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Preface

Cataract surgery is one of the most frequently performed procedures in the United States, and
cataracts are a leading cause of visual impairment in the world. Glaucoma is also a very com-
mon eye disease with an expected 3.3 million Americans afflicted with primary open angle
glaucoma by 2020. It is also a leading cause of irreversible blindness worldwide. The coexis-
tence of these two diseases is not uncommon, and how a cataract is approached can have an
impact on the glaucoma status of a patient. After all, cataracts are rarely associated with per-
manent blindness as is glaucoma. Managing cataracts to the best advantage of the glaucoma
should result in the best long-term visual outcomes for our patients with both diseases.

While detailed instruction on cataract surgery is reviewed in other texts, this book serves
to focus on the management of cataract in the setting of glaucoma, using an evidence-based
medicine approach. It is hoped to serve as a wonderful resource for ophthalmologists, residents,
and glaucoma fellows.

Charlottesville, VA Sandra M. Johnson, MD
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Part I
Cataract Surgery



Chapter 1

Approach to Cataract Surgery in Glaucoma Patients

Graham A. Lee and Ivan Goldberg

Introduction

As both glaucoma and cataract are increasingly frequent
with increasing age, glaucoma patients undergoing cataract
surgery are common. These patients require a carefully
planned approach to achieve not only a successful cataract
extraction outcome but, more importantly, long-term control
of their glaucoma.

Clinical History

Is cataract surgery necessary? Determine the degree of visual
disability from the cataract versus that from the glaucoma;
for the patient, it is the summed visual disability that affects
him or her. To have realistic expectations of the potential
visual benefits from surgery, patients need to understand the
difference. Unless visual loss from glaucoma in the two eyes
overlaps, the irreversible glaucoma damage may not be obvi-
ous to the patient. Cataract-induced visual loss presents as
progressive reduction in visual acuity and in loss of fine
detail and contrast (especially in low light), and glare; if
allowed to progress, this may threaten a patient’s ability to
drive and his or her ambulatory vision. In patients with both
glaucomatous and cataractous loss, this distinction may not
be clear: Glaucoma can manifest as paracentral scotomas,
while cortical cataract can present as peripheral loss.

Preoperative Assessment

Glaucoma patients require the same careful preoper-
ative examination as all cataract patients. Secondary

G.A. Lee (�)
Department of Ophthalmology, Royal Brisbane Hospital, Brisbane,
QLD 4029, Australia
e-mail: eye@cityeye.com.au

glaucomas present specific challenges during cataract
surgery; preoperative surgical planning minimizes risks of
complications.

Cornea

In well-controlled glaucoma, the cornea in most patients is
normal for their age. Epithelial and stromal edema (e.g., with
high intraocular pressure [IOP], bullous keratopathy, and
the iridocorneal endothelial [ICE] syndrome) interferes with
visualization of intraocular structures (Figs. 1.1 and 1.2).
Keratic precipitates may indicate previous uveitis (Fig. 1.3).
Moderate endothelial loss of around 7% has been observed
following trabeculectomy compared with a loss of 2.6%
following deep sclerectomy.1 More endothelial loss occurs
with two-site phacotrabeculectomy compared with one-
site.2 This may influence choice of procedure in already

Fig. 1.1 Bullous keratopathy showing irregular ocular surface and stro-
mal edema

3S.M. Johnson (ed.), Cataract Surgery in the Glaucoma Patient, DOI 10.1007/978-0-387-09408-3_1,
© Springer Science+Business Media, LLC 2009



4 G.A. Lee and I. Goldberg

Fig. 1.2 Iridocorneal (ICE) Syndrome showing polycoria, corectopia,
ectropian uveae, iris nodules, and iris stromal atrophy

compromised corneas, but the degree of IOP lowering
needed for a particular patient is more critical.

Gonioscopy

Vital in all patients, gonioscopic assessment of the angle is
especially important in those with glaucoma. If less than
2.4 mm, anterior chamber depth is a significant risk factor for
angle closure.3 Occludable and partially closed angles often
reopen following cataract removal (Fig. 1.4a, b); however,
there may be persistent peripheral anterior synechial closure
(Fig. 1.5). Intermittent iridotrabecular contact might explain

Fig. 1.3 Keratic precipitates in uveitic glaucoma

outflow damage despite an apparently open angle.4 Trabec-
ular meshwork pigment with radial transillumination defects
indicates pigment dispersion (Fig. 1.6a, b). Pseudoexfolia-
tive (PXF) material on the anterior lens capsule, iris, and
meshwork indicates an increased risk of zonular and cap-
sular weakness, and of lens dislocation (Fig. 1.7; see also
Chapter 15).

Optic Nerve

The neuroretinal rim is the key to diagnose glaucoma and to
stage damage. Visual field loss should correspond to optic

a b

Fig. 1.4 (a) Gonioscopic view of superior angle pre-cataract extraction in angle-closure glaucoma. (b) Gonioscopic view of superior angle post-
cataract extraction in angle-closure glaucoma
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Fig. 1.5 Gonioscopic view showing peripheral anterior synechiae
following cataract extraction

nerve rim thinning and nerve fiber layer defects. Without
such correlation, suspect non-glaucomatous causes. Dense
cataract can make disc assessment difficult or impossible.
While advanced damage suggests a poorer visual progno-
sis following cataract surgery, removal of a dense cataract
might improve both vision and IOP control (see Chapter 3).
Look for shunt vessels (previous branch or central retinal
vein occlusions) (Fig. 1.8), disc hemorrhages (increased risk
of glaucoma progression) (Fig. 1.9), neovascularization, and
disc drusen.

Silicone Oil

Silicone oil retinal tamponade following complicated vitre-
oretinal surgery may precipitate posterior subcapsular lens

opacities and/or secondary glaucoma. Biometry in the pres-
ence of silicone oil is altered; Murray et al.5 reported a
mean ratio of true axial length to measured axial length of
0.71 (Fig. 1.10). Calculated intraocular lens (IOL) power
depends on whether the oil is to be retained or removed at
the time of cataract surgery. Preserving the integrity of the
posterior capsule is important to keep oil from entering the
anterior segment; this reduces the probability of silicone oil-
induced IOP increases and potential silicone oil keratopathy
(Fig. 1.11).

Investigations

Field Analysis

Mean deviation (MD) levels in standard automated perime-
try indicate severity of visual loss from both glaucoma and
cataract. Pattern standard deviation (PSD) or its equivalent
reduces the effect of overall field depression from a uniform
cataract (Fig. 1.12a, b). Visual field changes after cataract
extraction in patients with advanced field loss6 showed mean
values for MD and PSD of –13.2 and 6.4 dB before and
–11.9 and 6.8 dB after cataract surgery (P ≤ 0.001 for all
comparisons). Mean (± SD) number of abnormal points on
pattern deviation plot was 26.7 ± 9.4 and 27.5 ± 9.0 before
and after cataract surgery, respectively (P = 0.02). Scotoma
depth index did not change after cataract extraction (–19.3
versus –19.2 dB, P = 0.90). Cataract extraction generally
improved the visual field; this was most marked in eyes
with less advanced glaucomatous damage. Enlargement of
scotomas was statistically significant, but was not clinically

a b

Fig. 1.6 (a) Retroillumination of the iris demonstrating transillumination defects in pigment dispersion syndrome. (b) Gonioscopic view of
increased pigmentation of the posterior trabecular meshwork in pigment dispersion syndrome
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Fig. 1.7 Pseudoexfoliation (PXF) syndrome with material deposited
on anterior lens capsule and pupil margin

Fig. 1.8 Shunt vessels at the disc following branch retinal vein occlu-
sion

meaningful. No improvement of sensitivity was observed in
the deepest part of the scotomas. In a subset of the Collabo-
rative Initial Glaucoma Treatment Trial, visual field testing
before and after cataract extraction showed an improved MD
but a worse PSD.7 Other studies have found improvement of
the MD with no change in mean PSD on SITA perimetry.8

Cai et al. showed the amplitude of the AccuMap (objective
multifocal visual evoked potential perimetry) was increased
after cataract surgery (382.6 nV ± 146.7 nV versus 308.0 nV
± 96.6 nV; P < 0.01). The AccuMap severity index (ASI)
was decreased following lens removal (48.6 ± 42.4 versus
90.0 ± 54.8, P < 0.001; P < 0.001).9

Focal lens opacities or cortical changes may simulate
glaucomatous patterns of field loss, making it more difficult

Fig. 1.9 Disc hemorrhage at 7 o’clock at the disc rim

Fig. 1.10 Ultrasound of eye filled with silicone oil. The silicone oil
artifactually “elongates” the axial length of the globe

to separate the effects of the two pathologies. Advanced age-
related cataracts may cause apparent false-positive responses
with screening frequency doubling perimetry; even mild
posterior subcapsular opacities may yield false-positive
errors.10

Ultrasonic Biometry

A-scan biometry measures anterior chamber depth and axial
lengths. In angle closure, by removing a cataractous lens
with a thickness of more than 4.5 mm and replacing it
with a 1-mm-thick intraocular lens (IOL), cataract surgery
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Fig. 1.11 Silicone oil droplets in anterior chamber of aphakic eye

deepens the anterior chamber and opens the angle (Fig.
1.13a, b). In eyes with shallow anterior chambers, the IOL
position is usually more posterior than was the crystalline
lens; an increase of 0.5 diopters to the calculated IOL power
will be closer to emmetropia. A shallow anterior cham-
ber presents an intraoperative challenge by increasing the
risk of trauma to the corneal endothelium and iris. Myopi-

cally shifted prediction of refractive error is significantly
more frequent following posterior chamber intraocular lens
implantation with phacotrabeculectomy compared with pha-
coemulsification, even when surgery was uncomplicated and
performed by the same surgeon.11 Another study compar-
ing refractive outcome from cataract surgery after success-
ful trabeculectomy to cataract surgery only found no sig-
nificant difference from the predicted refraction.12 Com-
bined cataract surgery and trabeculectomy with mitomycin
C tends to shorten the axial length and induces a corneal
astigmatism and increased mean keratometry.13 Despite this
alteration of the axial length and corneal curvature, the
refractive outcome after a combined operation did not dif-
fer significantly from the predicted refraction. At present
there is insufficient evidence to make firm recommenda-
tions as to the use of multifocal lenses in patients with
glaucoma.14

Specular Microscopy/Pachymetry

Look for corneal endothelial compromise; expect it in the
ICE syndrome or after penetrating keratoplasty. If the cell
count is less than 500 viable cells/square millimeter and/or

a b

Fig. 1.12 (a) Humphrey field analysis (Central 24-2) demonstrating glaucomatous field loss in the presence of dense nuclear sclerosis.
(b) Humphrey field analysis (Central 24-2) demonstrating improvement in MD and to a lesser extent the PSD following cataract surgery
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a b

Fig. 1.13 (a) Narrowing of the anterior chamber pre-cataract surgery. (b) Widening of the anterior chamber post-cataract surgery

the central corneal thickness is greater than 640 μm, there
is a significant risk of corneal decompensation post cataract
surgery.15 Combined corneal grafting and cataract removal is
an option.

Imaging of the Nerve Fiber Layer

The thickness of the nerve fiber layer is a measure of optic
nerve structural integrity. While it complements the clin-
ical assessment of the neuroretinal rim, it may be useful
in anomalous discs and when cup:disc ratio is not assess-
able (Fig. 1.14a, b). If imaging demonstrates good preser-
vation of the nerve fiber layer, then visual improvement
following cataract surgery is more likely. Dense media
opacities interfere with scan quality and thus measure-
ment reliability. Savini et al. reported that cataract density
influenced retinal nerve fiber layer (RNFL) thickness, as
measured by optical coherence tomography (OCT) (Carl
Zeiss Meditec, Dublin, CA). Postoperative measurements
were higher than preoperative measurements in all quadrants
(temporal P = 0.011; superior P = 0.0098; nasal P< 0.0001;
inferior P = 0.0081) and in 360◦ averages (P < 0.0001).
More advanced lens opacities correlated with a higher appar-
ent decrease in RNFL thickness (r = 0.4071, P = 0.0434).
While pupil size only marginally affected RNFL measure-
ments performed by Stratus OCT, the presence and degree of
cataract seemed to be significant. Consider this when using
OCT to help diagnose glaucoma and other neuro-ophthalmo-
logic disorders affecting the RNFL in the presence of a
cataract.16

Visante/Pentacam/Orb Scan

Various technologies image the anterior segment in detail.
These are particularly useful in patients with crowded ante-
rior segments (Figs. 1.15a, b and 1.16a, b). When plan-
ning anterior segment surgery in complex eyes, such tech-
nology can provide guidance. Dawczynski et al. studied
the effect of phacoemulsification on the anterior chamber
depth (ACD) and angle (ACA) in primary open angle glau-
coma (POAG) and angle-closure glaucoma (ACG) compared
with normals.17 After cataract extraction, ACD and ACA
increased significantly in the ACG group (3.1 ± 0.4 mm ver-
sus 1.8 ± 0.2 mm, P < 0.005; and 32.3◦ ± 7.7◦ versus 16.0◦
± 4.7◦, P < 0.005). In the POAG and control groups, ACD
and ACA also increased postoperatively, but not as much as
in the ACG group

Consent

Patients undergoing cataract surgery expect a good visual
outcome. Glaucoma patients with vision compromised by
optic nerve damage that will not be improved by cataract
removal need to be realistic in their expectations: their
surgery is NOT necessarily the same as that performed for
their friends and relatives. The consent process needs to
address this carefully and unambiguously so that the doctor
and the patient have aligned hopes and expectations.

“Snuff-out” syndrome is the loss of the remaining central
visual field during or following any intraocular surgery. It is
usually irreversible. Retro- or peribulbar anesthetic injection
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a

b

Fig. 1.14 (a) Anomalous cupping at the disc in a healthy patient. (b) OCT scan confirming normal nerve fiber layer

with a Honan’s balloon or a similar device can raise IOP to
over 50 mmHg.18 Topical anesthesia may be the preferred
technique to try to avoid excess pressure on the globe (see

Chapter 2). Eyes with absolute splitting of fixation (<0 sen-
sitivity, 1◦ from fixation on perimetric testing) are more at
risk.19
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a b

Fig. 1.15 (a) Visante anterior segment image of angle-closure glau-
coma demonstrating closing of angle and shallow anterior chamber.
(b) Visante anterior segment image of angle-closure glaucoma demon-

strating angle opening following cataract removal (Horizontal line in
Fig. 1.15 represents the interscleral spur line) (Figures courtesy of
Dr. Lance Liu)

a b

Fig. 1.16 (a) Visante anterior segment image of plateau
iris syndrome demonstrating crowding of the angle.
(b) Visante anterior segment image of plateau iris syndrome demon-

strating limited angle opening following cataract removal (Horizontal
line in Fig. 1.16 represents the interscleral spur line) (Figures courtesy
of Dr. Lance Liu)

The aims of surgery need to be clearly stated. In angle-
closure patients where cataract removal aims to reopen the
angle, the corrected vision may still be good, with minimal
lens opacities. Vision is less likely to be improved but the aim
is to improve IOP control, and to protect the angle structures
from further damage (see Chapter 18). Often these patients
are hyperopic, with the surgery able to correct the refractive
error. Cataract removal and IOL insertion in the other eye
might be needed to correct anisometropia.

Preoperative Preparation for Cataract
Surgery in the Glaucoma Patient

Most glaucoma patients instill one or more medications prior
to cataract surgery. Commonest are the prostaglandin ana-
logues (latanoprost, travoprost, or bimatoprost). This med-
ication class, prior to and in the early postoperative phase,

has been associated with cystoid macular edema.20–22 The
literature offers conflicting advice whether to withdraw a
drug of this type. In advanced glaucomatous optic nerve atro-
phy where IOP fluctuation could result in visually signifi-
cant compromise, glaucoma medications should be contin-
ued. In earlier stages of glaucoma when the IOP control is
less critical, ceasing the glaucoma medications postopera-
tively provides an opportunity to assess the degree of IOP
lowering from the cataract surgery alone, with the poten-
tial to reduce the number of medications and to avoid the
increased risk of cystoid macula edema (see Chapter 4).
A reverse therapeutic trial postoperatively may permit con-
trolled cessation of one medication at a time. Chronic use of
pilocarpine results in a small pupil that poorly dilates; pre-
vious cessation may make no difference. Pupil stretching or
expanders are often required and should be anticipated (see
Chapter 3).

Especially in advanced glaucoma, IOP fluctuations might
critically destroy surviving nerve fibers. Anticipate and
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manage them: a history of high IOP is a strong risk factor.23

For example, it has been shown that IOP spikes greater than
30 mmHg in the first 24 h might be prevented by timolol
maleate 0.5% at the end of the cataract procedure.24

Preoperative Peripheral Iridotomy

Angle-closure patients are at risk of pupil block if dilated.
Peripheral iridotomy might be indicated to allow safe fundal
examination preoperatively and if there is a delay in perform-
ing the surgery.

