

10–0 Nylon retains tension longer than dissolvable sutures with minimal 
inflammation
Purse-string sutures at peritomy edges
Corneal buried, conjunctival suture closure, or limbal horizontal mattress sutures

Prevention of postop 
hypotony

Appropriate concentration of MMC
Short radial cuts direct flow posteriorly and minimizes anterior flow from scleral 
flap sides
Tight scleral flap sutures with option to adjust or release at later stage
Watertight conjunctival closure
Suture paracentesis
May leave viscoelastic in AC if high flow rate through scleral flap despite 
maximal suturing or if ciliary body shut down anticipated (uveitic cases)

Adapted from Papadopoulos et al. [20], with permission
IOP intraocular pressure, AC anterior chamber, PI peripheral iridotomy, MMC mitomycin C
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approach when using MMC in infants following 
failed angle surgery is to use a low dose, e.g., 
0.2  mg/ml, at the time of surgery which mini-
mizes the risk and duration of early complica-
tions such as hypotony but then to “top up” with 
subconjunctival 5FU injections at the time of 
postoperative EUA, as indicated [19].

 Potential Modifications

Trabeculectomy can be combined with trabecu-
lotomy to theoretically provide two major out-
flow pathways and potentially better results than 
either operation performed alone, but there are no 
prospective comparisons of all three operations. 
Combined trabeculotomy-trabeculectomy (CTT) 
is advocated in some ethnic populations due to its 
higher incidence of successful IOP control retro-
spectively compared to these operations per-
formed separately, for example, from the Middle 
East [41–43]. However, Dietlein et al. in a retro-
spective study comparing trabeculotomy, trabec-
ulectomy, and CTT without antiscarring agents in 
PCG patients (Caucasian 71%, Turkish and 
Arabian 29%) demonstrated no statistical differ-
ence in success between the three operations 
after a median follow-up of 3  years [31]. The 
authors argued that success was determined more 
by the severity of the disease rather than the 

 procedure. Conversely, Lawrence and Netland in 
a retrospective review of trabeculectomy versus 
CTT both with MMC (0.25 mg/ml, same average 
exposure time) in 40 eyes (mostly Caucasian and 
African-American) reported a lower success rate 
in the trabeculectomy group (70.6% versus 
91.3%) at the last follow-up. Mean IOP was the 
same for both groups. Success was defined as 
IOP control (6–21 mm Hg) with or without glau-
coma medications and without further glaucoma 
surgery or loss of light perception. However, 
there were significant differences between the 
two groups with regard to age (trabeculectomy 
group was older, 100 months versus 19 months), 
lens status (more aphakic/pseudophakic children 
in the trabeculectomy group), number of preop-
erative medications (higher in the trabeculectomy 
group), casemix (more PCG and anterior seg-
ment dysgenesis in the CTT group), and follow-
 up (longer for CTT group). Chronic hypotony 
was the cause of three of the five failures in the 
trabeculectomy group and one of the two in the 
CTT group [44].

With regard to CTT technique, once the tra-
beculotomy is performed, a block of sclera is 
removed at the limbus by scissors or punch by 
extending the initial Schlemm canal incision. As a 
result the sclerostomy is placed more posteriorly 
than is usual for trabeculectomy, which increases 
the likelihood of the iris incarceration. This can be 
avoided by making a separate more anterior inci-
sion under the hinge of the scleral flap for the 
sclerostomy. CTT is described in more detail in 
Chapter 5, Angle Surgery: Trabeculotomy.

 Postoperative Management

Postoperatively, children receive intensive ste-
roid drops (dexamethasone 0.1%) every 2–3  h 
and ointment at night (e.g., betamethasone oint-
ment). Topical steroids are gradually weaned 
over 3–4  months or sooner as dictated by the 
degree of conjunctival inflammation and the 
IOP.  Antibiotic drops (e.g., chloramphenicol) 

Fig. 6.8 Elevated, diffuse bleb following Moorfields 
Safer Surgery System trabeculectomy with a large treat-
ment area of mitomycin C
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four times a day are usually stopped once exposed 
sutures are removed. Cycloplegics are not rou-
tinely administered but necessary when the AC is 
significantly shallow and/or choroidal effusions 
are present. A plastic shield over the operated eye 
at night time for the first month after surgery is 
advised.

An important consideration in the planning of 
a trabeculectomy in children concerns postopera-
tive management. Failure tends to occur early in 
children, and so frequent monitoring in the early 
postoperative period is vital. Children should be 
examined the first postoperative day followed in 
cooperative older children and teenagers by 
weekly monitoring for the first month, as with 
adults, to examine for the presence of a bleb and 
the degree of bleb inflammation. Subsequent out-
patient visits occur at greater intervals depending 
on bleb appearance and IOP control (Fig. 6.9). In 
infants, at least one EUA is often needed within 
the first month after surgery, preferably within 
the first 2  weeks. Jayaram et  al. reported close 
postoperative monitoring of infants with EUAs at 
1 week, 3 weeks, and 6 weeks following trabecu-
lectomy surgery and average duration of postop-
erative topical steroids of around 3  months 
achieved satisfactory long-term outcomes off 
medications [19]. While under anesthesia, sutures 

can be loosened or removed, and subconjunctival 
5FU  (0.2–.3 ml of 5FU 50 mg/ml), steroids such 
as betamethasone, and local anesthetic can be 
injected adjacent to the bleb depending on the 
characteristics of the bleb and the degree of bleb 
inflammation. Monitoring for complications in 
the postoperative period is also important, and 
B-scan can be useful in uncooperative children to 
exclude choroidal effusions.

 Complications

There are a many challenges to successful trab-
eculectomy surgery. These relate not only to sur-
gical technique but also to anatomical factors of a 
buphthalmic eye, which must be respected to 
minimize complications. The potential for com-
plications in children after trabeculectomy, espe-
cially with MMC, cannot be overstated. 
Trabeculectomy surgery in young children has 
been associated with significant surgical compli-
cations including early hypotony, flat anterior 
chambers, choroidal effusions, and suprachoroi-
dal hemorrhage along with retinal detachments 
and phthisis [14, 26, 32]. Thin avascular, cystic 
blebs, which use to be common [26, 28], predis-
pose to late complications of bleb-related infec-
tion such as endophthalmitis and chronic bleb 
leaks [14, 28, 32]. However, with contemporary 
pediatric trabeculectomy techniques, most of 
these are now avoidable and have significantly 
decreased [18, 19, 45]. The most common com-
plications associated with trabeculectomy are 
discussed, along with management and preven-
tion. It is worth emphasizing the point that the 
best way to manage complications is to avoid 
them.

 Hypotony

Hypotony is a potentially major sight-threatening 
complication of surgery due to the risk of supra-
choroidal hemorrhage in buphthalmic eyes which 
can occur intra- or postoperatively. The risk is 
significantly higher in buphthalmic versus nor-
mal adult eyes, so careful attention to surgical 

Fig. 6.9 A diffuse bleb with minimal inflammation 
2  months post-trabeculectomy surgery. (Courtesy of 
Maria Papadopoulos, MBBS, FRCOphth)
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technique is critical to avoid this potentially dev-
astating complication. In addition to hemorrhage, 
hypotony can also result in a shallow or flat AC, 
which in phakic patients may precipitate or has-
ten cataract formation. Furthermore, lens- 
endothelial corneal touch can lead to endothelial 
decompensation and ultimately to corneal fail-
ure. Hypotony maculopathy and choroidal effu-
sions can also develop.

Children with glaucoma are at high risk of 
hypotony with trabeculectomy surgery for many 
anatomical reasons. The thin sclera of buphthal-
mic eyes and the reduced scleral rigidity of pedi-
atric eyes result in a tendency for the eye to 
collapse at low pressures. A sufficiently thick 
scleral flap is vital for the adequate closure of the 
flap to avoid hypotony and to prevent sutures 
cheesewiring the flap causing full-thickness holes 
and leaks. However, it is made challenging by the 
scleral thinness of buphthalmic eyes. Elastic 
sclera tends to gape when incised requiring 
increased suture tension to close the incision. 
Furthermore, if the sclera is very thin, other 
modalities such as GDD surgery might be more 
appropriate.

Children with SWS who have choroidal hem-
angiomas are especially prone to large serous 
choroidal effusions, even at relatively normal 
IOP, and also to suprachoroidal hemorrhage in 
the early postoperative period. In light of this, it 
could be argued that an alternative operation to 
trabeculectomy such as GDD (with the use of an 
AC maintainer, a tight tunnel with a 25 gauge 
needle, both an extraluminal ligature (6-0 Vicryl) 
and an intraluminal stent (3-0 Supramid) to 
restrict flow with a Baerveldt implant) should be 
considered in SWS patients with choroidal hem-
angiomas. Postoperative hypotony with this tech-
nique may be less likely compared to 
trabeculectomy in which early postoperative IOP 
may be less predictable despite efforts to avoid 
low IOP. Uveitic patients also carry an increased 
risk of hypotony and its consequences thought to 
be due to ciliary body shutdown from surgically 
induced inflammation, so inflammation must be 
suppressed pre- and postoperatively with topical 
and if necessary systemic immunosuppression. 
Children with aniridia are particularly vulnerable 

to lens-endothelial touch due to an absent iris to 
separate an anteriorly displaced lens and the cor-
nea, and so hypotony should be avoided at all 
costs.

Early hypotony following trabeculectomy is 
potentially common and has been reported in 
almost 50% of cases [28]. However, more recent 
literature suggests a lower incidence of around 
10% [19]. Choroidal effusions and flat anterior 
chambers associated with early hypotony follow-
ing trabeculectomy surgery have been reported at 
a rate of 22% [32] and 10% [26], respectively, in 
the past. With recent modifications to the trabec-
ulectomy technique, these complications have 
been significantly reduced to a choroidal effusion 
rate of 10% and no cases of flat anterior cham-
bers [19]. Chronic hypotony associated with tra-
beculectomy can also occur but is much less 
common and has been reported at a rate of 0–8% 
[14, 15, 19].

The management of hypotony depends on the 
degree of hypotony and is targeted toward its 
cause. Buphthalmic eyes with significant hypot-
ony should not be managed conservatively by 
observation for very long due to the real risk of 
suprachoroidal hemorrhage. Following trabecu-
lectomy, early hypotony is often due to overfiltra-
tion rather than a limbal bleb leak with 
fornix-based conjunctival flaps, which is uncom-
mon due to the new closure techniques. If the 
IOP is low but the AC is reasonably formed and 
there are no choroidal effusions, the patient can 
be observed with the frequency of topical ste-
roids reduced to encourage healing and a cyclo-
plegic, e.g., atropine, added. However, if the AC 
is very shallow or flat and/or there are significant 
choroidal effusions, it is appropriate to consider 
injecting viscoelastic into the AC with a reduc-
tion in the frequency of topical steroids, or fur-
ther surgery if the cause is excessive filtration 
through the scleral flap which can be resolved 
with the addition of further sutures. Dealing with 
the consequences of hypotony alone such as 
drainage of choroidal effusions should be avoided 
as these resolve once the cause of hypotony is 
addressed and the IOP rises.

To prevent hypotony and suprachoroidal hem-
orrhage during surgery, the use of an AC  maintainer 
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is advised. Furthermore, incisions such as para-
centesis should be adequately sutured as they may 
not remain watertight with stromal hydration as 
they do in adults, due to reduced pediatric corneal 
rigidity. Postoperative hypotony following trabec-
ulectomy can be minimized by using an appropri-
ate concentration of MMC at the time of surgery to 
minimize prolonged early hypotony, fashioning as 
thick a scleral flap as possible with short radial 
cuts to minimize leakage through the scleral flap 
sides, tight scleral flap lamellar sutures to avoid 
cheesewiring and watertight conjunctival closure. 
Occasionally the use of a small amount of cohe-
sive viscoelastic can help maintain the AC and the 
IOP in the first 24–48 h after surgery if the flap 
allows slightly too much flow despite maximal 
suturing.

 Bleb-Related Infection

Infection can develop in a bleb usually as a late 
complication of trabeculectomy surgery and is 
very serious as it is potentially rapidly blinding. 
Bleb-related infection (BRI) refers to a spectrum 
of disease severity ranging from infection limited 
to the bleb (blebitis) to fulminant endophthalmi-
tis (bleb-related endophthalmitis). Blebitis is 
generally regarded as an isolated bleb infection 
without clinically apparent vitreous involvement, 
whereas bleb-related endophthalmitis (BRE) is 
generally regarded as extension of the infection 
into the eye (in which case a vitreous biopsy and 
intraocular antibiotics are indicated) [46]. BRI 
can occur following any filtration surgery in 
which there is a bleb such as trabeculectomy 
and  combined trabeculotomy-trabeculectomy. 
Studies from the adult literature report a more 
virulent spectrum of organisms responsible for 
BRI such as Streptococcus species, Haemophilus 
influenzae, and Pseudomonas aeruginosa [46, 
47] than those causing acute post-cataract surgi-
cal endophthalmitis which are usually gram- 
positive organisms introduced at the time of 
surgery. In the pediatric literature, the pathogens 
are often not reported. When they are reported, 
the organisms are consistent with those found in 
adults [28]. Generally, visual acuity outcomes in 

BRE are worse than in acute onset endophthalmi-
tis after cataract surgery, but most cases of blebi-
tis achieve vision back to or within one line of 
preinfection visual acuity [14, 47].

Numerous risk factors for BRI exist but by far 
the most important relates to bleb morphology, 
that is, an avascular, thin-walled, cystic bleb 
which results in compromised physical and 
immunological defenses against organisms 
(Fig.  6.10). The use of MMC has long been 
thought to cause thin avascular blebs, and 
although it may play a role, these types of blebs 
have been associated with glaucoma surgery well 
before the introduction of antiscarring agents 
[48]. Recent publications suggest that the devel-
opment of these blebs is more likely related to 
application and surgical technique rather than the 
use of MMC per se [18, 19, 39]. Other risk fac-
tors for infection include chronic bleb leak [14, 
49], interpalpebral or inferior placement of the 
trabeculectomy [50], contact lens use [51, 52], 
and bacterial conjunctivitis [52, 53].

BRI is believed to occur more frequently in 
children compared to adults due to poor hygiene 
[54] with rates varying from none up to 17% in a 
study with a mean follow-up period of 28 months 
[14, 32]. Bleb-related endophthalmitis has been 
reported in up to 9% of pediatric MMC trabecu-
lectomies [14, 32].

BRI is usually symptomatic and may present 
with foreign body sensation, photophobia, 
blurred vision, pain, conjunctival inflammation, 
or purulent discharge. A prodrome of a few days 

Fig. 6.10 An “at-risk” bleb: thin, avascular, cystic bleb at 
risk of infection. (Courtesy of Maria Papadopoulos, 
MBBS, FRCOphth)
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is characteristic of blebitis, whereas sudden onset 
and rapid progression suggests endophthalmitis. 
Children who present with a short prodrome of 
24–48 h should be closely observed for progres-
sion of signs. In early blebitis there is intense 
conjunctival inflammation limited to the area 
immediately around the bleb, which helps distin-
guish it from generalized conjunctivitis, and this 
relative disparity alerts the clinician to the bleb as 
the source of the symptoms. The thin, cystic, 
avascular bleb is white against the hyperemic 
surrounding conjunctiva and is known as the 
“white-on-red” appearance (Fig. 6.11). This can 
progress to a mucopurulent infiltrate of the bleb 
and a purulent discharge. A thin slit lamp beam 
through the bleb may show a hypopyon within it. 
There may be an associated bleb leak. AC activity 
is variable and vitritis may be present indicating 
endophthalmitis. A B-scan is indicated if the 
presence of vitritis cannot be clinically assessed. 
Typically ultrasound shows low- to medium- 
density vitreal echoes with endophthalmitis. 
Conjunctival and eyelid cultures from BRE have 
been found to correlate poorly with intraocular 
cultures [47, 52].

BRI should be treated early and aggressively 
to maximize visual function as long-term visual 
prognosis depends on the extent of the infection, 
the virulence of the organism, and the timing of 
therapy. Blebitis, being a precursor of endo-
phthalmitis, is more effectively treated at an ear-

lier stage resulting in a better prognosis [46, 53]. 
Acute management is determined by the stage of 
disease, whether it is blebitis or endophthalmitis. 
There are no randomized, controlled trials which 
have established the optimum antibiotic regimen 
for the treatment of BRI. However, topical and 
systemic broad-spectrum antibiotics are indi-
cated to cover the diverse spectrum of pathogens 
which may be responsible. The quinolones have 
a good broad-spectrum cover for gram-positive 
and gram-negative organisms. The 4th- 
generation quinolones (e.g., moxifloxacin, gati-
floxacin, and besifloxacin) have better 
gram-positive coverage including significant 
activity against Strep. pneumoniae and 
Staphylococcus species resistant to 2nd- and 
3rd-generation quinolones. Systemic moxifloxa-
cin is usually avoided in children because of the 
theoretical risk of arthropathy in weight-bearing 
joints, but ciprofloxacin and amoxicillin/clavu-
lanic acid can be considered instead. 
Consideration should be given to the addition of 
polymyxin B for multidrug-resistant bacteria 
and gram-negative bacteria and vancomycin for 
methicillin-resistant Staphylococcus aureus 
(MRSA). Later the antibiotic regimen can be 
refined according to the child’s response to treat-
ment and to the culture and sensitivity results. 
Children with BRI require frequent topical anti-
biotics (e.g., moxifloxacin hourly day and night). 
Cases of blebitis should be reevaluated within 
4–6 h to check for signs of progression such as 
increasing symptoms, deterioration of vision, 
and/or cellular activity in the aqueous or vitre-
ous. Hospital admission should be considered 
for clinical or social reasons when there are con-
cerns that adequate treatment cannot be adminis-
tered at home. BRE must also be treated with 
intravitreal antibiotics once aqueous and vitre-
ous samples have been taken.

The value of intravitreal steroids in the treat-
ment of BRE has also not been established 
although it may be associated with better visual 
outcomes [55]. The rationale is that the inflam-
matory response compounds the tissue destruc-
tion caused by the inciting infection. Topical 
steroids are recommended (e.g., dexamethasone 
0.1%).

Fig. 6.11 “White-on-red” bleb appearance associated 
with bleb-related infection. (Courtesy of Maria 
Papadopoulos, MBBS, FRCOphth)

6 Pediatric Trabeculectomy



92

Clear guidelines for the role of vitrectomy 
versus vitreous tap and intravitreal antibiotics 
alone in BRE are lacking. In theory, vitrectomy 
decreases the bacterial load and associated tox-
ins, helping to preserve retinal function. It is 
advisable to consider a vitrectomy if there is sig-
nificant vitreous involvement or in culture- 
positive patients showing no improvement after 
vitreous tap and injection. Furthermore, in chil-
dren, vitrectomy may be the best way to obtain a 
satisfactory sample for culture and diagnostic 
purposes.

Late management of an episode of BRI usu-
ally involves a decision about whether surgical 
intervention is indicated to minimize the risk of 
further infection. Bleb filtration function is usu-
ally maintained after infection and often not an 
issue [14, 32]. Multiple factors must be consid-
ered such as a bleb which extends into the inter-
palpebral fissure, poor contralateral vision, poor 
hygiene, persistent bleb leak, ability of the patient 
to follow advice and act on the symptoms or 
signs of infection, and the accessibility to oph-
thalmic care. This last factor would definitely 
lower the threshold for surgical intervention. 
Bleb revision involving bleb excision and con-
junctival advancement is the most definitive 
treatment. However, this alone will not prevent 
recurrence of a thin avascular bleb if scleral thin-
ning or a full-thickness sclerostomy is evident at 
the time of the revision and is not also addressed 
with a simultaneous patch graft. Revising the 
bleb may lead to loss of IOP control. Bleb revi-
sion should be delayed until the infection has 
completely resolved which may be several weeks 
or months after the acute episode.

With regard to the prevention of infection of 
an “at-risk” bleb, the role of prophylactic antibi-
otics is controversial and has not been proven to 
decrease the incidence of infection. However, it 
may be appropriate in children with “at-risk” 
blebs who may be unable to reach an ophthal-
mologist urgently for assessment and treatment 
(e.g., while on vacation) to be given a broad- 
spectrum antibiotic to use if symptoms develop, 
until they can reach an ophthalmologist. If an 
avascular cystic bleb develops after surgery, par-
ents should be informed about the risk and seri-

ousness of bleb-related infection. They should be 
advised to report immediately to an ophthalmolo-
gist should symptoms or signs of bleb-related 
infection occur such as localized conjunctival 
injection, increasing pain, or an AC hypopyon. 
Children with filtering blebs, especially those 
which are “at risk,” experiencing bacterial con-
junctivitis should be treated with a topical bacte-
ricidal antibiotic and closely observed during and 
after treatment for the development of intraocular 
inflammation. Furthermore, a history of prior 
bleb infection should prompt even greater vigi-
lance as this has been calculated to increase the 
risk of developing endophthalmitis approxi-
mately 12-fold [52].

The prevention of a “bleb at risk” is vital as it 
puts the child at a lifetime risk of infection and 
potential blindness. Wells et al., in a retrospective 
comparative study undertaken in children and 
young adults, demonstrated a significant reduc-
tion in the incidence of a thin avascular bleb and 
serious bleb-related complications with modifi-
cations such as a large area of antiscarring treat-
ment, fornix-based conjunctival flap, and 
fashioning a scleral flap which encourages poste-
rior flow [18]. Furthermore, antiscarring agents 
should be cautiously and appropriately selected 
according to the patient’s risk factors for failure. 
Inferiorly placed blebs should be avoided, as 
should blebs with nasal and temporal extensions 
within the interpalpebral fissure. Releasable 
sutures should always be buried and antibiotics 
used when sutures are exposed.

 Chronic Bleb Leak

Chronic bleb leaks tend to occur late in thin, 
avascular blebs which are fragile and easily trau-
matized especially by children, and may be inter-
mittent. A leak should always be excluded in 
such blebs with fluorescein 2%. Reported rates of 
late bleb leaks from older pediatric trabeculec-
tomy literature range from 3 to 23% [14, 28, 32]. 
However, in recent studies using contemporary 
surgical techniques when performing MMC trab-
eculectomies in children, there were no early or 
late bleb leaks [19, 45].
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Chronic, late leaks are usually refractory to 
conservative measures such as a bandage contact 
lens due to poor tissue integrity. Often surgical 
revision is necessary with excision of the 
unhealthy conjunctival tissue and advancement 
of healthy conjunctiva with well-vascularized 
edges. To prevent the recurrence of a thin, avas-
cular, cystic bleb, any scleral defects must be 
addressed with a patch graft. Repairing the bleb 
leak may lead to loss of IOP control.

The prevention of chronic bleb leaks is best 
achieved with contemporary pediatric trabecu-
lectomy techniques which minimize the risk of a 
thin, avascular bleb developing as discussed 
above (see Fig. 6.2).

 Outcomes

Criteria for success in published papers on trab-
eculectomy are largely based on IOP control 
either with (qualified success) or without (com-
plete success) topical medications along with the 
absence of serious complications. Published 
studies of trabeculectomy for childhood glau-
coma are all retrospective which makes compari-
son difficult as success is influenced potentially 
by a number of factors such as definition of suc-
cess, patient’s age and race, previous surgery, 
surgical technique, dose and duration of MMC, 
use of 5FU postoperatively, casemix (primary 
and secondary glaucomas), inclusion of non- 
phakic patients, and duration of follow-up. This 
makes the answering of questions regarding who 
are the best candidates for trabeculectomy and 
which is the most appropriate MMC dose or 
duration difficult to answer.

Early results of unenhanced trabeculectomy 
by Beauchamp and Parks in 25 eyes (44% PCG, 
32% aphakic) were poor with only 50% success 
after a mean overall follow-up of 18 months and 
with a 20% complication rate. However, only 3 of 
the 25 eyes had a primary trabeculectomy (i.e., 
first operation on a virgin eye) [7]. Subsequent 
authors reported even lower success rates of 35% 
for trabeculectomy in childhood glaucoma after 
longer follow-up of around 3–5  years [24, 29]. 
These poor results were speculated to be due to 

multiple previous ocular surgery and age. In light 
of these findings, surgeons considered perform-
ing primary trabeculectomy. Fulcher et  al. 
reported their findings in 20 Caucasian eyes (65% 
PCG) with primary, unenhanced trabeculectomy 
with a success rate (IOP of ≤ 18 mm Hg and clin-
ical stability) of 92% in children with PCG and 
86% in children with secondary childhood glau-
coma (all phakic) and no serious complications, 
after a mean follow-up of almost 8  years [10]. 
These improved results likely reflected the fact 
that all patients were Caucasian and phakic and 
had no previous surgery. However, success of tra-
beculectomy as a primary procedure in certain 
populations was found to be lower at 54–72% 
[42, 56]. Elder reported results of unenhanced 
primary trabeculectomy in 44 eyes of Palestinian 
Arab children with PCG of 72% cumulative suc-
cess (IOP of ≤  21  mm Hg and no medication) 
with few complications, after a mean follow-up 
of only 2 years [42].

Despite encouraging reports of primary trab-
eculectomy in some groups, excessive scarring 
remained a barrier to success for many cases 
especially those cases refractory to previous 
glaucoma surgery. The introduction of MMC was 
thought to improve success in such cases [57]. 
Overall, the success of MMC trabeculectomy in 
children has been reported to be 59–95% with 
short follow-up of 2 years or less [14, 26, 27, 32, 
57], reducing to 55–60% after 6–7  years mean 
follow-up [19, 58]. Publications suggest that the 
dose of MMC does not affect success or compli-
cation rates [27, 59]. Al Hazmi et al., in a large 
retrospective series of 150 PCG eyes undergoing 
trabeculectomy with variable MMC concentra-
tions (0.2 or 0.4 mg/ml) and times of exposure 
(2–5  min), showed no significant difference in 
outcomes and complications [27].

Infancy (less than 2  years of age) has been 
reported to be a significant risk factor for MMC 
trabeculectomy failure. Outcomes in infants less 
than 1 year of age vary between 15 and 43% [26–
28, 32] after less than 2 years of follow-up with 
the lower rates in series with aphakic patients 
[28, 32]. Beck et al. reported that being aged less 
than 1 year at the time of surgery was associated 
with almost a sixfold risk of failure [32]. For 

6 Pediatric Trabeculectomy



94

infants less than 2 years of age, Al Hazmi et al. 
described a success rate of 39% (IOP < 21 mmHg 
without topical medications) in 66 eyes (unre-
ported follow-up) in a study population of PCG 
patients from the Middle East [27]. In a smaller 
series of 24 eyes with both primary and second-
ary childhood glaucoma (17% aphakic), Beck 
et al. reported a cumulative success rate of only 
19% (IOP < 23 mmHg with topical medication) 
at 6 years in infants less than 2 years of age [15]. 
More recently, in a similar aged series of 40 eyes 
of phakic patients with primary and secondary 
childhood glaucoma, Jayaram et  al. reported a 
cumulative probability of success of 60% at 
7 years [19]. Almost all successful cases were not 
using topical IOP-lowering medications at final 
follow-up. For infants less than 1  year of age, 
70% were successful at the end of follow-up.

A consistently reported risk factor for trabec-
ulectomy failure, even with MMC, is glaucoma 
following congenital cataract surgery [28, 32–
34]. In a study by Freedman et al. with a series of 
21 eyes treated with MMC trabeculectomy 
(0.4 mg/ml, 3–5 min) and postoperative 5FU, the 
qualified success rates for phakic versus aphakic 
eyes (n  =  7) were 64% to 29%, respectively, 
after 23 months [28]. Azuara-Blanco et al. fur-
ther highlighted this point in a series of 21 eyes 
treated with MMC trabeculectomy (0.4 mg/ml, 
1–5 min) who found 0% complete success after 
18  months in aphakic eyes (n  =  8) [33]. Beck 
et al. reported aphakia to carry an almost three-
fold risk of failure [32].