Anticoagulants

Patients on anticoagulants (including aspirin, non-steroidal
anti-inflammatory drugs, warfarin, and clopidogrel) are at
increased risk of hemorrhage. In some patients these med-
ications can be ceased safely 10 days pre-surgery (4 days
for warfarin) and restarted afterward. When it is critical for
the patient to remain on the anticoagulant, consult with other
doctors caring for the patient, and consider switching to hep-
arin (e.g., subcutaneous enoxaparin) until the day of surgery.
If anticoagulants cannot be ceased, a topical approach is
preferable to avoid the bleeding risks of injection. Patients
who are unsuitable for topical surgery may need a general
anesthetic. Systemic anticoagulation has also been associated
with the risk of suprachoroidal hemorrhage.25

Steroids

Topical and even oral steroids used preoperatively might help
patients at risk of heightened inflammation. In uveitic glau-
coma patients, quiet the eye as much and for as long as
possible prior to surgery. With adequate inflammation sup-
pression, phacotrabeculectomy with mitomycin C can be an
effective and safe therapeutic option for secondary cataract
and glaucoma in uveitic eyes. Lower surgical success rates
might follow later resurgence of inflammation.26 A com-
bined cataract surgery with glaucoma drainage device is an
alternative to phacotrabeculectomy. See Chapter 11.

Approach to Surgery

Glaucoma patients can present with visual loss from cataract
and cataract patients can present with glaucoma.27 The aims
of surgery in each situation need to be defined clearly,

with the doctor and patient reaching a common under-
standing. For most patients the perceived goal is often
improved vision. This may not be achievable. It is for the
doctor to communicate realistic aims, which include the
following:

1. Improvement of vision if cataract is a significant cause of
loss—the greater the loss from glaucoma, the less certain
is such improvement.

2. Maintenance of vision if further loss from glaucoma is
threatened.

3. Control of IOP if the cataract is involved in the mecha-
nisms raising IOP or if a filtration operation is being per-
formed to improve IOP control, or to allow cessation of
medications with the concurrent existence of cataract to
be managed.

Cataract Only

If visual field loss has been stabilized by adequate IOP con-
trol, perform cataract surgery when reduction in visual func-
tion interferes with daily living. Consider cataract surgery
alone if glaucoma damage is relatively mild, when there are
no other relevant ocular pathologies and visual improvement
is likely. Provided IOP control is maintained postoperatively,
no further procedure should be necessary.

In other patients with mild-to-moderate elevation of IOP,
cataract extraction alone may lower IOP adequately. Math-
alone et al. evaluated long-term IOP control after suture-
less clear corneal phacoemulsification in eyes with medically
controlled glaucoma. At 12 months, mean IOP decrease was
1.5 mmHg ± 4.4 (SD), and 1.9 ± 4.9 mmHg at 24 months.
The mean decrease in the number of medications was 0.53 ±
0.86 (P = 0.4) at 12 months and 0.38 ± 0.9 (P = 0.4)
at 24 months.28 Phacoemulsification in non-glaucomatous
pseudoexfoliation syndrome patients significantly reduced
IOP by about 3.5 mmHg at 1 year.29 Pseudoexfoliative glau-
coma patients demonstrated more IOP reduction than did
normals and primary open angle glaucoma patients under-
going phacoemulsification.30 In patients with primary angle-
closure, both IOP and the need for glaucoma drugs could
be reduced by phacoemulsification alone.31 IOP fell from
a mean preoperative level of 19.7 ± 6.1 mmHg (range
11–40 mmHg) to 15.5 ± 3.9 mmHg (range 9–26 mmHg)
at final follow-up (P = 0.022) (paired t-test), while the num-
ber of glaucoma agents fell from a mean 1.91 ± 0.77 (range
1–3) to 0.52 ± 0.87 (range 0–3) at final follow-up (P <
0.001; paired t-test). Early phacoemulsification appeared to
be more effective to prevent an IOP rise than laser peripheral
iridoplasty in patients who had had an aborted episode of
acute primary angle closure.32 Phacoemulsification reduced
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the mean number of medications and consistently increased
Shaffer gonioscopy grading. The effect of peripheral laser
iridotomy compared with cataract surgery on the angle
showed residual angle closure after iridotomy in 27 (38.6%)
of 70 eyes; this was confirmed functionally by the dark room
prone test and morphologically by ultrasound biomicroscopy
(UBM). Eyes with IOP of ≥20 mmHg or with a glauco-
matous visual field defect before iridotomy had a signifi-
cantly higher prevalence of residual angle closure after iri-
dotomy than did eyes without these findings (P<0.05). In
all the eyes with residual angle closure after iridotomy, the
response to the prone test became negative after cataract
surgery, with significant lowering of IOP (P < 0.01).33 Resid-
ual angle closure after iridotomy was common, especially in
eyes with primary angle closure and poorly controlled IOP
or glaucomatous optic neuropathy. Cataract surgery effec-
tively resolved residual angle closure after iridotomy and
lowered IOP. Using UBM, Nonaka et al. measured anterior
chamber depth (ACD), angle opening distance at points 500
μm from the scleral spur (AOD500), and trabecular-ciliary
process distance (TCPD).34 Correlated with one another, all
parameters increased significantly after cataract surgery (P <
0.001). Cataract surgery not only eliminated pupillary block
but also attenuated any anterior positioning of the ciliary
processes.

In 12 consecutive patients with end-stage glaucoma who
underwent cataract surgery, 6 months postoperatively, Alt-
meyer et al. reported35 improved mean visual acuity (from
0.3 to 0.5; P = 0.007) and decreased IOP (by 4.4 mmHg;
P = 0.007); anti-glaucomatous drugs decreased in number
from 1.5 preoperatively to 0.8, and mean deviation (MD)
improved from –27.5 to –26.4 dB (P = 0.036). Thus patients
with progressive cataract and end-stage glaucoma can benefit
from cataract surgery.

Cataract and Glaucoma Surgery

Glaucoma patients with progressive visual loss and higher
than desirable IOP, despite medical and laser strategies,
require drainage surgery. In the presence of a visually sig-
nificant cataract, determine whether cataract or glaucoma
surgery or both are needed.

If the cataract is extracted first, IOP might fall. This is
particularly likely if an angle-closure mechanism is elim-
inated before trabecular function has been damaged.36 In
open angle glaucoma patients, the reasons for reduced IOP
after cataract surgery are less obvious.

Routine cataract surgery provokes subclinical inflamma-
tion. Increased flare after routine cataract surgery has been
measured for up to 30 days postoperatively.37 As this implies
exaggerated wound healing, to optimize trabeculectomy

function, it could be better to delay drainage at least until
after this period. If IOP control is poor following cataract
surgery, despite maximal tolerable medication, then drainage
will be needed under suboptimal conditions, increasing likely
benefit from anti-metabolite augmentation and/or pre- as
well as postoperative topical and even oral steroids. Luo
et al. measured mean aqueous flare values of 15.12 ± 2.87,
40.24 ± 3.75, 24.33 ± 3.38, 21.18 ± 1.77, and 16.51 ± 1.70
(photon counts/ms) preoperatively and on days 1, 7, 30, and
90, respectively, after trabeculectomy (P < 0.05) compared
with 6.94 ± 2.34, 26.27 ± 10.21, 13.96 ± 6.44, 9.07 ±
2.67, and 7.16 ± 1.89, respectively, after phacoemulsification
(P < 0.05). Trabeculectomy disrupted the blood-aqueous bar-
rier permanently whilst phacoemulsification affected it tran-
siently.37

Drainage Surgery Followed by Cataract
Surgery

In patients with uncontrolled IOP it might be urgent to per-
form drainage prior to cataract surgery. When IOP is high
and/or there is advanced glaucoma damage threatening fixa-
tion, there is potential for visual “snuff-out,” especially with
IOP spikes. Trabeculectomy was associated with progressive
cataract—predominantly the posterior subcapsular variety.38

Previously functioning drainage procedures can fail
after cataract surgery, most likely by bleb exposure to
induced inflammatory mediators. Approximately 50% of
patients undergoing clear cornea phacoemulsification after
trabeculectomy will require either further medication or fur-
ther surgery to maintain target IOP.39,40 Identified risk fac-
tors for bleb failure include cataract extraction, age greater
than 60 years, interval of 5 months or less between tra-
beculectomy and cataract extraction, use of pre-cataract
extraction glaucoma medications, and postoperative IOP
>19 mmHg within 2 weeks.41 Cataract surgery after previ-
ously successful bleb needling revision significantly compro-
mised bleb function.42

To reduce the potential for fibrosis, subconjunctival 5-
fluorouracil (5-FU) with or without needling can be useful.
Sharma et al. retrospectively evaluated the protective role of
subconjunctival 5-FU on a preexisting bleb in patients with
primary open angle glaucoma undergoing phacoemulsifica-
tion more than 12 months post-trabeculectomy. Data were
collected for two groups of patients: Group 1 (22 patients)
received 5-FU at the end of successful phacoemulsification,
whereas group 2 (25 patients) did not. Reduced IOP control
was seen in 13.6% of the patients in group 1 and in 36.4% in
group 2 (P = 0.03). 5-FU seemed to protect bleb function.43

Consider it at the end of phacoemulsification in such cases.
See also Chapter 16.
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Table 1.1 Filtration surgeries reported combined with cataract
surgery

• Trabeculectomy
• Glaucoma drainage device
• EX-PRESS mini shunt
• Viscocanulostomy
• Canaloplasty
• Non-penetrating deep sclerectomy
• Goniotomy/trabeculotomy
• Eyepass shunt

Combined Surgery

Many studies address outcomes of combined versus sepa-
rate glaucoma and cataract surgery (Table 1.1). Jin et al.
reviewed two-site phacotrabeculectomy in 60 eyes of 43
patients. An IOP 21 mmHg or less was achieved in 95% with
or without medications; however, only 50% had an IOP of
15 mmHg or lower.44 This suggests less effective overall IOP
reduction compared with trabeculectomy with mitomycin-C
alone. Murthy et al. compared the 2-year outcomes of tra-
beculectomy with mitomycin-C (trabMMC) versus phacotra-
beculectomy with mitomycin-C (phacotrabMMC).45 Mean
IOP drop from baseline was significantly greater with trab-
MMC throughout the study (–10.87 ± 8.33 mmHg in trab-
MMC versus –6.15 ± 7.01 mmHg in phacotrabMMC at 2
years, P = 0.003); however, baseline IOP was also higher
in the trabMMC group (26.1 mmHg versus 20.3 mmHg,
P < 0.0001). TrabMMC and phacotrabMMC may be equally
safe and effective in bringing IOP to within an acceptable
target range over 2 years in advanced glaucoma patients
at increased risk for filtering surgery failure, although trab-
MMC appears to be associated with greater IOP reduction.

Same-site or two-site combined surgery has been assessed
with no clear superiority of either.2,45–47 The role of com-
bined surgery is advantageous in elderly patients who are
unsuitable for multiple procedures. Cotran et al. studied
one-site versus two-site phacotrabeculectomy over a 3-year
period.48 The mean preoperative IOP was 20.1 ± 3.8 mmHg
in the one-site group and 19.5 ± 5.3 mmHg in the two-
site group (P = 0.56) using 2.3 ± 0.9 and 2.5 ± 0.9 anti-
glaucoma medications, respectively (P = 0.27). After 3
years, mean IOP was 12.6 ± 4.8 mmHg in the one-site group
and 11.7 ± 4.0 mmHg in the two-site group (P = 0.40),
instilling 0.3 ± 0.7 and 0.4 ± 0.9 medications, respectively
(P = 0.59). At the end of the study, 73% of one-site eyes and
78.4% of two-site eyes had IOPs less than 18 mmHg on no
anti-glaucoma medications (P = 0.59). Operating time was
less in the one-site group (P < 0.0001). One-site fornix-based
and two-site limbus-based phacotrabeculectomy were simi-
larly effective in lowering IOP and in reducing the need for

anti-glaucoma medications over a 3-year follow-up period.
See Chapter 6.

Phacoemulsification can also be combined with a glau-
coma drainage device, such as an Ahmed valve. Nassiri
et al. reviewed 41 eyes in 31 patients who underwent com-
bined phacoemulsification and Ahmed valve implantation.
The mean IOP lowered from 28.2 ± 3.1 to 16.8 ± 2.1, while
the number of anti-glaucoma medications fell from 2.6 ±
0.66 to 1.2 ± 1.4. An IOP of <21 mmHg on no medica-
tions or on one or more medications was achieved in 56.1
and 31.7%, respectively. Five eyes (12.2%) were considered
failures (IOP < 6 mmHg or > 21 mmHg).49 Other devices,
such as the Eyepass glaucoma implant are under trial, but
may not achieve consistent low target IOPs.50 Traverso
et al. and Rivier et al. have studied a stainless steel glau-
coma drainage implant (Ex-PRESS). With a subconjuncti-
val position, conjunctival erosion and extrusion were signifi-
cant problems.51,52 Positioned under a scleral trapdoor, these
problems have been addressed.53 Combined phacoemul-
sification and ab interno trabeculectomy and endoscopic-
controlled erbium:YAG-laser goniotomy require more exten-
sive study.54,55

Deep sclerectomy with phacoemulsification may be viable
if augmented with intraoperative mitomycin C. There is
reduced hypotensive efficacy compared with trabeculectomy
but with less chance of cystic blebs, delayed bleb leaks,
and infection.56 Viscocanalostomy has also been combined
with phacoemulsification.57–61 Non-penetrating glaucoma
surgery may not achieve low enough IOPs, especially for
more advanced glaucoma patients.62,63 Larger long-term
IOP fluctuations after this type of triple procedure were
associated with progressive visual field deterioration even
though patients with glaucoma maintained their IOPs.64

Combined phacoemulsification and cyclophotocoagulation,
either transscleral or endoscopic, is an option, particularly
in patients unsuitable for drainage surgery. Problems are
the narrow margins for success, with significant risks of
uncontrolled IOP needing additional photocoagulation on
the one hand, and of induced phthisis on the other.65,66

See Chapter 13.
Phacotrabeculectomy can be supplemented with early

and repeated needle revisions with 5-FU to improve
outcomes.67 In “normal pressure glaucoma,” phacovisco-
canalostomy achieved 20% and 30% IOP reductions with
(or without) medications in 78.5% (67.4%) and 35.5%
(37.4%) of patients at 24 months, and 58.0% (44.2%) and
28.0% (26.6%) of patients at 48 months; these were bet-
ter than in the cataract-extraction-only group, with only
16.0% (9.5%) and 5.7% (2.9%) at 24 months (P <
0.001 for each comparison, Kaplan-Meier life-table analy-
sis with log-rank test).61 Microincision bimanual phacotra-
beculectomy may be an option as incision sizes reduce in
future.68
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In aqueous misdirection glaucoma, a sequential three-step
surgical approach has been suggested69: initial vitrectomy,
phacoemulsification, and definitive vitrectomy. Step 1: pre-
liminary limited core vitrectomy to “debulk” the vitreous
and soften the eye. Step 2: phacoemulsification performed
in a standard manner. Step 3: residual vitrectomy, zonulo-
hyaloidectomy, and peripheral iridectomy (if not already
present) to create free communication between the posterior
and anterior segments.69

A novel combined approach is circumferential viscodi-
lation and tensioning of the inner wall of Schlemm’s canal
(canaloplasty) to treat open angle glaucoma (OAG), com-
bined with clear corneal phacoemulsification and posterior
chamber IOL implantation.70 The mean preoperative base-
line IOP was 24.4 ± 6.1 mmHg (SD) with a mean of 1.5 ±
1.0 medications per eye. In all eyes, the mean postoperative
IOP was 13.6 ± 3.8 mmHg at 1 month, 14.2 ± 3.6 mmHg
at 3 months, 13.0 ± 2.9 mmHg at 6 months, and 13.7 ±
4.4 mmHg at 12 months. Medication use dropped to a mean
of 0.2 ± 0.4 per patient at 12 months. Surgical complications
were reported in five eyes (9.3%): hyphema (n = 3, 5.6%),
Descemet’s tear (n = 1, 1.9%), and iris prolapse (n = 1,
1.9%). Transient IOP elevation of >30 mmHg was observed
in four eyes (7.3%) 1 day postoperatively. Canaloplasty is a
complex procedure requiring expensive equipment; its long-
term value remains to be demonstrated.

Summary

A careful history, thoughtful and thorough clinical assess-
ment with the aid of emerging technologies, planned surgical
steps, and a fully informed consent process will increase the
chances of a satisfactory outcome for the majority of patients.
The approach to surgery and the postoperative care is just as
important as the surgery itself.
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Chapter 2

Anesthesia

Marlene R. Moster and Augusto Azuara-Blanco

Introduction

There are numerous modes of anesthesia from which an
eye surgeon can choose. Overall, there is not one type of
anesthesia that is right for all cases. The best choice varies
from surgeon to surgeon and from patient to patient. As
cataract removal has become faster, safer, and less traumatic,
the need for akinesia and anesthesia has declined signifi-
cantly and the use of general anesthesia or regional (i.e.,
retrobulbar or peribulbar) block has largely been replaced
with other safer and equally effective means of local anes-
thesia including sub-Tenon’s, subconjunctival, intracameral,
and topical. These newer and less invasive methods have not
only reduced the potential for catastrophic surgical compli-
cations, but also increased the efficiency of cataract surgery
and hastened the process of visual rehabilitation.

The goal of this chapter is to review the current choices for
local ocular anesthesia in patients with glaucoma undergoing
cataract surgery, helping to select the most appropriate type
of anesthesia for each patient.

Preoperative Assessment of Patients

The preoperative assessment and preparation of patients
undergoing ophthalmic surgery under local anesthesia varies
worldwide. Routine investigation of patients undergoing
cataract surgery is not essential.

The standard preoperative assessment includes specific
enquiries about bleeding disorders and drugs. There is an
increased risk of hemorrhage in patients receiving anticoag-
ulants, and a clotting profile assessment is required prior to
injection techniques.1 Patients receiving anticoagulants are
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advised to continue medication. Clotting results should be
within the recommended therapeutic range. Currently there
is no recommendation (lack of data) for patients receiving
antiplatelet agents. Sub-Tenon’s block and topical anesthetic
are the favored techniques in these patients.

Topical Anesthesia

Topical ocular anesthesia has been demonstrated to be a safe
and effective alternative to retrobulbar or peribulbar anesthe-
sia for cataract surgery.2–4 However, topical anesthesia does
not provide ocular akinesia and may provide inadequate sen-
sory blockade for the iris and ciliary body. This is relevant for
patients with glaucoma and shallow anterior chamber, small
pupil, or posterior synechiae. Overall, in the majority of glau-
coma patients undergoing cataract surgery, topical anesthesia
is a suitable option.

The first approach simply involves administering local
anesthetic eye drops—most commonly proparacaine, tetra-
caine, lidocaine, or bupivacaine—to the operative eye three
or four times, usually separated by a few minutes just
prior to surgery (Fig. 2.1).4 The choice of which of these

Fig. 2.1 A drop of topical anesthetic (proparacaine) is instilled in the
eye

17S.M. Johnson (ed.), Cataract Surgery in the Glaucoma Patient, DOI 10.1007/978-0-387-09408-3_2,
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local anesthetics to use can be based on concerns regard-
ing corneal epithelial toxicity, patient comfort, and patient’s
history of local anesthetic allergies. Overall, all of these
local anesthetics are safe and effective in brief periopera-
tive exposure. Tetracaineis the most irritating of the anes-
thetic eye drops mentioned and is an ester anesthetic and
should be avoided in patients allergic to that family of local
anesthetics.

Another popular practice is the administration of topical
anesthesia using viscous lidocaine gel instead of or in addi-
tion to drops (Fig. 2.2). A common adjunct to topical anes-
thetic eye drops is intracameral injection of local anesthetics,
mainly preservative-free 1% lidocaine injected in doses of
0.1–0.5 ml instilled into the anterior chamber (Figs. 2.3a, b).3

Intracameral injection may provide sensory blockade for the
iris and ciliary body, relieving discomfort that patients may

Fig. 2.2 Xylocaine (lidocaine) 2% Jelly (AstraZeneca) is placed in the
eye in the preoperative area and allowed to remain in place for about
5 min before the patient is prepped and draped in the operating room

have when iris manipulation is required in patients with poor
pupil dilation and/or posterior synechiae.4

Regarding the safety of intracameral anesthesia, short-
term studies seem to indicate that preservative-free 1% lido-
caine in doses of 0.1–0.5 ml is well tolerated by the corneal
endothelium, whereas higher concentrations are toxic.5 Intra-
cameral lidocaine alone has been shown to be a good pupil-
lary dilator. This may be due to its direct action on the iris,
causing muscle relaxation.

Intracameral preservative-free 1:10,000 epinephrine
may be used when the pupil does not dilate fully or in
patients using alpha-blockers such as tamsulosin with
floppy iris.6

Sub-Tenon’s Anesthesia

The sub-Tenon’s anesthesia/block is a simple, safe, effective,
and versatile alternative to a sharp needle block for orbital
anesthesia. The exact frequency of the use of this technique
is not known, but its use appears to have increased among
glaucoma surgeons.7,8

Regarding the technique, access to the space by the infer-
onasal quadrant is the most commonly described approach
because the placement of the cannula in this quadrant allows
good fluid distribution superiorly while avoiding the area of
surgery and reducing the risk of damage to the vortex veins.8

After instillation of local anesthetic eye drops (e.g., prox-
ymetacaine 0.5% or tetracaine 1%), the eye is cleaned with
specially formulated 5% aqueous povidone iodine solution.
An eyelid speculum is used to keep the eyelids apart. The
patient is asked to look upward and outward, to expose the
inferonasal quadrant. The conjunctiva and Tenon capsule are

a b

Fig. 2.3 (a) One percent non-preserved lidocaine (Xylocaine) is (b) introduced into the anterior chamber via a paracentesis with a 27-gauge
cannula
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gripped with non-toothed forceps 5–10 mm away from the
limbus. A small incision is made through these layers with
scissors and the sclera is exposed.7

A blunt curved metal sub-Tenon cannula (19G, 25 mm
long, curved, with a flat profile with end hole), such as the
Steven’s cannula (Figs 2.4a, b), or others, such as the Con-
nor cannula (Fig. 2.5), securely mounted onto a 5-ml syringe
containing the local anesthetic solution, is inserted through
the hole along the curvature of the sclera. If resistance is
encountered, a gentle pressure is applied and hydrodissec-
tion usually helps in advancing the cannula. The resistance
felt during insertion of the cannula is due to the intermus-
cular septum, but usually the cannula passes into the poste-
rior sub-Tenon’s space. If the hydrodissection does not help
or the resistance encountered is too great, it is advisable
to reposition or reintroduce the cannula because the mus-
cle insertions vary and the cannula may be transversing the
muscle’s Tenon’s sheath rather than following the globe sur-
face. The local anesthetic agent of choice is injected slowly
and the cannula is removed. A gentle pressure is applied
over the globe to favor the spread of the local anesthetic
agent.7

a

b

Fig. 2.4 (a) Steven’s sub-Tenon cannula. (b) A close-up of the tip.
Images courtesy of the manufacturer—Katena Products Inc, Denville,
NJ

Fig. 2.5 E4999 Connor Anesthesia Cannula. Image courtesy of the
manufacturer—Storz Instruments, a division of Bausch & Lomb,
Rochester, NY

With the above technique, adequate anesthesia is achieved
for the majority of ocular surgeries. Akinesia is volume
dependent and if 4–5 ml of local anesthetic agent is injected,
most patients develop akinesia.9 However, superior oblique

muscle and lid movements may remain active in a small but
significant number of patients.

There are other variations of the sub-Tenon’s technique
that relate to route of access, cannula, local anesthetic agent,
volume, and the adjuvant used.

There are several advantages of sub-Tenon’s block: it
eliminates the risks of sharp needle techniques, provides reli-
able anesthesia, has the potential for further supplementa-
tion for prolonged anesthesia and postoperative pain relief,
and can be safely used in patients with a long globe.7,8

There are numerous studies demonstrating its effectiveness
compared to retrobulbar, peribulbar, and topical anesthesia
alone.7,8 Sub-Tenon’s block has been used for a large num-
ber of ophthalmic surgical procedures, including cataract and
glaucoma surgeries. Recent reviews suggest that sub-Tenon’s
block may be used safely in patients receiving anticoagulants
and antiplatelet agents, provided clotting results are in the
normal therapeutic range.10 Despite the reporting of a few
major complications, it has one of the highest safety profiles
of any regional anesthetic technique.

Patients may experience pain during the block. The origin
of pain is multifactorial. The incidence of pain during sub-
Tenon’s injection with a posterior metal cannula is reported
in up to 44% of patients.7 Preoperative explanation of the
procedure, good surface anesthesia, gentle technique, slow
injection of warm local anesthetic agent, and reassurance are
considered good practice and may reduce the discomfort and
anxiety during the injection.

Fine vessels are inevitably severed on making the con-
junctival dissection, causing some degree of subconjuncti-
val hemorrhage, which typically does not have clinical rel-
evance. Patients should receive adequate warning of this
possibility.

Sight- and life-threatening complications have been
reported but are very rare.7 These include short-lived mus-
cle paresis and orbital and retrobulbar hemorrhage. Trauma
to inferior and medial rectus muscles leading to restrictive
functions resulting in diplopia has been reported following
damage to the muscles by a metal cannula.7 Other com-
plications relate to optic neuropathy and afferent pupillary
and accommodation defects.7 Retinal and choroidal vascu-
lar occlusion and a case of central spread of the local anes-
thetic agent leading to cardiorespiratory collapse have been
reported.7

The rise in intraocular pressure (IOP) after administration
of sub-Tenon’s block is small or even non-significant.11,12

This is a relevant finding for patients with glaucoma. How-
ever, pulsatile ocular blood flow may be affected by sub-
Tenon’s block in a similar way as retrobulbar and peribul-
bar injections.12 Therefore, caution is required in the man-
agement of glaucoma patients with advanced optic nerve
damage who may be at risk of wipe-out (see Wipe-Out in
Glaucoma Patients section).
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Retrobulbar and Peribulbar Techniques

The current retrobulbar technique used by most ophthalmol-
ogists today was described by Atkinson in 1934, and until
recently served as the most commonly used technique for
intraocular surgery.13 Davis and Mandel are credited with
introducing the peribulbar block in 1986 as a less dangerous
alternative to retrobulbar anesthesia.14 The decision between
retrobulbar anesthesia and peribulbar anesthesia presents the
surgeon with a choice between speed and safety. With a
retrobulbar block, a surgeon can ensure that adequate aki-
nesia and anesthesia will result for cataract surgery; how-
ever, a blind injection into the orbit poses several potential
complications, including, but not limited to, retrobulbar hem-
orrhage, globe perforation, optic nerve damage, and brain-
stem anesthesia. Peribulbar anesthesia, involving the injec-
tion of local anesthetic external to the muscle cone, is thought
to decrease the likelihood of optic nerve and globe perfo-
ration while maintaining the desirable qualities of excel-
lent akinesia and anesthesia. However, the potential need for
reinjection, the higher volume of injectate required, and the
longer duration of onset associated with peribulbar blocks
may make it a less attractive alternative.

Patient Monitoring

Presence of Anesthesiologists

The presence of the anesthesiologists during sub-Tenon’s,
retrobulbar, or peribulbar block may not be required, but their
skills in managing life-threatening cardiorespiratory events
must be available from the other staff in the operating room
or ambulatory surgical center. It is also recommended that
monitoring should be by a member of the staff who remains
with the patient at all times throughout the monitoring period
and whose sole responsibility is to the patient. This person
must be trained to detect and act on any adverse events, and
this person may be an anesthesiologist, a nurse, or an operat-
ing department practitioner as long as he or she is trained in
life support.7,15

Monitoring During Block Procedure

Blood pressure, oxygen saturation, and electrocardiogram
(ECG) leads are connected and baseline recordings are rou-
tinely obtained. Although the insertion of an intravenous line
has been questioned for topical and sub-Tenon’s techniques,

it is considered good practice, in general, and necessary in
retrobulbar and peribulbar block.7,15

Intraoperative Monitoring

The patient should be comfortable and soft pads are placed
under the pressure areas. All patients undergoing eye surgery
under local anesthesia should be monitored with pulse
oximetry, ECG, non-invasive blood pressure measurement,
and maintenance of verbal contact. Patients should receive
an oxygen-enriched breathing atmosphere to prevent hypoxia
and with a flow rate high enough to prevent hypercarbia if
enclosed in surgical drapes. ECG and pulse oximetry should
be continued. Once the patient is under the drapes, verbal and
tactile contacts are maintained.7,15

Sedation During Regional or Local Anesthesia

The patient undergoing ophthalmic surgical procedures, irre-
spective of type of regional anesthesia employed, should be
fully conscious, responsive, and free of anxiety, discomfort,
and pain.7 The aim of sedation is to minimize anxiety while
providing the maximum degree of safety. Sedation is com-
monly used during cataract surgery under topical anesthe-
sia but only selected patients receiving sub-Tenon’s or other
orbital regional block, in which explanation and reassurance
have proved inadequate, may benefit from sedation. Short-
acting benzodiazepines, opioids, or intravenous anesthetic
agents in minimum dosages are used. However, there is an
increased risk of an intraoperative event when sedation is
used. A means of providing supplementation oxygen must
be available when sedation is administered.7,15

General Anesthesia

General anesthesia provides excellent anesthesia, analgesia,
and akinesia. This provides the most controlled environment
for surgery. However, general anesthesia is associated with
an increased risk of systemic complications (e.g., malignant
hyperthermia, hemodynamic fluctuation, myocardial infarc-
tion, postoperative nausea, and vomiting) and requires more
medication, equipment, and personnel. As a result, it is the
most costly form of anesthesia. General anesthesia remains
the technique of choice for children and mentally retarded,
demented, or psychologically unstable patients. Patients may
ultimately feel that they will not be able to cooperate during
surgery and request general anesthesia.16
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There are patients in which general anesthesia is con-
traindicated or should be undertaken with caution. Myotonic
dystrophy patients develop cataracts at a younger age; these
patients are at risk of cardiac and respiratory complications
under general anesthesia.17 Marfan’s patients are subject to
lens subluxation and dislocation; they are also at increased
risk of cardiac and pulmonary complications under gen-
eral anesthesia.18 Thorough review of medications is nec-
essary, since some ocular medications may interfere with
general anesthesia. Topical epinephrine used to treat glau-
coma may interact with halogenated hydrocarbon anesthet-
ics, leading to ventricular fibrillation.4 Echothiophate, which
in the past was used to treat glaucoma, inhibits plasma pseu-
docholinesterase, which also metabolizes anesthetics includ-
ing succinylcholine, leading to overdosing and a prolonged
dependency on mechanical ventilation.4

Current Trends

In the most recent published study of the practice styles and
preferences of American Society of Cataract and Refractive
Surgery (ASCRS) members,19 it was found that retrobulbar
block without facial block was used by 11% of surgeons and
retrobulbar injection with facial block by 9% (down from
76% in 1985, 32% in 1995, and 14% in 2000). The peribul-
bar block was used by 17% of surgeons (down from 38% in
1995). Topical anesthesia was used by 61% (up from 8% in
1995 and 51% in 2000). Of those surgeons electing to use
topical, 73% of surgeons also used concomitant intracam-
eral lidocaine. The use of topical also varied with surgical
volume. Those performing one to five cataract procedures
per month employed topical 38% of the time and those doing
more than 75 procedures used it in 76% of cases. Clearly
the trend has been to transition from retrobulbar anesthe-
sia to topical, and this pattern parallels the increase in the
use of temporal clear corneal incisions. To our knowledge
there is no data regarding patients with glaucoma under-
going cataract surgery.

Wipe-Out in Glaucoma Patients

The phenomenon of severe visual loss after surgery, with no
obvious cause, is known as “wipe-out” or “snuff syndrome.”
Wipe-out may affect patients who have very severe glauco-
matous damage and, overall is a very uncommon compli-
cation but remains an important concern among glaucoma
surgeons.

With modern cataract and glaucoma surgical techniques
it is becoming increasingly rare.20,21 Among the possi-

ble mechanisms, direct damage to the optic nerve from
anesthetic technique has been proposed. Because glaucoma
is a chronic condition characterized by progressive pres-
sure/ischemic damage to the optic nerve head, glaucoma
patients may be at risk of further optic nerve damage (and
possibly wipe-out) in severe disease from orbital retrobul-
bar and peribulbar anesthesia, as there is potential for direct
trauma, pressure on the nerve, and/or ischemia. Local pres-
sure to the optic nerve may result from a hematoma in the
optic nerve sheath, a retrobulbar hematoma, or simply from
the volume of anesthetic injected.22 Even with a low vol-
ume of local anesthetic (LA), if the LA were to become
trapped between fascial layers, this could lead to a “com-
partment syndrome.” Localized pressure may also induce
ischemia of the nerve, as may epinephrine (adrenaline) if
used in the LA mixture. For patients whose optic nerve
is already damaged by glaucoma, this could result in
wipe-out.22

Doppler imaging studies have shown that retrobulbar,
peribulbar, and sub-Tenon’s injections can cause a marked
reduction in blood flow in the arteries supplying the ante-
rior optic nerve, particularly if epinephrine is included in the
LA mixture.22 Current high index of suspicion means that
many glaucoma specialists now try to avoid using these LA
techniques for any surgery on glaucoma patients, including
cataract surgery. Currently preferred techniques are anterior
sub-Tenon’s, subconjunctival, topical, and intracameral anes-
thesia. These “newer” techniques appear to be successful in
terms of safety and patient acceptability.4,19,22

Summary

Given the choices for ocular anesthesia today, one thing
remains clear: No single mode of anesthesia can serve as a
universal choice for all patients and all surgeons. The deci-
sion to choose one of these methods ultimately falls upon the
surgeon, and the surgeon should carefully tailor his approach
to each individual patient. The decision of which type of
anesthesia to use is not only dependent on a number of
patient factors but also dependent on the surgeon and the sur-
geon’s level of expertise and facility with the surgery to be
performed.