As the Tenon capsule is thought to be impli-
cated in the higher failure rate of children, a 
recent 24-month prospective study by Awadein 
and El Sayed compared MMC trabeculectomy 
alone (0.4 mg/ml, 3 min) and MMC trabeculec-
tomy with partial tenonectomy in 64 eyes of chil-
dren with glaucoma [60]. A tenonectomy of 
about 8 mm in diameter to include the area over 
the scleral flap and expected bleb was performed 
from a fornix-based conjunctival flap leaving 
behind the “thinnest conjunctiva possible.” There 
was no significant difference between the two 
groups with regard to age, lens status, diagnosis, 
and prior glaucoma surgeries. The mean postop-
erative IOP was significantly lower in the group 

who underwent tenonectomy throughout follow-
 up as were the number of medications from the 
third postoperative month. Complete success 
(IOP 5–21 mm Hg without medications and signs 
of glaucoma progression) and qualified success 
(with medications) were the same in both groups. 
More failures (uncontrolled IOP despite maxi-
mum tolerated medical treatment, further glau-
coma surgery, or devastating complication) 
occurred in the non-tenonectomy group (30%) 
compared to the tenonectomy group (55%), but 
this was not significant. After multivariate analy-
sis, only the number of prior glaucoma surgeries 
was a predictor of failure. With regard to bleb 
morphology, the authors report that the tenonec-
tomy group had blebs with “thinner walls” and 
that encapsulation occurred significantly less fre-
quently in the tenonectomy group (3% versus 
25%). There was only one case of endophthalmi-
tis that occurred in a child who did not have a 
tenonectomy, and there were no cases of chronic 
bleb leak. Furthermore, less needling and 5FU 
injections were necessary in the tenonectomy 
group (3% versus 25%). Although this paper sug-
gests a possible role for tenonectomy in pediatric 
trabeculectomy, the potential for the develop-
ment of thin blebs at risk of infection and leaks in 
the longer term is a concern.

Another approach to improve trabeculectomy 
success was attempted by Mahdy et al., through 
the use of intraoperative subconjunctival bevaci-
zumab (Avastin), a recombinant humanized 
monoclonal vascular endothelial growth factor 
(VEGF) antibody to modulate the wound heal-
ing effects of VEGF. In a prospective paired-eye 
study design, they compared MMC (0.4 mg/ml, 
3  min) trabeculectomy alone in one eye and 
MMC trabeculectomy with bevacizumab 
(2.5 mg in 0.2 mls) in the fellow eye of 12 chil-
dren with refractory glaucoma [61]. Following 
limbal- based conjunctival flap closure, bevaci-
zumab was injected subconjunctivally over the 
scleral flap area. Sham injections were per-
formed in the fellow MMC trabeculectomy alone 
group. There were no significant differences 
between the two groups with regard to preopera-
tive IOP, lens status, and diagnosis. The mean 
postoperative IOP was significantly lower in the 
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group who had subconjunctival bevacizumab at 
1-year follow- up. Complete success (IOP 
5–21 mm Hg without medications and no further 
glaucoma surgery or visually devastating com-
plications) and qualified success (with medica-
tion) were significantly better in the 
subconjunctival bevacizumab group (complete 
success 75% versus 58% and qualified success 
92% versus 75%, respectively). Shallow AC was 
the most common complication in each group 
(17%). One case in MMC trabeculectomy group 
alone developed late bleb-related endophthalmi-
tis after 3 months and resulted in phthisis bulbi 
(8.33%). Although off-label use of drugs is com-
mon in pediatric ophthalmology and bevaci-
zumab as an adjunct may improve MMC 
trabeculectomy results, further study of anti-
VEGF agents to assess the safety and efficacy of 
these drugs in this population is needed [62].

Despite the fact that the aim of surgery is to 
preserve vision in children, visual outcomes are 
rarely reported in the literature. In Beauchamp 
and Park’s paper, visual acuity was assessed in 18 
of the 26 eyes, and the best acuity was 20/200. 
Where trabeculectomy visual outcomes in chil-
dren are described, the majority of eyes maintain 
visual acuity within two Snellen lines; however, 
in a study by Beck et al. from 1998, 11% of eyes 
were reported to have lost more than 2 lines of 
vision or progressed to no light perception attrib-
utable to devastating surgical complications [32]. 
More recently, Jayaram et al. reported final over-
all visual acuity outcomes of 34.2% seeing 20/40 
or better, 89.5% seeing 20/200 or better, and no 
cases of loss of light perception [19]. Hopefully 
future studies will evaluate success not only in 
terms of IOP control and visual acuity but also 
with regard to functional vision and quality of 
life measures.

 Comparison to Other Techniques

The accepted alternative to trabeculectomy fol-
lowing failed angle surgery is the insertion of a 
glaucoma drainage device (GDD).  Success rates 
or success probabilities at last follow-up vary 
from 31 to 97% with variable follow-up from 1 to 

7 years [63]. In infants, success of GDD at 1 year 
is reported at 74–87% [15, 64] with 53% survival 
at 6 years after surgery [15], comparable to the 
trabeculectomy outcomes of Jayaram et al. [19]. 
MMC trabeculectomy compared to GDDs may 
achieve lower mean IOP [32] and of significance 
be less dependent on medication for IOP control 
[19, 32, 63]. In one study, only 14% of infants 
undergoing GDD surgery achieved IOP control 
without topical medications [64] compared to 
62.5% (25/40) trabeculectomy cases [19]. 
However a major difference between trabeculec-
tomy and GDD surgery is the significant burden 
of associated complications in the latter group 
often requiring surgical revision. Beck et  al. 
reported 46% of eyes with a GDD required one or 
more operations due to a complication related to 
the implant (most commonly tube corneal touch 
and exposure), in contrast to 12.5% of eyes in tra-
beculectomy group [15]. Tube malposition, ero-
sion, and endophthalmitis are consistently 
reported with greater frequency in the pediatric 
compared to adult population [63]. Tube malpo-
sition requiring further surgery has been reported 
in 26–35% of cases [15, 64]. Of concern is par-
ticularly the rate of corneal decompensation in 
the longer term for these children following GDD 
surgery.

Trabeculectomy has also been compared to 
deep sclerectomy both with MMC (0.2 mg/ml, 
1 min) in a small series of children with uveitis 
as primary procedures and found to be more suc-
cessful with regard to IOP control off medica-
tions (88% versus 50%) with all failed cases of 
deep sclerectomy requiring further glaucoma 
surgery [65].

 Options After Failed Surgery

When trabeculectomy fails to control IOP, a pop-
ular option is to consider bleb needling with an 
antiscarring agent such as 5FU or MMC if the 
sclerostomy is patent. The MMC is best injected 
subconjunctivally posterior to the bleb and before 
needling while the intraocular pressure is still 
high, to prevent inadvertent intraocular entry after 
needling. Repeated needling may be  necessary 
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with early failure. Other options after failed trab-
eculectomy include repeating the trabeculectomy 
at an adjacent site with a higher dose of MMC or 
a GDD [20].
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Glaucoma Drainage Devices

James D. Brandt, Naama Hammel, Cecilia Fenerty, 
and Tanya Karaconji

 Introduction

The treatment of primary congenital glaucoma 
(PCG) and the many secondary forms of glaucoma 
in childhood was revolutionized in the 1940s with 
the introduction of targeted surgery of the anterior 
chamber angle: goniotomy ab- interno [1] and tra-
beculotomy ab-externo [2, 3], both of which are 
discussed elsewhere in this book. Retrospective 
studies of both trabeculotomy and goniotomy in 
patients with PCG demonstrate success rates as 
high as 75–90%. However, even in the best of 
hands, some 20% or more of primary angle surger-
ies eventually fail, due to the underlying structural 
defect, the severity of the glaucoma at presenta-
tion, or the underlying diagnosis. Secondary glau-
comas presenting in infancy such as aniridia, 
Axenfeld-Rieger anomaly, Peters anomaly, and 
glaucoma following cataract surgery (GFCS) 
often respond poorly if at all to primary angle sur-

gery. When angle procedures like goniotomy or 
trabeculotomy fail, cannot be performed due to 
abnormal anatomy, or are felt unlikely to succeed 
based on the underlying presentation, surgeons are 
then confronted with choosing an alternative. One 
increasingly attractive option is the implantation 
of a glaucoma drainage device (GDD). This chap-
ter will review the current status of GDDs in the 
management of childhood glaucoma including 
general principles of these devices, surgical tech-
niques, and a review of the current pediatric GDD 
literature. We hope to provide useful guidance to 
surgeons confronting this clinical challenge.

All GDDs share a common design  – they 
employ a biocompatible silicone tube placed in 
the anterior chamber (AC) or vitrectomized poste-
rior chamber in order to shunt aqueous humor to 
the subconjunctival space [4]. This potential space 
between the sclera and the overlying Tenon cap-
sule and conjunctiva is then maintained by an 
external biocompatible “plate” made of silicone 
or acrylic which varies in surface area. Once heal-
ing has occurred, the IOP-lowering effect of a 
GDD is roughly proportional to the inner surface 
area of the capsule surrounding the plate [5, 6].

 History

The first purpose-designed GDD was that of 
Molteno [7], introduced in the early 1970s. In the 
first iteration of his procedure, the circular acrylic 
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plate was sutured to the equatorial sclera and the 
tube tucked out of the way for subsequent 
retrieval (Stage 1). Some weeks later, after a 
fibrous capsule had formed around the plate, the 
tube was then retrieved (without violating the 
plate capsule) and inserted into the eye to drain 
aqueous humor (Stage 2). Molteno subsequently 
described the use of a Vicryl® (polyglactin) 
(Ethicon Somerville NJ, USA) tie to temporarily 
occlude the tube long enough for a capsule to 
develop around the equatorial implant [8], thus 
avoiding a two-stage procedure. In either case, 
glaucoma medications are used to lower intraoc-
ular pressure (IOP) until the device is fully func-
tioning some 6 to 8 weeks later.

Currently available GDDs are listed in 
Table 7.1 and can broadly be categorized based 
by whether they are valved (e.g., Ahmed glau-
coma valve) or non-valved designs (e.g., 
Molteno™, Baerveldt®, and Aurolab aqueous 
drainage implant devices) and then further cate-
gorized by plate surface area. Non-valved 
implants must be temporarily occluded to prevent 
early hypotony until sufficient fibrosis has devel-
oped around the plate to prevent hypotony; 
valved devices allow flow immediately after sur-
gical implantation.

 Specific Glaucoma Drainage 
Devices

 Molteno™ Glaucoma Drainage 
Devices

The Molteno drainage implant was the pio-
neering GDD first described in 1969 [7]. It pro-
vided the foundation on which all of the 
currently available GDDs are based. The 
Molteno™ implant is a non-valved device con-

Considerations for Surgeons Experienced 
with GDD Surgery in Adults

It’s often stated that children are not simply 
little adults, and certainly their eyes don’t 
behave like little adult eyes. Glaucoma sur-
geons experienced in placing GDD in adult 
eyes must modify their usual surgical tech-
nique for the pediatric eye. Covered in 
more detail in this chapter, the following is 
a partial listing of things to note when tack-
ling these cases:

• Consider ocular size when choosing a 
glaucoma implant. An adult-sized 
implant can usually be placed in a buph-
thalmic eye, but in nanophthalmic or 
microphthalmic eyes, a shorter implant 

must be chosen to avoid impinging on 
the optic nerve.

• The sclera of buphthalmic eyes is very 
thin. Suture passes can easily perforate 
the sclera leading to a retinal detach-
ment. A longer, shallow pass may be 
necessary to adequately secure the 
implant in place.

• Ocular growth must be accounted for in 
selecting tube position and length. 
Around 3 millimeters of tube length 
must remain in the AC to accommodate 
for progressive buphthalmos or normal 
ocular growth in young children. Tube 
retraction in the growing eye is a late 
complication that can generally be 
avoided.

• Forward tube movement is common. In 
the pediatric eye, tubes tend to straighten 
out over time and will erode through 
overlying sclera and peripheral cornea. 
It is generally best to position AC tube 
entry as posterior as possible away from 
the cornea (sometimes through a surgi-
cal iridectomy) to avoid late corneal 
complications.

• Pars plana placement may be consid-
ered in aphakic and pseudophakic eyes. 
In children, placement in the pars plana 
must be accompanied by a meticulous 
and thorough vitrectomy. Late occlu-
sion with vitreous remnants and retinal 
detachment are common (~ 20%) [9].

J. D. Brandt et al.
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sisting of a silicone tube attached to an end 
plate placed 9–10 mm posterior to the limbus 
within the subconjunctival space. The plate is 
sutured to the sclera and covered by a thick flap 
of Tenon tissue and conjunctiva. A permeable 
fibrovascular bleb forms over the plate, the sur-
face area of which contributes to the amount of 
aqueous drainage and the final level of IOP 
[10] along with the thickness of the bleb 
capsule.

The original Molteno™ implant consisted of a 
single 13 mm diameter plate molded from acrylic 
with a surface area of 135 mm2. The single plate 
is inserted between two rectus muscles in the 
chosen quadrant. The double-plate Molteno™ 
implant was introduced in 1981 and consists of 
two plates, one of which is attached to the sili-
cone tube in the AC, while a second tube con-
nects the two plates forming a total surface area 
of 270 mm2.

Currently marketed (Molteno Ophthalmic, 
Ltd., Dunedin, New Zealand) Molteno™ 
implants (Fig. 7.1) are the Molteno3™ S-Series, 
the SS (185  mm2), and SL (245  mm2) models, 
both designed for single-quadrant placement, and 
the Molteno™ P1 (80 mm2) designed for implan-
tation in eyes with axial lengths shorter than 
17 mm.

 Baerveldt® Glaucoma Drainage 
Devices

Introduced in 1990, the Baerveldt® glaucoma 
implant (BGI) is a non-valved device with a sili-
cone tube attached to one of two sizes of external 
silicone plate (250 and 350 mm2). The company 
(Johnson & Johnson Vision, Santa Ana CA, 
USA) also markets a 350 mm2 version for implan-
tation in the pars plana with the tube specially 

Surface area of plate = 185 mm2SS

Surface area of plate = 80 mm2P1Surface area of plate = 245 mm2SL

a b

c d

Fig. 7.1 (a) The Molteno3™ S-Series of glaucoma 
drainage devices; the model SS (right) has a surface area 
of 185  mm2, the model SL (left) has a surface area of 
245 mm2; (b) diagram of model SS; (c) diagram of model 

SL; (d) diagram of model P1. Model P1 is designed for 
very small pediatric or nanophthalmic eyes and has a sur-
face area of 80 mm2. (Courtesy of Molteno Ophthalmic 
Ltd., Dunedin, New Zealand)

J. D. Brandt et al.
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modified with a Hoffman elbow for this purpose. 
All are designed for surgical implantation in a 
single quadrant (Fig. 7.2).

The “wings” of the plate are intended for 
placement under the adjacent rectus muscles. 
When positioned in this manner, the front edge of 
the implant rests approximately 8 mm posterior 
to the limbus. All BGIs are made of smooth, 
tumble- polished, pliable medical-grade silicone. 
Barium is incorporated into the silicone, which 
results in a white, radio-opaque device. The 
plates are designed with four holes to allow a tis-
sue “bridge” to develop between the upper and 
lower surfaces of the eventual capsule to limit the 
size of the bleb and thus reduce the likelihood of 
restrictive strabismus and diplopia.

 Ahmed Glaucoma Valves

The Ahmed glaucoma valve (AGV) received the 
US Food and Drug Administration (FDA) 

approval in November 1993. The implant con-
sists of three parts: a plate made of medical-grade 
silicone, polypropylene, or porous polyethylene, 
depending on the model; a drainage tube fabri-
cated of medical-grade silicone; and a valve 
mechanism (Fig. 7.3). The non-obstructive, self- 
regulating valve mechanism consists of thin sili-
cone elastomer membranes 8 mm long by 7 mm 
wide enclosed within Venturi-shaped chamber. 
The membranes are pretensioned to open and 
close in response to IOP variations, in the range 
of 8–12 mmHg, and so reduce the rate of early 
postoperative hypotony [11, 12]. After implanta-
tion, aqueous humor flows into the trapezoidal 
chamber of the valve.

 Aurolab Aqueous Drainage Implant 
(AADI)

The Aurolab aqueous drainage implant (AADI) was 
introduced in 2013 by Aurolab (a manufacturing 

Pars plana model BG-102-350
Surface area: 350 mm2

a b cModel BG-103-250
Surface area: 250 mm2

Model BG-101-350
Surface area: 350 mm2

Fig. 7.2 The Baerveldt® glaucoma implant comes in 
three models: Model BG 101–350 (a) has a surface area of 
350  mm2; Model BT103–250 (b) has a surface area of 
250  mm2; Model 102–350 (c) has a surface area of 

350  mm2 and is designed with a Hoffman Elbow for 
insertion into the pars plana. (Courtesy of Johnson & 
Johnson Vision, Santa Ana CA, USA)

7 Glaucoma Drainage Devices
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division of Aravind Eye Institute, Madurai, India). 
The AADI is a low-cost (~ US$50), non- valved 
GDD designed to replicate the BGI with a 350 mm2 
plate area (Fig.  7.4). Professor George Baerveldt 
authorized the use of his very successful design, and 
the device was manufactured in collaboration with 
the Bascom Palmer Eye Institute, Miami, Florida. 

Originally designed for use in India and other 
 low-resourced countries, the device has received 
CE (European Commission) marking approval and 
is becoming broadly available in those countries 
that accept the CE mark for regulatory approval. It 
is not approved by the FDA and is therefore unavail-
able in the United States. Kaushik and colleagues 
[13] recently reported a prospective interventional 
study on 34 eyes of 31 children with refractory 
childhood glaucoma in which the AADI was 
implanted. Their results show an efficacy and safety 
profile that is comparable with published reports of 
the BGI and Ahmed glaucoma valve implants in 
children.

 Indications and Contraindications

Glaucoma drainage devices are employed in 
childhood glaucoma when conventional angle 
surgery (goniotomy or trabeculotomy) has 
already failed or is believed unlikely to work. 
At such a point in clinical decision-making, 
most surgeons choose between a GDD and a 
trabeculectomy with anti-scarring agents. GDD 
surgery is also indicated when trabeculectomy 
is unlikely to work, e.g., in eyes with glaucoma 
following congenital cataract surgery or when 
trabeculectomy with anti-scarring agents has 
failed.

a b

Fig. 7.3 Ahmed glaucoma valve FP7 (a) is a valved sili-
cone glaucoma drainage device (GDD) implant with a 
surface area of 184 mm2; the Ahmed glaucoma valve FP8 

(b) is a GDD designed for small pediatric or nanophthal-
mic eyes, with a surface area of 102 mm2. (Courtesy of 
New World Medical, Rancho Cucamonga CA, USA)

Fig. 7.4 Aurolab aqueous drainage implant (AADI) is a 
CE Mark approved, low-cost copy of the BG 101–350 
Baerveldt® glaucoma implant (Fig.  7.2a above). 
(Courtesy of Aurolab, Madurai, India)

J. D. Brandt et al.
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 Advantages and Disadvantages

Table 7.2 broadly summarizes the pros and cons 
of GDD and trabeculectomy. There are no pro-
spective randomized clinical trials comparing the 
two procedures in children. The Tube versus 
Trabeculectomy (TVT) study [14, 15] was a pro-
spective randomized clinical trial comparing the 
Baerveldt® glaucoma implant to mitomycin C 
augmented trabeculectomy in adults greater than 
18 years of age with prior failed trabeculectomy 
or prior cataract surgery. After 5 years of follow-
 up, the GDD group had a higher success rate than 
the trabeculectomy group with comparable com-

plication rates, visual acuity outcomes, and medi-
cation burden. Although not directly applicable 
to the pediatric age group, GDDs are used most 
often in the eyes of older children with scarred 
conjunctiva, so the TVT provides at least some 
guidance to the surgeon considering a GDD or a 
trabeculectomy in such eyes.

Another consideration in balancing the decision 
between a trabeculectomy and a GDD is whether 
or not further surgical interventions are anticipated. 
The functioning of a well-established trabeculec-
tomy will tend to diminish or even fail after further 
surgeries such as penetrating keratoplasty or even 
after uncomplicated cataract removal [16], e.g., in 

Table 7.2 Pros and cons of glaucoma drainage devices compared to trabeculectomy in children

Glaucoma drainage device Trabeculectomy with MMC
Pros Cons Pros Cons

Technique Can be done with 
cloudy cornea

Violates conjunctiva
Hardware in the eye

Can be 
performed with 
cloudy cornea
No hardware 
left in the eye

Violates conjunctiva

Outcomes Effective long-term 
IOP reduction, even 
after failed 
trabeculectomy
Most likely to 
survive future 
intraocular surgery

Higher long-term IOP 
compared with 
trabeculectomy
More likely to require 
supplemental 
medications
Further surgery for 
complications more 
likely [73]

Lower 
long-term IOP
Supplemental 
medications 
less likely

Poor results in glaucoma 
following cataract surgery 
even with MMC
Less likely to survive future 
intraocular surgery

Complications Lower risk of 
endophthalmitis

Risk of intra- and 
postoperative hypotony
Risk of tube-related 
complications: corneal 
decompensation, 
cataract, tube erosion, 
migration, and 
obstruction
Greater risk of 
postoperative motility 
disturbance

No tube-related 
complications

Risk of intra- and 
postoperative hypotony
Lifelong risk of 
postoperative 
endophthalmitis if avascular 
bleb develops, especially if 
contact lenses are required

Quality of life Contact lens wear 
possible (important 
for aphakic eyes 
with glaucoma)
Post-op care 
involves fewer 
manipulations, 
reducing number of 
EUAs

Contact lens wear not 
recommended
Post-op care requires 
frequent visits for close 
follow-up and possible 
suture adjustments/5FU 
injections which in turn 
might require more frequent 
EUAs

IOP intraocular pressure, EUA examination under anesthesia, MMC  mitomycin C, 5FU 5 Fluorouracil
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uveitic eyes. In eyes likely to need additional sur-
gery after glaucoma surgery, a GDD is much more 
likely than trabeculectomy to continue functioning 
postoperatively. For this and other reasons, we 
firmly believe that a team approach to complex 
childhood glaucoma is key to successful outcomes, 
especially one that engages cornea, pediatric, and 
vitreoretinal specialists early on to develop a long-
term plan of care that includes the proper sequenc-
ing of interventions.

 Preoperative Considerations 
and Preparation

Preoperative examination and planning are essen-
tial for successful surgical outcomes. In infants 
and young children, a thorough examination suf-
ficient to plan surgery may not be feasible in the 
clinic, and the decision on surgical approach may 
only be made in the operating room following an 
examination under anesthesia (EUA). The EUA 
for patients with childhood glaucoma is dis-
cussed in detail in Chapter 3.

 Important Considerations for GDD

Axial Length Measurement of the axial length is 
important in the baseline assessment and ongoing 
monitoring of children with glaucoma. Progressive 
increases in the axial length of an eye in excess of 
normal growth may indicate poorly controlled 
IOP. In the context of planning for a GDD, axial 
length measurement may influence device selec-
tion (see below). In buphthalmic eyes that are adult 
size or larger, adult GDDs are commonly used.

Conjunctival mobility, which may constrain 
which quadrant is best for GDD implantation or 
preclude a trabeculectomy if the choice between 
procedures has not yet been made. It is often use-
ful to inject balanced salt solution (BSS) into the 
subconjunctival space with a 30-gauge needle to 
help delineate episcleral scarring.

Gonioscopy, which will help visualize the pres-
ence of iris strands, membranes, or peripheral 
anterior synechiae (PAS) which might interfere 
with the insertion of the tube into the AC.  If 

implantation is planned in a quadrant with broad 
PAS, a surgical peripheral iridectomy can be per-
formed through a small corneal incision in the 
area of planned tube insertion to avoid having the 
tube end up under the iris.

Anterior chamber depth and lens status, visu-
alized clinically by slit lamp, under the operating 
microscope, gonioscopy, or by ultrasound. This is 
done to determine if tube insertion into the AC 
can be safely performed both avoiding tube- 
corneal touch and damage to the crystalline lens. 
In pseudophakic or aphakic eyes, it may be pref-
erable to place the tube in the ciliary sulcus or 
pars plana in combination with a pars plana vit-
rectomy or through a surgical peripheral iridec-
tomy to keep the tube as far away from the corneal 
endothelium as possible.

Size of the palpebral aperture and motility of 
the globe are important in providing surgical 
access to insert a GDD. It may be necessary to per-
form a lateral canthotomy in some cases of small 
palpebral aperture to gain sufficient access for sur-
gery. Ocular motility considerations include how 
to handle the GDD placement when strabismus is 
present before surgery, especially if the eye to be 
operated has had prior extraocular muscle surgery. 
An additional topic, and one which is beyond the 
scope of this chapter, includes how to handle stra-
bismus induced or worsened by GDD placement.

Scleral Integrity The eyes which have had pre-
vious surgical procedures, trauma, or transscleral 
laser may have areas of scleral thinning which 
will influence the choice of quadrant used for 
GDD placement.

Choice of GDD Patch Although many surgeons 
will use commercially available patches (e.g., 
Tutoplast® pericardium, dura, or fascia lata) or 
donor grafts (e.g., sclera or cornea), some sur-
geons prefer to fashion a long scleral tunnel to 
cover the tube.

 Choice of GDD

The decision of which implant to use in a specific 
case is based on a number of factors, including 
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the underlying glaucoma diagnosis, level of IOP 
and ability to control IOP medically, ocular size, 
orbital anatomy, and finally surgeon preference.

Glaucoma Diagnosis GDDs lower IOP in all 
forms of childhood glaucoma, and there are no 
prospective randomized clinical trials comparing 
the different implants in children on which to 
base device choice. However, the specific form of 
disease may influence the choice of implant. In 
children with the potential for decreased aqueous 
production, e.g., eyes with uveitis or eyes that 
have already undergone cyclodestructive proce-
dures, a valved or smaller surface area non-valved 
implant may be a better choice to avoid 
hypotony.

IOP Level The level of IOP and the ability to 
control the IOP with medications postopera-
tively can influence the choice between a valved 
or non- valved implant. The adult literature sug-
gests that the non-valved 350 mm2 Baerveldt® 
glaucoma implant may be superior to the Ahmed 
glaucoma valve in terms of long-term IOP-
lowering and medication burden [17]. Hence, if 
the IOP in a child can be controlled with medi-
cations for 6 to 8 weeks while the non-valved 
implant is temporarily occluded, the surgeon 
may choose to use a Baerveldt implant in the 
hope of achieving slightly better long-term IOP 
control. In contrast, the Ahmed glaucoma valve 
lowers IOP immediately, which may be of prime 
importance especially if the child is in pain, has 
advanced glaucoma, and cannot tolerate medi-
cations or if corneal edema is causing 
amblyopia.

Ocular Size and Orbital Anatomy Often by 
the time pediatric eyes have already failed one 
procedure and require GDD surgery, the eyes 
have grown to adult size or larger. In such cases, 
adult-sized implants may usually be implanted 
without too much difficulty. As noted earlier, 
IOP-lowering is roughly proportional to plate 
size, so it is generally in the long-term interest of 
the child to implant an adult implant whenever 
possible. In contrast, when GDDs are used as pri-
mary surgery or in very young infants with small 
eyes (e.g., those with true microphthalmia), the 
physical size of adult implants comes into play.

GDDs are best implanted with the anterior 
edge of the plate at least 8 mm posterior to the 
surgical limbus. When an adult-sized GDD is 
placed in this position, the posterior edge of the 
implant plate may impinge on the optic nerve in 
young infants. Margeta and colleagues [18] mea-
sured the limbus to optic nerve distance in the 
superior temporal quadrant in 15 pediatric 
autopsy eyes. Figure 7.5 demonstrates that in a 
pediatric eye with axial length of 19  mm, an 
adult-sized Ahmed Model FP7 glaucoma valve, 
placed in the inferior nasal quadrant with the 
anterior edge sutured 7  mm from the limbus, 
overlaps the optic nerve to a significant degree. 
The Freedman-Margeta formula (http://people.
duke.edu/~freed003/GDDCalculator/) offers a 
way to determine limbus to optic nerve distance 
in pediatric and small eyes in order to reduce the 
risk of optic nerve impingement by the posterior 
edge of the GDD plate. The Ahmed glaucoma 
valve is available in pediatric sizing (FP8 and S3 
versions) as is the Molteno™ implant (P1 ver-
sion); the posterior edge of the 350 mm2 BGI and 
the AADI can be easily trimmed with a heavy 
surgical scissors to create a cutout to accommo-
date the optic nerve. The 250 mm2 version of the 
BGI is designed with a posterior notch to avoid 
overriding the optic nerve.