It is essential that the surgeon, the patient, and the anes-
thesia staff work together and be involved in the selection
and execution of anesthesia during the surgery. Involving the
patient in this decision by describing the patient experience
prior to and during surgery is critical. Fear and anxiety result
when things are unknown or unexpected. If patients are pre-
pared, they are better equipped to cope with the sensations
they may feel during and after surgery.
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Chapter 3

Management of the Small Pupil

Cynthia Mattox

Introduction

A small pupil, defined as a pupil that enlarges poorly
after dilation, is likely the most common condition sur-
geons encounter when approaching glaucoma patients with
cataract. Poor pupil dilation increases the risk of having com-
plications during cataract surgery. Small pupils have numer-
ous causes. Recognition of the cause of the small pupil and
careful preoperative planning will ensure successful opera-
tive management (Fig. 3.1).

Fig. 3.1 Eye with small pupil, chronic angle closure, and posterior
synechiae

Small Pupils and Their Etiology

A variety of conditions can lead to small pupils, many of
them associated with glaucomas. By taking a careful his-
tory and performing a focused examination the surgeon will
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usually be able to determine the etiology of the small pupil.
Many times the underlying or associated condition will guide
the surgeon to a specific surgical plan.

Small Pupils Caused by Medication

Parasympathomimetics

In the second half of the twentieth century, the most common
medication-induced cause of small pupils was undoubtedly
the use of miotic glaucoma medications. Pilocarpine and the
other parasympathomimetics were commonly used chroni-
cally to treat glaucoma before the advent of more modern
medications with fewer side effects. The drugs themselves
are cataractogenic and aggravate vision loss in patients with
central lens opacification. The continuous constriction of
the pupil from contraction of the pupillary sphincter usu-
ally leads to atrophy of the pupil dilator muscle, so these
eyes rarely dilate well even with the use of multiple mydri-
atic and cycloplegic eye drops. The miosis may cause pos-
terior synechiae to the anterior lens capsule to develop in
phakic patients. In some patients, a low-grade inflammation
can be present as well as a disruption of the blood-aqueous
barrier. Fortunately, because of the newer medications avail-
able to treat glaucoma, it is relatively rare to find a cataract
patient with recently diagnosed open angle glaucoma on a
miotic medication. However, some glaucomas, such as pig-
mentary and plateau iris syndrome, will benefit from the use
of miotics. Many times these glaucoma patients are younger
and may be treated for many years with miotics before hav-
ing to deal with a cataract. Fortunately, for most typical glau-
coma patients these days, miotics are reserved for patients
who are pseudophakic and unresponsive to other medications
or unable to undergo surgical treatment for their glaucoma.

Diagnostic Keys

Usually the patient’s history is sufficient, but keep in mind
that patients treated with miotics for long periods in the
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past may have been switched to newer medications in recent
years. These patients may still fail to dilate adequately.
Examination should evaluate the size of the pupil as well as
the location of posterior synechiae.

Surgical Planning Tips

It is best to discontinue miotics for at least 1 week prior
to cataract surgery. Although this is not likely to enhance
pupil dilation at the time of surgery, it often will reduce
the postoperative inflammation that may occur in eyes with
chronic breakdown of the blood-aqueous barrier. The sur-
geon may also consider prescribing preoperative and postop-
erative non-steroidal anti-inflammatory drops (NSAIDs) in
addition to the usual postoperative corticosteroids in these
eyes.

Surgical Techniques (See Specific Surgical Techniques
Section Below)

Usually manual pupil stretching techniques are useful in
these eyes, but a more gentle, slow stretch is employed to
avoid tearing the iris stroma in these atrophic irides. The sur-
geon should watch for small microtears developing in the
sphincter as the stretch is performed and stop manipulation
when adequate relaxation of the sphincter ring is achieved.
Alternatively, pupil expansion rings can be employed with
care. It may be best to choose a pupil expansion ring that
provides only moderate dilation to avoid iris stromal tearing.
Vigorous stretching with iris retractors is more likely to cause
trauma in these eyes.

Systemic Alpha-1 Antagonists

There are several popular systemic alpha-1 blockers used
to treat urinary symptoms associated with benign prostatic
hypertrophy in men and occasionally in women with urinary
retention. In 2005, Chang and Campbell1 reported on intra-
operative floppy iris syndrome (IFIS) where abrupt billow-
ing, constriction, and prolapse of the iris occur during routine
cataract surgery. They associated IFIS with patients taking
the alpha-1 blocker Flomax. IFIS is less likely to be caused
by other alpha-1 blockers listed in Table 3.1.

The difference is that Flomax has an extremely high affin-
ity for the alpha-1A receptor subtype, while the others are
less subtype specific. The prostate and the iris dilator muscle
are rich in alpha-1A receptors, and the use of these medica-
tions, even months or years in the past, can produce a per-
manent severe loss of tone or even atrophy in the iris dilator
muscle.

Table 3.1 Alpha-1 blockers3,30–32

Alpha-1 blockers Manufacturer

Flomax (tamsulosin) Boehringer-Ingleheim
pharmaceuticals, Ridgefield,
CT

Hytrin (terazosin) Abbott laboratories, Abbott
Park, IL

Cardura (doxazosin mesylate) Pfizer, New York, NY
Uroxatral (alfuzosin) Sanofi-Aventis, Paris, France

Diagnostic Tips

A careful history is required, as some patients may not read-
ily recall taking Flomax in the past. It may be useful to note
the use of the other alpha-1 blockers also, because their use
in conjunction with some other factor that increases cataract
surgery risk may contribute to a milder form of IFIS. In my
experience, the eyes most likely to experience IFIS are those
that have poor dilation in the office with the usual dilating
drop regimen. If the eyes dilate well, it seems to be less likely
to develop.

Surgical Planning

The surgical plan should make note of the use of alpha-1
blockers. However, it does not seem to be helpful in prevent-
ing IFIS to have the patient discontinue Flomax preopera-
tively unless it was just recently started within the last few
months. There are some surgeons who have recommended
the use of Atropine 1% eye drops twice a day (BID) for 3
days prior to cataract surgery to increase the tone and rigid-
ity of the iris.2 Atropine may cause acute urinary retention in
susceptible patients taking these medications and the patient
must be warned to continue their alpha-1 blocker and call if
they experience pain or reduced urinary frequency.

Surgical Techniques

I divide these eyes into two categories:

1. Mild to moderate risk for IFIS (eyes that dilate well in
the office and preoperatively3,4): Maximal preoperative
dilation using pledgets and/or intracameral epinephrine
(preservative-free epinephrine 1:1000 mixed with bal-
anced salt solution (BSS) in a 1:4 ratio) will help to
increase iris rigidity. The use of dispersive viscoelastics
such as Viscoat (Alcon, Fort Worth, TX) or Healon5
(Advanced Medical Optics, Santa Ana, CA) is imper-
ative. Careful avoidance of iris manipulation or con-
tact even with a fluid wave from a hydrodissection
cannula will help to delay or minimize the onset of
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the IFIS in borderline eyes. Careful efficient cataract
surgery can often be accomplished and will often avoid
iris billowing or constriction at least until near the
conclusion of the case when it no longer presents
difficulty.

2. Moderate to high risk for IFIS (dilates poorly, 5 mm
or less, in the office and preoperatively):3,4 In addition
to intracameral epinephrine and dispersive viscoelastic,
these eyes require the use of a pupil expansion device.
Iris hooks or rings may be employed and should be placed
prior to initiating the capsulorhexis. Manual iris stretching
is to be avoided in these eyes. It will actually provoke the
initiation of IFIS.

Small Pupils Associated with Narrow Angle
Glaucomas

Eyes with a history of narrow angles or angle closure glau-
coma will often present to the cataract surgeon with small
pupil. These eyes have usually undergone treatment with a
laser iridotomy or even a surgical iridectomy or trabeculec-
tomy. The inflammation after laser, surgery, and/or an angle
closure attack will often cause posterior synechiae to form,
causing a small or irregular pupil. A prolonged angle clo-
sure attack may cause iris ischemia and may result in a thin
or atrophic iris. In addition, eyes prone to narrow angles or
acute angle closure commonly have a shallow anterior cham-
ber and short axial length, increasing the complexity of the
cataract surgery. The combination of a small or syneched
pupil in the setting of a shallow anterior chamber can make
surgical manipulation of the pupil more difficult.

Diagnostic Tips

Historical information about an angle closure attack and its
duration before treatment may indicate a more severe condi-
tion of iris ischemia and shallow anterior chamber. Inspec-
tion of the eye for the location of the iridotomy may influ-
ence cataract incision placement. Documentation of the pupil
shape and diameter following dilation will help to plan for
synechialysis intraoperatively.

Surgical Planning

If pupil manipulation is planned, the surgeon may con-
sider preoperative and postoperative treatment with NSAIDs,
along with increased postoperative corticosteroids.

Surgical Techniques

In eyes that have not developed thin atrophic irides, simple
release of posterior synechiae with a sweep of the viscoelas-
tic cannula and placement of additional viscoelastic will
often allow the iris to dilate adequately. It is important to
not inject large boluses of viscoelastic beneath the iris at
this stage. Even if the pupil seems large enough to com-
plete it, posterior synechiae should be released prior to ini-
tiating the capsulorhexis. If not released, the synechiae can
produce traction on the peripheral anterior capsule as the cap-
sulorhexis is being performed and cause an uncontrolled tear
toward the periphery.

If the iris seems thin and the pupil extremely small in addi-
tion to synechiae, the surgeon may need to manually stretch
the pupil or use an expansion device. However, pupil expan-
sion rings are quite difficult to use in eyes with shallow ante-
rior chambers. If a device is used, iris retractors may be easier
to use in these eyes. See also Chapter 18.

Small Pupils Associated with Prior Glaucoma
Surgery

Prior intraocular glaucoma surgery may cause posterior
synechiae. In eyes that have undergone filtration surgery,
postoperative complications such as choroidal effusions or
wound leak and associated hypotony may allow the devel-
opment of a shallow anterior chamber. If the shallow ante-
rior chamber is prolonged, posterior synechiae, anterior
synechiae, or iridocorneal adhesions may develop. Glaucoma
drainage implants with tubes in the anterior chamber may
cause localized synechiae or cataract if the tube touches
the iris or lens. Also, many eyes with tube implants have
diminished endothelial cell counts and may be more prone
to postoperative corneal edema. These factors may affect the
surgical plan (see Chapter 17).

Diagnostic Tips

Often the exam notes from the postoperative period after
filtration surgery are necessary to confirm the history of a
shallow anterior chamber. However, iridocorneal adhesions
in the presence of a filtration bleb almost certainly formed
during a period of shallowness. Careful inspection of the
location and position of tube implants should be performed,
recognizing that the anterior chamber will become deeper
following cataract removal.
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Surgical Planning

The location of iridocorneal adhesions or tube implant may
influence the placement of the cataract incision. Trabeculec-
tomy blebs may fail after cataract surgery due to postopera-
tive inflammation. Especially if iris manipulation is planned,
the surgeon should be prepared to carefully monitor the filtra-
tion bleb, using 5-fluoruracil postoperatively if necessary. In
some cases, if the bleb is marginal prior to cataract surgery,
consideration should be given to performing a combined
glaucoma and cataract surgery rather than a complex pha-
coemulsification alone. See also Chapter 16.

Surgical Techniques

Posterior synechiae are often easily released using a sweep
of the viscoelastic cannula and additional viscoelastic. Irido-
corneal adhesions can be left alone, or gently released with
sweeping, taking care to avoid a large Descemet’s detach-
ment. Release of iridocorneal adhesions may cause bleed-
ing and the surgeon should be prepared. Peripheral anterior
synechiae in the angle may need to be released, but only if
compromising the filtration bleb by obstructing the internal
sclerostomy. If not, it is best to avoid additional iris trauma
or bleeding to minimize postoperative inflammation in the
setting of a functional filtration bleb.

Small Pupils Associated with Other Ocular
Conditions

Pseudoexfoliation Syndrome and
Pseudoexfoliation Glaucoma

Pseudoexfoliation (PXF) is an extremely common cause of
poorly dilating pupils in glaucoma patients. Some, but not all,
pseudoexfoliation patients will dilate poorly. The risk of hav-
ing a complication during cataract surgery in PXF patients
who dilate poorly is much higher. The small pupil may be a
result of chronic injury to the pupillary sphincter as it chafes
across the pseudoexfoliation material on the lens. Or there
may be direct effects of pseudoexfoliation on the iris dila-
tor muscle. In addition, poor dilation may be associated with
severe PXF involvement of the zonules, weakening them. It
is rare that the small pupil in PXF is associated with pos-
terior synechiae. If the small pupil in PXF is also associ-
ated with a shallow chamber or narrow angle (that may or
may not be asymmetric) or a previous laser iridotomy, then

the surgeon needs to be prepared to encounter loose zonules
during cataract surgery.

Diagnostic Tips

Careful inspection of the iris and dilated lens is important to
detect subtle signs of PXF as a cause of small pupil. If the
pupil dilates poorly and it is difficult to detect the PXF signs
on the anterior capsule, sometimes there will be PXF mate-
rial on the iris sphincter or even on the corneal endothelium.
The surgeon should look for phacodenesis, which is some-
times present only before dilation because the cycloplegia
can tighten the zonules enough to stabilize the lens. The eyes
should also be examined by gonioscopy for the presence of
narrow angles.

Surgical Planning

The size of the dilated pupil will determine the surgeon’s
approach to the cataract surgery.

Surgical Techniques

Any of the pupil expansion techniques can be used success-
fully to enlarge pupils in PXF patients.5,6 In patients with
dense cataracts and suspected zonular weakness, the surgeon
may want to enlarge the pupil maximally with a device to
provide optimal visualization during surgery. In addition, iris
retractors can be modified to stabilize the capsular bag in
the event of zonular dehiscence. PXF is discussed further in
Chapter 15.

Uveitis

Patients with chronic uveitis often develop posterior
synechiae leading to poorly dilating pupils. And of course,
uveitis, cataract, and glaucoma can coexist. It is not uncom-
mon to be faced with performing cataract surgery in these
eyes.

Diagnostic Tips

Careful inspection for uveitis activity and the location and
extent of posterior synechiae should be performed. It is also
helpful to know the recent history of uveitis control. Patients
with a history of herpes simplex keratouveitis are more at
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risk for postoperative reactivation of corneal involvement and
also intraocular pressure control problems.

Surgical Planning

Uveitis activity should be well controlled for at least sev-
eral months prior to elective cataract surgery. Sometimes the
increased corticosteroids required to accomplish control will
aggravate glaucoma control. It is best to see the patient fre-
quently in the months preoperatively to monitor the IOP and
consider if a combined filtration surgery and cataract opera-
tion is necessary. Perioperative treatment with antivirals, sys-
temic or periocular corticosteroids, and NSAIDs should all
be considered.

Surgical Techniques

In some eyes with chronic uveitis, there may be a fibrotic
membrane encircling the pupillary sphincter. This can be
carefully stripped with a capsulorhexis forceps prior to addi-
tional pupil expansion techniques. Any of the pupil expan-
sion techniques can be successful in these eyes.

Congenital, Acquired, Traumatic, Surgically
Altered Pupils

Eyes with congenital, acquired, traumatic, or surgically
altered pupils may also develop glaucoma and present signif-
icant challenges during cataract surgery. Congenital abnor-
malities such as ectopia lentis et pupillae or traumatic pupil
injury such as iridodialysis may also have weakened zonules
or subluxed crystalline lenses.

Acquired iridoschisis occasionally has an associated angle
closure glaucoma component and presents additional chal-
lenges with poor dilation and shallow anterior chambers. The
anterior iris fibers in this condition are loose and prone to
incarceration in the phacoemulsification and aspiration tips.

Iridocorneal endothelial (ICE) syndrome and Rieger’s
syndrome eyes often have eccentric pupils with atrophic iri-
des. In ICE syndrome, however, the remaining iris can be
rigid due to the overlying ICE membrane.

Diagnostic Tips

Conduct a careful inspection for phacodenesis, missing
zonules, or lens subluxation. Extent and location of the iri-
doschisis should be noted. Correctopia and iris stretch holes
in ICE and Rieger’s may alter the surgical incision location.

Surgical Planning and Techniques

Surgical techniques chosen to be appropriate to the condition
of the eye. Dispersive viscoelastics can be used to coat the iri-
doschisis fibers.7 Iris retractors may be useful in containing
the schisis fibers peripherally.8 Pupil expansion rings may be
particularly helpful to stabilize the iris and provide optimal
visualization in these eyes.9

In addition to the cataract removal, the iris may need to
be surgically repaired or altered in eyes with significant iris
deformities.

General Concepts

Surgical Planning

Once the surgeon is faced with a poorly dilating pupil and
understands the underlying etiology, he/she can develop the
surgical plan for the cataract operation.

Preoperative planning always involves a detailed examina-
tion to evaluate and document conditions such as orbit depth,
preexisting bleb or tube shunt, astigmatism, guttata, location
of peripheral anterior synechiae, posterior synechiae, irido-
tomies, pupil size, and history of systemic and ocular medi-
cations. The density of the cataract, presence of pseudoex-
foliation or zonular weakness should all be noted. Patient
factors such as cooperation or lid squeezing will determine
the choice of topical or local block anesthesia. To preserve
conjunctiva, most glaucoma patients with cataract should
undergo clear cornea cataract incisions whenever possible,
but the location may need to be altered based on the status
of the eye. When performing manual pupil stretching tech-
niques, the paracentesis needs to be placed between 60◦ and
90◦ away from the main incision to allow room for move-
ment of the intraocular iris manipulators.

Surgical Techniques

Anesthetics

Iris manipulation can be uncomfortable to some patients but
excellent anesthesia can be accomplished with topical and/or
intracameral preservative-free lidocaine 1%.10 If the case is
expected to be long or the patient is uncooperative, then any
of the peribulbar or sub-Tenon’s block techniques will be
effective anesthesia. See also Chapter 2.

Dilating Agents

Topical dilating drops are especially effective in dilating the
pupils if applied on a pledget in the preoperative area. The
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pledget allows for prolonged administration, undiluted by
tearing or blinking. Intracameral administration of diluted
epinephrine is also effective in providing maximal dilation
quickly.11,12 Preservative-free epinephrine is mandatory for
intracameral use. Preserved epinephrine will cause corneal
endothelial toxicity or even toxic anterior segment syn-
drome (TASS). Most US facilities have a ready supply of
preservative-free 1:1000 epinephrine that can then be diluted
1:4 with balanced salt solution. Just a small bolus of 0.1–
0.2 ml of the resulting dilution provokes rapid pupil dilation
and may also increase rigidity of the iris in patients prone to
IFIS.

Keep in mind that mechanically bound-down pupils will
not respond even to intracameral epinephrine.

The use of preoperative NSAIDs has been shown to
increase and maintain pupillary dilation during cataract
surgery.13,14

Dispersive Viscoelastics

Dispersive viscoelastics, such as Viscoat (Alcon Laboratories
Inc., Fort Worth, TX) or Healon5 (Advanced Medical Optics,
Santa Ana, CA), are preferred for cataract surgery cases
where iris manipulation is performed. They provide maximal
retention of the anterior chamber depth, which allows more
control when manipulating the iris. However, the surgeon
should avoid injecting large boluses of viscoelastic beneath
the iris, as it will cause forward bowing and stretching of the
iris that may impair visualization.

In most cataract surgeries with small pupils, in addition
to expanding the anterior chamber at the beginning of the
case, additional viscoelastic will need to be instilled after or
during iris expansion maneuvers, so it is helpful to have the
necessary supply ready.

As always, it is imperative to remove all of the viscoelastic
material, even from behind the intraocular lens (IOL), to help
avoid a postoperative intraocular pressure spike.

Intraoperative Iris Expansion with Manual
Technique

Using manual technique to stretch the pupil will often-
times be sufficient for all but Flomax cases or extremely
thick springy irides.5,15,16 These maneuvers create small
microtears in the iris sphincter, which allow the pupil to
dilate further. The mechanism is not unlike older techniques
where microscissors were used to make small radial cuts in
the iris sphincter. However, stretching creates a more uniform
series of microtears, which allow for a more normal appear-
ing pupil postoperatively. There may be small hemorrhages

that form during stretching that are easily pushed away with
additional viscoelastic.

Bimanual

In a bimanual technique, the surgeon uses two iris manipu-
lators, such as Kuglen (Fig. 3.2a), collar button (Fig. 11.5),
Connor wands, or Lester manipulators, placing one through
the main incision and one through the paracentesis. The
manipulators can be angled or straight instruments depend-
ing on the surgeon’s preference. I prefer angled instruments.
The paracentesis should be placed 60–90◦ away from the
main incision to allow for appropriate spacing of the instru-
ments. The hooks on the end of the manipulators are posi-
tioned to engage the iris sphincter at points 180◦ away from
each other. The iris is then stretched into the far anterior
chamber periphery, nearly to the angle, in both directions
(Fig. 3.2b). The manipulators are repositioned 90◦ from the
original stretch axis and an additional stretch is performed.
Additional viscoelastic is instilled to push the iris sphinc-
ter open. The stretch may need to be repeated until adequate
expansion is achieved.

Instrument-Assisted

The Beehler pupil dilator device (Moria, Antony, France)
also stretches the pupil, but uses a special instrument that
consists of three small hooks that retract into a shaft that
has a small hook for the proximal iris (Fig. 3.3). The shaft
of the instrument is inserted through the main incision; the
hooks are pushed out partially and positioned to engage the
iris sphincter. With a push of the plunger, the hooks move out
peripherally simultaneously to create the stretch, allowing for
a one-handed stretch. The plunger should be depressed very
slowly to allow for a controlled, non-violent stretch of the
iris.

Cautions

The bimanual technique requires surgeon comfort with
bimanual intraocular manipulation, as both instruments must
move in concert and precisely. Care must be taken to
not engage the anterior capsule of the lens or the corneal
endothelium. And the instruments should not actually touch
the angle or peripheral iris to avoid lacerating the larger iris
vessels.

Stretching is not effective in some very thick dark irides,
and this will be readily apparent after the initial stretches
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a b

Fig. 3.2 (a) Kuglen iris manipulator tip. (b) Bimanual iris stretching technique, using Kuglen hooks

Fig. 3.3 Beehler pupil dilator device. Figure courtesy of Ambler surgical, Exton, PA

if the iris springs back into position. The surgeon can then
move on to the use of an iris expansion device.

Stretching should be used with caution in fragile or
atrophic irides where vigorous manipulation can rip through
the sphincter and into the iris stroma creating an irregu-
lar pupil. By carefully watching the iris sphincter during a
slow stretch maneuver, the surgeon can avoid this type of
uncontrolled tear by stopping when the fine microtears of the
sphincter have formed.

Stretching should not be used in patients with likely IFIS
because it will precipitate pupil constriction in those eyes.

Advantages

Bimanual stretching is quicker to perform than inserting an
iris expansion device, taking on average 1 minutes of surgical
time.5 Because no disposable device is used, it is less costly.
Instrument-assisted stretching entails a one-time cost to pur-
chase the instrument and also special care to clean and ensure
smooth operation. Iris stretching techniques have been shown
to cause minimal postoperative inflammation and no serious
long-term consequences.16

Iris Expansion Retractors

Iris retractor hooks are available in 4-0 (Katena, FCI, and
Oasis) and 6-0 (Alcon/Grieshaber) prolene. They come pre-

shaped and packaged in sets of five or six. Four or five
hooks are placed through small, short, peripheral corneal
stab incisions and then positioned to engage the iris sphinc-
ter. The hooks are then sequentially retracted to expand the
iris5,6,17–24 (Fig. 3.4). Each retractor has a small movable
flange that is tightened once the hook is in position to main-
tain the hook’s position and the pupil shape throughout the
surgery. Once the IOL is in place, the hooks are disengaged
from the iris sphincter and carefully removed. One version
of the 4-0 prolene retractors is reusable, while the others are
single-use.

Generally, viscoelastic and the main incision and paracen-
tesis for the cataract surgery are placed prior to positioning
the hooks. The preferred shape for the pupil is a diamond
shape, where one of the hooks is placed beneath or just adja-
cent to the main incision. This shape prevents having the iris
“bridge” anterior to the main incision, which can lead to iris
prolapse during steps such as hydrodissection of the nucleus
or viscoelastic instillation.

Cautions

Prior to placing the hooks, any posterior synechiae should
be released by sweeping with a viscoelastic cannula. Care
should be taken to avoid over-retracting the iris to avoid
radial iris tears or reduction in pupil function.25 Throughout
the case, the hooks should be monitored to avoid engaging
the anterior edge of the capsulorhexis.
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a b

Fig. 3.4 (a) Iris retractors in place. (b) The appearance of iris retractors; FCI Ophthalmics IR-1005 iris retractors, courtesy of FCI Ophthalmics,
Marshfield Hills, MA

Advantages

The surgeon has complete control over the size of the pupil
expansion by adjustment of the retractors. This is not the
case for the iris expansion rings that come in fixed diame-
ters. Compared with the rings, retractors are less likely to
cause corneal endothelial trauma and are easier to use in shal-
low anterior chambers or very small pupils. Retractors are an
excellent choice for eyes with likely IFIS and are best placed
prior to the development of the floppy iris and before the
capsulorhexis. Retractors have been shown to take approx-
imately 5 minutes to place, due to the need for multiple
incisions, more than the time taken for the other techniques
or devices.5 Retractors are generally less expensive than
rings, and one type can be reused.

Pupil Expansion Rings

There are several different designs of rings that can be
placed to expand and retain the pupil throughout cataract
surgery.5,26–29 Most are best placed with an inserter, but

some can be placed manually if desired. They differ in bulk,
rigidity, and the amount of pupil expansion. See Table 3.2.

In general, the technique involves insertion of the inserter
through the main incision and slow injection of the device
engaging the distal pupil sphincter, taking care not to touch
the corneal endothelium with the device. Usually a second
instrument through the paracentesis is used to place the iris
in the channel, arms, or rings of the device to allow for
a round expansion of the pupil. The Morcher (Fig. 3.5a,
b), Graether (Fig. 3.6a, b), and Perfect Pupil (Fig. 3.7a, b),
due to their bulk, all have a gap in the ring that is placed
at the main incision to allow for the phacoemulsification
probe to travel unimpeded to the cataract. The Malyugin ring
(Fig. 3.8a, b), made of thin 5-0 prolene, is less bulky and
shaped in a continuous ring, so it needs to be placed in a dia-
mond configuration to minimize iris prolapse. Except for the
Malyugin ring, removal is performed manually.

Cautions

The rings can be bulky and difficult to use in relatively
shallow anterior chambers or in very small pupils. Care

Table 3.2 Pupil expansion rings5,26–29

Pupil expansion ring Material
Diameter of
expansion Inserter Gap for phaco probe Removal technique

Morcher 5S (FCI) PMMA 5 mm Optional Geuder
injector,
reusable

Gap Manual removal,
grasping tip

Graether pupil expander
(Eagle Vision)

Silicone 6.3 mm Disposable Gap Strap to enable
removal

Perfect pupil (Miravella) Polyurethane 8 mm Disposable Gap With handle outside
incision

Malyugin ring
(MicroSurgical
Technology)

5-0 prolene Approx. 6 mm Disposable No gap Use inserter to grasp
and remove
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a b

Fig. 3.5 (a) Morcher 5S pupil dilator and (b) Geuder pupil dilator injector. Figures courtesy of FCI Ophthalmics, Marshfield Hills, MA

a b

Fig. 3.6 (a) Graether 2000 pupil expander and (b) injector. Figures courtesy of Eagle Vision, Memphis, TN

must be taken to orient the rings properly to allow for the
phacoemulsification probe. Corneal endothelial damage can
occur from trauma, which can be minimized by careful
handling and copious viscoelastic. Some of the devices pro-
duce an extremely large pupil dilation that, besides being
unnecessary in most cases, can traumatize atrophic irides.
Similar to iris retractors, the iris expansion rings should
be placed prior to the capsulorhexis. The devices are not
reusable and can be costly.

Advantages

No additional incisions are required. Once placed, the rings
provide a very stable pupil expansion within the iris plane.

The flange of the rings protects the pupil margin from trauma
by the phacoemulsification and aspiration tips. The Morcher
5S ring placement was shown to take approximately 3 miutes
of surgical time, intermediate to manual stretching and iris
retractor placement.5

Other Intraoperative Challenges in Eyes
with Small Pupils

Iris Prolapse

Iris prolapse through the corneal incisions can be minimized
by fashioning proper incision architecture. A too peripheral
or too short corneal incision will be prone to iris prolapse.
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a

b

Fig. 3.7 (a) Perfect Pupil device and (b) injector. Figures courtesy of Ambler Surgical, Exton, PA

a b

Fig. 3.8 (a) Malyugin ring and (b) inserted ring. Figures courtesy of MicroSurgical Technology (MST), Redmond, WA

However, fragile irides, after manual stretching or even in
the presence of iris retractors or rings, may continue to pro-
lapse. The surgeon should avoid overfilling with viscoelastic
and gently perform hydrodissection to avoid prolapse during
the initial stages of surgery. If prolapse does occur during
the capsulorhexis, the surgeon may decide to complete the
capsulorhexis while the visibility is still good and then pro-
ceed to managing the prolapse. The first maneuver to man-
age iris prolapse should be to decompress the anterior cham-
ber by releasing viscoelastic by depressing the paracentesis.
Once decompressed, if there is only a small amount of pro-
lapse, massaging the cornea just anterior to the incision may
allow the iris to spontaneously reposition itself. Otherwise,
sweeping with a cannula from one side of the incision and
gently repositing the iris will often be successful, as long as

the eye is soft. If this maneuver is unsuccessful, the surgeon
may need to use an instrument or cannula inserted through
the paracentesis and sweep the iris gently internally, taking
extreme care to avoid an iridodialysis. Once the iris is safely
inside the eye, a small bolus of dispersive viscoelastic can
be placed just on top of the subincisional iris to allow the
surgeon to move safely on to the next phase of the surgery.
Refilling of the anterior chamber with viscoelastic will cause
a recurrence of the iris prolapse, and the surgeon will have to
repeat all the previous steps. Inserting the phaco tip bevel
down, and subsequently the IOL cartridge bevel up, may
minimize iris incarceration in the respective tips. Also, start-
ing irrigation once the phaco tip is introduced into the ante-
rior chamber may help avoid recurrent iris prolapse. The sur-
geon should carefully inspect the incisions at the conclusion
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of surgery to ensure that there are no strands of iris incarcer-
ated in the wounds.

Cortex Removal

An iris manipulator instrument through the paracentesis can
be used to retract the iris and inspect for residual nucleus or
cortical remnants. Bimanual cortical removal instruments are
useful for retrieving subincisional cortex.

Postoperative Care

Eyes that have undergone iris manipulation of any sort are
more prone to postoperative inflammation and are therefore
more at risk for developing cystoid macular edema (CME).
Preoperative and postoperative NSAIDs can help reduce
inflammation and the incidence of CME. Usually patients
will require more frequent and longer duration postopera-
tive corticosteroid dosing. Surgeons may consider using sub-
conjunctival or intracameral steroids at the conclusion of
surgery. If adequate postoperative treatment is used, it is rare
to see these irides develop posterior synechiae to the capsule
or IOL.

Postoperative intraocular pressure spikes may occur in any
eye, but particularly in eyes with preexisting glaucoma, and
in eyes with more intraocular manipulations. High-risk eyes
may be treated with topical medications or systemic carbonic
anhydrase inhibitors at the conclusion of surgery. Patients
should be instructed to call with symptoms of headache, nau-
sea, or vomiting. On the first postoperative day, the surgeon
can perform a release of aqueous through the paracentesis in
eyes with serious spikes.

Depending on the status of the sphincter and dilator mus-
cle, the pupil may or may not dilate and constrict normally or
pharmacologically postoperatively. However, if a radial iris
tear past the sphincter has occurred, a permanently irregular
pupil may result. Often the pupil will resume a normal round
shape early postoperatively following the careful use of the
above surgical techniques.

Summary

It is common to encounter poor pupil dilation in eyes with
glaucoma and cataract. Small pupils increase the risk of sur-
gical complications, but can be successfully managed with
a variety of techniques. Careful preoperative assessment and
planning by the surgeon will enhance the likelihood of suc-
cess of the cataract surgery.
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Chapter 4

Small Incision Cataract Surgery and Glaucoma

Brooks J. Poley, Richard L. Lindstrom, Thomas W. Samuelson, and Richard R. Schulze Jr.