Fig. 7.5 Photograph of a pediatric autopsy eye (axial 
length 19 mm), showing an Ahmed Model FP7 glaucoma 
drainage device sutured in the superonasal quadrant. The 
anterior edge of the plate is located 7 mm from the limbus; 
note the extensive overlap of the posterior edge of the 
Ahmed device plate and the optic nerve. (Courtesy of 
Milica Margeta, MD, PhD and Sharon Freedman MD)
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 Operation

 Intraoperative Preparation

The surgical field should be cleaned with sterile 
iodine or chlorhexidine-based preparation fluid, 
the area dried, and a surgical drape placed over 
the eye. Self-adhesive ophthalmic drapes with a 
transparent window and a pocket to collect irriga-
tion fluid are desirable. This may be applied with 
the lids open and the lashes everted so that when 
the drape is cut open to apply a lid speculum, the 
lashes are retained underneath the sticky drape 
without straying into the surgical field.

With the lids held open by an ophthalmic spec-
ulum, a drop of 1:10,000 adrenalin or other topi-
cal ocular sympathomimetic drug may be instilled 
to promote vasoconstriction of the conjunctiva 
and episclera and minimize tissue bleeding.

The usual position for a GDD is in the supe-
rior temporal quadrant. The surgeon will gener-
ally be positioned superiorly or in the superior 
temporal position approximately 45° from the 
vertical; if the microscope permits, the assistant 
can be positioned superiorly.

 Surgical Technique

A recommended set of instruments and suture 
materials for GDD surgery are listed in Table 7.3. 
Implantation of GDDs in pediatric patients 
requires special attention to the size of the eye 
and orbit, the thickness of the sclera, and the 
positioning of the tube in an eye that will con-
tinue to grow.

Traction Suture A corneal traction suture is 
placed in alignment with the intended quadrant to 
rotate the eye inferior-nasally to provide the best 
surgical exposure. This may be placed through 
partial-thickness cornea in the mid-periphery of 
the same quadrant or at the limbus on either or 
both side(s) of the planned entry site. The con-
junctiva and surgical exposure are then evaluated 
for scarring, and sufficient room to place a GDD 
is confirmed.

Conjunctival Incision Most surgeons perform 
fornix-based conjunctival flaps (e.g., the incision 
is made at the limbus) for GDD implantation, but 
a limbus-based conjunctival flap (where the inci-
sion is placed approximately 6–8 mm posterior to 
the limbus) has several advantages in pediatric 
eyes. It facilitates placement of the sutures secur-
ing the plate to the sclera in the very tight pediat-
ric orbit, and the incision can be closed confidently 
in a watertight manner that will not unravel if the 
child rubs the eye vigorously. And importantly in 
children with aphakia, contact lens use can often 
be resumed within days of surgery. In contrast, 
incisions at the limbus are more uncomfortable 
for children, and contact lenses cannot be 
resumed for several weeks in most cases. In a ret-
rospective comparison of limbal-based to fornix- 
based incisions for GDDs in adults, Suhr et  al. 
found no difference in IOP outcomes [19].

Another important consideration for incision 
type arises in children with aniridia. In these 
patients, limbal stem cell deficiency arises that 
leads to corneal conjunctivalization and opacity 
later in life. A limbal incision, cautery, and mito-
mycin C application are likely to be detrimental 

Table 7.3 Recommended instruments and suture materials for glaucoma drainage devices implant surgery

Instruments and knives Sutures and consumables Device related
Eye speculum Tenotomy scissors GDD of choice
Caliper Vannas scissors – straight, 

curved
7-0 Vicryl® or Mersilk for corneal 
traction suture

BSS on a 27- or 
30-gauge cannula

Muscle hook Mini-crescent blade 8-0 nylon on a spatulated needle 23- or 25-gauge needle
Conjunctival 
forceps

MVR blade/supersharp 8-0 or 9-0 Vicryl® for conjunctival 
closure

Patch graft material

Tying forceps Conjunctival clamp Viscoelastic
Colibri forceps Needle holder Anterior chamber infusion

GDD glaucoma drainage device, BSS balanced salt solution, MVR micro vitreoretinal
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to the limited reserve of stem cells in these 
patients. For patients with aniridia, a limbal- 
based (limbus sparing) conjunctival technique is 
recommended, and the use of MMC is avoided.

Device Preparation and Placement Once the 
conjunctival incision is made, dissection and ele-
vation of Tenon capsule from the episclera are 
carried out, and the adjacent rectus muscles are 
identified with a muscle hook. Tenotomy scissors 
are used to clear all adhesions and check liga-
ments posterior to the incision to clear the poten-
tial space for the implant and to facilitate the easy 
implantation of the selected device. Alternatively, 
blunt dissection of the correct plane may be 
started with scissors and completed with two 
squint hooks inserted back-to-back in this pocket 
and pulled gently apart, as demonstrated in the 
Video 7.1.

Before implanting an AGV, it is imperative 
that the surgeon “prime” the device with 
BSS.  The silicone leaflets of the valve device 
stick together during manufacture, and if they are 
not primed with BSS, the device will fail. A 27- 
or 30-gauge cannula on a syringe filled with BSS 
is inserted into the tip of the silicone tube. BSS is 
gently injected into the tube, and flow is observed 
through the valve leaflets under the microscope 
[20]. Once this is done, the device is “primed,” 
and implantation in the selected quadrant may 
proceed.

A muscle hook may be used to engage the 
superior rectus muscle; the AGV device can be 
grasped gently with smooth forceps with care 
taken not to crush the portion of the device hous-
ing the valve mechanism. With forward traction 
on the muscle hook, the device is placed between 
the two rectus muscles and pushed posteriorly. 
When adequate preparation of the quadrant and 
clearance of adhesions or check ligaments has 
been done, the device will achieve a resting posi-
tion with the anterior suture holes approximately 
8 mm posterior to the limbus.

In the case of a BGI or AADI, the superior 
rectus muscle is engaged with a muscle hook and 
the implant plate grasped with large non-toothed 
forceps (e.g., Nugent or Moorfields forceps) and 
the appropriate wing of the implant placed under 

the muscle. A second non-toothed forceps is then 
used to grasp the opposite wing of the implant, 
and the muscle hook removed from under the 
superior rectus and repositioned under the lateral 
rectus muscle. The plates of these devices are 
quite flexible, so by grasping and bending the 
plate, the temporal wing can be easily placed 
under the lateral rectus muscle. The implant is 
then gently pulled forward to verify that it has 
achieved a good position between and under the 
two rectus muscles. It is not pulled tightly up 
under the muscle but rather should rest gently 
behind the muscle insertions with the suture 
holes positioned some 8–10 mm posterior to the 
limbus.

Because the BGI and AADI devices are not 
valved, the tube portion of the device must be 
temporarily occluded. In adults, this can be done 
with absorbable sutures, sutures that can be 
lasered or with a rip cord that is removed later at 
the slit lamp in older children and adults and in 
the operating room in young children. The 
absorbable suture technique is appropriate in 
young children and is described here along with 
the optional modification of an intraluminal stent 
to reduce the chance of hypotony. A suture of 6-0 
or 7-0 polyglactin suture is tied around the sili-
cone tube a few mm anterior to the plate. A 27- or 
30-gauge cannula on a syringe filled with BSS is 
inserted into the tip of the silicone tube, and com-
plete occlusion of the tube is confirmed. Ligation 
of the implant tube can be performed based on 
the surgeon’s preference either on the back table 
of the operating room before implantation or 
under the operating microscope after the device 
is in place or sutured to the sclera. Any flow 
through the tube must be avoided in children as a 
flat chamber is likely to result that will necessi-
tate an early return to the operating room.

In addition to the extraluminal absorbable tie, 
an intraluminal stent may be used to partially 
occlude the lumen. A nonabsorbable suture 
thread (e.g., 3-0 Prolene® or 3-0 Supramid®) is 
used with one end fed into the GDD tube at the 
plate and the distal end tracked beneath the con-
junctiva, often into the inferior fornix. Following 
the absorption of the extraluminal tie at 6–8 
weeks, the presence of this intraluminal stent 
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mitigates the risk of hypotony. If, however, the 
IOP remains poorly controlled after the absorp-
tion of the Vicryl tie, the stent may be subse-
quently removed by making a small incision over 
its distal end in the lower fornix and the whole 
thread pulled out remotely from the device. The 
conjunctival incision is closed with a pre-placed 
Vicryl purse string suture.

Plate Suturing The next step in the procedure is 
to affix the plate to the sclera. A suture on a spatu-
lated needle is used to make a deep partial- 
thickness pass just in front of the plate taking 
care not to penetrate the sclera, which can be 
quite thin in a buphthalmic eye. The suture is then 
passed through the fixation hole of the implant 
and tied down tightly to minimize plate move-
ment. When possible, the knot should be rotated 
into the fixation holes to avoid the short lengths 
of suture eroding through to conjunctiva resulting 
in irritation or serious infection. Molteno 
described the use of 7-0 silk to secure the plate of 
his device to the sclera [7], and others advocate 
the use of nonabsorbable sutures, such as polyes-
ter (Mersilene®) or polypropylene (Prolene®). 
Current implants are designed with holes in the 
plate that allow tissue “rivets” to form between 
the sclera, through the hole, and to the capsule 
above. Once these tissue rivets are formed during 
the first few months of healing, the implant will 
not move.

Silk can cause significant local inflammation, 
and nonabsorbable sutures may cause the overly-
ing conjunctiva to break down or erode, some-
times many years later. We recommend 8-0 
Nylon to secure the implant in place on the sclera. 
Nylon has sufficient tensile strength to tie down 
the implant tightly; the material begins to degrade 
only after a year or so has passed, long after the 
tissue rivets have secured the implant in place. 
After several years, the nylon disintegrates, elim-
inating the risk of late conjunctival erosion.

Tube Implantation Insertion of the tube into 
the AC is the most challenging aspect of pediatric 
GDD surgery. The surgeon must account for an 
AC that may be shallow but also plan for the 
long-term growth of the eye.

An AC paracentesis is performed (e.g., using 
an MVR blade); if the child was dilated for an 
EUA or photography, a quick-acting miotic is 
first injected into the eye to constrict the pupil. A 
viscoelastic substance is injected, or an AC infu-
sion inserted, to avoid intraoperative hypotony. 
The scleral surface anterior to the plate is cleared 
of adhesions, and gentle cautery is applied, if 
required, to dry the surface. When a limbus-based 
conjunctival flap has been created, the assistant 
can use a surgical conjunctival clamp (Khaw con-
junctival clamp [Duckworth & Kent Ltd., 
Baldock, Hertfordshire, UK], Khaw/Shah 4 mm 
conjunctival clamp [Duckworth & Kent], or 
Lama cross-action 5  mm conjunctival forceps 
[Moria Inc., Doylestown PA, USA]) to grasp the 
flap and provide good surgical exposure 
(Fig. 7.6). The tube entry in children is usually 
created in an oblique direction so that the tube 
can be left long enough to accommodate growth 
without extending into the pupillary aperture. 
The tube is laid down on to the intended path of 
implantation and is trimmed to an appropriate 

Fig. 7.6 Placement of an Ahmed glaucoma valve in the 
inferior nasal quadrant through a limbal-based conjuncti-
val incision. The adult-sized plate (Model FP7) has 
already been sewn in place approximately 10 mm poste-
rior to the limbus in this buphthalmic eye with a 25 mm 
axial length. Lama cross-action conjunctival forceps pro-
vide excellent exposure. (Courtesy of James D.  Brandt, 
MD)
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length creating an anteriorly oriented beveled tip. 
Before entering the eye with a needle to create a 
pathway for the tube, the AC is reassessed and the 
previously placed side-port incision used to 
deepen the chamber with viscoelastic as neces-
sary. This side-port incision should be oriented in 
such a way that if the tube is misdirected in the 
eye, a Sinskey hook or iris spatula can be used to 
redirect the tube into the correct position. If the 
implant is positioned in such a way that the tube 
will enter the eye in an area of broad PAS or other 
obstructions, a surgical peripheral iridectomy can 
be created through a small corneal incision just 
inside the limbus. In this manner, the tube can be 
inserted more posteriorly and then rest in front of 
the iris but well back from the cornea. Any such 
corneal incision must be closed with a 10-0 suture 
of Nylon or Vicryl® as it will leak in a pediatric 
eye unless sutured.

In adults, a 23-gauge needle is often used to 
create the tube entry site; in children, the sclera is 
sufficiently flexible that a 25-gauge needle can be 
used and the tube can be inserted without too 
much difficulty. The use of a narrower gauge 
needle to fashion the tunnel also reduces the risk 
of leakage of aqueous around the tube and hypot-
ony. Moving the tube entry site several millime-
ters back from the limbus avoiding a corneal 
track is important to avoid late erosions, but 
doing so can make it challenging to get the angle 
just right to avoid an anteriorly vaulted tube that 
touches the corneal endothelium. The beveled tip 
of the tube is then advanced into the needle tract 
and pushed forward with fine forceps. 
Alternatively, the tube may be inserted with the 
assistance of a fine blunt-tipped cannula by 
engaging the tip firmly onto the bevel of the 
trimmed tube and passing the cannula gently 
through the scleral tunnel taking the tube with it 
(Video 7.2). The surgeon should watch for the 
tube to enter the AC periphery where expected; if 
it does not, the tube may have migrated under the 
iris, in which case another pass can be tried or a 
surgical iridectomy created as noted above.

Once the tube has been inserted into the eye, 
the external portion should be secured to the 
sclera with a nonabsorbable suture (e.g., 9-0 
Nylon) which helps to stabilize the tube. This 

both reduces the risk of migration out of the eye 
and also reduces outward bowing of the tube 
which may increase the susceptibility to erosion 
through the conjunctiva.

The tube must be covered to prevent its ero-
sion through the overlying conjunctiva over time. 
The tube may be covered either with autologous 
tissue or with donor sclera or cornea obtained 
from an eye bank or dehydrated and preserved 
donor dura mater or pericardium [21]. This graft 
material is usually sutured into place with one or 
two sutures of fine (8-0 or 9-0) polyglactin; a per-
manent suture is not needed as graft materials 
rapidly incorporate into the surrounding Tenon 
capsule or conjunctiva.

Although autologous tissue may be obtained 
from fascia lata or temporalis fascia, many glau-
coma surgeons now advocate using the patient’s 
own sclera to support and cover the tube. This 
can be challenging in the thin sclera of a buph-
thalmic eye but can be done in a number of 
ways, the simplest of which is by creating a 
scleral flap. Alternatively, a long tunnel in the 
patient’s native sclera may be created using a 
bent needle starting some 5 mm posterior to the 
limbus. Another method employs a small mini-
crescent blade (1.25 mm in width) (Video 7.3) 
that can be used to tunnel in the sclera up to 
about 2 mm posterior to the limbus, then com-
pleting the entry into the eye with a 25-gauge 
needle.

Once the tube has been inserted, any visco-
elastic remaining in the eye is expressed through 
the side-port incision or washed out with irriga-
tion. While some viscoelastic may be left in the 
eye safely when a valved implant is placed, it 
should be aggressively removed from the eye 
when a non-valved implant is used, as any 
retained viscoelastic will cause a dramatic rise in 
IOP. The AC is then refilled to a physiologic level 
with BSS to determine where the tube will end up 
in relation to the iris or cornea. If the tube is 
vaulted too far forward and risks touching the 
endothelium with eye rubbing, it is far better to 
revise the tube position and/or length at the initial 
surgery than returning to the operating room 
months or years later after endothelial loss has 
occurred.
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Incision Closure Tenon layer and conjunctiva 
are securely sutured to ensure adequate coverage 
of the plate, tube, and patch graft/scleral flap, 
preferably with absorbable sutures to avoid 
returning to the operating room and further anes-
thetic exposure to deal with irritating sutures. A 
sub-Tenon injection of long-acting local anes-
thetic performed during closure can help with 
early postoperative pain relief.

The sclera is often thin in pediatric eyes and 
the tissues less rigid than adult eyes. It is there-
fore frequently necessary to suture the paracente-
sis used for the AC infusion or viscoelastic in 
order to avoid postoperative leaks; 10-0 monofil-
ament Vicryl® is used when available for the 
same reason described above.

At the end of the operation, the eye should 
be inspected to ensure that the implant plate, 
patch graft, and intraocular portion of the tube 
are in a good position, that the AC is well 
formed, and that a clear red reflex can be seen. 
Fluorescein drops or strips can be used to 
inspect the conjunctiva and cornea of leaks, and 
instillation of a cycloplegic such as atropine 
will assist in deepening the AC. A subconjunc-
tival injection of corticosteroid and antibiotic is 
commonly performed at the end of the 
procedure.

 Modifications to Standard Technique

Some modifications to the technique of GDD sur-
gery have already been mentioned and relate to 
surgeon preference and experience; however, 
modifications to the standard technique may be 
dictated by scarring and tissue distortion from 
previous surgery and trauma or by the underlying 
diagnosis.

Conjunctival Scarring Although superotempo-
ral placement of the drainage device is often pre-
ferred, circumstances may dictate that a 
superonasal or inferior placement of the tube is 
required. Examples include eyes where previous 
glaucoma surgery has taken place in the superior 
temporal quadrant or where PAS preclude entry 
of the tube into the AC at that site.

The use of explants for the repair of retinal 
detachments is infrequent now; however, if a 
GDD is required in this circumstance, placement 
of the plate may need to be behind or even on top 
of the explant. Before placing a GDD in such 
eyes, it is essential to ensure that adequate and 
sufficiently mobile Tenon capsule and conjunc-
tiva are available to cover the hardware before 
placing such a device.

Prior Strabismus Surgery If a rectus muscle 
has been resected in the quadrant planned for the 
GDD placement, one needs to prepare for addi-
tional scarring around the muscle insertion, but 
usually careful technique will allow the GDD 
surgery to proceed without major modification. 
By contrast, a previous rectus muscle recession 
(e.g., lateral rectus for a planned GDD in the 
superior temporal quadrant) may call for a modi-
fied GDD procedure, especially in the case of a 
planned Baerveldt GDD. Basically, for a 
Baerveldt to be placed in a quadrant where an 
adjacent rectus recession has previously occurred, 
the surgeon must identify the insertion of the 
recessed muscle and then may either trim the 
front of the respective wing to allow that wing to 
be placed behind the recessed rectus muscle (per-
sonal communication, SFF) or may trim the back 
of the respective wing, such that the wing is 
entirely in front of the rectus muscle. This latter 
technique may lead to making the anterior por-
tion of the bleb in front of the muscle much more 
visible, which is often cosmetically problematic, 
and is therefore not recommended. It may be 
preferable in this case to place the plate in the 
superonasal quadrant, that is, in the quadrant 
with the resected rather than the recessed hori-
zontal muscle. In the case of a preexisting strabis-
mus, such as an exotropia, the surgeon may elect 
to recess the lateral rectus muscle concurrent 
with the GDD placement (especially in the case 
of a planned Baerveldt implant), because the 
muscle will be much harder to access after the 
GDD surgery. As described above, it is recom-
mended that the anterior portion of the, respec-
tively, Baerveldt wing be trimmed to allow the 
recessed rectus to remain anterior to the Baerveldt 
wing.
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Glaucoma Following Cataract Surgery 
(GFCS) GDDs are frequently the preferred pri-
mary procedure in the management of glaucoma 
following cataract surgery, particularly in apha-
kic eyes where contact lens is planned. In this 
circumstance, a trabeculectomy is contraindi-
cated due to increased risk of bleb-related 
endophthalmitis.

A success rate for controlling the IOP follow-
ing cataract surgery has been reported of up to 
90% at 1 year [22], and in addition, GDDs allow 
children to more easily wear contact lens refrac-
tive correction which assists with management of 
amblyopia. Tube insertion may be performed in 
the sulcus or the pars plana to avoid complica-
tions of corneal tube touch [23]. Doing so avoids 
leaving hardware at or near the limbus where 
aphakic contact lenses can lead to late-onset con-
junctival breakdown over the tube; furthermore, 
pars plana insertion of the tube protects the cor-
neal endothelium from tube-corneal touch. 
However, eyes which have undergone cataract 
surgery may be particularly susceptible to occlu-
sion of the tube tip by capsular remnants, 
“Elschnig pearls” of residual cortical material, or 
vitreous. To mitigate this risk, it is essential to 
consider performing excision of lens pearls, and/
or further vitrectomy if the eye is aphakic, and 
the tube should be positioned away from the iris 
and capsule.

Vitreous incarceration into the tube can hap-
pen shortly after surgery or many years later; in a 
retrospective review of Baerveldt® implants 
placed through the pars plana, Vinod et  al. [9] 
reported vitreous tube obstruction in 19% of their 
series, occurring 3–112 months after 
implantation.

Any mobile vitreous will eventually find its 
way to the tube tip and occlude it. It is absolutely 
necessary to perform a meticulous pars plana vit-
rectomy prior to tube insertion in order to prevent 
this late complication. If corneal clarity prevents 
a good view, a surgical endoscope can be used to 
perform the vitrectomy [24]. The anterior core 
vitrectomy routinely performed at the time of 
pediatric lensectomy is insufficient; even in an 
aphakic eye that was vitrectomized at the time of 
cataract extraction, the vitreous base must be 

shaved down aggressively under direct visualiza-
tion and an attempt made to cause a posterior vit-
reous detachment to elevate and remove the 
posterior hyaloid face. In young children in par-
ticular, the posterior hyaloid face is difficult to 
detach during vitrectomy, and it is this posterior 
shell of vitreous and hyaloid that can detach years 
later.

Care should be taken to ensure that the tube is 
trimmed to a length which allows direct visual-
ization of the tip, particularly when it is inserted 
through the pars plana as this assists in diagnos-
ing or excluding occlusion as a cause of GDD 
failure.

Sturge-Weber Syndrome Patients with Sturge- 
Weber syndrome may have associated choroidal 
hemangioma, and it is important to diagnose this 
prior to surgical intervention. Precipitous reduc-
tion in IOP or hypotony may result in a supracho-
roidal hemorrhage, which can be sight 
threatening. Choroidal effusions are more com-
mon and may even occur undetected in the early 
postoperative period (Fig.  7.7). It is therefore 
essential to take measures to avoid both intraop-
erative and postoperative hypotony. The use of an 
AC infusion is helpful to maintain the IOP while 
the tube tunnel is fashioned and the tube inserted. 
Care should be taken to ensure that the tube tun-
nel is tight and that there is no peri-tube leak fol-
lowing insertion. The use of extraluminal tube 
restricting ligatures and intraluminal stents in 
non-valved devices is essential; great caution is 
recommended if a valved device is chosen and 
implanted without ligating the tubing, as 
 choroidal effusions may be severe in the early 
postoperative period. Choroidal effusions may 
occur at higher-than-expected IOP in the pres-
ence of choroidal hemangioma, and it is advis-
able to omit glaucoma medications until review 
on the first postoperative day confirms the 
IOP. B-scan ultrasound examination is useful in 
monitoring for choroidal effusion.

Uveitis Surgical intervention in an eye with uve-
itis risks exacerbating inflammation which, in 
turn, may threaten the success of surgery. It is 
therefore desirable to optimize both systemic and 
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topical immunosuppression before performing 
glaucoma surgery, and this may require collabo-
ration with the pediatric rheumatologist. 
Complications of GDD surgery particularly 
related to poor control of intraocular inflamma-
tion include occlusion of the tube tip with fibrin, 
ciliary body shutdown, and hypotony. Hypotony 
is a risk in these eyes even in the absence of active 
inflammation as a consequence of poor ciliary 
function, and the risk is particularly high if the 
eye has previously undergone cyclodestructive 
procedures which are advised against in these 
eyes. Care should therefore be taken when per-
forming GDD surgery to avoid over-drainage. 
For this reason, valved devices may be useful in 
these eyes, and if a non-valved device is pre-
ferred, the use of a restricting ligature and intra-
luminal stent is advisable. The choice of a small 

plate size in either a valved or non-valved device 
is also helpful.

Aniridia Aniridic eyes have limbal stem cell 
deficiency that leads to corneal conjunctivaliza-
tion and opacity later in life. As previously men-
tioned, a limbal-based (limbus sparing) 
conjunctival technique is recommended, and the 
use of MMC is avoided in children with aniridia.

In addition, careful positioning of the tube in 
the AC is necessary to avoid it touching the lens, 
which is unprotected by the iris, as this results in 
cataract formation (Fig.  7.8). Tubes are com-
monly inserted into the eye in a radial or slightly 
oblique angle; however, a more aggressively tan-
gential approach is used in cases of aniridia 
where it is desirable to avoid having the tube 
lying across the unprotected lens; a similar 
approach is sometimes taken in the setting of a 
corneal graft when it is desirable to have the tube 
lie beneath the host cornea rather than under the 
graft (Video 7.4).

 The Role of Antimetabolites in GDD 
Surgery

Pediatric eyes frequently mount an exuberant 
healing response to the implantation of a foreign 
body such as a GDD; for this reason, some pediat-
ric glaucoma surgeons advocate the use of antime-
tabolites at the time of surgery. Costa and 
colleagues performed a masked, randomized pro-
spective clinical trial comparing the intraoperative 
use of MMC (0.5 mg/ml × 5 min] to BSS in adults 
older than 18 years of age undergoing AGV 
implantation (three of their subjects carried the 
diagnosis of “congenital glaucoma,” but they were 
adults at the time of the study) [25]. They found no 
difference in short-term success at 1 year.

The role of antimetabolites in GDD success 
has yet to be established in the pediatric popula-
tion. There are no prospective, randomized clini-
cal trials comparing the intraoperative use of 
mitomycin C (MMC) in pediatric implants. Cui 
and colleagues performed a retrospective review 
of adjuvant treatment with antifibrotic agents 
during and after AGV implantation and reported 

Fig. 7.7 Coronal reconstruction of an MRI performed on 
an infant with Sturge-Weber syndrome to evaluate central 
nervous system involvement in the disease. The scan was 
acquired 1  week after implantation of an Ahmed glau-
coma valve in the superior temporal quadrant of the left 
eye. Note the lucent area representing the silicone implant, 
along with the annular choroidal effusion. The effusion 
had resolved by the next clinic visit and was never 
observed clinically. (Courtesy of James D. Brandt, MD)
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decreased frequency of the hypertensive phase 
commonly observed with this device and 
improved surgical outcomes at 1 year [26]. A ret-
rospective, nonrandomized study of AGV both 
with and without mitomycin C (MMC) in apha-
kic glaucoma showed no difference in IOP con-
trol between groups [27]. A larger retrospective 
study demonstrated worse outcomes after 2 years 
of follow-up in eyes receiving AGV plus MMC 
[28], though this may be due to differences in 
underlying diagnosis and previous number of 
surgical interventions between groups. A pro-
spective randomized study looking at AGVs aug-
mented with either Bevacizumab, MMC, or no 
MMC found higher success rate groups receiving 
both Bevacizumab and MMC at 1 year [29].

The bottom line is that the long-term safety 
and efficacy of the adjunctive use of antimetabo-
lites in pediatric GDD surgery are not known. A 
surgical registry approach to capturing data on 
pediatric GDD surgery over many years may be 
the best way to determine the risk/benefit balance 
of antimetabolites in this population for whom 
long-term outcomes are so important.

 Postoperative Management

Postoperative medication includes topical broad- 
spectrum antibiotic (e.g., chloramphenicol or 
fourth-generation fluoroquinolone), topical steroid 
(e.g., prednisolone acetate 1% or dexamethasone 

a b

c d

Fig. 7.8 (a, b) Bilateral glaucoma drainage devices 
placed at age 8  in a boy with glaucoma associated with 
aniridia. There is no tube-lens touch, but over the last 
5 years, the lenses slowly dislocated upward, as shown, 
and developed early posterior subcapsular cataract with 
visual acuity in the 20/50 range bilaterally (patient does 
not have foveal agenesis). (a, b Courtesy of James 
D. Brandt, MD). (c) Tube of a Baerveldt glaucoma drain-
age device inserted at a tangent so that it lies near the 

equator of the lens (the thinnest portion of the lens) to 
avoid the tube touching the lens. (d) Tube of a Baerveldt 
glaucoma drainage device in an aniridic eye. The tube is 
inserted in a radial direction with the tip of the tube 
approaching the anterior pole of the lens (the thickest por-
tion of the lens) resulting in the tube touching the lens and 
causing a localized opacity. (c, d Courtesy of Cecilia 
Fenerty, MD, FRCOphth)
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0.1%), and often a topical cycloplegic (e.g., atro-
pine 1% or cyclopentolate 1%). When a non-
valved device has been implanted using an 
extraluminal tie and/or intraluminal stent, it may 
also be necessary to continue topical glaucoma 
medication until the extraluminal suture is 
absorbed and the tube opens. For those children 
with a valved tube, the device will function imme-
diately, and often all the regular glaucoma medica-
tions can be stopped.