Introduction and Pathogenesis

Ida Mann1 completed her treatise on embryogenesis of the
eye and the crystalline lens in 1957. She described the stages
of development of the human lens as follows: “It will be
seen that the first indication of its position is given by the
thickening known as the lens plate, which soon develops the
lens pit on its surface. This deepens to form the lens vesicle,
at first attached to the surface by the lens stalk, but subse-
quently becoming separated. The cells of the anterior walls
of the lens vesicle form the subcapsular epithelium, while
those of the posterior wall elongate to form the primary lens
fibers, which fill the cavity of the lens vesicle, and constitute
the central region, recognized as the most translucent part
of the adult lens and known to slit-lamp workers as the
central dark interval. Growth of lens fibers does not cease
by 25 years or so. Priestly Smith has shown indeed that it
continues throughout life, even into old age.”

Since lens cells are of ectodermal origin like skin cells,
they continuously divide and cause the crystalline lens to
slowly enlarge throughout life.

Francis Heed Adler2 described lens growth in his Physiol-
ogy of the Eye, Clinical Application in 1950. “In infancy and
early childhood the lens grows like other structures associ-
ated with the nervous system, and after this early stage of
rapid relative increment it enters a period of slow, steady
growth, which continues throughout life. A loss of elasticity
is associated with continued growth.” Adler’s graph shows
that the emmetropic lens weight increases from 210 mg at
the age of 20 years to 320 mg by the age of 84 years –
an increase of 110 mg, or 52%. Another graph shows an
increase in emmetropic lens thickness from 4.0 mm at the
age of 20 years to 4.8 mm at the age of 65 years, an increase
of 0.8 mm, or 20%.
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The lens is essentially a dysfunctional organ within the
eye at 60 years of age. As the lens ages, the following three
changes occur:

• Lens cells are compressed, which causes hardening, so
accommodation fails.

• Lens growth repositions the anterior lens capsule and
the anterior uvea (iris and anterior ciliary body) forward,
compressing the trabecular meshwork and the canal of
Schlemm, so intraocular pressure (IOP) elevates.

• The lens begins to cloud causing decreased light transmis-
sion, so cataract begins.

Murray Johnstone3,4 described a new aqueous outflow
model involving a mechanical pump in 2004. In “A New
Model Describes an Aqueous Outflow Pump and Explores
Causes of Pump Failure in Glaucoma,” he summarizes that
“The aqueous outflow system is structurally organized to act
as a mechanical pump. The aqueous outflow system is a part
of a vascular circulatory loop. All other vascular circulatory
loops return fluids to the heart by pumping action. The tra-
becular meshwork actively distends and recoils in response
to IOP transients such as pulse, blinking, and eye move-
ment. Trabecular meshwork flexibility is essential to normal
function”4 (Fig. 4.1).

Aqueous valves transfer aqueous from the anterior cham-
ber to Schlemm’s canal (SC). The valves are oriented cir-
cumferentially in SC, and their normal function requires that
trabecular tissues retain their ability to recoil from the SC
external wall. The aqueous pump provides a short-term pres-
sure control by varying stroke volume in response to pres-
sure changes. The aqueous pump provides long-term pres-
sure control by modulating trabecular meshwork constituents
that control stroke volume.

Johnstone describes pump failure because of SC appo-
sition and trabecular stiffening. The trabecular meshwork
(TM) stiffening is progressive and becomes irreversible.
Clinically visible manifestations of pump failure are lack of
pustule aqueous discharge into aqueous veins and gradual
failure in the ability to reflux blood into SC.

35S.M. Johnson (ed.), Cataract Surgery in the Glaucoma Patient, DOI 10.1007/978-0-387-09408-3_4,
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Fig. 4.1 Aqueous vein (70 long) with various degrees of compres-
sion against Schlemm’s canal (SC) external wall (EW) by trabecular
meshwork (TM) at IOP of 25 mmHg. White arrows designate areas of

compression. Minimal compression (a,b). Marked compression with
lumen closure (c,d). Reprinted from Johnstone4 by permission of
Springer Science + Business Media

This progressive change occurs as the crystalline lens
enlarges with age, and its anterior surface moves forward
within the eye’s anterior segment, compressing the trabecu-
lar meshwork and SC. Johnstone further suggests SC lumen
enlargement to correct pump failure should be targeted at the
sclera spur and its ciliary body attachment without damag-
ing the pump (trabecular meshwork). Cataract extraction by
phacoemulsification with implantation of an intraocular lens
(Phaco/IOL) accomplishes this by repositioning the ante-
rior lens capsule rearward. This allows the ciliary body to
rotate rearward, pivoting around the axis of the sclera spur.
Phaco/IOL does not damage the pump. Rather, it allows the
pump to re-expand, and regain its earlier function allowing a
better facility of outflow.

Susan and Larry Strenk published information on in vivo
magnetic resonance imaging (MRI) of the eye in 20065 and
2007.6 Their 2007 publication shows composite images of
a 25-year-old and a 49-year-old (Fig. 4.2), and both eyes
of a 74-year-old with monocular intraocular artificial lens
implantation (Fig. 4.3). Figure 4.2 shows that the anterior
surface of the lens is rearward of the canal of Schlemm in
a 25-year-old. Lens growth positions the anterior surface of

Fig. 4.2 In vivo composite image showing a 49-year-old (left) and a
25-year-old (right); lens growth displaces the uveal tract anteriorly with
age. Figure courtesy of Strenk et al.5 with permission from Elsevier

the lens to be well forward of the canal of Schlemm in the 74-
year-old. The 74-year-old’s zonules become lax, and the root
of the iris compresses the TM and canal of Schlemm. Now,
stiffening of the TM and collapse of the canal of Schlemm’s
lumen causes aqueous pump failure as described by John-
stone.4 Higher IOP is the result.

Figure 4.3 shows rearward reorientation of the uveal tract
when the enlarged crystalline lens is replaced by the thin
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Fig. 4.3 In vivo composite image showing both eyes of a 74-year-old
patient with a monocular implantation of the Alcon Acrysof; the uveal
tract returns to an anterioposterior position of relative youth with IOL
implantation. Figure courtesy of Strenk et al.5 with permission from
Elsevier

artificial lens. Now, the anterior surface of the lens capsule
is well rearward of the canal of Schlemm. The iris root no
longer compresses the trabecular meshwork and canal of
Schlemm, and rearward tension of the zonules increases.
The rearward traction of the zonules now expands the tra-
becular meshwork and the canal of Schlemm. The aqueous
pump regains its ability to function properly, and lower IOP
results.

The lens, as it ages, could be a major cause of ocular
hypertension, a precursor to adult glaucoma. A continuum
likely exists between having a normal crystalline lens early
in life, and, at its most extreme maturation, developing pha-
comorphic glaucoma, which is classically defined as angle-
closure glaucoma secondary to intumescence of the crys-
talline lens. See Chapter 20. The elevated IOP associated
with the aging crystalline lens, as demonstrated in clinical
studies,7 represents a midpoint in this continuum. The defi-
nition of phacomorphic glaucoma could be broadened to rec-
ognize the slowly progressive effect the maturing lens may
have on IOP. The term “phacomorphic glaucoma” in adults
could subsume the traditional categories of open angle, nar-
row angle, and angle closure.

Phacomorphic ocular hypertension responds well to pha-
coemulsification with intraocular lens insertion, with benefits
proportional to the magnitude of preoperative IOP. Clinical
studies further demonstrate that eyes with preexisting glau-
coma achieve a similar lowering of IOP with phaco/IOL.
The benefit of phacoemulsification with intraocular lens
insertion, classically indicated only for visually significant
cataracts, may therefore be expanded as an early treat-
ment for “phacomorphic” ocular hypertension and glaucoma
(Fig. 4.3).

The Effect of Cataract Surgery on IOP
and Anatomy

Hayashi et al. have published on the sustained increased ante-
rior chamber depth and width following cataract surgery,

especially in angle-closure patients.8 He studied 77 angle-
closure eyes, 73 with open angle glaucoma, and 74 con-
trol eyes with Scheimpflug photography before and at var-
ious intervals following surgery. Steuhl had similar obser-
vations in his report on 33 patients with both open and
narrow angle glaucoma who had anterior chambers mea-
sured by laser tomography.9 His patients had reduction of
IOP and glaucoma medications (Fig. 4.4a, b). There have
been several reviews, to be discussed later, of the effect of
cataract surgery on IOP in groups of non-glaucomatous and
glaucomatous eyes. In one, Shingleton reviewed 297 eyes
with pseudoexfoliation (PXF) with 427 eyes without PXF,
with 2 years of follow-up.10 Both groups of eyes experi-
enced a decline of IOP with the PXF group experiencing a
greater decrease. This review did not include patients with
glaucoma. The authors further investigated this relationship
between cataract surgery and IOP.

Surgical Technique

The authors employ small incision temporal clear cornea
surgery. The temporal, corneal wound does not disrupt the
conjunctiva in a glaucoma patient who may need future filtra-
tion surgery or who has already had filtration surgery. Metic-
ulous removal of viscoelastic helps to prevent postoperative
IOP elevation, especially important in eyes with compro-
mised optic discs.11–14

The management of glaucoma medications preopera-
tively is discussed in Chapter 1. Many surgeons discon-
tinue prostaglandin analogues and naturally discontinue any
miotics that would impede dilation. Many surgeons admin-
ister glaucoma medications at the end of surgery and choose
these based on their safety for a particular patient. Medica-
tions that may be administered at the end of cataract surgery
include the following15–20:

• Oral or topical carbonic anhydrase inhibitors
• Brimonidine or apraclonidine
• Pilocarpine (or acetylcholine or carbachol intraopera-

tively)
• Beta blockers such as timolol
• Dorzolamide-timolol fixed combination.

Reviews of Long-Term IOP Reduction
of Non-glaucoma and Glaucoma Eyes

Methods

Two retrospective chart reviews of cataract eyes operated
with phaco/IOL are presented.7
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a b

Fig. 4.4 These slit lamp photos are from the same patient. (a) Shows the anterior chamber preoperatively and (b) shows the deeper anterior
chamber post-cataract surgery. The patient also reduced topical glaucoma medications

The first review was of 588 non-glaucomatous eyes7:
305 eyes from Minnesota Eye Consultants, Minneapolis,
MN, and 283 eyes from Schulze Eye Surgery, Savannah,
GA. Findings from these two practices were similar, and
the two groups were combined for analysis. This review
included normotensive and ocular hypertensive (OHT) eyes
only. The eyes had no previous glaucoma drops, glaucoma
surgery (i.e., iridectomy or trabeculectomy), or laser trabecu-
loplasty/iridotomy.

The second review7 included 124 eyes treated for glau-
coma: 84 eyes from Minnesota Eye Consultants and 40 eyes
from Schulze Eye Surgery. Findings from these two prac-
tices were similar and all eyes were combined for anal-
ysis. The eyes had glaucoma based on usage of glau-
coma drops, and/or history of glaucoma surgery (i.e., iridec-
tomy or trabeculectomy), and/or glaucomatous visual field
loss.

Up to three measurements of each IOP were recorded, and
the mean IOP of each eye was the IOP value used for Excel
(Microsoft) spread sheet for analysis of the means and stan-
dard deviations of the grouped IOPs.

Data for each eye were recorded at the time of surgery,
1 year after surgery, and at the final visit. Table 4.1 shows
the frequency of the number of eyes followed postoperatively
< 1–10 years. Table 4.2 shows that the eyes were stratified
and divided into five groups according to their presurgical
IOPs. The presurgical IOP ranges of each group are shown.

Results for Non-glaucomatous and OHT Eyes

Table 4.3 and Fig. 4.5 show that the final mean IOP reduc-
tion of all 588 eyes without glaucoma was –1.6 mmHg/10%.
However, stratifying the eyes according to their presurgi-

Table 4.1 Frequency of eyes in each postoperative year

PO years Frequency Percent Cumulative percent

0 19 3.2 3.2
1 66 11.2 14.5
2 99 16.8 31.1
3 68 11.6 42.9
4 51 8.7 51.5
5 58 9.9 61.4
6 55 9.4 70.7
7 68 11.6 82.3
8 58 9.9 92.2
9 42 7.7 99.3

10 3 .7 100.0

Total 588 100.0

Table 4.2 Range of presurgical IOPs

Range of presurgical IOPs in mmHg: high to low in each group

Non-glaucoma eyes Glaucoma eyes

31–23 29–23
22–20 22–20
19–18 19–18
17–15 17–15
14–9 14–5

cal IOPs revealed eyes with the highest IOP (i.e., range
23–31 mmHg) had the greatest final mean IOP reduction,
–6.5 mmHg/27%. Eyes with the lowest preoperative IOP
(range 9–14 mmHg) had insignificant final mean IOP ele-
vation, +0.2 mmHg/0%. Figure 4.6 shows bar graphs of the
presurgical mean IOPs and final mean IOPs of the eyes with-
out glaucoma. It reveals that the two highest presurgical
IOP groups were OHT eyes with mean IOPs of 24.5 and
20.9 mmHg. After surgery, these IOPs decreased, and the
final mean IOPs were normotensive and measured 18.0 and
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Table 4.3 Results: mean IOP reduction of all 588 non-glaucoma eyes

Non-glaucoma eyes sorted according to their presurgical IOP range in mmHg
Mean

Measure IOP range n Age years PO years IOP surgery IOP 1 year Change 1 year IOP final Change final (%)

31–23 19 69.3 2.4 24.5 17.8 –6.7 18.0 –6.5/27
22–20 62 70.9 4.6 20.9 15.8 –5.10 16.1 –4.8/22
19–18 86 67.4 4.9 18.3 15.5 –2.8 15.8 –2.5/14
17–15 223 71.2 4.7 15.9 14.6 –1.4 14.3 –1.6/10
14–9 198 70.5 4.2 12.7 13.1 +0.4 12.9 +0.2/0

Total 31–9 588 70.3 4.5 16.0 14.5 –1.5 14.4 –1.6/10

Fig. 4.5 Presurgical and final IOPs of the P/L/S study of 588 non-glaucoma eyes treated by lens exchange alone

16.1 mmHg, respectively. Eyes with the lowest presurgical
mean IOP of 12.7 mmHg had a marginal mean IOP elevation
to 12.9 mmHg after surgery.

Results for Eyes with Glaucoma

Table 4.4 shows that the final mean IOP reduction of the
124 eyes with glaucoma was –2.75 mmHg/15%, which is
consistent with the data reported previously by Kim et al.21

The Kim study reviewed 31 consecutive cataract surgeries
in eyes with open angle glaucoma. The mean IOP change
was –2.9 mmHg with a decrease in medications from a mean
of 1.7 to a mean of 0.7, with a mean follow-up of 16.4
months. However, stratifying the eyes in our study accord-
ing to their presurgical mean IOP revealed eyes with the

highest IOP (23–29 mmHg) had the greatest final mean IOP
reduction, –8.4 mmHg/34%. Eyes with the lowest preop-
erative IOP (5–14 mmHg) had final mean IOP elevation,
+1.9 mmHg/15%. Figure 4.5 shows bar graphs of presur-
gical mean IOPs and final mean IOPs from the groups of
eyes with glaucoma. It shows that two subsets of eyes with
the highest presurgical IOP had presurgical mean IOPs of
24.7 and 20.7 mmHg. The presurgical IOPs of these sub-
sets were recorded with the patients using maximal tolerated
therapy of glaucoma drops, prior iridectomies/iridotomies, or
even prior trabeculectomies. After surgery, their final mean
IOP became 16.3 mmHg and 16.1 mmHg, respectively, and
showed improved glaucoma control. Eyes with the lowest
presurgical mean IOP of 11.6 mmHg had a mean IOP ele-
vation to 13.4 mmHg. However, this final mean IOP level of
13.4 mmHg remained satisfactory for glaucoma control.
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Fig. 4.6 Presurgical and final IOPs for a cohort of 124 glaucoma eyes of the P/L/S study treated by lens exchange alone

Table 4.4 Results: mean IOP reduction of all 124 glaucoma eyes

Glaucoma eyes sorted according to their presurgical IOP range in mmHg
Mean

IOP range n Age years PO years IOP surgery IOP 1 year Change 1 year IOP final Change final (%)

29–23 17 73.3 5.8 24.7 18.7 –6.0 16.3 –8.4/34
22–20 23 72.8 5.0 20.7 17.0 –3.7 16.1 –4.6/22
19–18 28 75.4 4.6 18.5 15.8 –2.7 15.2 –3.3/18
17–15 33 78.0 3.2 16.0 14.4 –1.6 14.9 –1.0/16
14–5 23 76.3 4.6 11.6 12.9 +1.3 13.4 +1.9/16

Total 124 75.5 4.5 17.8 15.4 –2.4 15.1 –2.7/15

Medical Treatment of Glaucoma After Surgery

The mean number of drops was 1.3 before surgery and was
1.0 after surgery, representing a 23% reduction. No tra-
beculectomies, iridectomies/iridotomies, or laser trabeculo-
plasty procedures were done after phaco/IOL surgery.