Pain relief is usually adequately managed with 
acetaminophen appropriately dosed by weight, 
with the addition of a systemic nonsteroidal anti- 
inflammatory drug if required.

Children are examined on the first postopera-
tive day, and assessment should be directed to 
identify potential complications of surgery as 
detailed below. It is usually impossible to formally 
measure IOP in a young child on the first postop-
erative day, but if necessary the IOP may be esti-
mated by gentle digital palpation over the closed 
lid. External examination will reveal any purulent 
discharge or bleeding, and ocular examination 
should aim to confirm the presence of a formed 
AC and clear red reflex. If necessary, a B-scan 
ultrasound examination can assist in assessment.

At 1 week after surgery, a more detailed exam 
is usually possible. In the presence of nonabsorb-
able sutures on the conjunctiva or cornea, antibi-
otic drops should be continued until they are 
removed. However, when absorbable sutures 
have been used for closure, antibiotics can be 
stopped within the first week or two postopera-
tively. The key issues during the first month or so 
after GDD surgery are infection surveillance, AC 
status, IOP, and tube positioning. If the IOP is 
very low, and the AC is very shallow or flat, ref-
ormation with viscoelastic in the operating room 
is urgently necessary to avoid corneal failure or 
cataract. B-scan ultrasound can help determine if 
choroidal effusions are present, and this can be 
done even in a crying infant in the clinic setting.

Topical cycloplegic, if used, may be stopped 
shortly after surgery if there is no hypotony and 
the AC remains deep. However, this medication 
may be temporarily reinstated around the time of 
opening of the extraluminal tie if there is a signifi-
cant risk of hypotony. Topical steroid therapy 
should be tapered postoperatively according to 

the presence and grade of AC activity and external 
conjunctival hyperemia, usually over 1–2 months.

Management of valved versus non-valved 
GDDs diverges significantly in the postoperative 
period. In the case of a valved implant, preopera-
tive glaucoma medications are usually discontin-
ued to prevent hypotony. For those children who 
have had a non-valved device inserted utilizing 
an absorbable suture extraluminal tie, a critical 
time for review is around 6–7 weeks postopera-
tively when the tie usually spontaneously 
releases. In order to avoid hypotony at this time, 
it may be advisable to reduce or stop glaucoma 
medication a few days in advance. By this point, 
a fibrous capsule will have formed around the 
plate; this capsule offers resistance to outflow 
and thus avoids hypotony.

Further, EUA may be required to fully assess 
tube function and IOP control or for the removal 
of nonabsorbable sutures or the intraluminal 
stent. This should be planned at or beyond 6 
weeks following surgery at which time any 
absorbable extraluminal tie will have spontane-
ously opened.

The “hypertensive phase” following GDD 
implantation is a widely recognized phenome-
non, particularly with the Ahmed glaucoma valve 
[30], and is associated with high postoperative 
IOPs [31]. Approximately 4–6 weeks after 
implantation, the capsule forming around the 
AGV tends to thicken and offer more resistance 
to aqueous outflow. It is important to monitor for 
the onset of the hypertensive phase and if neces-
sary reinstitute glaucoma medications at the ear-
liest indication of a rise in IOP [32]. In a 
prospective study in adults, Pakravan and col-
leagues demonstrated that early aqueous suppres-
sion resulted in improved long-term IOP 
reduction and reduced the frequency of the 
hypertensive phase [33].

 Complications

Although GDDs offer some benefits over other 
surgical procedures, they also carry the risk of 
significant complications. Complications which 
are particularly common or are unique to GDDs 
are described below.

J. D. Brandt et al.
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 Hypotony

Hypotony may be a serious and sight-threatening 
complication which may occur as an early, 
medium-term, or late complication of GDD sur-
gery. It is often associated with a shallow or flat 
AC, maculopathy, choroidal effusion, serous reti-
nal detachment, or suprachoroidal hemorrhage. 
Postoperative review should place an emphasis 
on assessing for the presence of hypotony and 
associated complications so that treatment can be 
initiated early. Further complications such as 
PAS, cataract, or phthisis may ensue if hypotony 
is not appropriately managed.

Buphthalmic eyes, which are large with little 
scleral rigidity, are particularly at risk of the com-
plications of hypotony. Perioperatively, hypotony 
is avoided by the use of viscoelastic agents or AC 
infusion to maintain the AC.  The use of 
appropriate- sized devices, small gauge needle 
entry, valved devices, and suture restriction of 
non-valved devices as described above reduces 
the risk of postoperative hypotony. In circum-
stances when hypotony occurs despite the above 
measures, assessment needs to be made as to 
whether this is due to over-drainage or under pro-
duction of aqueous (ciliary body shutdown).

Over-drainage in the early postoperative 
period may occur due to:

• Leakage around the tube at the site of the 
scleral tunnel

• Failure of the valve mechanism in a valved 
device

• Lack of adequate restriction of a non-valved 
device

• Drainage via a different path, e.g., preexisting 
trabeculectomy exposed during GDD surgery, 
iatrogenic cyclodialysis cleft

Over-drainage may occur as a medium-term 
or late complication when a restricting ligature is 
released or an intraluminal stent removed in a 
non-valved device. Tube exposure (described 
below) may also result in leakage and over- 
drainage as a late complication. Management of 
clinically significant hypotony due to over- 
drainage will require surgical intervention to 
identify and remediate the underlying cause. The 

use of an AC infusion assists in identifying areas 
of aqueous leakage around the tube or through 
the tube when extraluminal restriction is not ade-
quate. Suturing the tube tunnel on either side of 
the tube may stop leakage from this site; how-
ever, sometimes it is also helpful to use a small 
amount of Tenon capsule to plug the leak. Tubes 
which are draining because of inadequate restric-
tion will require an additional tighter tie to be 
applied. In the extreme situation where these 
measures do not stop leakage, the tube is removed 
from the tunnel, which should be sutured closed. 
The surgeon should then decide whether to fash-
ion a fresh tunnel or simply tuck the tube out of 
the way for later reinsertion, thus converting the 
surgery to the “two-stage” approach described at 
the beginning of the chapter.

Ciliary body shutdown as a primary cause of 
postoperative hypotony is most commonly 
encountered in eyes with glaucoma secondary 
to uveitis or in eyes that have previously under-
gone multiple ciliary ablations. Eyes which suf-
fer a period of hypotony may additionally suffer 
 ciliary body shutdown and aqueous hyposecre-
tion as a consequence of ciliary body detach-
ment with choroidal effusions. Primary ciliary 
body shutdown may require additional restric-
tion or stenting of the tube to limit drainage 
while awaiting restoration of ciliary body func-
tion. In addition to aggressive management of 
any underlying inflammation, consideration 
should be given to artificially elevating the IOP 
by use of viscoelastic, BSS, gas (e.g., filtered 
air or 20% SF6), or a combination of these into 
the AC.

 Tube Occlusion

Tube occlusion may occur early or late in the 
postoperative period, and for this reason, it is 
important in siting the tube and trimming its 
length to ensure that the tip is directly visible. In 
eyes having undergone cataract surgery, occlu-
sion may be related to capsular remnants, lens 
pearls, or vitreous as described elsewhere in this 
chapter. Fibrin may also occlude the tube from 
intraocular inflammation postoperatively or 
blood in the presence of a hyphema.
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Rates of tube obstruction in different pediatric 
glaucomas with different drainage devices range 
from 6% to 20% [34–44]. Surgical removal of the 
obstruction is often required. The options depend 
on the underlying cause but may involve a com-
bination of tube flushing, AC washout, vitrec-
tomy, iridectomy, or removal of the valve 
mechanism in an AGV.

Patients with a late-onset vitreous incarcera-
tion present with sudden, marked IOP elevation 
after months or years of good IOP control. 
B-scan ultrasound reveals no bleb over the plate, 
indicating blockage of the tube. If the patient 
can cooperate, vitreous incarceration can be 
seen in the tube tip at the slit lamp or with a 
gonioscopy prism in a dilated eye. Vinod and 

colleagues [23) recommend a surgical approach 
in such patients. It is not sufficient to simply 
perform a vitrectomy; these tubes are usually 
blocked with a plug of condensed vitreous that 
must be removed with end-grasping retinal for-
ceps (Fig.  7.9); if only a simple vitrectomy is 
performed, this now amputated plug will be free 
to travel up the tube and cause permanent fail-
ure. Once the vitreous plug and remaining 
mobile vitreous are cleared from the tube, full 
function of the GDD is usually restored, and 
IOP returns to pre-occlusion levels; B-scan 
ultrasound will reveal the presence of a filtering 
bleb over the equatorial plate, confirming flow 
through the system.

a b

c d

Fig. 7.9 Technique of pars plana vitrectomy to remove a 
vitreous plug occluding a tube as described by Vinod and 
colleagues. Note that a simple vitrectomy is insufficient – 
end-grasping forceps must be used to remove the con-
densed vitreous plug or the plug will be free to travel up 

the tube and cause permanent failure. (From Vinod et al. 
[30]. Illustration by Jill K. Gregory, CMI. Reprinted with 
permission from ©Mount Sinai Health System, New York 
NY, USA)
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 Tube Touch

Corneal touch and endothelial damage occurs 
when the tube is sited anteriorly in the AC and 
particularly if the intracameral portion of the tube 
is long. Corneal opacification occurs at the site 
of tube touch with endothelial damage resulting 
in corneal edema and decompensation. The tun-
nel for the tube should be constructed so that the 
tube enters the AC in front of and parallel to the 
iris. If the intracameral portion of the tube is too 
long, it may be observed at the slit lamp to sweep 
from side to side or forward and back when the 
patient blinks or when touching the eyelid on 
examination. In a young child, tube touch may be 
intermittent with eye rubbing, and a focal area of 
corneal edema near the tube tip seen at EUA may 
be the only clue that this is happening and may 
require shortening or repositioning of the tube.

Iris touch may occur if the tube is sited too far 
posteriorly in the AC. This may result in chafing 
of the iris with localized atrophy or chronic uve-
itis. This may also be associated with corectopia, 
particularly if the iris root is involved; corectopia 
on this basis is particularly common in eyes with 
Sturge-Weber syndrome (Fig. 7.10).

Lens touch results in cataract and may be a 
consequence of a tube which is too long, sited too 
far posteriorly, or in a radial rather than tangential 
direction.

The treatment of tube touch complications is 
ultimately surgical and is carried out by shorten-
ing and/or resiting the tube. In some cases of 
anterior segment tube-related complications, it is 
may be necessary to reposition the tube posteri-
orly through the pars plana [45].

 Erosion

Erosion of the GDD through the conjunctiva 
(Fig. 7.11) may result in infection (endophthal-
mitis), leak, or hypotony. Securing the plate and 
the tube with sutures as described above ensures 
the device does not sit raised over the underlying 
scleral plane with the overlying conjunctiva 
stretched over the device surface. The use of a 
patch graft cushions the conjunctiva from the 
ridge of the tube and the anterior plate and further 

reduces the risk of erosion. However, if the con-
junctiva is under tension when replaced to cover 
the GDD (e.g., as a consequence of scarring from 
previous surgery or trauma), it is more likely to 
erode over the tube or plate.

Fig. 7.10 Tube-related corectopia. Teenager with chronic 
uveitic glaucoma who underwent placement of an Ahmed 
Glaucoma Valve about 5  years earlier combined with 
phacoemulsification and injection of an Ozurdex™ dexa-
methasone implant (Allergan, Dublin, Ireland) who 
returns with maintained IOP control and good vision. 
Note the iris is dragged to the tube insertion. This may be 
avoided by performing a localized peripheral iridectomy 
and inserting the tube more posteriorly through the iridec-
tomy so that the iris cannot adhere to the base of the tube. 
(Courtesy of James D. Brandt, MD)

Fig. 7.11 Exposed tube. A teenage female with uveitis 
underwent Baerveldt tube surgery for secondary glau-
coma. However, the tube tunnel was very superficial and 
anterior; note the long tunnel within the corneal stroma. 
Although the plate was sutured to the sclera, the tube 
was not sutured against the sclera (e.g., with a box 
suture) and as a consequence bowed anteriorly. Over 
time, the donor scleral patch graft overlying the tube 
melted away and the tube eroded through the conjunc-
tiva, and the patient presented complaining of pain and 
discomfort. (Courtesy of Cecilia Fenerty MD, 
FRCOphth)
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 Migration

Migration of the GDD may occur if the plate and 
tube are not securely sutured to the globe or the 
“wings” of a Baerveldt implant are placed above 
rather than behind the muscle insertions. As a 
consequence, the plate may end up advancing 
toward the limbus leading to “touch complica-
tions” or retracting toward the equator resulting 
in tube retraction out of the AC. With the device 
plate well secured, it is still possible for the tube 
to migrate out of the AC if it is not sutured 
securely to the sclera or with ocular growth 
(Fig. 7.12).

 Changes in Intracameral Tube Length

Intracameral tube length may change with the 
IOP postoperatively. With a reduction in IOP, 
the dimensions of a child’s eye may change 
with a reduction of the corneal diameter and 
the axial length. As a consequence, the intra-
ocular portion of the tube may lengthen, and 
with that more “tube touch” complications are 

likely. Conversely, with elevated IOP follow-
ing surgery, the corneal diameter and the axial 
length may increase, and the intraocular por-
tion of the tube may retract from the anterior 
segment.

 Ocular Motility Disturbances

Ocular motility disturbances may arise following 
GDD implantation, particularly when an eye has 
undergone prior strabismus surgery. Strabismus 
following GDD surgery should be managed by a 
surgeon familiar with both muscle surgery and 
pediatric GDD surgery, as these cases are very 
complex.

 Outcomes

The World Glaucoma Association convened a 
Consensus Meeting on Childhood Glaucoma at 
its biennial global congress in 2013; the resulting 
monograph reported the results of a worldwide 
surgical consensus survey of glaucoma special-
ists and pediatric ophthalmologists with an inter-
est in pediatric glaucoma surgery [46]. Almost 
half of experts (44%) preferred GDDs as the pri-
mary surgical procedure in glaucoma following 
cataract surgery (GFCS), with 30% preferentially 
using GDDs in uveitic glaucoma. Most stated 
they would use GDDs after failed trabeculectomy 
(82%) with the AGV being the most popular 
choice (63%) followed by the BGI (41%). Only 
15% preferred to augment their surgery with 
adjunctive antimetabolites, and most preferred 
AC tube placement unless contraindicated.

Table 7.4 is a compilation of published studies 
on pediatric GDDs in the published literature 
from 1984 to 2017 which the reader may find 
useful [9, 12, 22, 35–44, 47–72].

The published success rates of GDDs in pedi-
atric glaucoma vary widely between 54% and 
90% [28, 40, 43, 73]. This is due largely to differ-
ences in the age of the child, underlying diagno-
sis, variation in surgical technique, and device 
employed as well as differences in the authors’ 
definitions of success and failure. Despite these 

Fig. 7.12 Developmentally delayed teen with glaucoma 
associated with Sturge-Weber syndrome returned years 
later with a history of eye rubbing. IOP control was good 
and there was no erosion, but the plate had moved forward 
from its original position by about 3 mm so the tube was 
too long and risked causing corneal endothelial damage. 
The tube was everted through a small corneal incision 
1 mm anterior to the limbus and shortened to about 2 mm 
in length. IOP control was maintained. Note that the pupil 
is drawn toward the tube entry point, a common late-term 
finding in eyes with Sturge-Weber syndrome. (Courtesy 
of James D. Brandt, MD)
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limitations, a few general conclusions can be 
drawn. Firstly, although many studies report suc-
cess rates around 80% after 1–2 years of follow-
 up [37, 74], longer-term studies consistently 
report a steady decline to ~50% success after 5 
years of follow-up requiring reinstitution of med-
ical therapy [22, 56, 59, 61, 73]. Secondly, while 
it is difficult to directly compare success rates 
between different GDDs, a number of studies 
have demonstrated equivalent results among 
devices [22, 51, 73, 75].

In most reported case series, GDDs have been 
reserved for use in refractory pediatric glaucoma 
of mixed etiology where other medical and surgi-
cal procedures have failed to optimally control 
IOP. Primary congenital glaucoma and secondary 
glaucoma particularly associated with aphakia 
form the bulk of cases analyzed. A small case 
series of GDDs in aniridia showed a success rate 
of up to 88% at 1 year [76]. The use of BGI [77] 
and AGV [54] in Sturge-Weber syndrome has 
also been shown to successfully improve IOP 
control in refractory cases, though meticulous 
hypotony prevention in the postoperative period 
is strongly advocated. A number of studies look-
ing at surgical outcomes of GDDs in pediatric 
uveitic glaucoma have shown between 80% and 
100% success rates up to 40 months of follow-up 
[60, 78, 79]. In these cases, however, GDDs of 
smaller surface areas were used to minimize the 
risk of hypotony. GDDs associated with corneal 
grafting procedures have demonstrated higher 
failure rates both in terms of IOP control and 
graft longevity [66], with higher complication 
rates particularly in simultaneous combined pro-
cedures [80]. Ideally, IOP should be controlled 
prior to considering corneal surgery. And while a 
pars plana approach may reduce corneal compli-
cations, it risks tube occlusion with vitreous.

While GDDs have demonstrated a high cumu-
lative probability of long-term success, sight- 
threatening complications may occur at any stage 
postoperatively, requiring lifelong follow-up 
[71]. The most common complications relate 
either to hypotony or to the tube itself [28, 35, 37, 
38, 43, 73, 81, 82].

Hypotony may occur at any stage during the 
early or late postoperative period, with the pedi-

atric population at greater risk due to reduced 
scleral rigidity. The reported incidence of hypot-
ony and flat AC varies, ranging from 0% to 25.7% 
in pediatric patients [12, 22, 34, 35, 37–41, 43, 
50, 51, 73]. The results of different GDDs vary 
widely and are dependent on surgical technique 
and underlying diagnosis with underestimation 
also likely due to paucity of reliable IOP assess-
ment in children. Early hypotony has been 
reported in AGVs to be as present in up to 7% of 
cases [66]. Rates of choroidal effusion range 
from 0% to 22% [12, 34, 35, 38–41, 43, 44, 53, 
66, 73], while the most devastating complication 
of suprachoroidal hemorrhage has been docu-
mented to range from 0% to 13% [12, 34–38, 53, 
73].

Tube-related complications are a heteroge-
neous group, encompassing erosion, occlusion, 
migration, iris or lens touch, and corneal decom-
pensation related to corneal endothelial touch 
[73]. Interestingly, a recent retrospective com-
parative study of 69 pediatric eyes and 145 adult 
eyes found higher rates of corneal decompensat-
ing in the adult population occurring earlier in 
this group [83].

Tube migration and retraction may occur sec-
ondary to normalization or elevation of IOP, 
respectively, and tend to occur in younger patients 
with buphthalmic eyes. Rates of tube-cornea 
touch vary from 5.7% to 20% [37, 39, 40, 50, 73], 
with most identified cases requiring revision. 
Conversely, if tube retraction occurs, then a num-
ber of surgical options have been described 
including the use of a tube extender, a segment of 
22-gauge intravenous catheter [84], or angiocath-
eter material [85].

Erosion of the tube or the scleral plate carries 
a significant risk of endophthalmitis and should 
be repaired immediately using a patch graft or 
where required explantation of the device in 
cases of plate erosion [74]. The reported inci-
dence of erosion or extrusion of the tube or scleral 
plate ranges from 0% to 13% in pediatric patients 
[12, 34, 35, 37–44, 50, 51, 53, 56, 73]. Gedde and 
colleagues [86] noted that exposure of the tube 
was present in all cases of late-onset endophthal-
mitis associated with the BGI.  Early and late 
postoperative endophthalmitis rates associated 
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with GDDs in children have been reported 
between 0% and 5% [12, 34, 35, 37, 38, 40–43, 
50, 51, 53, 56, 73].

Motility issues and strabismus should also be 
considered in children particularly where binocu-
larity is present [22]. The incidence of this compli-
cation ranges from 0% to 11% in children with 
various devices [12, 34, 37, 38, 40, 43, 51, 56, 87]. 
Permanent motility disorders represent a late com-
plication and may be due to mechanical restriction 
of the extraocular muscles secondary to adhesion 
or scarring or to a large bleb or episcleral plate.

 Options After Failed Surgery

Elevated IOP after GDD insertion may be due to 
either tube obstruction at either the tube tip or in 
the valve mechanism or GDD failure due to bleb 
encapsulation. A number of treatment options are 
available once GDDs fail to control IOP effec-
tively either through plate fibrosis, scarring, or 
bleb encapsulation. Recommencement of topical 
glaucoma medications is the usual first-line option. 
Failing this, of the pediatric glaucoma experts sur-
veyed [46], 26% would proceed with cyclode-
struction, 26% would revise the GDD (capsule 
excision with or without anti-scarring agent), and 
23% would insert a second GDD. A nonrandom-
ized chart review of 17 eyes suggests that second-
ary cyclodestruction versus secondary GDD has 
equivocal results at 2 years [64]. The amount of 
cyclodestructive treatment required to achieve the 
desired degree of IOP reduction may be difficult to 
titrate and may be associated with high rates of 
retinal detachment, phthisis bulbi, and other 
vision-threatening complications [74]. Shah et al. 
demonstrated that after failed GDD, an additional 
GDD offered better IOP control than revision by 
excision of an encapsulated bleb [88]. A further 
retrospective case series of 22 eyes did not demon-
strate higher-than-expected rates of complications 
associated with GDDs [89]; however, both these 
studies were in an adult population.

 Conclusion
Glaucoma drainage devices are increasingly 
useful in the management of childhood 

 glaucoma. They can be used as a primary pro-
cedure in certain situations or as a secondary 
procedure where more conventional surgery 
(e.g., angle surgery) has been carried out and 
failed. We hope that this chapter has provided 
a comprehensive review of why, when, and 
how GDDs should be used in the treatment of 
childhood glaucoma.

The reader may be excused for coming 
away from this chapter with some pessimism, 
especially after the main conclusion above 
that these devices have a 50% failure rate at 5 
years. We believe it is important to put this in 
perspective, however. The eyes in which 
GDDs are generally used are those same eyes 
that would have almost certainly gone blind 
prior to the introduction of these devices and 
are best implanted sooner than later to opti-
mize long-term visual prognosis. The authors 
have patients who maintain useful and some-
times excellent vision many years (even 
decades) after implantation in early child-
hood. We encourage those caring for children 
with glaucoma to add the use of GDDs to their 
surgical portfolio. This recommendation is 
particularly important in resource-constrained 
settings now that low-cost GDDs are available 
worldwide. Successful GDD cases make all 
the hard work of managing these children 
among the most rewarding long-term aspect 
of childhood glaucoma care.
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Cyclodestruction

Ta Chen Peter Chang and Karen M. Joos

 History

Cyclodestructive procedures are the only glau-
coma procedures designed to reduce aqueous 
production and are generally reserved for cases in 
which the outflow-enhancing procedures have 
either failed or cannot be safely performed. The 
first cyclodestructive procedure, sclerocyclotomy 
with thermocautery, was described in 1929 by 
Fiore [1]. In the following six decades, the 
approach varied among diathermy, cryotherapy, 
photocoagulation, and cyclocoagulation using 
ultrasound (Table 8.1) [1–19]. Most were associ-
ated with high incidences of hypotony, phthisis, 
scleral necrosis, and uveitis [3, 20]. The risks of 
these complications decreased over time, as 
improved technologies and protocols were 
developed.

In general, the goal of cyclodestructive proce-
dures is to achieve targeted destruction/inactiva-

tion of the inner, nonpigmented ciliary epithelium 
on the ciliary processes, which decreases the 
overall aqueous production and lowers the intra-
ocular pressure (IOP). Treatment precision can 
be achieved with identification of anatomic land-
marks and utilizing a modality that delivers 
energy with tissue specificity [21, 22]. The diode 
laser (wavelength of 810  nm) is absorbed to a 
greater degree by the melanin in the ciliary pro-
cess compared to the surrounding tissues, 
whereas direct, endoscopic visualization of the 
ciliary body provides a more precise identifica-
tion of anatomy compared to transscleral tech-
niques, which rely on external landmarks to infer 
the location of the ciliary body [23]. Thus, endo-
scopic application of diode laser allows for the 
most targeted treatment of the ciliary processes, 
although it requires incisional surgery, and there-
fore is, in a sense, the most invasive approach. 
Laser delivery is commonly achieved in a con-
tinuous fashion, which results in both apoptosis 
and necrosis. Recent introduction of micropulse 
delivery, with bursts lasting 30 to 300 microsec-
onds interrupted by longer (1700–2000 micro-
seconds) intervals, may result in tissue apoptosis 
with less necrosis compared to continuous pulse 
delivery [21].

Of all modalities of cyclodestruction, those 
of cyclocryotherapy, transscleral cyclophotoco-
agulation, and endoscopic cyclophotocoagula-
tion have been reported in the pediatric 
population [14, 17, 24–26, 28, 29, 31, 32, 34], 
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with  cyclocryotherapy now rarely used with the 
widespread availability of cyclophotocoagula-
tion [27]. A limited series of nine pediatric 
patients treated with the external micropulse 
diode laser reported initial IOP lowering, but 
reoperation was required in seven (78%) patients 
during the first year of follow-up [35].The 
remainder of this chapter will focus on ab 
externo and ab interno, continuous pulse deliv-
ery of cyclophotocoagulation.

 Indications

In eyes with uncontrolled glaucoma where addi-
tional incisional surgery is thought to be unfeasi-
ble or unsafe, transscleral cyclophotocoagulation 
(TSCPC) is considered. Usually, the risk of com-
plications should be justified with the potential 
benefit of preserving vision, although the level of 
visual function may not be easily tested in younger 
children. TSCPC can also be considered follow-
ing inadequately functioning glaucoma drainage 

device (GDD) surgery on maximum medical 
treatment. In pseudophakic or aphakic eyes with 
uncontrolled or borderline-controlled glaucoma 
scheduled for another intraocular surgery, such as 
vitrectomy and membranectomy to clear an 
opacified visual axis, endoscopic cyclophotoco-
agulation (ECP) can be performed concurrently 
for additional pressure control.

 Contraindications

Cyclodestructive procedures have low success 
rate in eyes with uveitis [28]. In eyes with scleral 
thinning, TSCPC is relatively contraindicated for 
concerns of anterior scleral staphyloma forma-
tion and perforation [29]. It should be avoided in 
children with pigmentation of the sclera (e.g., 
nevus of Ota), which can preferentially absorb 
the energy and cause conjunctival and scleral 
burns. ECP is usually preferred over TSCPC in 
eyes with abnormal anatomy, where the position 
of the ciliary processes cannot be determined 

Table 8.1 History of human cyclodestructive techniques

Date Medium Techniques Application Population References
1929 Electrode Sclerocyclotomy 

with thermocautery
Ab externo, contact Adult Fiore [1]

1933 Electrode Diathermy Ab externo, contact Adult Weve [2]
1950 Dry ice Cryotherapy Ab externo, contact Adult Bietti [3]
1961 Polychromatic 

xenon light
Photocoagulation Ab externo, contact Adult Weekers et al. [4]

1972 Pulsed ruby laser Photocoagulation Ab externo, contact Adult Beckman et al. [5]
1973 Nitrous oxide gas Cryotherapy Ab externo, contact Adult Bellows and Grant [6]
1973 Neodymium-doped 

glass laser
Photocoagulation Ab externo, contact Adult Beckman and  

Sugar [7]
1981 Xenon arc Photocoagulation Ab interno Adult Charles [8]
1985 Ultrasound Other coagulation Ab externo, contact Adult Coleman et al. [9]
1986 Argon laser Photocoagulation Ab interno Adult Patel et al. [10]
1989 Nd/YAG laser Photocoagulation Ab externo, contact Adult Shields et al. [11]
1990 Nd/YAG laser Photocoagulation Ab externo, noncontact Adult Hampton et al. [12]
1990 Nitrous oxide gas Cryotherapy Ab externo contact Pediatric al-Faran et al. [13]
1991 Nd/YAG laser Photocoagulation Ab externo, contact Pediatric Phelan and 

Higginbotham [14]
1992 Diode laser Photocoagulation Ab externo, contact Adult Hennis and Stewart 

[15]
1992 Diode laser Photocoagulation Ab interno, endoscopic Adult Uram [16]
1997 Diode laser Photocoagulation Ab externo, contact Pediatric Bock et al. [17]
1999 Diode laser Photocoagulation Ab interno, endoscopic Pediatric Plager and Neely [18]
2010 Micropulse diode 

laser
Photocoagulation Ab externo, contact Adult Tan et al. [19]

Nd:YAG neodymium-doped yttrium aluminum garnet crystal
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accurately by external landmarks. Both TSCPC 
and ECP are usually performed under general 
anesthesia in a pediatric patient and would be 
contraindicated in children who are too ill for 
general anesthesia. The incidence of sympathetic 
ophthalmia (SO) in adults following TSCPC is 
estimated to be one in approximately 1500 [30], 
and pediatric cases have been reported [31, 32]. 
While it is not known if children are more sus-
ceptible to SO than adults, even a low risk of SO 
may be deemed unacceptable. Cyclodestruction 
is avoided in eyes with no light perception.