Glaucoma Diagnosis

Table 4.5 shows mean IOP levels of eyes that had presur-
gical iridectomies, OAG eyes with no prior procedure, or
presurgical trabeculectomies before phaco/IOL. Eyes with
prior iridectomies/iridotomies were considered narrow angle
glaucoma (NAG) types, while those without were consid-
ered open angle glaucoma (OAG) patients. NAG eyes had

a presurgical mean IOP of 20 mmHg and a mean IOP reduc-
tion of –6.2 mmHg (31%) to a final mean IOP of 13.8 mmHg.
OAG eyes had a mean presurgical IOP of 18.1 mmHg and
a mean IOP reduction of –2.4 mmHg (14%) to a final
mean IOP of 15.7 mmHg. Eyes with prior trabeculectomies
had a presurgical mean IOP of 14.3 mmHg and a mean
IOP reduction of –0.3 mmHg (2%) to a final mean IOP of
14.0 mmHg.

Table 4.5 shows that NAG eyes had the highest presurgical
mean IOP and the greatest mean IOP reduction to the low-
est final mean IOP. POAG eyes had moderate mean presur-
gical IOP and moderate mean IOP reduction to the highest
final mean IOP. Eyes with prior trabeculectomies had lowest
presurgical mean IOP and essentially no mean IOP reduc-
tion. Table 4.6 shows IOP changes of eyes with trabeculec-
tomies prior to phaco/IOL sorted according to their presurgi-
cal IOP. The three groups of eyes with the highest presurgi-
cal mean IOPs, from 18 mmHg to 24 mmHg, had mean IOP
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Table 4.5 Mean IOP changes with iridectomies, iridotomies, or trabeculectomies

Mean IOP changes of eyes that had iridectomies/iridotomies or trabeculectomies before phaco/IOL
Event and condition n Age years PO years IOP surgery IOP 1 year Change 1 year IOP final Change final (%)

PIa NAG 12 76.3 5.2 20.0 16.0 –4.0 13.8 –6.2/31
Noneb POAG 91 74.5 4.0 18.1 15.7 –2.4 15.7 –2.4/14
Trabeculectomy 21 76.0 6.5 14.3 13.2 –1.1 14.0 –0.3/2

Total 124 75.5 4.5 17.8 15.4 –2.4 15.1 –2.7/15
aEyes with prior iridectomy/iridotomy are considered narrow angle glaucoma.
bEyes with no prior iridectomy/iridotomy are considered primary open angle glaucoma.

Table 4.6 Eyes with trabeculectomies before phaco/IOL

Eyes with trabeculectomies before phaco/IOL surgery sorted according to their presurgical IOP
IOP range “n” Age years PO years IOP surgery IOP 1 year Change 1 year IOP final Change final (%)

24 1 71 9.0 24.0 22 –2.0 18 –6.0/25
22–20 3 73 5.0 20.0 16 –4.0 15.3 –4.7/23
19–18 4 76 5.5 18.5 14.8 –3.7 13.5 –5.0/27
17–15 4 73 6.8 16.5 13.8 –2.7 15.5 –1.0/6
14–5 9 74 6.4 9.5 11.0 +1.5 12.6 +3.1/32

Total 21 76.0 6.5 14.3 13.2 –0.9 14.0 –0.3/2

reductions between –4.7 and –6.0 mmHg. The two groups
of eyes with prior trabeculectomies with the lowest presur-
gical mean IOPs from 9.5 to 16.5 mmHg had a mean IOP
reduction of –1.0 and a mean IOP elevation of +1.6 mmHg,
respectively.

Discussion

In our case review, IOP reduction of non-glaucoma and glau-
coma eyes following phaco/IOL surgery was proportional to
their presurgical IOP as seen in Figs. 4.2 and 4.3.

Figures 4.7 and 4.8 show bar graphs of presurgical and
final mean IOPs including multiple published studies of
patients undergoing cataract surgery and our study (P/L/S).7

The studies were reported as follows:

• Ge et al.22 angle-closure glaucoma (ACG) eyes in 2001
• Euswas et al.23 ACG eyes in 2005
• Hayashi et al. ACG8 and open angle glaucoma (OAG) in

200124

• Lai et al.25 ACG in 2006
• Shingleton et al.10 glaucoma eyes in 2006
• Mathalone et al.26 OAG in 2005, and
• Tham et al.27 chronic angle-closure glaucoma (CACG) –

medically controlled in 2008.
• Suzuki et al.28 eyes without glaucoma in 1997
• Tong et al.29 eyes without glaucoma in1999
• Tennen30 eyes without glaucoma in 1996
• Issa31 eyes without glaucoma in 2005.

The five groups of P/L/S eyes were sorted according to
their presurgical mean IOPs and were inserted between the
bar graphs of the data from earlier reports, also arranged

according to their presurgical IOP levels. Figure 4.7 shows
the bar graphs for the patients in each study that did not
have glaucoma. They are arranged by preoperative IOP from
highest to lowest.

In Fig. 4.8 there are six bar graphs of eyes with presurgical
mean IOPs greater than 20 mmHg. Four bar graphs represent
data from earlier reports and two are of P/L/S’s groups of
eyes. All have mean IOP reductions and final IOPs were 12.0,
16.3, 17.1, 15.0, 16.1, and 16.4 mmHg. The eyes from earlier
reports and P/L/S’s glaucoma eyes with marginal IOP con-
trol with mean IOPs greater than 20 mmHg before surgery
became eyes with improved IOP control after surgery with
mean IOP less than 19 mmHg.

The three bar graphs of the earlier reports with the high-
est presurgical mean IOPs were ACG eyes.8,22,23 ACG eyes
have the largest crystalline lenses and/or smaller crowded
anterior segments. We conclude that these enlarged lenses
cause the shallowest anterior chambers, compressed trabec-
ular meshwork, and collapsed canals of Schlemm.7 It is
hypothesized that, since the outflow channels are most com-
pressed by these large lenses, these outflow facilities are the
most compromised and this compression causes the high
presurgical pressures.32 Since phaco/IOL allows the anterior
uveal tissue to return to a rearward position of its former
youth,32 we conclude that compression of the outflow chan-
nels is relieved.7 The facility of outflow improves, and the
greatest IOP reductions occur, allowing normotensive IOPs
to be maintained thereafter.31 The predominant factor deter-
mining the amount of IOP reduction after phaco/IOL is the
presurgical IOP, which could be related to the size of the
“phacomorphic” crystalline lens.7 This is also supported by
the series by Hayashi where the effect of cataract surgery
was compared between ACG and OAG cohorts.8 Hayashi
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Fig. 4.7 Combined studies showing IOPs of non-glaucoma eyes treated by lens exchange

Fig. 4.8 Presurgical and Final Mean IOP from other studies and the authors’ P/L/S study

has also reported on the effect of cataract surgery on a cohort
of angle closure (ACG) and open angle glaucoma (OAG)
patients. The mean preoperative IOP level was the same for
each group, with a larger standard deviation in the OAG
group (3.9 versus 5.4). Both groups experienced a decrease in

mean IOP and number of medications, but the mean decrease
in IOP and percentage of IOP reduction was greater in the
ACG group. After 2 years of follow-up, the ACG cohort had
a better survival probability of almost 92% versus the 72% in
the OAG group. Over 40% of the ACG group had IOP con-
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trol without medications versus 19% in the OAG.24 Cataract
surgery in ACG is discussed further in Chapter 18.

Long-Term Effect of Cataract Surgery on IOP

Figure 4.9 shows that the mean IOP of the group of eyes
without glaucoma was decreased 1 year after phaco/IOL
surgery and at the final IOP measurement (1–10 years
post-op, average 4.5 years) compared to the preoperative
mean IOP. Again, eyes with the highest presurgical IOP
range (23–31 mmHg) had the greatest mean IOP reductions
(–6.0 mmHg at 1 year and –6.5 mmHg/27% at final mea-
surement). Eyes with the lowest presurgical IOP range
(14–9 mmHg) had slight mean IOP elevations (+0.4 mmHg
at 1 year, and +0.2 mmHg/0% at final measurement).
Figure 4.10 shows mean IOP changes 1 year after phaco/IOL
surgery for eyes with glaucoma and at the final IOP mea-
surement (1–10 years post-op, average 4.5 years). Eyes with
the lowest presurgical IOP range (5–14 mmHg) had mean
IOP elevations (+1.3 mmHg at 1 year and +1.9 mmHg/16%
at final measurement). Eyes with the highest presurgi-
cal IOP range (23–29 mmHg), mean of 24.7 mmHg, had
the greatest mean IOP reductions: –6.0 mmHg at 1 year
and –8.4 mmHg/34% at the final measurement, with a range
of –2 to –16 mmHg. This is depicted in Table 4.7 where the
results for these 19 eyes are listed individually.

Figures 4.9 and 4.10 show that in eyes with and without
glaucoma the mean long-term IOP change after phaco/IOL
surgery were essentially the same. IOP reductions achieved
at 1 year were maintained for up to 10 years of the study.
In the long term, the same trend continued with IOP reduc-
tions after surgery being proportional to the presurgical IOPs.
Eyes with the highest presurgical IOPs had the greatest IOP
reductions. There is always a concern over loss of IOP con-

Fig. 4.9 One year IOP change for eyes without glaucoma

Fig. 4.10 Mean IOP change at 1 year and at final reading for eyes with
glaucoma

trol following cataract surgery, and Tables 4.8 and 4.9 show
that all eyes with IOP above 23 mmHg had IOP reductions,
none elevated.

Figure 4.11 shows the mean IOP reduction of 34 eyes
1 year post-op, and the mean IOP reductions 6 through
10 years post-op of the same eyes. Eyes were again sorted
according to their presurgical mean IOPs. The eyes with the
highest preoperative IOP levels showed mean IOP reduction
of –7.3 mmHg 6 through 10 years post-op. Figure 4.11 shows
that the mean IOP reductions of eyes in the highest presur-
gical IOP group were greater in the sixth through tenth year
post-op than they were in their first year post-op.

Table 4.8 shows the frequency of OHT eyes (defined as
IOP 20 mmHg and higher) pre-surgery, at 1 year, and at the
final visit. There were 81 eyes with IOP 20 mmHg or over
preoperatively, 24 at 1 year, and 21 at the final reading of IOP.
The highest IOP before surgery was 31, and after surgery
the highest was 24 mmHg. Table 4.9 shows the frequency
of glaucoma eyes with IOPs ≥20 mmHg: 40 before surgery,
12 at 1 year after surgery, and 9 at the final measurement.
Highest IOP before surgery is 29 mmHg. Highest IOP after
surgery is 23 mmHg.

Phaco/IOL kept the number of OHT eyes from increasing
over the 10 years of the study; 60 of 81 OHT eyes (74%) with
IOPs ≥20 mmHg before surgery converted to normotensive
eyes with IOPs ≤19 mmHg after surgery at the final measure-
ment. This is likely due to the restoration of the anatomy of
the eye’s anterior segment to a position of its former youth32

as discussed previously. The improvement in the anterior
segment anatomy has been shown in angle-closure eyes by
Nonaka et al.33 using ultrasound bimicroscopy (UBM) and as
discussed previously by Hayashi8 using Scheimpflug
videophotography and Steuhl using laser tomography.9
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Table 4.7 IOP reductions in glaucoma eyes following phaco/IOL

Glaucoma eye’s IOP reductions following phaco/IOL surgery
Eyes sorted according to their presurgical IOP: range 29–23 mmHg, n = 19

Age years Years PO IOP surgery IOP 1 year Change 1 year IOP final Final change

76 6 29 16 –13 13 –16
76 9 27 13 –14 18 –9
80 11 27 15 –12 16 –11
53 5 27 24 –3 14 –13
80 7 25 22 –3 23 –2
68 2 25 27 +2 21 –4
69 8 25 23 –2 21 –4
68 3 25 19 –6 18 –7
66 9 25 20 –5 11 –14
71 9 24 22 –2 21 –3
71 9 24 22 –2 18 –6
78 5 24 16 –2 17 –7
64 3 24 22 –2 16 –8
87 1 24 16 –8 16 –8
76 9 24 12 –12 12 –12
70 4 23 22 –1 21 –2
84 8 23 19 –4 16 –7
81 5 23 13 –10 13 –10
76 6 23 13 –10 9 –14

Mean 73.1 6.3 24.7 18.7 –6.0 16.3 –8.4

Table 4.8 Frequency of
presurgical IOPs 20 mmHg and
higher in OHT eyes

Frequency of OHT eyes with presurgical IOPs 20 mmHg and higher
IOP frequencies (n)

Presurgical IOP
mmHg

No. of
presurgical eyes

No. of eyes at
1 year

No. of eyes
at final

20 25 12 12
21 19 5 5
22 18 3 1
23 9 2 1
24 4 2 2
25 2
27 3 1
31 1

No. of OHT eyes 81/100% 24/30% 21/26%
No. of OHT Eyes Become
Normotensive

57/70% 60/74%

Table 4.9 Presurgical IOPs
20 mmHg and higher in
glaucoma eyes

Frequency of glaucoma eyes with presurgical IOPs 20 mmHg and higher
IOP frequencies (n)

Presurgical IOP
mmHg

No. of
presurgical eyes

No. of eyes at
1 year

No. of eyes
at final

20 12 2 5
21 5 2 3
22 6 6
23 4 1
24 6 1
25 4
27 2 1
29 1

Total no of eyes 40/100% 12/33% 9/22%
After surgery: no. of eye’s IOPs become

≤ 19 mmHg
28/70% 31/78%
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Fig. 4.11 IOP changes for the same glaucoma eyes at 1 year, and 6 through 10 years following surgery

Phaco/IOL also helped 31 of 40 glaucoma eyes (78%)
with IOPs ≥20 mmHg before surgery to become eyes
with IOPs ≤19 mmHg after surgery, at the final measure-
ment. Detailed history of glaucoma medication use was not
included in the study. Phaco/IOL has the same effect on the
IOP of glaucoma eyes after surgery as it has the IOP of OHT
eyes after surgery. There were 26 and 22% of eyes with IOP
that remained over 20 in the glaucoma and OHT groups,
respectively.

Effect of Age on IOP Control with Cataract
Surgery

Figure 4.12 a, b, and c show 1-year and final IOP changes fol-
lowing phaco/IOL of three age groups segregated by decade:
80 years and older, 70–79 years, and 69 years and younger.
Figure 4.12 a, b, and c showed IOP reductions following
phaco/IOL were essentially the same for eyes of all three age
groups. The effect of cataract surgery on IOP for racial dif-
ferences was not assessed.

Decision Trees

Proposed decision tree for phaco/IOL to treat OHT eyes
to prevent adult glaucoma OHT eyes are currently iden-
tified during routine eye examinations. If the IOP is

≥24 mmHg, and an additional risk factor exists, consider
earlier phaco/IOL for treatment of the OHT and the vision if
there is cataract present and visual impairment for the patient.

Additional glaucoma risk factors to consider would
include the following:

• Anatomy with decreased central corneal thickness,
enlarged cup-to-disc ratio

• Family history of glaucoma
• Shallow anterior chamber
• Poor patient glaucoma drop compliance.

Proposed decision tree for phaco/IOL to better control the
IOP of glaucoma eyes

• If the IOP is marginally controlled (i.e., ≥24 mmHg) con-
sider phaco/IOL in the treatment plan of early to mod-
erate glaucoma, especially if additional risk factors exist
and there is a component of narrow angle. The likelihood
of IOP reduction is about 78% and likely to be a larger
decrease if there is a narrow angle.

• Additional risk factors are the same for glaucoma and
OHT eyes.

• If a target IOP of 18 mmHg is adequate for the control of
the glaucoma, treat with phaco/IOL. If a lower target is
required for adequate glaucoma control, (i.e., 14 mmHg)
consider a combined procedure or a trabeculectomy.
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a b

c

Fig. 4.12 One year and final IOP changes for glaucoma eyes for patients (a) 80 years and older, (b) 70–79 years, and (c) younger than 70 years

• A new baseline visual field should be obtained following
cataract surgery due to the effects cataract may have on
the test, as discussed in Chapter 1.

• Trabeculectomy or other filtration procedure can be done
at a later time if the patient is in the 20–25% of patients
who continue with marginal control based on our data.
A deeper anterior chamber established by the cataract
extraction may be of benefit in the postoperative filtered
eye.