 Risk Factors for Failure

Failure of cyclodestructive procedures is usually 
defined by inadequate IOP control, or sight- 
threatening complications, which may include 
chronic hypotony, cataract formation, post-laser 
inflammation, and choroidal and retinal detach-
ment. Eyes with multiple prior incisional surger-
ies and/or prior cyclodestruction are at a higher 
risk of all complications [28–33].

 Advantages and Disadvantages

The advantages and disadvantages of both 
TSCPC and ECP are outlined in Table 8.2.

 Preoperative Considerations 
and Preparation

When obtaining informed consent, it is useful to 
inform parents that in order to avoid hypotony and 
vision loss, treatment may be titrated over multiple 
sessions. This sets a reasonable expectation in case 
IOP is not sufficiently lowered after one session. 
Furthermore, parents must be advised that topical 
medical treatment may still be necessary after diode. 
The risks of postoperative vision loss from all causes 
and sympathetic ophthalmia are emphasized.

A list of instruments/devices is provided in 
Table 8.3.

Table 8.2 Advantages and disadvantages of cyclophoto-
coagulation techniques as compared to conventional glau-
coma procedures

Advantages Disadvantages
Short surgical time Unpredictable response
Technically easy to perform May require multiple 

treatment sessions
Prompt convalescence with 
fewer days of school missed

Ongoing medical 
treatment may be 
necessary

Fewer postoperative TSCPC 
precautions compared to 
incisional surgeries

Risk of sympathetic 
ophthalmia

ECP allows more targeted 
treatment

Increased risk of 
hypotony if subsequent 
incisional surgery were 
performed

TSCPC transscleral cyclophotocoagulation, ECP endo-
scopic cyclophotocoagulation

Table 8.3 A list of instruments and devices needed to 
perform transscleral cyclophotocoagulation and endo-
scopic cyclophotocoagulation

Transscleral cyclophotocoagulation
  Lid speculum
  Semiconductor diode laser (Iris Medical 

Instruments, Mountain View, CA, USA)
  G-probe (Iris Medical Instruments) or Ciliprobe 

(Katalyst Surgical, Chesterfield, MO, USA)
  Fine-toothed forceps or squint hook
  Transilluminator or ultrasound (for cases with 

difficult landmarks)
  Optional IV ketorolac
  Optional bupivacaine 0.25% (for subconjunctival 

injection)
  Optional steroid (for subconjunctival injection,  

e.g., triamcinolone acetonide, betamethasone)
  Prednisolone 1% (topical)
  Atropine 1% (topical)
Endoscopic cyclophotocoagulation
  Lid speculum
  Microkeratome
  Viscoelastic (for intraocular administration) or an 

AC maintainer
  Mechanical vitrector (if pars plana approach and 

eye not fully vitrectomized)
  Semiconductor diode laser (Endo Optiks, Little 

Silver, NJ, USA)
  Endoscopic probe (Endo Optiks) – 20 or 23 gauge, 

straight or curved
  Display monitor
  Needle holder
  Tying forceps
  Fine-toothed forceps
  Optional bupivacaine 0.25% (for subconjunctival 

injection)
  Optional steroid (for subconjunctival injection,  

e.g., triamcinolone acetonide, betamethasone)
  Prednisolone 1% (topical)
  Atropine 1% (topical)

AC anterior chamber
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 Operation

Intraop Preparation General anesthesia is 
induced. A sterile preparation is not necessary for 
TSCPC, but mandatory and routine for ECP, 
whether or not it is combined with other intraocu-
lar procedures.

Surgical Technique For TSCPC, a speculum is 
introduced. A pair of fine-toothed forceps or squint 
hook can be used to stabilize and manipulate the 
eye. The footplate of the G-probe is applied to the 
limbus as specified by the manufacturer. However, 
transillumination to accurately identify the ciliary 
body is necessary in buphthalmic and anatomi-
cally abnormal eyes with the footplate adjusted as 
needed to treat the ciliary body. (Fig. 8.1) Initial 
settings are surgeon dependent. Consider 1100–
1750 mW at 2-s duration (or 1250 mW at 4-s dura-
tion) for older children, while a power setting of 
800–900 mW at 2-s duration may be appropriate 
for an infant. During the initial application, if a 
popping sound is heard (a marker of excessive tis-
sue disruption), the power is adjusted downward at 
50 mW or 100 msec increments until the sound is 
no longer heard or is barely audible. A reasonable 
initial treatment dose would be 18–30 laser spots 
dependent upon the energy levels over 270° (while 
avoiding areas of pre-existing glaucoma implants, 
scleral thinning, and long ciliary nerves at the 3- 
and 9-o’clock meridians). The treatment dose is 
titrated up or down based on the surgeon’s experi-
ence, the preoperative IOP, and the patient’s surgi-
cal history (Video 8.1).

ECP is essentially exclusively appropriate for 
aphakic or pseudophakic eyes, due to the diffi-
culty reaching the target ciliary processes safely 
without injuring the native lens. After completion 
of the accompanying intraocular procedure, the 
pupils are pharmacologically dilated with intra-
cameral administration of epinephrine. For pars 
plana approach, mechanical anterior vitrectomy is 
recommended to avoid traction on the vitreous 
base while performing the procedure. The endo-
scopic probe is made available, and the focus and 
orientation adjusted according to the manufactur-

er’s instructions. The monitor is positioned within 
the surgeon’s line of sight. The ciliary sulcus is 
inflated with viscoelastic or an anterior chamber 
(AC) maintainer is used. Under direct micro-
scopic visualization, a 20- or 23-gauge endo-
scopic probe is introduced into the eye via a 
limbal (or pars plana) incision and advanced to 
the posterior chamber, with the tip of the probe 
positioned posterior to the contralateral iris bor-
der. The surgeon’s attention is then turned to the 
monitor. The distance from the ciliary body is 
adjusted such that about four to five ciliary pro-
cesses are visible on the screen at any given time. 
Too much distance will lead to insufficient photo-
coagulation, while too little distance will lead to 
excessive tissue disruption. With an initial power 
setting of 200 mW and continuous wave applica-
tion, laser is applied to the ciliary processes until 
shrinkage and whitening occur without rupture of 
ciliary processes or bubble formation (Video 8.2). 
The power is adjusted up or down as needed for 
effective photocoagulation. A reasonable initial 
treatment dose would be one continuous coat of 
laser applied over 120–180°, titrated up or down 
based on the surgeon’s experience, the target IOP, 
and the patient’s surgical history. The viscoelastic 
is thoroughly irrigated from the eye, followed by 
meticulous closure of all incisions.

Fig. 8.1 Transillumination of a buphthalmic eye to iden-
tify the ciliary body. (Courtesy of Maria Papadopoulos, 
MBBS, FRCOphth)
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Intraoperatively, various strategies can be 
employed to minimize postoperative inflamma-
tion with steroids given intravenously or via the 
sub-Tenon or intraocular route. Sub-Tenon or 
peribulbar bupivacaine injections are useful for 
control of postoperative pain. Acetaminophen as 
directed on the bottle for a few days generally 
provides adequate pain relief.

Potential Modifications As previously men-
tioned, when performing TSCPC in buphthalmic 
eyes or in eyes where the limbus cannot be clearly 
identified, transillumination with a Finnoff illu-
minator or comparable light source should be 
performed through the pupil. The junction of 
light and dark areas denotes the scleral spur and 
the anterior attachment of uvea. In ECP, a second 
incision can be created in order to access and 
apply laser to a larger extent of ciliary processes; 
in some cases, the irrigation and laser ports can 
be exchanged if placed at least several clock 
hours apart from one another. In microphthalmic 
eyes, consider using lower total energy and num-
ber of burns.

 Postoperative Management

The patient is evaluated on the first postoperative 
day to rule out any immediate intraocular compli-
cations and/or acute IOP spikes and again 
approximately 5–7  days later. Topical atropine 
(once to twice daily) and prednisolone or dexa-
methasone (four to six times daily) are used for 
2 weeks, followed by cessation of atropine and 
tapering of prednisolone. Preoperative glaucoma 
medications are resumed as needed depending on 
the target and outcome IOP or continued and 
withdrawn if possible. The patient is examined 
again in 3–4 weeks, after discontinuation of ste-
roid medications. In uncooperative pediatric 
patients, echography is used to rule out posterior 
pole complications due to hypotony or inflamma-
tion, and a repeat examination under anesthesia is 
scheduled at the surgeon’s discretion to obtain 
new baseline optic nerve and biometric examina-
tions. Repeat laser application is usually delayed 
at least 8 weeks to allow for resolution of inflam-

mation, discontinuation of postoperative topical 
steroid, and a more accurate assessment of the 
results of the initial procedure on the eye’s IOP.

 Complications

The risks of chronic hypotony (including phthi-
sis), cataract formation, visual loss, and choroidal 
and retinal detachment may be decreased with 
judicious laser dosing, while the risk of severe 
postoperative inflammation may be minimized 
with intraoperative administration of systemic 
dexamethasone, intraocular or sub-Tenon steroid 
(e.g., triamcinolone), and postoperative topical 
steroids. In one series, the risk of chronic 
 hypotony following TSCPC was 10% over an 
average of 30 months, with number of treatment 
spots being the only statistically significant dif-
ference (54 vs 41 spots in hypotonous vs no 
hypotonous groups) [30].

To avoid marked thinning of the sclera in 
TSCPC, attempt to apply the laser only in areas 
with sclera of reasonably normal thickness as 
shown by transillumination and consider other 
glaucoma procedures rather than only multiple 
TSCPC procedures.

The incidence of sympathetic ophthalmia 
(SO) in children following cyclophotocoagula-
tion is unknown. A recent review of published 
diode cases estimated the incidence of SO to be 
around 1 in 1500 or 0.07% [30].

 Outcomes

In refractory childhood glaucoma (primary or 
secondary), success rate is approximately 
62–66% with one treatment, and 72–70% with 
multiple treatments, where success is defined as 
IOP < 21 mmHg or a reduction of 30% from pre-
treatment baseline [23, 24]. Approximately 10% 
of patients had decreased vision and/or signifi-
cant postoperative inflammation, and 4–6% had 
choroidal or retinal detachment [23, 24].

In a retrospective comparative series com-
prised of most secondary childhood glaucomas, 
TSCPC and ECP had similar efficacy, and 
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approximately 46% of eyes were considered 
treatment successes, defined as IOP less than 
21 mmHg at the most recent follow-up appoint-
ment, approximately 5  years following the 
procedure(s) [34]. Mean time to failure for 
TSCPC and ECP was approximately 1.7 and 
1.0  years, respectively. In the subgroup who 
received TSCPC and ECP as initial glaucoma 
surgical therapy, 21% of TSCPC eyes and 45% 
of ECP eyes required subsequent incisional 
glaucoma surgery. Over 5 years, 23.4% (29/124) 
eyes lost vision, 5 eyes progressed to no light 
perception after complications from a corneal 
graft and retinal detachment, and 3 after GDD 
surgery [34].

 Options After Failed 
Cyclophotocoagulation

The options after failed cyclophotocoagulation 
include:

• In eyes where additional incisional surgery is 
thought to be unfeasible or unsafe, repeat 
cyclophotocoagulation months to years later 
including any quadrant not previously treated.

• In eyes that have failed GDD surgery and 
diode, place a second GDD.

• In pseudophakic or aphakic eyes that have 
failed ECP combined with other surgery, con-
sider GDD surgery.
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Other Procedures for Pediatric 
Glaucoma Surgery: New Devices 
and Techniques

Elena Bitrian and Alana L. Grajewski

 Introduction

In recent years, there have been multiple new 
devices developed in glaucoma surgery that target 
the angle and can be grouped in the category of 
minimally invasive glaucoma surgeries (MIGS). 
These procedures were mainly developed for 
adult glaucoma surgery, but by the very fact that 
they are variations on angle surgery, many may 
have application in pediatric glaucoma patients. 
With that being said, it should be noted that infor-
mation regarding outcomes is limited for many of 
these devices in adults and even more so in chil-
dren. Given the paucity of data regarding risk and/
or benefit of these procedures in children, one 
should make the clinical decision for use of these 
newer techniques on an individual basis.

When considering new and novel techniques, it 
is always best to look back at the principal founda-

tions that led to these innovations. The origin of 
pediatric glaucoma surgery dates back to 1938 with 
Barkan describing his goniotomy technique [1]. 
While classical angle surgery still continues to be a 
first-line treatment in primary congenital glaucoma 
(PCG) [2, 3], in recent years modifications in this 
technique and new devices have been developed. If 
the first angle surgery is not successful and the angle 
has not been treated 360°, many surgeons will fur-
ther treat the angle before performing a filtering 
procedure (trabeculectomy) or glaucoma drainage 
device (GDD) [4]. Several instruments and tech-
niques have been developed to extend the area of 
angle treated and/or to remove the trabecular mesh-
work (TM) from the eye or dilate Schlemm’s canal.

This chapter presents these new surgical tech-
niques and devices that target the angle via an ab 
interno approach. The following will be discussed: 
trabeculotomy with TRAB™360, viscodilation 
with VISCO™360, combined trabeculotomy and 
viscodilation with the OMNI™, gonioscopic-
assisted transluminal trabeculotomy (GATT) with 
fiber optic or suture, and TM destruction and 
removal with Trabectome/Goniotome and the 
Kahook dual blade®. These devices share indica-
tions, complications, advantages, and limitations. 
We also introduce an ophthalmic surgery model 
eye (Bioniko, Miami, FL, USA) that can be used 
to teach angle surgery in a safe environment.

In PCG, the inhibited posterior sliding of the 
ciliary body (CB) from the Schwalbe line to 
scleral spur has been theorized to result in an 
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anterior position of the CB and peripheral iris 
overlapping with the TM [5]. This arrest in matu-
ration of the angle leads to a wide variation in 
appearance of the angle on gonioscopy and is felt 
to be the etiology of the obstruction to outflow. 
This anatomic anomaly in PCG and obstruction 
to outflow make the TM and the inner wall of 
Schlemm’s canal the site of greatest resistance to 
aqueous outflow [6, 7]. Once opened, this allows 
aqueous humor flow from the anterior chamber 
(AC) to the collector channels in the external wall 
of Schlemm’s canal [8–10].

Augmentation of the conventional (trabecular) 
outflow pathway can facilitate physiologic out-
flow and subsequently lower intraocular pressure 
(IOP). Recent techniques to enhance the conven-
tional outflow pathway via an internal approach 
to the TM and Schlemm’s canal fall into three 
novel surgical approaches:

 1. Disruption of the TM and inner wall of 
Schlemm’s canal via an internal approach (ab 
interno trabeculotomy) with the use of an illu-
minated microcatheter to perform gonioscopic- 
assisted transluminal trabeculotomy (GATT): 
iTrack™ catheter (Ellex iScience, Fremont, 
CA, USA) or with TRAB™360 (Sight 
Sciences, Menlo Park, CA, USA)

 2. Dilation of Schlemm’s canal with viscoelastic 
via an internal approach (ab interno canalo-
plasty): AbiC™ (iTrack™ catheter, Ellex 
iScience) VISCO™360 or with OMNI™ 
(Sight Sciences)

 3. Removal of the TM and inner wall of 
Schlemm’s canal by an internal approach (ab 
interno trabeculotomy) with the Trabectome®/
Goniotome (NeoMedix, Tustin, CA, USA) 
and the Kahook dual blade® (New World 
Medical, Rancho Cucamonga, CA, USA)

In contrast to external filtration surgeries (tra-
beculectomy and GDD) and ab externo angle sur-
geries, the procedures above are performed from 
an internal approach via gonioscopic visualiza-
tion of the angle and are aimed to remove obstruc-
tion to a natural outflow pathway. There are 
published reports of some of these techniques via 
an external approach, e.g., GATT for the treat-
ment of selective types of glaucoma [10].

 Indications and Contraindications 
(Table 9.1)

Given that these procedures are done from an ab 
interno approach on the same area of the outflow 
system, the indications and contraindications are 
similar to those of angle surgery. The common 
thread to all surgical procedures performed ab 
interno is the requirement to visualize the angle to 
safely complete the surgery. While areas of high 
insertion and iris adhesions can be overlooked, for 
the most part the angle must be identified [11].

 Risks Factors for Failure

The risk factors for failure include the inability to 
clearly visualize the angle, a shallow AC, and the 
inability to fully cannulate Schlemm’s canal.

 Advantages and Disadvantages

Multiple studies describe the advantages of treat-
ment of the TM in its entirety [12–15]. The 
unique advantage to the ab interno approach is 
similar to goniotomy, requiring only small cor-
neal incisions leading to a significant reduction in 
surgical time and, in addition, the ability to treat 
the complete angle in one surgical event. While 

Table 9.1 Indications and contraindications for ab 
interno procedures

Indications
Primary congenital glaucoma (PCG)
Juvenile open-angle glaucoma (JOAG)
Glaucoma following cataract surgery
Glaucoma associated with non-acquired ocular 
anomalies
Glaucoma associated with non-acquired systemic 
disease or syndrome
Some glaucoma associated with acquired conditions:
Uveitic glaucoma
Steroid-induced glaucoma
Contraindications
Corneal opacity of a degree that obscures the view of 
the angle
Complete secondary angle closure
Traumatic glaucoma
Neovascular glaucoma
Secondary glaucoma due to ciliary body or iris tumor
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less clearly determined, there may also be an 
advantage to the simultaneous dilation and irriga-
tion of the distal collecting system [16].

Similar to goniotomy, the disadvantage is manip-
ulation in the AC with the attendant risk of damage 
to adjacent structures (lens, iris, and cornea).

 Ab Interno Angle Surgery: 
Preoperative Surgeon Preparation

Ab interno angle surgery is becoming a more com-
mon procedure in the armamentarium of adult 
cataract and glaucoma surgeons. Glaucoma sur-
gery for infants and children is not the same as 
glaucoma surgery for adults. The anterior segment 
of the child is a much different environment, and 
the task should not be taken lightly. Observation 
and training with skilled pediatric glaucoma sur-
geons is recommended. Wet labs and model eyes, 
while not perfect, do provide some level of compe-
tence for the surgeon who plans to do angle sur-
gery in children. Bioniko (Miami, FL, USA) has 
developed an artificial eye with a canal that pro-
vides realistic access to the angle and practice for 
goniotomy, TRAB™ 360, VISCO™ 360, and 
GATT procedures (Fig.  9.1). The eye model is 

placed in a tilting holder that allows visualization 
with the goniolens at the same time as performing 
intraocular manipulation. Video 9.1 shows the 
SCHLEMM™ Model from Bioniko being used 
for TRAB™ 360 and GATT practice.

 Ab Interno Angle Surgery: 
Preoperative Patient 
Considerations and Preparation

In addition to surgeon preparation, careful patient 
selection and procedure selection are also key. 
Above all for ab interno surgery, one must be able 
to visualize the angle during the examination 
under anesthesia (EUA) preceding surgery. The 
examination in the office is often indicative of the 
ability to visualize the angle; a clear cornea or 
minimal corneal haze will often predict an ade-
quate view of the angle. In some cases, the ability 
to see the angle at the time of surgery is improved 
if the cornea has cleared with interim topical 
treatment and/or the IOP is reduced with general 
anesthesia. At the time of the EUA, gonioscopy 
should be performed and the microscope and the 
child’s head positioned appropriately to assist in 
the examination and incision of the angle. Once 
the decision to proceed with ab interno angle sur-
gery is made, pilocarpine 1% or 2% may be 
instilled or a direct acting cholinergic (either ace-
tylcholine chloride [Miochol™, Bausch & Lomb, 
Bridgewater, NJ, USA] or carbachol [Miostat®, 
Alcon Laboratories, Fort Worth, TX, USA]) at 
the time of surgery into the AC for miosis, before 
instillation of the viscoelastic. The surgeon sits 
temporally and the head of the patient is tilted 
30° away from the surgeon. The microscope is 
tilted 40° towards the surgeon (Fig. 9.2). Table 9.2 
shows the instruments and supplies needed for ab 
interno procedures.

 Ab Interno Angle Surgery: Surgical 
Procedures

 Intraoperative Preparation

• Position microscope: tilted approximately 40°
• Position child: head turn away from surgeon 

approximately 30°

Fig. 9.1 Bioniko eye model for angle surgery simulation 
is a 3D printing model with Schlemm’s canal that is held 
in a tilting holder and allows to visualize the angle and 
practice angle surgical procedures

9 Other Procedures for Pediatric Glaucoma Surgery: New Devices and Techniques



140

• Position surgeon: temporal
• Review equipment (in particular intraopera-

tive gonioprisms and device)

 Ab Interno Angle Surgical Techniques

T R A B ™ 3 6 0 / V I S C O ™ 3 6 0 /
OMNI™ TRAB™360/VISCO™360/OMNI™ 
(Sight Sciences) are designed to treat the angle 
by disrupting 180°–360° of the internal wall of 

Schlemm’s canal and TM by an ab interno 
approach. The VISCO™360 differs from the 
TRAB™360 in that there is the ability to use a 
microcatheter to inject and dilate the canal with 
viscoelastic (Healon®) simultaneous to the tra-
beculotomy. The OMNI™ also has the ability to 
perform both viscoelastic dilation and 
trabeculotomy.

Each of these devices is a handheld, single-use 
device that has a bent sharp needle tip to pierce 
the TM and inner Schlemm’s canal wall and a 
nylon catheter that can be threaded 180° in 
Schlemm’s canal (Fig.  9.3). After threading 
Schlemm’s canal with the blue nylon catheter, the 
canal can then be unroofed. The same procedure 
can then be performed in the opposite direction, 
threading and unroofing Schlemm’s canal 180° in 
the opposite direction. The VISCO™360 can be 
used just for irrigation and dilation of the canal 
with viscoelastic; however, there is no evidence 
in children that this procedure alone is effica-
cious (Fig. 9.4).

TRAB™360 Technique A 1  mm clear corneal 
incision is made with a paracentesis blade near 
the limbus and parallel to the iris. Acetylcholine 
chloride (Miochol™) is injected in the AC to 
achieve pupillary constriction and protect the 
lens. Ophthalmic viscoelastic (e.g., Healon®, 
Johnson & Johnson Vision, Santa Ana, CA, USA) 
is injected in the AC.  The TRAB™360 instru-
ment is unlocked by removing the safety pin at 
the base. After confirming the function and spin-
ning the wheel minimally to advance and with-
draw the blue filament, the instrument is 
introduced into the AC and advanced across the 
AC under direct visualization towards the nasal 
angle. Viscoelastic is placed on the corneal sur-
face and a Swan-Jacob gonioprism lens is held by 
the nondominant hand of the surgeon and used to 
visualize the nasal angle. The TRAB™360 tip is 
used to pierce the TM and enter Schlemm’s canal. 
The wheel in the handpiece is turned to allow the 
nylon inner filament to thread along Schlemm’s 
canal until it comes to a stop. At this point, 
approximately 180° of the canal has been cannu-
lated with the microfilament and the surgeon per-

Fig. 9.2 Positioning for ab interno angle procedures. The 
surgeon sits temporally and the head of the patient is tilted 
30° away from the surgeon. The microscope is tilted 40° 
towards the surgeon

Table 9.2 Surgical list of instruments and supplies for ab 
interno procedures

Instruments
Gonioscopic lens
Tying forceps
Microforceps (for GATT procedure)
Supplies
Balanced salt solution
75 blade or MVR blade or 2.2 mm keratome
Intraoperative miochol/miostat or preoperative 
pilocarpine 1%
Healon®
10-0 Vicryl® suture or 10-0 nylon

GATT gonioscopic-assisted transluminal trabeculotomy
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forms a maneuver to unroof Schlemm’s canal by 
slowly withdrawing the handpiece through the 
corneal incision. If desired, the device is turned 
over and redirected to treat the opposite 180° of 
the angle after refilling the AC with viscoelastic 
(Video 9.2). At the time of writing, the filament 
can be advanced and withdrawn only two times 
before it locks and the instrument becomes 
nonfunctional.

VISCO™360 Technique Viscodilation with 
VISCO™360 is a surgical technique that intends 
to surgically restore the aqueous drainage system 
by catheterization and viscodilation of Schlemm’s 
canal to decrease the resistance to aqueous out-
flow in the collector channels (see Fig. 9.4).

Surgical technique mirrors that for 
TRAB™360. Of note, the device is prepped 
with an ophthalmic viscoelastic and a small 
amount used to flush the instrument. As with 
the TRAB™360, the instrument is introduced 
into the eye and advanced across the AC until 
near the nasal angle. Using the gonioprism the 
angle is identified and the instrument is used to 
pierce the TM.  Using the wheel on the hand-
piece, the microcatheter then advances in 
Schlemm’s canal 180°. The wheel is turned in 
the opposite direction, and this allows the vis-
coelastic (usually Healon®) to be delivered in 
Schlemm’s canal as the microcatheter is 
retracted and Schlemm’s canal is incised. Then 
the instrument is removed from the AC, rotated, 

Trabeculotome

Locking
mechanism

Control
wheel

Trabeculotome
body

Fig. 9.3 The TRAB™360 is a single-use instrument with 
a bent sharp needle tip with a nylon filament to thread 
Schlemm’s canal. It is advanced and withdrawn with a 

wheel mechanism. (Courtesy of Sight Sciences, Menlo 
Park, CA, USA)

Viscoelastic Fluid

Microcatheter

Retainer Pin

Reservoir and Infusion Pump
(Inside the handle)

Control Wheel
(For advancement and retraction)

Cannula

Fig. 9.4 The VISCO™360 is an instrument similar to TRAB™360 but also allows viscodilation of Schlemm’s canal. 
(Courtesy of Sight Sciences, Menlo Park, CA, USA)
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and inserted again in the eye to treat the remain-
ing 180° of Schlemm’s canal.

Both of these procedures result in some bleed-
ing reflux into the AC.

 Potential Modifications of TRAB™360, 
VISCO™360, and OMNI™: Combination 
Viscodilation-Trabeculotomy

The VISCO™360 device can be used to viscodi-
late 180° of Schlemm’s canal and then reintro-
duced into the same region of the canal to disrupt 
the TM, creating a trabeculotomy. While this 
effectively treats only 180° of the angle, it com-
bines the canal dilation and episcleral venous 
fluid wave irrigation with circumferential trabec-
ulotomy [16]. Use of the OMNI™ actually allows 
360° of both viscodilation and circumferential 
trabeculotomy.

 GATT: Gonioscopic Ab Interno 
Assisted Trabeculotomy

Similar to the other techniques in this section, 
GATT is an ab interno approach to the angle. The 
technique offers the unique advantage of a small 
corneal incision to perform 360° disruption of the 

internal wall of Schlemm’s canal with simultane-
ous infusion of viscoelastic [14, 17, 18]. Unlike 
TRAB™360, with GATT the treatment cannot be 
titrated into 180°. Similar to TRAB™360, GATT 
depends on successful ab interno access and can-
nulation of Schlemm’s canal 360°.

 GATT Surgical Technique

Following the standard surgeon and patient posi-
tioning discussed previously and confirmation of 
visualization of the angle, two clear cornea inci-
sions are made at the temporal limbus: the first at 
the 3 or 9 o’clock position, depending on the sur-
gical eye, and the second incision 2–3 clock 
hours to the right or left of this principal incision. 
The initial incision can be created with a 2.2 ker-
atome angled incision, much like an entry for 
adult cataract extraction, and the second incision 
more like a paracentesis entry site. Miotic is 
instilled in the eye followed by a viscoelastic. An 
MVR blade or 30 g needle is used to cross the AC 
towards the nasal angle under direct visualiza-
tion. The gonioprism is placed on the eye and the 
angle brought into focus. The blade/needle is 
used to unroof 1–2 clock hours of Schlemm’s 
canal and then removed. The Iscience catheter 
with Healon® attached at the infusion site 

Fig. 9.5 Positioning and securing of the iTrack™ catheter and Healon® for gonioscopic-assisted transluminal trabecu-
lotomy (GATT). (Courtesy of Davinder Grover MD, MPH, Glaucoma Associates of Dallas, Dallas, TX, USA)
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(Fig. 9.5) is passed through the paracentesis inci-
sion into the AC. The gonioprism is placed on the 
cornea and the angle visualized. Using a micro-
retinal forceps passed into the AC at the keratome 
incision site, the iScience catheter is grasped and 
directed to the opening in Schlemm’s canal. The 
catheter is then fed into the canal with a grasp- 
regrasp technique to advance the iScience fiber 
optic around the canal. Once the end reappears, 
the micro forceps grasp the end and hold it in the 
AC while the external portion is grasped and 
pulled with a steady force until the catheter has 
incised the entire canal (Video 9.3).

 Potential Modifications of GATT: 
Thermal Suture Modification 
with Dye-Stained Tip and Partial 
Angle Treatment

Grover and Fellman described a technique to per-
form the GATT procedure with a 4-0 or 5-0 nylon 
suture that is pretreated with a hand held cautery 
to blunt the tip before threading. In order to assist 
in the visualization of the suture as it advances, 
they also recommend staining the tip with a blue 
marker [19].

Another modification of the GATT procedure 
is partial angle treatment. There are occasions 
when the catheter or suture will not pass com-
pletely around the canal 360°. In these instances 
and depending on the location, one can attempt to 
go the other direction to see if the area that does 
not appear continuous can be passed or dilated 
with Healon®. If, however, the block persists, a 
small “cutdown” over the tip site, using the para-
centesis blade, can be performed to grasp the 
catheter tip where it lies. Then, holding it, the 
catheter is pulled through to cannulate a portion 
of the canal. The catheter can then be threaded in 
the opposite direction to the cutdown area and the 
remaining angle incised.

 Kahook Dual Blade

The Kahook dual blade® (KDB; New World 
Medical) was designed to perform a goniotomy 
and remove the TM and internal Schlemm’s canal 

wall tissue of the treated area. The tip of the KDB 
has a special design that allows it to perforate the 
TM and the internal wall of Schlemm’s canal. Once 
the KDB is correctly inserted in the canal, the 
instrument is advanced along the TM while the 
angulated metal at the tip of the instrument elevates 
the TM tissue and guides it towards the blades that 
are located at each side of the elevation. This allows 
cutting and removing the TM and inner Schlemm’s 
canal tissue [20, 21]. The design of the KDB allows 
performing a precise incision without damaging 
the adjacent structures (Fig. 9.6).

 Kahook Dual Blade Surgical Technique

As with all the ab interno angle surgery, position-
ing is an important step in this procedure: the 
microscope tilted, the head of the patient rotated 
away from the temporally positioned surgeon. A 
clear corneal incision is created (1.6 mm or big-
ger) close to the limbus and parallel to the iris. 
Cohesive viscoelastic is injected through the cor-
neal incision to stabilize the AC. Bubbles need to 
be avoided in order to have a clear visualization 
of the angle structures. The KDB is introduced in 
the eye through the corneal incision and is 
advanced in the AC towards the nasal angle. 
Viscoelastic is placed on the corneal surface and 
then a gonioscopic lens is placed on the corneal 
surface to achieve direct visualization of the nasal 
angle. The tip of the KDB is inserted through the 
TM in Schlemm’s canal. The surgeon makes a 
cut in the TM clockwise. Afterwards the surgeon 
returns to the original point of insertion and 
moves the blade counterclockwise in order to 

Dual blades:
To excise a strip of meshwork

Fig. 9.6 The Kahook dual blade is designed to incise and 
remove the trabecular meshwork. (Courtesy of New 
World Medical, Rancho Cucamonga, CA, USA)
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remove additional TM and inner Schlemm’s 
canal wall tissue. The surgeon is able to remove 
this TM tissue out of the eye, since it remains in 
the instrument surface. Often, blood reflux is 
observed during the surgery, which confirms that 
Schlemm’s canal has been unroofed.

 Potential Modification of KDB: 
Viscoelastic Tamponade and Irrigation

As with most angle surgeries, there is reflux of 
blood into the AC at the time the canal is unroofed. 
The removal of tissue using the KDB makes the 
margins easily seen, and irrigation with the vis-
coelastic agent such as Healon® helps to tam-
ponade the reflux of blood and can be seen 
clearing the episcleral venous veins around the 
limbus. The Healon® is left in the AC.

 Trabectome/Goniotome

Trabeculotomy ab interno performed with 
Trabectome (NeoMedix) or the Goniotome 
(NeoMedix) is a technique that uses a bipolar 
electrode of 550 KHz to ablate the TM and the 
internal wall of Schlemm’s canal. The ablation of 
tissue is mediated by plasma that ionizes and dis-
integrates the TM, dissipating the heat and mini-
mizing surgical trauma [22–26].

The U.S.  Food and Drug Administration 
cleared the Trabectome in 2004 for use in adults 
with open-angle glaucoma both phakic and 
pseudophakic. Outcomes of Trabectome have 
been published mainly for primary open-angle 
glaucoma and pseudoexfoliation glaucoma but 
also in pigmentary, uveitic, steroid-induced, and 
narrow- angle glaucoma [27–29]. Although stud-
ies include pediatric cases, there are no pub-
lished outcomes of Trabectome in children. In 
general Trabectome has not found a place in the 
routine treatment of glaucoma in childhood, but 
there are some unique instances where the bipo-
lar cutting electrode cautery applied to intraocu-
lar tissue in the AC (e.g., iridocorneal adhesions) 
has been helpful to create a better view of the 
angle without promoting bleeding from the iris, 

which would further obscure the view. The 
Goniotome is similar but is associated with irri-
gation and aspiration.

 Trabectome/Goniotome Surgical 
Technique

Operative angle surgery positioning to allow ade-
quate gonioscopic visualization of the nasal TM 
is again applied: the surgeon sitting temporally, 
the head of the patient rotated approximately 30° 
away from the surgeon, and the microscope 
inclined 40° towards the surgeon.

A 1.6–1.8 mm corneal incision is made close 
to the sclerocorneal limbus. Then the Trabectome 
is introduced through the corneal incision with 
active irrigation (AC maintainer) and a goniolens 
(a modified Swan-Jacob lens, Ocular Instruments, 
Bellingham, WA, USA) is placed on the corneal 
surface to allow visualization of the nasal angle. 
Then the triangular tip of the Trabectome is 
inserted in Schlemm’s canal and the ablation of 
the TM tissue is performed in one direction; then 
the tip is turned and the other direction of the 
nasal angle is treated. Approximately 120°–180° 
of angle can be treated (Fig. 9.7).

The ablation is performed starting with 
0.8  mW controlling the energy and aspiration 
rate through the pedal. The aspiration eliminates 
the remaining debrided tissue. The surgery is per-
formed under continuous irrigation and after 
ablating the TM, the Trabectome is removed 

Electrodes

Schlemm’s Canal

Footplate in
Schlemm’s Canal

Fig. 9.7 Trabeculotomy ab interno with Trabectome uses 
a bipolar electrode to ablate the trabecular meshwork and 
the internal wall of Schlemm’s canal. (Courtesy of 
NeoMedix, Tustin, CA, USA)
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from the AC and viscoelastic is injected over the 
TM to minimize the postoperative hyphema. 
Then a 10-0 Vicryl® (Ethicon, Somerville, NJ, 
USA) or nylon corneal suture is placed and a 
bubble can be left in the AC as internal 
tamponade.

 Potential Modification of Trabectome/
Goniotome: Goniosynechiolysis

The unique use of a bipolar electrode cautery tip 
to ablate tissue can be used to lyse iris adhesions 
to an anteriorly displaced Schwalbe line in 
Axenfeld-Riegers anomaly.

 Ab Interno Angle Surgery: 
Postoperative Management

Postoperative management should be guided by 
treatment of the postoperative hyphema and 
inflammation. Each of these procedures results in 
a variable amount of bleeding and postoperative 
inflammation. Closure of the angle cleft by either 
peripheral anterior synechiae (PAS)—or, in some 
cases, iris strands—and membranes can result in 
less than satisfactory results. In general, postop-
erative medications are aimed at treating the 
postoperative bleeding. Steroids and often cyclo-
plegia along with a topical antibiotic are used in 
the immediate postoperative period. Once the 
refluxed blood has cleared, pilocarpine 1% may 
help in pulling the iris away from the angle and 
assist in maintaining an open cleft.

 Ab Interno Angle Surgery: 
Complications and Outcomes

The most common complication of ab interno 
angle surgery is intraoperative blood reflux and 
hyphema. Some patients following Trabectome 
can have recurrent spontaneous AC bleeding that 
can produce IOP spikes [29, 30]. Another com-
plication is the formation of PAS in up to 24% of 
patients. Other uncommon but severe complica-
tions reported in adults are hypotony of <5 mmHg 

in 0.09% of cases, aqueous misdirection in 
0.04%, cyclodyalisis 0.06%, and choroidal hem-
orrhage 0.01% [18, 24].

With respect to outcomes, Fellman et al. sug-
gest that decompression and forceful irrigation of 
the AC to elicit an episcleral venous wave may 
indicate a functional collector channel system 
beyond Schlemm’s canal and so be a predictor of 
angle surgery success [16].

Nevertheless, the fact remains that in children 
there is very little to no data regarding complica-
tions or outcomes from these newer procedures 
and devices. We are left to extrapolate from adult 
data along with the known pathophysiology of 
childhood glaucoma to access the risk and bene-
fits of each of these surgical approaches.

 Ab Interno Angle Surgery: Options 
After Failed Procedures

Depending on the time course, an unfavorable 
outcome following ab interno angle surgery may 
be approached in one of two ways after reexam-
ining the amount of angle treated. The first option 
is to treat more angle if the first procedure did not 
treat 360°. If 360° were treated on the first proce-
dure, we would then proceed with other surgical 
modalities. While this varies from region to 
region, for the most part either a GDD or a trab-
eculectomy with antimetabolite [31] are the pro-
cedures of choice following complete treatment 
of the angle.
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Surgical Considerations 
in Children with Corneal Opacities 
and Cataracts

Alexander Foster, Anne Ko, and Michael R. Banitt

 Introduction

Corneal opacities in children have been classified 
as congenital versus acquired or as traumatic ver-
sus nontraumatic in nature. While these catego-
ries 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 pene-
trating, endothelial, and lamellar keratoplasties. 
Attention will also be given to Boston kerato-
prostheses (KPro), as well as to a less frequently 
reported procedure, optical iridectomy. The man-
agement 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 dis-
ability. 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].

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 considered 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 lit-
erature regarding the outcomes of penetrating 
keratoplasty in children related to age. A study 
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from Lowe and co-workers of 765 grafts in indi-
viduals 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 pen-
etrating keratoplasty for keratoconus, which car-
ries 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 difference 
was not statistically significant. The effect of the 
patient’s age and ideal timing of surgery on prog-
nosis is not clear cut.

The ability of a patient’s family to comply 
with treatment and follow-up should also inform 
decisions regarding the timing and type of sur-
gery performed. Furthermore, as some corneal 
opacities present as part of a syndrome, the gen-
eral 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 kerato-
plasty 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 com-
plications, 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 periph-
eral cornea and glaucoma would require a pene-
trating keratoplasty and glaucoma surgery with a 

more complicated postoperative course and a 
guarded visual prognosis. Preoperative discus-
sions 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 
common. Reduced scleral rigidity and positive 
posterior pressure can make surgery more diffi-
cult. 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 artic-
ulate 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 ker-
atoplasty has evolved considerably.

 Surgical Technique

The surgical technique for penetrating kerato-
plasty 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 
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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 limit-
ing 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 run-
ning 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 nec-
essary 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 pen-
etrating keratoplasty. The prognosis after pediat-
ric penetrating keratoplasty (PKP)  depends on 
several factors, most important of which might be 
the presence of other ocular anomalies.

Table 10.1 summarizes selected series of pedi-
atric 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 coau-
thors noted a similar finding in Peters anomaly 
patients with the more severe, lens-involving 
form of Peters having significantly worse graft 
survival than type 1 patients, 14.2% compared to 
87.5% [16]. Not surprisingly, several studies 
have indicated that concurrent surgical proce-
dures, including lensectomy and vitrectomy, are 
also associated with poorer graft survival [11, 13, 
16, 17]. A series reported by Low et al. also iden-
tified deep corneal neovascularization, active 
inflammation, preexisting glaucoma drainage 
device, and ocular surface disease as factors asso-
ciated with poor graft survival [2].

Subsequent intraocular surgery, including cat-
aract extraction with intraocular lens placement, 
has also been found to negatively affect graft sur-
vival [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 vari-
ably 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 undergoing 
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%, respec-
tively [10]. They concluded that delaying PKP 
was not inferior to earlier surgery in children 
with Peters anomaly. Rao and coauthors deter-
mined 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 signifi-
cant prognostic factor for postoperative visual 
improvement [1]. In a small study from Al-Rajhi 
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and coauthors, children who presented with the 
delayed-onset form of CHED had better post-
operative 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 bet-
ter 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.

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 sur-
vival rate of 32% in eyes with glaucoma com-
pared 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 discrepancy is unclear. It is not solely attrib-
utable 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 pre-
operative 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 diame-
ter beyond the corneal center [19]. Although fun-
damentally 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 
rejection. The aim of rotational autokeratoplasty 
is to achieve a clear central visual axis of approx-
imately 3  mm, if possible, with rotation of the 
scar [20]. Those in resource-poor countries where 
there is scarce access to optical-grade corneal tis-
sue may also benefit.

Children who undergo rotational grafts are at 
risk for suture-related problems and infections. 
These grafts seem to result in a significant 
increase in postoperative astigmatism when com-
pared to traditional, centered, penetrating kerato-
plasty. Jonas and coauthors have suggested that 
planning for a clear central axis of 3–4 mm per-
mits 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 kerato-
plasty (DSEK) was first reported in 2008 by 

A. Foster et al.



153

Fernandez and Jeng and their colleagues [21, 22]. 
Since then, the indications for pediatric DSEK 
have expanded to include other causes of rela-
tively isolated endothelial dysfunction, such as 
CHED, primary corneal graft failure, Descemet 
breaks caused by forceps delivery, and posterior 
polymorphous dystrophy (PPMD).

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 depen-
dence 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 tech-
niques discussed earlier with regard to pediatric 
PKP: use of a Honan balloon, administration of 
intravenous mannitol, and administration of pilo-
carpine (to protect the lens from inadvertent dam-
age). 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 epi-
thelium often improves visualization. The appli-
cation of topical glycerin may also be helpful.

The corneas of CHED patients are character-
ized 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 postopera-
tive graft dislocation [27]. Poor compliance 
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 insertion 
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 position-
ing is likely in young patients and may suggest a 
role for a larger air bubble with an inferior iri-
dotomy. 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 out-
comes 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 com-
pared 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.

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 ker-
atoplasty (DMEK) for corneal endothelial dys-
function 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.
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 Endothelial Keratoplasty and  
Glaucoma

Glaucoma after endothelial keratoplasty can 
occur immediately after surgery as a result of 
pupillary 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 per-
formed in eyes that have undergone endothelial 
keratoplasty, namely, angle-based, trabeculec-
tomy, and glaucoma drainage devices. If an 
angle-based surgery is planned, areas of iridocor-
neal adhesions and synechial angle closure 
should be mapped out, with careful consideration 
to the possible necessity of goniosynechialysis. 
Some types of iridocorneal adhesions after endo-
thelial keratoplasty can be broken and the angle 
can be reopened, but frequently the anterior syn-
echiae can reform again postoperatively, thereby 
undoing or negating any IOP reduction from the 
angle surgery. Glaucoma drainage devices can be 
performed before, concurrently, or after endothe-
lial keratoplasty. In children who are pseudopha-
kic, 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 population. 
With a later age of onset, adolescents who 
undergo surgery are typically well outside of the 
amblyopic period. The limited nature of the dis-
ease 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 implanta-
tion 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 glau-
coma with corneal decompensation, keratitis- 
ichthyosiform- deafness syndrome, and 
congenital opacities [30]. In contrast to grafts, 
the KPro’s rigid, clear optic allows for rapid 
visual improvement without concern for astigma-
tism, 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 retropros-
thetic membranes, which required surgical 
removal in 26% of children in the largest pub-
lished 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 proactively man-
age with Baerveldt glaucoma implants (Abbott 
Laboratories, Abbott Park IL, USA) [31]. 
Endophthalmitis with predictably devastating 
consequences has also been reported after pediat-
ric keratoprosthesis [32]. The postoperative man-
agement 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 signifi-
cantly higher rate of complications, device fail-
ure, 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 ker-
atoplasty 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 
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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, espe-
cially if the IOP is normal range and the iris adhe-
sions are swept from the posterior cornea 
(Figs. 10.1 and 10.2).

 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 nor-
mal 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 lim-
bus) 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 procedure to stabilize the AC, especially if 
sweeping of the iridocorneal adhesions will be 
performed in an attempt to increase the clear 
peripheral cornea. Video 10.1 demonstrates 
optical iridectomy as described above. Video 
10.2 shows a similar approach but combined 
with an ab externo 360° trabeculotomy, irido-
corneal adhesion lysis, and temporal optical 
sector iridectomy, demonstrating a combined 
procedure.

Alternatively the procedure can be per-
formed through smaller incisions accommodat-
ing 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].

Fig. 10.1 Photo before surgery on 20-day-old infant with 
Peters anomaly and cloudy cornea. (Courtesy of Alana 
L. Grajewski, MD)

Fig. 10.2 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)
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 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. 
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 
preexisting 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 prog-
nosis 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 post-
operative 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 anatomically selective keratoplasty 
options being performed in adults. We believe 
that optical iridectomy should not be over-
looked as an effective option with few poten-
tial complications for the treatment of children 
with corneal opacities.
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 Introduction

The surgical management of childhood glaucoma 
is one of the biggest challenges in the field of glau-
coma and an even greater challenge in the devel-
oping world. Despite its rarity, childhood glaucoma 
is one of the leading causes of admission to schools 
for the blind in both developed and developing 
countries. Glaucoma accounts for 3–5% of blind-
ness in children worldwide [1, 2], but in certain 
regions such as Latin America and the Caribbean, 
it is the cause of blindness in 7% of cases. Overall, 
the number of blind children in the world is esti-
mated to be 1.4 million, with a disproportionate 
number, approximately three- quarters, living in 
the poorest regions of Africa and Asia [3].

Surgery is the main modality of treatment for 
childhood glaucoma, and a proportion of patients 
need multiple surgical interventions for long- 
term control of intraocular pressure (IOP). While 
early diagnosis and appropriate surgical tech-
nique are important in the management of this 

condition, the treatment does not end there. It is 
almost a lifelong commitment for both the par-
ents and doctors caring for these children. 
Childhood glaucoma blindness in the developing 
world can be minimized by earlier detection and 
treatment and by strategies to reduce cases that 
are lost to follow-up.

Although therapies have improved the progno-
sis of many childhood glaucomas, the number of 
complex glaucoma cases being seen has increased, 
needing expert care and multiple interventions. 
Although there is paucity of data on the surgical 
management of childhood glaucoma from the 
developing world, the aim of this chapter is to 
highlight the challenges of managing childhood 
glaucoma in developing countries, the different 
surgical options available, and their outcomes.

 Challenges of Managing Childhood 
Glaucoma in Developing Countries

Several problems and issues are associated with 
the effective management of childhood glaucoma 
in developing countries [4] and include:

 1. The burden of disease is greater in the develop-
ing world. Primary congenital glaucoma (PCG) 
is the most common form of childhood glau-
coma. A recent published report from an urban 
center in Miami, Florida, USA, reported that 
PCG constituted the largest group (32%) among 
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all types of childhood glaucoma [5]. However, 
its incidence varies widely, occurring in approxi-
mately 1 in 20,000 in Western populations [6, 7] 
but more frequently in the developing world. 
PCG is often transmitted in an autosomal reces-
sive pattern and may occur up to ten times more 
frequently in certain ethnic and religious popula-
tions where consanguineous marriage is socially 
and culturally acceptable. The highest reported 
prevalence is found in Slovakian gypsies at 1 in 
1250 [8], and among Saudi Arabians, it is 1 in 
2500 [9]. In southern India, prevalence of PCG 
is estimated at 1 in 3300 live births, accounting 
for 4.2% of overall childhood blindness [10].

 2. More severe disease phenotype and late pre-
sentation of the disease in an advanced stage 
when it is less amenable to successful surgical 
treatment.

 3. Limited number of trained personnel with the 
appropriate skill sets (surgeon, anesthesiolo-
gist, nursing staff, and other professionals) for 
microsurgical treatment and postoperative care.

 4. Cultural fear of surgical treatment, which 
must be overcome.

 5. Incurable disease that needs ongoing follow-
 up, which is often inadequate in treated cases 
leading to poor prognosis. So the initial bene-
fits of glaucoma surgery may be lost if there is 
no continuity of care for these children.

 6. Limited access to health care and long travel 
distances to health-care centers.

 7. Poor socioeconomic status of the family and 
lack of affordability of health care.

 8. Barriers to affordability and availability in 
rural areas of topical medications along with 
variable nature and efficacy (quality) of avail-
able generic medication.

 Surgical Therapy of Childhood 
Glaucoma in Developing Countries

 Goniotomy

The classic surgery for PCG is goniotomy as 
described by Barkan [11]. PCG, which occurs in 
India, the Middle East, South Africa, and several 
other parts of the developing world, is mostly 

familial compared to the West and responds less 
favorably to goniotomy [4]. Furthermore, in 
developing countries, the disease is of a more 
severe phenotype and presents late with severe 
corneal edema precluding goniotomy [12, 13]. 
Compared to Western and European populations, 
a large number of Indian children (>80%) present 
with a severely cloudy cornea at birth, thus in 
whom goniotomy is technically impossible [14]. 
In such cases trabeculotomy ab externo is advo-
cated as the initial surgical procedure of choice 
by several authors [15–19]. However, if corneal 
clarity and diameter of the cornea permit, goni-
otomy may be attempted by surgeons who are 
trained and competent in performing the surgery 
(see Chap. 4).

 Trabeculotomy Ab Externo

Trabeculotomy ab externo was simultaneously 
and independently described by Burian [20, 21] 
and by Smith [22] in 1960 and is our preferred 
angle surgical technique due to a number of 
advantages [19, 23] over goniotomy in the man-
agement of childhood glaucomas in our part of 
the world. The popularity of trabeculotomy ab 
externo as an initial procedure in the surgical 
management of PCG has been championed by a 
number of authorities [23, 24] (see Chap. 4).

 Trabeculectomy with or Without 
Antiscarring Therapy

Trabeculectomy is a procedure that most ophthal-
mologists are familiar with and is technically 
easier than goniotomy or trabeculotomy. Hence 
some surgeons in developing countries perform 
only trabeculectomy. However, many others do 
not consider it as a first-line procedure for PCG 
in view of the higher incidence of complications 
and lower success rates reported in the early lit-
erature [25–27]. Nevertheless, several subse-
quent reports documented successful results 
following primary trabeculectomy for PCG that 
are comparable to goniotomy or external trabecu-
lotomy [28–32]. In refractory PCG following 
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failed angle surgery or combined trabeculotomy- 
trabeculectomy (CTT), trabeculectomy with 
mitomycin C (MMC) [33, 34] may be an option 
(see Chap. 5).

 Combined Trabeculotomy- 
Trabeculectomy (Ab Externo)

The prevalence of children presenting with glau-
coma and opaque corneas precluding goniotomy, 
coupled with encouraging reports of primary tra-
beculectomy in PCG, prompted Indian surgeons 
to combine trabeculotomy ab externo with trab-
eculectomy as the initial surgery for PCG in the 
Indian patient population [35]. In mild forms of 
PCG, i.e., mild angle anomaly and corneal haze, 
we perform trabeculotomy ab externo in isolation. 
However, in most cases of PCG with megalocor-
nea and associated significant corneal edema, we 
prefer CTT. In secondary childhood glaucomas, if 
Schlemm canal is technically possible to explore, 
we perform CTT. However, if Schlemm canal is 
difficult to dissect or is anatomically absent, we 
perform trabeculectomy alone.

Surgical Technique:
 1. A limbus-based conjunctival flap is raised 

7 mm from the superior limbus with blunt- 
tipped Westcott scissors and plain forceps. 
The dissection is normally done in the epi-
scleral plane. Hemostasis is meticulously 
maintained throughout the dissection of the 
conjunctival flap with bipolar wet-field 
cautery.

 2. Retracting the conjunctival flap gently 
toward the pupil, light cautery is applied on 
the sclera to outline the sides of a 4 mm equi-
lateral triangle with its base at the limbus. 
The authors prefer triangular flap as it 
allows adequate exposure of Schlemm canal 
and involves less scleral dissection than a 
rectangular flap.

 3. A one-half thickness scleral incision is then 
made with a no. 11 blade. Here we must 
bear in mind that the sclera in a buphthal-
mic eye is usually much thinner than in the 
adult eye.

 4. The partial thickness scleral flap is then dis-
sected toward the limbus using a no. 15 
blade. The flap is held with Pierse-Hoskin 
forceps during the dissection. Care should be 
taken to maintain the same plane while dis-
secting the scleral flap, especially near the 
limbus.

 5. Surgical landmarks and anatomy of the lim-
bal region should be carefully identified 
before one can proceed to the next step. 
Closest to the limbus is a transparent band of 
deep corneal lamellae, behind which is a nar-
row grayish-blue band, which is an external 
landmark of the trabecular meshwork. The 
grayish-blue band is followed by white, 
opaque sclera. The junction of the posterior 
border of the grayish-blue band and the 
opaque sclera is the external landmark for 
finding Schlemm canal. In most eyes, this is 
situated between 2 and 2.5  mm behind the 
surgical limbus. The second landmark is one 
or more perforator vessels entering the 
sclera, indicating the area of Schlemm canal. 
Another landmark is a depression or dip at 
the area of Schlemm canal—the continuity 
of the two zones is not smooth; there is a dip 
between blue and white zone, which marks 
the junction.

 6. A 2 × 2-mm-deep block is outlined without 
penetrating the anterior chamber (AC), 
which marks the area of the sclerostomy.

 7. A central radial incision is then made across 
the scleral spur. The objective of this radial 
incision is to cut the external wall of 
Schlemm canal and to avoid entering the 
AC.  It is important to bear in mind that 
Schlemm canal is separated from the AC 
only by the trabecular meshwork.

This is the most delicate step in the sur-
gery and demands utmost microsurgical skill. 
Under high magnification the radial incision 
is gradually deepened with a no. 11 blade 
until it is carried through the external wall of 
Schlemm canal, at which point there is a gush 
of aqueous, occasionally mixed with blood. 
In our experience, a drop of aqueous is more 
common than a drop of blood. The dissection 
is carefully continued through the external 
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wall until the inner wall is characteristically 
slightly pigmented and is composed of criss-
crossing fibers. Vannas scissors are used to 
enlarge the lumen of the canal. Some sur-
geons confirm passage into the canal by pass-
ing a 6-0 nylon/prolene suture into the canal, 
as described by Smith [22].

 8. The internal arm of the trabeculotome is 
introduced into the canal with external paral-
lel arm as a guide. Once 90% of the trabecu-
lotome is within the canal, it is rotated into 
the AC until 75% of the probe arm length has 
entered, and the instrument is withdrawn. 
About 2–2½ clock hours of the internal wall 
of Schlemm canal and trabecular meshwork 
are disrupted by rotation of the trabeculo-
tome into the AC.  The same procedure is 
repeated on the other side. In total, about 
100–120° of trabecular meshwork is opened 
by this technique.

 9. Excess force should not be used while intro-
ducing the probe into the canal, to avoid cre-
ating a false passage. If the probe does not 
slip easily down the canal, it should be with-
drawn and dissection of the outer wall con-
tinued until the surgeon is satisfied that all 
fibers of the outer wall are severed. The 
probe is then reintroduced into the canal to 
complete trabeculotomy.

As the probe passes into the AC, minimal 
resistance is felt while disrupting the inner 
wall of the canal. There may be minimal 
intracameral bleeding from the inner wall, 
leaving a small hyphema that often resolves 
in a few days.

 10. The probe is swept in a plane parallel to the 
iris. If done incorrectly, this may cause irido-
dialysis. Anterior rotation can cause trauma 
to the Descemet membrane.

 11. The trabeculotomy has been completed and 
now trabeculectomy has to be performed. 
The deep block is excised using Vannas 
scissors.

 12. An iridectomy is then completed. It is impera-
tive that the base of the iridectomy opening is 
wider than the trabeculectomy opening to pre-
vent ostium block and iris pillar attachment to 
the ostium causing pupillary peaking.

 13. The scleral flap is then closed with one to 
three 10-0 nylon sutures, one at the apex and 
one on each lateral side of the triangular flap. 
The knots should be buried to avoid later 
exposure through the conjunctival tissue.

 14. Conjunctiva and Tenon capsule are then 
closed with a running suture of an absorb-
able material (e.g., 8-0 vicryl).

 15. In highly buphthalmic eyes, Schlemm canal 
may not be located with certainty. In such 
cases it is possible to convert the procedure 
to a trabeculectomy despite the lack of suc-
cessful trabeculotomy.

 16. Some surgeons prefer to perform a paracen-
tesis opening with a beveled corneal incision 
at the beginning of the surgery. In such a sit-
uation, the anterior chamber is reformed 
with balanced salt solution, and patency of 
the trabeculectomy can be tested at the con-
clusion of the surgery. The authors, however, 
do not prefer making a paracentesis 
opening.

 17. If bilateral surgery is needed, both proce-
dures are performed at the same operating 
sessions, although an entirely different set of 
draping, gloves, drops, instruments, and irri-
gating solutions for each eye is necessary.

 18. Subconjunctival dexamethasone injection 
(0.2 ml) is given, and a drop of cycloplegic 
and antibiotic is instilled into the conjuncti-
val sac before a patch and shield are applied 
to the eye.

Refer to Video 11.1 for the surgical technique 
of primary CTT on a 3-month-old child with pri-
mary congenital glaucoma.

When primary surgery fails, medical treat-
ment may be initiated with topical carbonic anhy-
drase inhibitors, beta-blockers, and prostaglandin 
analogues (in that order) after ruling out contra-
indications. If the medical treatment is ineffec-
tive, either trabeculectomy with antiscarring 
agents or a GDD is our next choice based on the 
health of the conjunctiva and severity of the dis-
ease. We consider trabeculectomy with MMC 
(0.4 mg/ml for 2 min) in the superotemporal or 
superonasal quadrant with unscarred conjunctiva. 
When trabeculectomy fails, bleb needling with 
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adjunctive antimetabolite use is an option, espe-
cially if the sclerostomy is patent and the flap 
edge is visible [36].

 Glaucoma Drainage Device (GDD) 
Surgery

GDDs are indicated when primary surgery fails or 
in certain secondary glaucomas even as a primary 
procedure. However, in certain parts of the devel-
oping world, the cost of these devices prohibits 
their regular use. Although the Ahmed glaucoma 
valve (AGV) (New World Medical, Rancho 
Cucamonga, CA, USA) has been available in India 
for the past 1–2 decades, the Baerveldt implant has 
never been made available. Since 2014, we have 
been using a prototype similar to the Baerveldt, the 
Aurolab aqueous drainage implant (AADI), devel-
oped by the Aravind Group (Madurai, Tamil Nadu, 
India). We use both flow-restricted, e.g., AGV, and 
non-flow- restricted, e.g., AADI, implants. The 
choice of device is dependent on the surgeon’s 
comfort and the availability of the GDD.  Both 
types of GDD are equally effective in controlling 
IOP.  However, studies in adults suggest that the 
need for medications is higher with flow-restricted 
GDDs, and hypotony-related problems are higher 
with non- flow- restricted GDDs [37]. One has to 
weigh the benefits and risks on an individual 
patient basis and choose the procedure that is safe 
and effective. Our indications for GDD surgery are 
failed CTT surgery in PCG as a primary procedure 
or after failed trabeculectomy surgery in eyes with 
aniridia, Sturge–Weber syndrome, and other sec-
ondary childhood glaucomas and as primary sur-
gery for secondary glaucomas following congenital 
cataract surgery, uveitis, trauma, steroid use, post-
keratoplasty, and post-vitreoretinal surgery or in 
eyes with severely scarred conjunctiva.

Proper planning, patient selection, and metic-
ulous surgery are important for safe and success-
ful surgery. With regard to technique, we prefer a 
superotemporal location and most often or always 
a limbal-based conjunctival flap (6  mm limbal- 
based conjunctival opening, 6  mm posterior to 
the limbus to reduce the size of the conjunctival 
opening). We prefer double ligature of the tube 

using 6/0 Vicryl. We use a 24G needle to perform 
3–4 mm needle track, and the AC is entered par-
allel to the limbus. For eyes having a pars plana 
GDD, a 25G needle entry is preferred. We prefer 
to place the tube in the ciliary sulcus in pseudo-
phakic eyes, leaving a long tube to allow visual-
ization of the tube tip through the pupil and to 
avoid the tube blocking. In eyes with aniridia, a 
short tube with oblique entry into the AC oriented 
away from the crystalline lens can help prevent 
lenticular touch. We leave longer tubes in uveitic 
eyes to decrease the risk of occlusion from 
peripheral anterior synechiae. Pars plana tube 
insertion is preferred in vitrectomized eyes or 
eyes with shallow anterior chamber or those with 
penetrating keratoplasty. The conjunctiva is 
closed with 8/0 Vicryl in a continuous fashion 
with a mattress suture, ensuring traction-free clo-
sure. Continuous mattress conjunctival closure 
provides a posterior suture line, watertight clo-
sure, and with minimal discomfort. Refer to 
Videos 11.2 and 11.3 for the surgical technique 
of an AADI and AGV implant.

We find the use of ICare tonometer (Icare 
Finland Oy, Vantaa, Finland) for IOP estimation 
and ultrasound biomicroscopy to evaluate the 
bleb dimensions and the fluid pocket very useful 
in decreasing the number of examinations under 
anesthesia in these children. Ultrasound also 
helps to identify posterior segment complications 
that may occur in the immediate or late postop-
erative period.

A hypertensive phase occurs at 3–4  weeks 
after AGV implantation and the 9–10th week 
 following an AADI implant. Hypertensive phase 
is defined as elevated IOP >21 mmHg after initial 
low or normal IOP in the presence of cystic and 
tense bleb. Starting prophylactic glaucoma medi-
cations post AGV implantation can decrease the 
rate of hypertensive phase. The high IOP during 
the hypertensive phase is managed with topical 
and oral glaucoma medications. In our experi-
ence the number of eyes needing medications for 
the hypertensive phase was close to 46% with 
flow-restricted and 26% with non-flow-restricted 
implants (unpublished data). With IOP control, 
the majority of the corneas are clear (Fig. 11.1); 
however, aftercare includes frequent follow-up, 
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not just for IOP evaluation but for tube- and 
plate-related complications, which are much 
higher in children compared to adults [38, 39].

 Laser Surgery

Cyclodestructive procedures are preferred in 
patients with limited visual potential, with high risk 
of intraocular complications with incisional sur-
gery, and with severely scarred conjunctiva pre-
cluding GDD surgery or as an adjunct when the 
GDD surgery is failing. The commonly used 
cycloablative procedure is contact transscleral 
cyclophotocoagulation (TSCPC) using Nd:YAG 
and 810 nm diode laser with a G-probe [40]. The 
power used is 1500–2000 mW with a soft pop. In 
children we limit the treatment to 180° or to 20–25 
shots to prevent hypotony and phthisis. The laser 
can be repeated if needed, and repeat laser is not 
done earlier than 3–4 months after first laser. The 
placement of the G-probe and laser delivery is 
based on the limbal anatomy and the globe enlarge-
ment. Transillumination to identify the area of the 
ciliary body helps to deliver the laser appropriately. 
We avoid the areas of thinning and staphyloma, as 
well as pigmented areas, to help prevent inadver-
tent perforations. We also avoid delivering laser at 
the 3 and 9 o’clock position to avoid ciliary nerve 
damage increasing risk of subsequent corneal anes-
thesia and corneal complications. We restrict using 

TSCPC to eyes with refractory glaucomas and 
poor visual potential. We also use it as adjunct in 
treating eyes with failed implants before a second 
implant is planned. The IOP control is not uniform, 
with a proportion of children requiring repeat inter-
ventions. In conditions where vitreoretinal surgery 
is needed with refractory glaucoma or those with 
ciliary staphylomas or in eyes with sclerocorneas, 
we prefer intraocular cycloablation with endocy-
clophotocoagulation. We use a straight or a curved 
laser probe with endoscopic visualization using 
much lower energy (250–300 mW) and treat 270° 
of the ciliary processes.

 Surgical Outcomes of Primary 
Congenital Glaucoma in Developing 
Countries

There are very few reports on the outcomes of 
goniotomy in PCG eyes with corneal clouding. 
Bowman et al. presented the results of goniotomy 
to treat advanced PCG with late presentation in 
Tanzania, demonstrating a 60% success rate after 
one goniotomy and an 89% success rate after two 
goniotomies in 36 eyes followed up for only 
12  months [41]. Al-Hazmi et  al. reviewed 532 
children with PCG and stratified them into mild, 
moderate, and severe disease based on IOP, cor-
neal diameter, and corneal clarity [42]. Patients 
with milder form of the disease had good surgical 
outcomes with goniotomy; however, outcomes 
were poor in the advanced stage of the disease 
irrespective of the surgical procedure. They con-
cluded that surgical success decreased with dis-
ease severity and that CTT with MMC would 
provide best results in advanced cases. Similar 
results have been published by several authors 
from different parts of United Arab Emirates, 
Africa, and India. Ben-Zion et  al. reported that 
advanced stage of the disease and late presenta-
tion at surgery are related to poor surgical out-
comes [43]. They used trabeculotomy and the 
AGV to treat 20 patients (38 eyes) with PCG in 
Ethiopia. They also detailed problems of surgery 
in the advanced stages of the disease with 
extremely buphthalmic eyes. Furthermore, 
authors reporting on a series of West African chil-
dren with PCG described poor results from CTT, 

Fig. 11.1 Postoperative appearance after Ahmed glau-
coma valve implantation in a child with primary congeni-
tal glaucoma. Both eyes show clear corneas and Haab 
striae in the right eye and well-placed tubes (arrows) in a 
child with failed combined trabeculotomy and 
trabeculectomy

A. K. Mandal and S. Senthil



165

with probability of success falling from 83% at 
6 months to 44% at 1 year, possibly due to severe 
disease at presentation, racial influences, and no 
use of antiscarring agent [44].

Elder reported poor long-term success 
(IOP  ≤  21  mmHg and no medication) in 
Palestinian Arab children with PCG undergoing 
goniotomy and trabeculotomy as compared to pri-
mary trabeculectomy without antiscarring agents 
[45]. In a subsequent study by the same author 
comparing retrospective trabeculectomy data to 
prospectively collected CTT data, both without 
antiscarring agents, the cumulative chance of suc-
cess for CTT was 93.5% compared to trabeculec-
tomy, which was 72% after a 24-month follow-up 
[46]. For a similar follow-up in the same popula-
tion, trabeculotomy had only a 51% cumulative 
chance of success. Mullaney et  al. reported that 
CTT was superior to trabeculotomy or trabeculec-
tomy alone; however, they did use MMC [47].

Whether primary CTT is superior to trabecu-
lotomy or trabeculectomy alone is a subject of 
considerable debate. In a small series of seven 
Arab Bedouin infants, Biender and Rothkoff 
found no difference between trabeculotomy and 
CTT in patients with PCG [48]. Dietlein et  al. 
investigated retrospectively the outcome of tra-

beculotomy, trabeculectomy, and combined pro-
cedure as initial surgical treatment in PCG [49]. 
Although the combined procedure seemed to 
have favorable outcome, the advantage of this 
procedure over trabeculotomy or trabeculectomy 
was not significant after 2 years when assessed 
by life table analysis. The authors concluded that 
the prognosis of primary ab externo glaucoma 
surgery in PCG seemed to be governed more by 
the individual course and severity of the disease 
than by modification of surgical techniques. In a 
retrospective, comparative study, Lawrence and 
Netland concluded that trabeculectomy and CTT 
with MMC were equally effective at lowering 
average IOP in children [50]. However, CTT was 
associated with greater long-term success. In a 
prospective comparative study conducted in 
Egypt, Khalil and Abdelhakim concluded that 
both primary trabeculotomy and CTT with MMC 
had similar outcomes, which could mean that tra-
beculotomy could be resorted to first [51].

The argument in favor of primary CTT in 
some ethnic populations is the higher incidence 
of successful IOP control with a single operative 
procedure, as has been reported from India and 
the Middle East (Fig  11.2) [42, 49, 52]. In the 
largest Indian series of 624 eyes of 360 consecu-

a b

c d

Fig. 11.2 (a) Preoperative appearance of the left eye in a 
3-month-old child with primary congenital glaucoma who 
presented with acute corneal hydrops. (b) Two-week post-
operative appearance of the left eye showing dramatic 

improvement of corneal edema. (c) Six-month postopera-
tive appearance showing normal corneal clarity of the left 
eye. (d) Photomicrograph of the left cornea showing Haab 
striae (arrows)
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tive Indian children with PCG undergoing CTT 
without MMC, IOP control was achieved in 85% 
of children after 1  year, reducing to 58% after 
6  years. Forty-two percent of patients achieved 
vision of ≥20/60 [52]. Furthermore, primary 
CTT is a promising surgical technique for the 
management of different forms of childhood 
glaucoma in the developing world.

Although CCT offers the advantage of the 
dual mechanism of IOP control (trabeculotomy- 
trabeculectomy) and good long-term results have 
been reported by authors from India and various 
other parts of the developing world, there is 
always a search for the best surgical technique 
that should be employed in the given patient. 
Recently 360° trabeculotomy has emerged as an 
attractive choice that can be performed with a 
blunted 6/0 Prolene suture or with the help of an 
illuminated microcatheter. Shi et  al. retrospec-
tively studied 43 consecutive cases of Chinese 
eyes with childhood glaucoma undergoing tra-
beculotomy performed using either an illumi-
nated microcatheter or a rigid probe trabeculotome 
[53]. They found microcatheter-assisted circum-
ferential trabeculotomy to be significantly more 
effective at 1 year and as safe as traditional tra-
beculotomy with a rigid probe. Similarly, 
Shakrawal et al. from India performed a random-
ized clinical trial and concluded that in PCG, illu-
minated microcatheter-assisted circumferential 
trabeculotomy performed better than conven-
tional partial trabeculotomy at 1-year follow-up 
and resulted in significantly lower IOP measure-
ments [54]. However, a steep learning curve and 
the cost of therapy using disposable illuminated 
microcatheter is a limiting factor, especially in 
the context of the developing world. In a prospec-
tive study from India, illuminated microcatheter- 
assisted circumferential trabeculotomy achieved 
comparable results to primary CTT with MMC 
[55]. Hence, it appears that primary CTT may be 
the procedure of choice for advanced cases of 
PCG in developing countries.

Following failed angle surgery investigators 
have compared CTT to GDD.  Helmy et  al. 
reported their results of CTT versus AGV (FP8) 
in children with PCG (80% parental consanguin-
ity) who had failed previous goniotomy or tra-

beculotomy [56]. They included 66 eyes with 33 
eyes in each group. Success rates were 97% at 
1 year in both groups, which decreased to 61% in 
the CTT group and 66% in the AGV group at 
4 years. They concluded that AGV had slightly 
better long-term survival; however, doing a CTT 
first would allow a future implant in these 
patients. In their series 24.2% of the eyes in AGV 
group had hypertensive phase. Our results show a 
90% success rate in PCG with the Ahmed device 
following failed CTT at 1 year [57].

With regard to the surgical outcomes of GDD 
surgery in the developing world, Al-Mobarak 
et  al. have reported their results with AGV in 
PCG and secondary glaucoma and found success 
rates of 54.8% at 2  years with polypropylene 
implant versus 90.9% with silicone implant [58]. 
They also found poor success rates with AGV 
when MMC was used (31.3% at 2  years), 
although there may have been selection bias 
between the two groups. Better outcomes have 
been reported by Balekudaru et  al. from India 
with AGV (both silicone and polypropylene) in 
refractory pediatric glaucoma, with cumulative 
success rates of 97% at 1 year and 80% at 2 years 
[59]. Reoperations for tube-related complications 
were needed in 12.6% of eyes and 13% of eyes 
needed repeat surgery for IOP control. In their 
study, post-keratoplasty glaucoma was a signifi-
cant risk factor for failure. In our unpublished 
data, the success rates with silicone AGV implan-
tation are 91% in refractory PCG and 83% in sec-
ondary glaucomas with 4-year follow-up; our 
success rates with AADI are 91% at 1 year and 
81% at 2 years (unpublished data). A recent study 
by Kaushik et  al. from India has prospectively 
studied the outcomes of the AADI implant in 
refractory pediatric glaucomas and reported suc-
cess rates of 81.7% at 2 years [60].

Although PCG accounts for the majority of 
pediatric glaucomas, glaucoma following con-
genital cataract surgery is the next most common 
childhood glaucoma and is important in the 
developing world [61–64]. Mandal et al. reported 
complete success probability with trabeculec-
tomy with or without MMC (IOP between 6 and 
21  mmHg without medication/additional sur-
gery/sight-threatening complication) in only 
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37% eyes, and an additional 21% eyes had quali-
fied success after a mean follow-up of 2  years 
[65]. So this group of patients has a higher risk of 
failure of trabeculectomy and may need GDD or 
other surgery.

 Refractory Childhood Glaucomas 
in Developing Countries

Some children with glaucoma have a poor surgi-
cal prognosis with uncontrolled IOP despite sur-
gery and/or with maximum tolerated medical 
treatment. The majority of studies show surgical 
failure is higher in eyes with greater severity of 
disease at presentation and increases with time. 
However, in the developing world, this is further 
compounded by the fact that most children with 
PCG are born to consanguineous parents [66] 
with more severe disease at presentation and 
usually with delayed diagnosis [42, 67]. Causes 
of late presentation in the developing world are 
thought to include delayed diagnosis (lack of 
awareness of disease) and the limited access to 
and unaffordability of health care. Furthermore, 
the majority of cases require repeat surgical 
intervention to control IOP. Hence, it is not sur-
prising that children in the developing world 
who are blind from glaucoma have a high degree 
of consanguinity [56, 68]. Furthermore, the ini-
tial benefits of glaucoma surgery may be lost if 
there is no continuity of care for these children 
when they fail to attend follow-up appointments. 
There may also be issues with continuing medi-
cal therapy due to the inability to prescribe or 
afford medications [41, 43]. Therefore, the bur-
den of blindness due to pediatric glaucoma in the 
developing world is significant with three-
fourths of the world’s blind children living in 
developing countries [69].

The above points are illustrated by a number 
of studies. Ben-Zion et  al. reported the average 
age at diagnosis of congenital glaucoma in 
Ethiopia to be 3.3 years [43] compared to Western 
counterparts, where the average age was less than 
1 year of age [6, 70]. Close to 50% of the eyes 

continued to have elevated IOP beyond 22 mmHg 
even after surgery, and the majority needed sec-
ond intervention for IOP control. Also Mandal 
et  al. showed that the success rate of CTT in 
advanced glaucoma (with corneal diame-
ter ≥ 14 mm) was 75.5% at 1 year but decreased 
to 60.5% at 6 years [67]. Furthermore, Al-Hazmi 
reported a retrospective review of 820 eyes of 
532 PCG patients with variable degrees of sever-
ity and less than 1  year of age who underwent 
goniotomy, trabeculotomy, or CTT with MMC 
[42]. The mild form of PCG had high success 
rates with all techniques (81–100%). Eyes with 
moderate glaucoma following CTT with MMC 
had an 80% success rate, and those with advanced 
PCG (corneal diameter of >14.5  mm) 70% at 
1–3  years. In moderate to advanced PCG, the 
other techniques had poor outcomes. A study 
from Northern Tanzania reporting the outcomes 
in secondary childhood glaucoma of TSCPC 
(18%) compared to trabeculectomy (48%, with 
higher rate of complications) noted that a third of 
children did not return for follow-up after 1 year 
[71]. Distance to the hospital of greater than 
100 km was a significant risk factor for trabecu-
lectomy failure and was also speculated to con-
tribute to late presentation and erratic follow-up. 
The same group published results in children 
with PCG comparing various surgical techniques. 
Their conclusion recommended that for early dis-
ease, goniotomy and trabeculotomy were options 
and for severe disease trabeculectomy showed 
moderate success. TSCPC had poor success rate 
of 17% at 1 year [72].

A number of strategies have been initiated in 
the developing world to expedite diagnosis and 
improve prognosis. For example, in India the 
training of pediatricians and neonatologists for 
timely referral is in progress, along with public 
education and childhood glaucoma awareness 
programs through the media. To alleviate the fear 
surrounding the diagnosis of glaucoma, potential 
blindness, and surgery, various education strate-
gies and special support groups for children with 
glaucoma and families have also been 
implemented.
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 Quality of Life of Children Afflicted 
with Glaucoma and that of their 
Caregivers

Good quality of life (QoL) is a key outcome for 
children afflicted with glaucoma, an outcome 
parents want most for their children. Patient- 
based assessment of the impact of disease is now 
widely advocated [73, 74]. However, little is 
known about the QoL of children with congenital 
glaucoma in the developing world. It is necessary 
to assess the health-related QoL (HR-QoL) of the 
children with congenital glaucoma who undergo 
surgery and to compare it with an age-matched 
control group.

Children with PCG undergo surgery at a very 
early age and undertake multiple, frequent hospi-
tal visits over a long period of time, during which 
there can be uncertainty about visual prognosis. 
In advanced cases, children with glaucoma 
require several surgical interventions to achieve 
satisfactory IOP control, and treatment of such 
cases is often challenging. In a cross-sectional 
study at LV Prasad Eye Institute, Hyderabad, 
India, we assessed the HR-QoL of 121 children 
with PCG (mean age, 11.8 years) who underwent 
glaucoma surgery (mean time since surgery, 
10 months–2 years) by a single surgeon and 204 
age-matched healthy controls. Despite undergo-
ing successful glaucoma surgery, children with 
PCG reported significantly compromised 
HR-QoL as compared with their typically devel-
oping peers (unpublished data). Younger children 
with PCG and those belonging to families from 
lower socioeconomic status were more likely to 
experience decreased HR-QoL. Ophthalmologists 
need to be alert to the impact of glaucoma on the 
QoL of children and efforts must be made to 
improve it.

Caregivers of children with PCG have signifi-
cant emotional and psychological burdens; mod-
erate to severe depression may be present in a 
third of such caregivers [75].

Recently Gothwal et al. designed, developed, 
and validated the first novel Caregivers Congenital 
Glaucoma Quality of Life (carCGQoL) question-
naire for use in helping caregivers of children 
with PCG.  It is psychometrically robust, short 

(20 items), and relatively easy to complete [76]. 
It has excellent psychometric properties: unidi-
mensionality, good reliability, good targeting, 
and well functional rating scale. In a cohort, 
which included 111 consecutive caregivers, 
Gothwal et al. demonstrated a large improvement 
in the caregivers QoL scores from preoperative 
(baseline) to the 6–8-week postoperative period 
[77]. In a subsequent study, the same authors 
demonstrated that this significant improvement 
in the caregivers QoL was maintained up to 
2  years following surgery (unpublished data). 
Hence, successful PCG surgery can improve not 
only the child’s clinical condition but also the 
caregiver’s quality of life (see Chap. 11).

 Conclusion
The prevalence and severity of childhood 
glaucoma are higher in developing countries 
and a significant number of these children are 
blind. Delayed diagnosis from lack of aware-
ness (among other factors leading to late pre-
sentation), more severe disease, and poor 
follow-up are probably the reasons for this 
increased blindness rate. Surgery is the pri-
mary treatment option in managing childhood 
glaucomas. However, due to the severity of 
disease at presentation, repeat interventions 
with a combination of different surgical tech-
niques may be needed to manage these com-
plex glaucomas.

The responsibility of the surgeon does not 
stop with surgery and good surgical control of 
IOP.  Visual rehabilitation is as important in 
the management of the disease as is IOP con-
trol. Visual rehabilitation involves correction 
of refractive errors, correction of opacities in 
the media (e.g., corneal scarring and cataract), 
and amblyopia therapy (when necessary). 
Amblyopia must also be aggressively man-
aged to give these children the best chance for 
good vision in both eyes. These measures 
should be undertaken as early as possible.

One of the major concerns in the develop-
ing countries, despite improvement with early 
recognition and appropriate treatment, is the 
problem of poor follow-up. The emphasis on 
childhood glaucoma as a serious chronic dis-
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ease with need for lifelong follow-up is 
needed. Creating awareness is the first step to 
tackling this problem and patient support 
groups play an important role in helping this 
cause. Furthermore, to provide appropriate 
care as well as to follow these children, pedi-
atric glaucoma specialists must be appropri-
ately trained and their skill and knowledge 
updated periodically.

It must be recognized that in some eyes 
the prognosis for long-term vision is poor 
regardless of the technical skill and heroic 
efforts of patients, caregivers, and physi-
cians. Preservation of even limited amounts 
of vision in these children can improve their 
ability to function as adults. However, chil-
dren with glaucoma resulting in moderate to 
severe visual loss require the combined 
resources of a team that extends well beyond 
the patient-caregiver-physician triad, includ-
ing those who can provide counseling and 
help with training, education, integration into 
the schools, and later into society. These 
needs are great in all societies but perhaps 
greatest in developing countries.
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Impact of Childhood Glaucoma 
and Glaucoma Surgery on Quality 
of Life

Shveta Bali and Tanuj Dada

 Defining Quality of Life

Quality of life (QoL) is defined as “an overall 
general well-being that comprises objective indi-
cators and subjective evaluations of physical, 
material, social and emotional well-being 
together with the extent of personal development 
and purposeful activity, all weighted by a per-
sonal set of values” [1]. Chronic and irreversible 
health conditions have been shown to have a sig-
nificant negative impact on one’s QoL. The World 
Health Organization recognizes that the measure-
ment of health and the effects of health care must 
include not only an indication of changes in the 
frequency and severity of diseases but also an 
estimation of well-being which can be assessed 
by measuring the improvement in the QoL related 
to health care [2].

The concept of QoL finds equal if not greater 
application in the pediatric population. The United 
Nations Convention on the Rights of the Child 
(UNCRC) declares that children at a minimum 
have the rights and freedoms of all human beings 

[3]. Every child has a right to a standard of living 
adequate for that child’s physical, mental, spiri-
tual, moral, and social development. Also, chil-
dren have a right to have their views taken into 
account in matters that affect them [4]. Within the 
field of QoL, a great deal of effort has gone into 
attempting to distinguish “health-related” QoL 
(HR-QoL), as described above, from holistic 
QoL. It is hard to disagree with some researchers 
who favor evaluation of holistic QoL, with the 
premise that it is unjust to segregate one’s life into 
what is influenced by a disease from what is influ-
enced by current and past experiences [5]. 
However, the value of disease-specific, self-
reported outcome measures lies in providing 
understanding about the specific limitations faced 
by young people with a particular illness. For 
example, in young people with visual impairment, 
“vision-related” QoL (VR-QoL) assessment 
could give an insight into an individual’s subjec-
tive impression of various aspects of their life 
such as physical, emotional, social, and schooling 
as it relates to their vision [6]. In contrast, “func-
tional vision” relates to the impact of an individu-
al’s vision on their activities of daily living.

Children are a vulnerable group. They are 
dependent on adults to identify and address their 
needs and act on behalf of their rights, including 
the right to quality of life. The implications of 
this aspect are manifold. Firstly, it is common for 
adults, typically parents, to report or “proxy-
report” on the child’s functioning and perception, 
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either in addition to or in place of the child’s self-
report [5, 7]. Eiser and Jenney reported generally 
greater parent-child agreement for ill as com-
pared to healthy children and greater for objec-
tive observable behaviors (i.e., physical health) 
than cognitive and emotional attributes [8]. 
Subsequently, researchers have found parents of 
children in a nonclinical sample tended to report 
higher HR-QoL scores for their children than the 
children themselves, while parents of children 
with health conditions tended to underestimate 
their child’s HR-QoL [9–11]. Secondly, caring 
for children with chronic illnesses has been 
proven to have a significant impact on QoL of 
their parents as primary caregivers [12–14]. 
Caregiver burden has been defined as the type of 
stress or strain that caregivers experience related 
to the problems and challenges they face as a 
result of the status of the care recipient [15]. 
Andolsek et  al. described caregivers as hidden 
patients, who may carry enormous emotional 
burden in their task [16]. Caregivers of patients 
with chronic systemic and mental illnesses carry 
significant burden as a result of this role [17–21]. 
Caregiver burden has also been shown to have a 
negative impact on behavioral aspects and QoL 
of affected patients [12, 13, 19, 22]. In the pediat-
ric population, parents being the primary caregiv-
ers also have an added component of significant 
worry related to their child’s illness. Therefore, 
evaluation of the caregivers’ QoL should form an 
important aspect of holistic management of 
patients—especially children—with chronic 
medical illnesses.

 Impact of Adult-Onset Glaucoma 
on Quality of Life

The effect of adult-onset glaucoma on QoL is 
multifaceted and has been more extensively 
investigated than childhood-onset glaucoma. 
Visual dysfunction from glaucoma has been 
proven to have a negative influence on several 
aspects of QoL.  Mere diagnosis of glaucoma 
could cause significant worry and fear of blind-
ness [23, 24]. A greater prevalence of anxiety and 
depression has been found in patients with glau-

coma as compared to control population [25–27]. 
Limitation in driving [28], fear of falling, and 
imbalance resulting from glaucoma make a sig-
nificant contribution to the aforementioned psy-
chological effects [26–29].

Even early glaucoma without significant 
visual changes has been shown to affect physi-
cal, financial, psychological, social, and emo-
tional health [30, 31]. However, some studies 
have failed to support this hypothesis finding 
better QoL scores in patients with suspected or 
early glaucoma compared to controls [32]. This 
could however be influenced by the educational 
and socioeconomic level as suggested by the 
authors, as well as the sensitivity of the instru-
ment used to measure QoL.  Some studies also 
found that glaucomatous changes exert greater 
influence on physical functioning than psycho-
social domains in the long term, as patients may 
adapt to their feelings over time [33]. As the 
responsible physician, it is paramount to know 
from the patient’s perspective which of his/her 
activities are affected in a worse manner result-
ing from glaucoma. Not only do the “patient-
reported outcomes” provide better understanding 
of the limitations faced by the patients them-
selves, but these measures can also help devise 
management strategies tailored to the patient’s 
disability. This better understanding, in turn, 
could go a long way toward true “holistic man-
agement” of our patients.

In adult glaucoma, the QoL scores correlate to 
visual acuity especially in the better eye and 
visual field damage [34]. A drop in visual acuity 
in better eye has been found to cause a corre-
sponding drop in QoL scores [34]. Both the 
severity and location of visual field defects have 
also been shown to correlate to QoL scores [35, 
36]. Patients with inferior visual field changes are 
more likely to have a slower walking speed and 
higher risk of falls [37]. Although mean deviation 
scores have been correlated to VR-QoL, studies 
have shown that visual field index (or glaucoma 
progression index) that better represents central 
visual field has better correlation to VR-QoL 
[38]. Specific limitations self-reported by patients 
include difficulty in bright lights, light and dark 
adaptation, and visual distortion [39].
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 Impact of Childhood Glaucoma 
on Quality of Life

Visual impairment can also cause a significant 
negative short-term and long-term effect on an 
affected child’s functioning. Strabismus, congeni-
tal cataract, amblyopia, and primary brain tumors 
affecting vision are some of the conditions that 
have been shown to impact physical, social, and 
emotional aspects of a child’s development. 
Unlike in the adult population, fewer studies have 
been reported in the pediatric population that 
assess these effects in an elaborate manner. This 
may be due to the fact that the primary focus for 
childhood visual conditions has heretofore been 
the visual outcome. Also, there has been a defi-
ciency of child-specific, vision-specific, and age-
appropriate tools to measure QoL related to 
vision. However, recently there has been an inter-
est in identifying the relevant content in assessing 
VR-QoL in pediatric population.

The management of childhood glaucoma is a 
challenging process for affected children, family, 
and treating physicians. Firstly, the initial diagno-
sis of a sight-threatening and life-changing diag-
nosis is stressful to most families, including 

parents and especially older children. These chil-
dren often require multiple examinations under 
anesthesia, surgeries, and long-term IOP-lowering 
medications. Management also entails multiple 
appointments, requiring time off from work for 
caregivers and absence from school for older chil-
dren. The other important aspect of managing 
childhood glaucoma is treating ametropia, ambly-
opia, and other primary or secondary associated 
ocular conditions. All these facets may have a sig-
nificant effect on the development, education, 
social integration, and independence of the child. 
Thus, it is crucial to assess and address both HR- 
and VR-QoL as outcome variables in the manage-
ment of children with glaucoma.

At the time this chapter was written, only four 
studies evaluating the QoL in childhood glau-
coma had been published (Table 12.1) [11, 40–
42]. Freedman et al. conducted a cross-sectional 
study to evaluate the VR-QoL in 43 children with 
glaucoma and the factors that influence it [41]. 
Neither age, number of glaucoma surgeries, nor 
number of prescribed eye drops seemed to impact 
VR-QoL.  Another research group, Dahlmann-
Noor et al., conducted a study to measure func-
tional vision, HR-QoL, and VR-QoL in childhood 

Table 12.1 Quality of life studies in childhood glaucoma

Authors, journal
Type of 
study Participants (n) Age

Questionnaire 
used Self/proxy Results

Zhang et al. [40]
Chinese J 
Ophthal (2009)

Cross-
sectional

51 children with 
primary congenital 
glaucoma
50 controls

5–20 PCG-QOL 
scale

Unclear PCG-QOL: 60.22 
vs. 71.41 in 
controls (P < 0.01)

Freedman et al. 
[41]
J AAPOS (2014)

Descriptive 43 children with 
glaucoma

5–17 IVI-C Self Mean score: 24

Tailor et al. [42]
J AAPOS (2015)

Descriptive 180 children with 
glaucoma, cataract, 
aphakia, 
pseudophakia

2–16 CVAQC
PedsQL

Self and 
proxy

CVAQC: −1.65
PedsQL:
Parental report: 69
Self-report: 78

Dahlmann-Noor 
et al. [11]
Ophthalmology 
(2017)

Descriptive 119 children with 
glaucoma

2–16 CVAQC
IVI-C
PedsQL

Self + proxy Marked impact on 
VR-, HR-QoL, and 
functional visual 
ability
CVAQC: −1.24
IVI-C: 67.3
PedsQL 
self-report:78.8

CVAQC, Cardiff Visual Ability Questionnaire for Children (functional vision); IVI-C, Impact of Vision Impairment on 
Children (VR-QoL); PCG-QOL scale, primary congenital glaucoma quality of life scale; PedsQL (HR-QoL)
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glaucoma [11]. They analyzed responses from 
119 children aged 2–16 years and their parents. It 
was found that glaucoma and its management 
have a marked influence on a child’s functional 
vision and both HR- and VR-QoL. They also 
found that older children had better HR-QoL 
scores than the younger population, possibly 
reflecting coping strategies and adjustment over 
time by the older children to manage their visual 
disability. As in the adult glaucoma literature, 
one consistent factor in most of these studies that 
was found to reliably correlate to higher QoL in 
children was better visual acuity.

 Parent Perception, Caregiver 
Burden, and Quality of Life

The target effect of a childhood illness extends 
beyond the child himself. Especially in the very 
young pediatric population, the immediate bur-
den of the disease is borne by the primary care-
giver, usually the mother/parents and the family. 
The type and extent of the impact may vary with 
the type of illness [43]. Studies have shown that 
caregivers have to cope not only with psychologi-
cal strain, i.e., anxiety and depression related to 
the child’s condition [44, 45], but also with 
changes in their normal routine, extended time 
necessary for the child’s care [44, 46], absentee-
ism from work in relation to the child’s illness 
and medical appointments, financial burden, 
social isolation, and increased responsibility [44, 
46–48]. There are documented negative effects in 
people caring for children with chronic systemic 
conditions like diabetes [49], human immunode-
ficiency virus [47], asthma [50], dermatitis, and 
congenital conditions [44, 51].

These concepts find parallel application in 
chronic pediatric ophthalmic conditions. Ocular 
conditions also bring an added concern of threat 
to the child’s visual development. Even adult 
individuals with impaired vision require more 
help with their activities of daily living and addi-
tional hours of close supervision per day, leading 
to significant burden to their primary caregivers 
[52]. There is evidence of significant time-depen-
dent, emotional, existential, and physical burden 

and depression among individuals caring for 
legally blind patients. Hours of close supervision 
and intensity of caregiving have been identified 
as factors related to the overall burden. In the 
same study, depression was found to be prevalent 
in 16–48% of the population caring for legally 
blind individuals [52]. Mothers of children with 
visual impairment experience more stress than 
mothers of children with no disability, particu-
larly in areas involving the children’s behavior 
and especially when the children have multiple 
disabilities [53]. Since childhood glaucoma com-
monly affects younger children, the caregivers 
(commonly parents and family) have to take the 
onus of providing constant care to the child over 
many years. Also, the diagnosis of this vision-
threatening condition could induce significant 
emotional strain to the parents, leading to signifi-
cant emotional stress.

However, there is a paucity of literature inves-
tigating this issue of caregiver stress. We con-
ducted a study where we interviewed caregivers 
providing care to children with childhood glau-
coma for assessment of emotional, socioeco-
nomic, perceived, and aggregate stress from 
caregiving [14]. It was noted that while all sub-
jects experienced some degree of burden, 71% 
individuals faced moderate burden related to car-
ing for their child with glaucoma. We also found 
that one third of these caregivers reported symp-
toms of moderate or severe depression. Similarly, 
another study by Gothwal et al. showed that 60% 
of individuals caring for children with primary 
congenital glaucoma reported moderate to severe 
amounts of impact on their QoL [54]. All the 
examined subjects showed feelings of anger, 
powerlessness, anxiety, depression, decreased 
appetite and self-confidence, and lack of interest 
in pursuing their leisure activities [54].

 Tools to Measure Quality of Life 
in Adult-Onset Glaucoma

The standard tools to measure QoL include 
WHOQOL-100 and the WHOQOL-BREF ques-
tionnaires [55, 56]. These tools have been applied 
to a wide variety of cultures and diseases and 
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Table 12.2 Commonly used patient-reported outcome questionnaires for evaluation of adult patients with glaucoma

Questionnaire Concept assessed Content
Glaucoma Quality of Life-15 
(GLQ-15) [60]

Effect of binocular visual field 
loss on visual function

15 items related to central and near vision, 
peripheral vision, glare and dark adaptation, 
outdoor mobility

Independent mobility [61] Patient-based assessment of 
difficulty in mobility

35 items related to mobility situations

Glaucoma Symptom Identifier 
(GSI) [62]

Functional status relating to 
vision, impact of glaucoma 
symptoms on vision

34 items related to visual activities

Glaucoma Utility Index [63] Patient-reported effects related to 
glaucoma and preference-based 
status in glaucoma

32 items related to central and near vision, 
lighting and glare, mobility, activities of daily 
living, eye discomfort

Glaucoma Quality of Life 
(Glau-QoL) [64]

Glaucoma health-related quality 
of life

36 items related to psychological well-being, 
self-image, daily life, burden of treatment, 
driving, anxiety, and confidence in health care

Glaucoma Health Perceptions 
Index (GHPI) [65]

Glaucoma health-related quality 
of life, perceived impact of 
glaucoma

Six items; perception about physical, 
emotional, social, and cognitive health; and 
stress attributable to glaucoma and treatment

National Eye Institute Visual 
Function Questionnaire-51 
items (NEI-VFQ-51) [66]

Vision-targeted functioning and 
socio-emotional issues

51 items related to general health, general 
vision, ocular pain, near vision, distance 
vision, social functioning, mental health, 
expectations, role functioning, dependency, 
driving, peripheral vision, color vision

National Eye Institute Visual 
Function Questionnaire-25 
items (NEI-VFQ-25) [67, 68]

Vision-related functioning and 
socio-emotional issues

25 items related to visual functioning and 
socio-emotional traits

have been found to be comparable among popu-
lations in different socioeconomic settings. 
SF-36 is a short general health questionnaire 
evaluating different health concepts and has been 
shown to be sensitive enough to separate symp-
tomatic and asymptomatic patients, distinguish 
stages and severity of a disease, and classify 
treatment effects [32, 57]. Another widely used 
generic instrument is EuroQOL-5D (EQ5D) 
multidimensional questionnaire that inspects five 
dimensions: mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression [58].

Lately, there has been an increasing interna-
tional emphasis on patient-led assessment of the 
impact of illness and health care. This has led to 
a proliferation of questionnaires also known as 
patient-reported outcome measures (PROMs), 
intended to measure the impact of illness or dis-
ability and treatment from the patient’s perspec-
tive. Generic instruments capture a broad range 
of health-related aspects and give a comparison 
between different disease states; however, they 
do not capture patient’s perceptions and specific 

limitations that patients with a particular condi-
tion encounter. Disease-specific PROMs are 
immensely helpful to understand the impact of 
illness and treatment from patient’s perspective 
and are more sensitive to detect small changes in 
condition-specific health status. Furthermore, 
they may be more acceptable for patients than 
generic instruments because of clear relevance to 
their condition.

The effect of adult glaucoma on QoL has been 
well studied. This is evidenced by the develop-
ment of various PROMs designed to measure the 
patient’s perspectives in adult glaucoma. While 
some of them are considered vision-specific, 
there are also several instruments that are specific 
for the evaluation of glaucoma-related impact. 
These have been classified into three different 
categories: PROMs addressing functional vision, 
PROMs addressing quality of life, and PROMs 
assessing other factors related to disease and 
treatment [59]. Table 12.2 gives an overview of 
these different instruments available for evalua-
tion of adult individuals with glaucoma [60–74].

12 Impact of Childhood Glaucoma and Glaucoma Surgery on Quality of Life



178

 Tools to Measure Vision-Related 
Quality of Life in the Pediatric 
Population

In contrast to adult literature, there is a dearth of 
conceptually grounded, psychometrically robust, 
self-reporting questionnaires suitable for use 
with children and young individuals. As previ-
ously mentioned, the use of generic instruments 
could help understand how the impact of certain 
ophthalmic conditions affects QoL as compared 
to unaffected fully sighted children. However 
these instruments are not sensitive enough to 
detect changes in QoL experienced by the chil-
dren over the course of their management, hence 
causing the clinicians and researchers to miss 
essential disease and treatment information [75]. 
QoL measurement tools have only been devel-
oped for a few ophthalmic conditions, e.g., 
amblyopia (amblyopia treatment index, ATI [76]; 
Children’s Amblyopia Treatment Quality of Life 
Questionnaire, CAT-QoL [77]; Emotional Impact 
of Amblyopia Questionnaire, EIAQ [78]), juve-
nile idiopathic arthritis-associated uveitis (Effects 
of Youngsters’ Eyesight on Quality of Life, 
EYE-Q [79]), refractive error (Pediatric 
Refractive Error Profile, PREP [80]), intermittent 
exotropia (Intermittent Exotropia Questionnaire, 

IXTQ [81]), and vernal keratoconjunctivitis 
(Quality of Life in Children with Vernal 
Keratoconjunctivitis, QUICK [82]). Due to a rel-
ative paucity of disease-specific instruments in 
the world of childhood ophthalmology, most 
pediatric studies have used vision-specific instru-
ments to measure QoL in children with pediatric 
glaucoma and other various eye-related condi-
tions. The deficiency of disease-specific instru-
ments could reflect a limited understanding of the 
conceptual framework necessary to develop such 
instruments, coupled with challenges of 
 child-centered methodology necessary to drive 
development of such measures.

Table 12.3 [83–88] summarizes the various 
instruments available and commonly used to mea-
sure “generic” PROMs in children. Some of the 
instruments intend to measure QoL related to 
visual impairment as perceived by the children 
(VR-QoL), and others actually measure  functional 
vision. The concept of QoL rests on the “individ-
ual’s perception” of their position in life in the 
context of the culture and value systems in which 
they live and in relation to their goals, expecta-
tions, standards, and concerns. While it seems 
intuitive to assume that visual acuity would cor-
relate to one’s QoL, the existence of “disability 
paradox,” whereby people with disabilities have 

Questionnaire Concept assessed Content
Nursing Home Vision-
Targeted Health-Related 
Quality of Life (NHVQoL) 
[69]

Vision-targeted health- related 
quality of life in nursing home 
residents

57 items related to reading, ocular symptoms, 
general vision, ADL, mobility, social 
activities/hobbies, psychological distress, 
adaptation/coping, social interaction

Low Vision Quality of Life 
(LVQOL) [70]

Effect of visual impairment on 
quality of life

25 items/activities: basic aspects of vision, 
mobility, adjustment, reading, and fine works

Impact of Vision Impairment 
Questionnaire [71]

Impact of vision impairment on a 
person’s ability

28 items related to common daily activities 
mobility and independence, emotional 
well-being, reading, and accessing information

Treatment Satisfaction Survey 
for Intraocular Pressure 
(TSS-IOP) [72]

Patient satisfaction with topical 
treatment

15 items related to effectiveness, hyperemia, 
eye irritation, convenience of use, ease of use

Comparison of Ophthalmic 
Medications for Tolerability 
(COMTO) [73]

Frequency and common side 
effects and its effect on quality of 
life, adherence, and satisfaction 
with the medication

15 items related to frequency of side effects; 
15 items related to bothersomeness of side 
effects; 7 items related to limitation of 
activities; 5 items related to global impact as 
a result

Glaucoma Symptom Scale 
(GSS) [74]

Symptoms and side effects of 
glaucoma or eye drop treatment

10 items related to symptoms of side effects

Table 12.2 (continued)
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been reported to have a better QoL, does not fully 
support this concept [89]. Therefore, although 
visual function may be one of the dominant fac-
tors correlating to VR-QoL, other factors, e.g., 
physical health, personality, personal circum-
stances (wealth, living conditions, etc.), social 
relationships, and functional activities and pur-
suits, also make a significant impact on the mea-
sured constructs. Thus, efforts toward improving 
a child’s VR-QoL should not only include visual 
rehabilitation but also an assessment and improve-
ment of other domains of life.

 Tools to Evaluate Quality of Life 
of Caregivers

Awareness about stress related to caregiving has 
led to development of several instruments for 
assessment of the burden experienced by caregiv-
ers and their QoL. One of the definitions of care-
giver burden is the impact of providing care on 
the caregiver’s physical, psychological, emo-
tional, social, and financial situation that either 
results from the perception that caregiving 
demands exceed the informal caregiver’s physi-
cal and mental capacity or jeopardizes this capac-

ity [90–93]. Tools for identification and 
measurement of caregiver stress may be catego-
rized into those measuring caregiver: burden [91, 
92, 94–96], QoL [56–58], management and cop-
ing [97–99], emotional and mental health [100–
104], psychosocial impact [105, 106], and 
physical health [107].

The tools most widely employed for evaluat-
ing burden are the Zarit Burden Interview (ZBI), 
also called the Zarit Burden Inventory, Zarit 
(Carer) Burden scale, and Zarit scale [91–95]. 
Dada et  al. used the caregiver burden question-
naire (CBQ) to evaluate the impact of caregiving 
for children with glaucoma [14]. This question-
naire allows for separate identification of the 
caregiver burden into socioeconomic, emotional, 
and psychological and perceived burden. Tools 
available to measure the emotional and psycho-
logical aspects of caregiver health are mainly 
generic instruments. The application of these 
instruments is limited by their lower specificity 
and sensitivity than disease-specific instruments. 
These instruments treat individuals as patients 
rather than caregivers and may not be completely 
applicable in context of caregiving.

As every childhood disease may bring differ-
ent challenges to caregiving, efforts have been 

Table 12.3 Commonly used questionnaires for assessing vision-related quality of life in pediatric population

Questionnaire and year of 
development Age range (y)

Items 
(no.) Concept being assessed Respondents

2 versions
Children’s Visual 
Function Questionnaire 
(CVFQ) 2004 [83, 84]

Younger Vision-related quality of life.
Measures four QoL-related subscales: 
competence, personality, family impact, and 
treatment difficulty

Proxy
0–3 34
Older
3–7 39

Cardiff Visual Ability 
Questionnaire for Children 
(CVAQC) 2010 [85]

5–18 25 Functional vision.
Measures difficulty with education, near vision, 
distance vision, getting around, social 
interaction, entertainment, and sports

Child

The Impact of Vision 
Impairment on Children 
(IVI_C) 2011 [86]

8–18 24 Vision-related quality of life Child

Vision-Related Quality of 
Life of Children and 
Young People (VR-QoL_
CYP) 2011 [87]

10–15 35 Vision-related quality of life. Evaluates the 
impact of living with a visual impairment from 
the affected child’s perspective

Child

LV Prasad-Functional 
Vision Questionnaire 
Second Version (LVP-
FVQ II) 2012 [88]

8–16 23 Functional vision.
Measures level of difficulty in performing 
activities of daily living, academic, and leisure 
activities

Child
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made to develop disease-specific questionnaires 
to evaluate the impact of caregiving for children 
[107, 108]. Gothwal et al. developed Caregivers 
Congenital Glaucoma Quality of Life 
(CarCGQoL) questionnaire to provide insight 
into challenges faced as the primary caregiver for 
children with primary congenital glaucoma 
[109]. The instrument was generated after litera-
ture review and focus group discussions with 
caregivers and pediatric glaucoma experts. After 
subsequent phases of item refinement, cognitive 
debriefing, and validation, CarCGQoL was 
developed as a 20-item instrument that can be 
used as an assessment of QoL of caregivers of 
children with PCG [109].

 Impact of Glaucoma Treatment 
on Quality of Life of Child 
and Caregiver

Medical or surgical management of childhood 
glaucoma improves prognosis for visual preser-
vation for affected children. However, it is impor-
tant to evaluate and understand the impact of our 
interventions on the QoL of children, their care-
givers, and family. Identification of such mea-
sures may guide us as to what factors influence 
one’s perception of their limitations and hence 
could function as key elements in treatment plan-
ning and research.

In the Collaborative Initial Glaucoma 
Treatment Study (CIGTS) trial for adult patients 
with glaucoma, patients undergoing surgical 
treatment were bothered by local symptoms to a 
greater extent than those started on medical man-
agement [110]. However, these symptoms were 
found to decline with time. In another study con-
ducted by Arora et  al., initiating medical treat-
ment was found to be associated with worsening 
of quality of life, possibly from psychological 
impact of a sight-threatening condition and 
adverse effects of medications [111].

Very few studies have sought to evaluate the 
impact of medical or surgical treatment on QoL 
in childhood glaucoma. Dahlmann-Noor et  al. 
found that HR-QoL scores in children with glau-
coma did not correlate with number of glaucoma 

drops or surgical interventions although the study 
was not powered to detect associations [11]. 
Similar results were observed by Freedman et al. 
[41]. In a study published from China by Zhang 
et al., the postoperative QoL in children with con-
genital glaucoma correlated to surgical outcome 
and postoperative visual acuity [40]. However, all 
these were cross-sectional studies and were not 
particularly designed to study the influence of 
medications or surgery on QoL in children with 
glaucoma. The only longitudinal study published 
in this regard measures the QoL of caregivers 
before and after surgical intervention in congeni-
tal glaucoma [54]. They noticed that before sur-
gery, all caregivers reported feelings of 
depression, anxiety, anger, irritability, lack of 
interest in leisure activities, decreased 
 self-confidence, effect on appetite and sleep, and 
feelings of powerlessness related to the child’s 
disease. However, there was a twofold improve-
ment in QoL scores 6–8  weeks following their 
child’s surgery. Interestingly, the authors did not 
find any correlation of caregiver’s QoL scores to 
the degree of surgical success or failure.

 Interventions for Improvement 
of Quality of Life

Although it seems intuitive to believe that the 
presence of disease itself has a negative effect on 
QoL and mood, there is a large variability in 
these parameters among people with the same 
condition and similar degree of impairment. 
Also, some studies have found that QoL and 
mood may be relatively preserved in other indi-
viduals with similar conditions and severe degree 
of impairment [112, 113]. These differences sug-
gest that other psychological factors may dictate 
one’s perception about one’s QoL.

For management of children with glaucoma, 
enhanced outcomes and efforts to preserve max-
imum visual function, particularly best-cor-
rected visual acuity, may help improve visual 
ability and QoL of both the affected children 
and their caregivers. Also, imparting education 
to the child and family about the disease could 
help alleviate some of the fears and clarify mis-
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conceptions that the patient-family unit may 
have in relation to the illness. There is also a 
need to adapt and utilize other strategies to help 
lower the stress associated with the illness. 
Research suggests that in addition to the psy-
chological toll, adverse childhood experiences 
could result in neuroanatomical changes, 
increased levels of inflammation and dysfunc-
tion of the hypothalamus-pituitary axis [114]. 
One of the strategies shown to be effective in 
this regard is “mindfulness” [115]. Mindfulness 
is an evidence-based intervention that helps 
improve self-regulation and resilience in every-
day life and in face of stress and trauma. This 
has been shown to improve QoL in multiple 
sclerosis and depression and anxiety in patients 
with cancer. [116, 117] “Mindfulness-based 
interventions” have also been found to be help-
ful in supporting parents of children with dis-
abilities [118]. To reduce the stress of caring for 
a child with disability, several other strategies 
have also been reported to be effective. A form 
of therapy that has been shown to improve QoL 
in patients with chronic illnesses is “acceptance 
and commitment therapy” [119]. This is a modi-
fied and newer form of cognitive-behavior ther-
apy that has been shown to reduce parental 
stress in children with acute traumatic brain 
injury, life-threatening illnesses, cerebral palsy, 
and other disabilities [119–122].

Evidence suggests that alternative strategies 
like yoga and meditation are effective in reducing 
stress in caregivers of individuals with 
Alzheimer’s dementia, another condition that has 
been shown to be associated with significant 
caregiver stress [123–126]. Danucaloy et  al. 
noted that an 8-week session on yoga and medita-
tion produced a statistically significant reduction 
in stress, anxiety, and depression in such caregiv-
ers [123]. The other interventions that have been 
shown to significantly reduce caregiver stress in 
dementia are mindfulness-based cognitive ther-
apy and caregiver education about self-care tools 
[125]. These tools help reduce personal stress, 
change negative self-talk, help them communi-
cate their needs to family members and health-
care and service providers, and make tough 
caregiving decisions.

The favorable results of such interventional 
therapies have also been supported by a number 
of physiological effects observed, namely, reduc-
tion in salivary cortisol, increase in telomerase 
activity, downregulation of pro-inflammatory 
NF-κB gene, and upregulation of antiviral inter-
feron response factors [126].

 Future Directions

There has been a fundamental shift in pediatric 
medicine toward a more collaborative partner-
ship between patients, families, and their health-
care providers, with patient- and family-centered 
care forming the backbone of high-quality pedi-
atric care [127–129]. Collaborative decision-
making, planning, delivery, and evaluation of 
health-care interventions can improve health, 
psychosocial, and educational outcomes in these 
individuals [127, 128]. This concept rests on 
thorough understanding of needs, beliefs, and 
expectations of the child-family unit through 
elaborate qualitative research.

There is a need to adapt this high-profile 
approach in the world of pediatric ophthalmol-
ogy and childhood glaucoma. In order to under-
stand the impact of this vision-threatening 
diagnosis and treatment on affected children and 
their caregivers, there is a need for larger trials 
investigating this issue. Clinicians and research-
ers need to produce robust disease-specific ques-
tionnaires that can be used in high-quality studies 
and daily practice. The development of these 
instruments should start with discussions with 
patients affected by the condition of interest so 
that the issues relevant to their lives can be cap-
tured accurately.

Efforts to understand and evaluate “quality of 
life” are incomplete if we do not devise appropri-
ate interventions to help improve the same. 
Clinicians and paramedical staff need to educate 
the children and families and address knowledge 
gaps about the disease, management, and prog-
nosis. There is a need for a multidisciplinary 
approach for management of chronic conditions 
like childhood glaucoma in pediatric ophthalmol-
ogy. Strategies may involve development and 
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streamlining of teams where health-care provid-
ers from various disciplines can identify stress 
related to illness, offer coping mechanisms, and 
direct affected individuals to various available 
psychological treatments and support services. In 
addition, QoL questionnaires can improve com-
munication between clinicians and the families 
they care for and may also be a proxy measure of 
family well-being and have implications for com-
munity health.

 Conclusion
There is evidence that childhood glaucoma 
has a significant negative effect on the QoL of 
affected children and their caregivers. 
However, there is an unmet need to identify 
and analyze this aspect in management of 
children with glaucoma. Ophthalmologists 
need to work in close association with mental 
health-care professionals and other supporting 
groups in order to provide a holistic treatment 
to affected children and their families.
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