Advantages of phaco/IOL versus glaucoma drops for
treating OHT and glaucoma are listed in Figs. 4.13 and
4.14.34–37 Phaco/IOL still entails more risk than glaucoma
drops. Endophthalmitis and retinal detachment, although
rare, still occur. Moshifar et al. reported the incidence of
endophthalmitis following phaco/IOL in 20,013 cases was
0.1% for eyes treated with moxifloxacin and 0.06% for eyes
treated with gatifloxacin.38

Russell et al. reported that the incidence of rhegmatoge-
nous retinal detachment after uncomplicated phacoemulsifi-
cation cataract surgery was 1.17% after 10 years.39

Trabeculoplasty can be used as an adjunct to medications,
until a patient’s cataract is bothersome to the patient and
surgery is pursued.40,41 Treatment plans for glaucoma and
OHT should include early phaco/IOL as a contribution to
improved IOP control to help avoid later trabeculectomy.

Summary

In summary, these studies show IOP reduction following
phaco/IOL surgery is proportional to the eye’s IOP preopera-
tively and greater for angle closure versus open angle types of
glaucoma. The higher the mean presurgical IOP, the greater
the mean IOP reduction. IOP reductions achieved 1 year after
surgery were maintained up to the 10 years of the study. IOP
reduction was the same for the three decades of age studied.
One hundred percent of eyes with OHT or glaucoma with
presurgical IOPs ≥23 mmHg achieved IOP reduction after
phaco/IOL surgery. Seventy-four percent of OHT eyes with
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Fig. 4.13 Comparison of the benefits of phaco/IOL alone versus glaucoma drops for eyes with OHT or glaucoma

Fig. 4.14 Comparison of the benefits of phaco/IOL versus trabeculectomy for glaucoma eyes

IOP ≥20 mmHg converted to normotensive eyes with IOP
≤19 mmHg after phaco/IOL surgery. Seventy-eight percent
of glaucoma eyes with IOP ≥20 mmHg converted to eyes
with IOP ≤19 mmHg after phaco/IOL surgery.

Our studies and earlier studies of non-glaucoma eyes
appear to support the proposition that phaco/IOL in OHT
eyes lowers the IOP. Adult glaucoma becomes an avoidable
disease in some individuals when their OHT eyes are treated

with phaco/IOL, as elevated IOP is an important risk factor
for the disease.42

Our studies and earlier studies suggest phaco/IOL can be
an effective treatment for glaucoma eyes if a target IOP of
18 mmHg following surgery is deemed adequate. However,
if a lower target IOP is needed (i.e., 14 mmHg) for more
advanced glaucoma, then a trabeculectomy before cataract
surgery or combined procedure would be advisable.43,44
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Chapter 5

Elevated Intraocular Pressure After Cataract Surgery

Parag A. Gokhale and Emory Patterson

Introduction

The phenomenon of elevated intraocular pressure (IOP) fol-
lowing cataract surgery has been documented since the
1950s. In 1976, a review of 630 cases of cataract extraction
with lens implant concluded that elevated IOP was a tran-
sient and benign occurrence.1 In nearly all patients, pres-
sures returned to baseline with or without treatment. Some
individuals, however, may experience pain, corneal edema,
glaucomatous nerve damage, or anterior ischemic optic neu-
ropathy.2 It is therefore important to continue monitoring the
effect of new cataract surgical techniques on postoperative
IOP, as well as the impact of increased IOP on visual out-
comes.

Elevated pressure is the most frequent postoperative com-
plication demanding treatment following phacoemulsifica-
tion.3 As many as 18–45% of patients may experience an
IOP greater than 28 mmHg following phacoemulsification,
but most pressures will return to normal by 24 h postop-
eratively.1 The peaks most commonly occur 8–12 h after
surgery, and only 1.3–10.0% of cases measure an IOP higher
than 30 mmHg 24 h postoperatively. After uneventful pha-
coemulsification in eyes without glaucoma, however, IOP
spikes may even reach 68 mmHg.3

As previously mentioned, in most patients, postopera-
tive increases in IOP are transient and benign.1 In individ-
uals without glaucoma, no visual field defects were evident
once the IOP returned to normal.1 Although patients without
optic nerve damage seem to tolerate transient increases in
IOP without problems, glaucoma patients do not. The latter
individuals may experience further visual field loss and/or
a loss of fixation.1 Glaucoma patients are also more likely
to experience pressure spikes following cataract extraction.1
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Surgeons therefore must be keenly aware of a glaucoma
patient’s risk for postoperative IOP spikes and understand the
various treatment options for elevated pressure when it does
occur.

Etiology

The causes of the elevated IOP are likely multifacto-
rial. Major factors include preexisting compromise of out-
flow facility and retained ophthalmic viscosurgical devices
(OVDs). Surgical trauma, watertight wound closure, retained
lenticular debris, the release of iris pigment, hyphema, and
inflammation are also thought to contribute to elevations in
IOP.3 The skillfulness of the surgeon has been implicated
as well. Increased surgical experience is correlated with a
decreased risk for ocular hypertension following cataract
extraction.3

A review of 2727 phacoemulsification procedures over a
2-year period demonstrated that the most frequent complica-
tion of posterior capsular rupture (n = 45) was raised IOP.
Nine eyes (20%) had an IOP exceeding 30 mmHg 1 day
after surgery despite prophylactic acetazolamide. Five of the
nine eyes had sustained vitreous loss requiring an anterior
vitrectomy.4

The Role of Ophthalmic Viscosurgical Devices

In 1983, Berson et al. reported that sodium hyaluronate
caused a substantial decrease (55–60%) in the outflow of
aqueous humor when injected into the anterior chamber.5

Subsequently, it has become well accepted that retained
viscoelastic materials inhibit aqueous outflow and result in
increased IOP.

Ophthalmic viscosurgical devices (OVDs) are generally
classified according to their molecular weight and viscos-
ity. Cohesive agents are more viscous than dispersive OVDs,
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and they have higher molecular weights and longer molecu-
lar chains. These properties make cohesive OVDs an excel-
lent choice for maintaining space, stabilizing tissues, and
opposing the posterior pressure that occurs during cataract
extraction.

The particles of low-viscosity OVDs are considered dis-
persive because they do not adhere to one another like they
do in high-viscosity OVDs. Dispersive viscoelastics are
better able than high-viscosity OVDs to protect individual
structures in the anterior chamber such as the corneal
endothelium.6 Because of their dispersive nature, however,
low-viscosity OVDs are generally more difficult to
completely remove from the eye.

According to Arshinoff et al.6 high-viscosity OVDs are
associated with higher postoperative IOPs (although not nec-
essarily above 21 mmHg), compared with lower viscosity
OVDs. He asserted that retained viscoelastic and patients’
predispositions (e.g., trabecular insult or undiagnosed glau-
coma) are the main causes of postoperative rises in IOP
above 21 mmHg.

Healon 5 (Advanced Medical Optics, Santa Ana, CA) is a
newer OVD that can be classified as a viscoadaptive OVD. It
acts as a high-viscosity OVD under low shear but becomes
pseudodispersive with high turbulence.6,7 If retained, it is
more likely to cause a rise in IOP as compared to Healon
and other viscoelastics.6–8 It did not lead to more frequent
IOP elevations when compared to Viscoat (a medium vis-
cosity dispersive) but the maximum IOPs were higher with
Healon 5.9 In early use, it was more difficult to remove from
the eye than other OVDs and therefore caused IOP eleva-
tion.10 A newer technique of irrigating and aspirating behind
the intraocular lens was recommended for its removal.11

Arshinoff found that if adequately removed there were no
more IOP elevations than there were with Healon.6

Arshinoff has published multiple studies comparing dif-
ferent viscoelastic materials.6,12 He concluded that, if not
completely removed, all OVDs cause postoperative increases
in IOP. If no OVD is retained in the anterior segment, how-
ever, then increases in IOP following cataract extraction is of
no greater severity or duration than if no OVD had been used
at all.

Elevated IOP in Glaucoma

Although increases in IOP after cataract surgery are usu-
ally benign, they can lead to further loss of retinal ganglion
cells in patients whose optic discs have already been com-
promised. Studies comparing patients with and without glau-
coma have routinely revealed a difference in their postop-
erative rises in IOP. Shingleton et al. reported a maximum
increase in IOP to 44 versus 32 mmHg in patients with and

without glaucoma, respectively, 24 h after cataract surgery.13

Another study found a mean IOP of 29.9 mmHg, 8 h after
cataract surgery, in patients with glaucoma compared with
a mean IOP of 22.2 mmHg 12 h postoperatively in patients
without glaucoma. Seven of the thirteen eyes in the glaucoma
group had peak IOPs that were greater than 35 mmHg.1 In
their study, Arshinoff et al. discovered that 8 of 40 patients
with elevated IOP had glaucoma, were glaucoma suspects,
or were steroid responders. Subsequently, the investigators
realized that higher IOP spikes correlated directly with glau-
coma risk. Eight of forty patients with a pressure greater than
21 mmHg in either eye were found to fit into one of the glau-
coma groups.12

Presentation

A patient with elevated intraocular pressure often will
present with headache, nausea, and vomiting. On clinical
exam, there is often blurred vision and microcystic edema
of the cornea. Viscoelastic may be visible in the anterior
chamber.

Medical Treatment

Pharmaceuticals

Although several drugs lower IOP after cataract surgery,
none of them consistently prevents increases in pressure from
occurring. The classes of drugs used to treat postoperative
increases in IOP are listed in Table 5.1. Acetazolamide has
been used for many years to treat IOP increases follow-
ing cataract extraction and has proven moderately success-
ful. This carbonic anhydrase inhibitor was more effective
than topical apraclonidine, an alpha agonist, in a head-to-
head trial.14 Another comparative study showed that sub-
jects’ mean IOP in the first 24 h following cataract extraction
was greater than 21 mmHg in the acetazolamide group and
less than 21 mmHg in the dorzolamide group. Both groups,
however, had an equal number of patients with an IOP greater
than 30 mmHg 4 h following surgery.15 A study comparing

Table 5.1 Medications to lower postoperative IOP

• Carbonic anhydrase inhibitors (acetazolamide, dorzolamide, and
brinzolamide)

• Alpha agonists (apraclonidine and brimonidine)
• Prostaglandin analogs (latanoprost and travoprost)
• Beta blockers (timolol and levobunolol)
• Miotics (intracameral carbachol, pilocarpine, and intracameral

acetylcholine)
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acetazolamide and brinzolamide found that the drugs were
equally effective at 4–6 h after cataract surgery, but that only
brinzolamide produced a statistically significant decrease in
IOP at 24 h.16

Rainer et al. compared dorzolamide and latanoprost, a
prostaglandin analog. Both drugs produced a clinically sig-
nificant reduction in IOP 6 h after cataract surgery, but only
dorzolamide was effective at 24 h.16 Neither drug prevented
elevations in IOP greater than 30 mmHg from occurring. A
comparison of travoprost and brinzolamide showed that both
produced a clinically significant decrease in IOP 6 and 24 h
postoperatively. Neither, however, was always able to prevent
a spike greater than 30 mmHg.2

Tests of apraclonidine to prevent postoperative increases
in IOP have been inconsistent in their results. The expla-
nation may be differences in surgical technique, surgeons’
experience, the OVD used, or the administration of the IOP-
lowering agents. Most recently, Kasetti et al. found no bene-
fit with apraclonidine versus placebo to reduce postoperative
IOP and prevent pressure spikes.14

The alpha 2 agonist brimonidine 0.2% dosed twice the day
before and the day after cataract surgery was more effec-
tive than placebo at reducing postoperative IOP. The mean
IOP in the brimonidine group was significantly lower than
in the placebo group at most time points. At 6 h postop-
eratively, one patient in the brimonidine group and six in
the placebo group experienced an IOP spike greater than
10 mmHg over baseline. No patients treated with brimoni-
dine had a peak IOP exceeding 30 mmHg.17 In other stud-
ies in which subjects received one drop of brimonidine 0.2%
1 h before surgery or just after cataract extraction, the drug
did not produce a significant decrease in IOP compared to
placebo.18,19

In another study, timolol but not latanoprost was effec-
tive in reducing postoperative IOP. In fact, patients receiv-
ing one drop of timolol at the end of surgery had a mean
decrease in IOP of 4.77 and 2.99 mmHg at 4 and 24 h,
respectively.20

Rainer et al. compared a fixed dorzolamide-timolol com-
bination with latanoprost. The fixed combination reduced
postoperative IOP more effectively, and it prevented any
increase in IOP to greater than 30 mmHg.21 Another study
comparing a dorzolamide-timolol combination to placebo
found that the fixed combination produced a clinically sig-
nificant reduction in postoperative IOP. The agent, how-
ever, did not completely prevent pressure spikes greater than
30 mmHg.22

A 1992 report concluded that intracameral carbachol
intraocular solution 0.01% (Miostat, Alcon, Fort Worth,
TX) was the most effective medication to control IOP fol-
lowing extracapsular cataract extraction. Timolol, acetazo-
lamide, pilocarpine, and levobunolol also produced a clini-
cally significant reduction in IOP but were less effective.23

In addition, carbachol was more effective than acetylcholine
(Miochol-E, Novartis, East Hanover, New Jersey) when both
drugs were administered intracamerally.9

Decompression of the Anterior Chamber

Another proposed method of controlling IOP after cataract
surgery is decompressing the anterior chamber. In 2003,
Hildebrand et al. found that decompression effectively cor-
rected 11 consecutive cases of severely increased IOP.3 Pres-
sure decreased from a range of 40–68 mmHg to a mean of
4.73 ± 3.00 mmHg immediately after decompression. The
IOP, however, rapidly rose to greater than 30 mmHg and
38.5 mmHg 30 and 60 minutes after decompression. Hilde-
brand et al., therefore, concluded that this measure provides
only a transient benefit and that additional treatment is nec-
essary in high-risk eyes.3 Arshinoff recommended multiple
attempts at sideport drainage (Fig. 5.1, Table 5.2). He pro-
posed decompressing the anterior chamber hourly for 3 h
in combination with the administration of one drop each of
pilocarpine 2% and latanoprost four times a day for 2 days
postoperatively.7 The paracentesis can usually be opened for
48 h following its creation and, if need be, a new one can be
created at the slit lamp, using sterile technique.

Fig. 5.1 The bevel up needle is used to depress the posterior lip of the
paracentesis
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Table 5.2 Anterior chamber decompression

• Topical anesthetic
• Prophylactic antibiotic drops pre and post
• Betadine 5% cleansing of the lid margin and a drop in the inferior

fornix
• Tb syringe with needle for depressing at paracentesis site
• Repeat maneuver at 10-minutes intervals, lowering IOP about

10 mmHg per depression, to avoid a single large drop in IOP
• Dose glaucoma medications at the end of the procedure

Proposed Guidelines

Ophthalmologists must recognize the potential for postop-
erative increases in IOP and IOP spikes following uncom-
plicated phacoemulsification, know the risk factors for this
complication, and be comfortable with a variety of treatment
options. In patients with known outflow obstruction or optic
nerve damage or in those who are already being treated for
increased IOP, we recommend the following:

• Prophylactic treatment both before and after surgery.
• Aggressive removal of OVDs from the eye.
• Injection of carbachol intracamerally at the end of surgery.
• Aggressive treatment to lower the IOP postoperatively if

a posterior capsular rupture occurs intraoperatively.

The medications used will depend on the patient’s toler-
ance (e.g., due to allergy and systemic conditions).

Summary

We recommend the following approach for patients with
high-risk eyes if they tolerate the medications. Surgeons
should administer a fixed combination of timolol and dor-
zolamide along with brimonidine at the end of the case, and
patients should instill these drugs at their usual scheduled
time. Depending on the patient’s level of risk for postop-
erative IOP spikes and the status of the optic nerve at the
time of surgery, it may be prudent to see the patient later on
the operative day to perform serial paracenteses if the IOP is
elevated. If paracenteses are required, surgeons can consider
prescribing prostaglandins and/or cholinergics up to qid for
2 days after surgery. If the patient is at high risk, then per-
forming combined cataract and glaucoma surgery or glau-
coma surgery alone before cataract surgery may be in the
patient’s best interest.
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Chapter 6

Combined Cataract and Trabeculectomy Surgery

Sandra M. Johnson

Introduction

When the decision has been made to perform cataract surgery
in a glaucoma patient, the options of cataract surgery alone
or combined with glaucoma surgery (glaucoma triple pro-
cedure) are available to the surgeon. Trabeculectomy is the
glaucoma procedure that has been most frequently and for
the longest time combined with cataract surgery, to assist
in the control of intraocular pressure (IOP). Other combined
procedures are discussed in Chapter 14 and elsewhere in the
text. As discussed throughout the text, cataract and glau-
coma often present in the same patient and are common
comorbidities.

The presence of a cataract may drive the decision for
combined surgery, and on the other hand, a need for lower
intraocular pressure (IOP) may drive the decision for a com-
bined procedure. If the surgeon deems it is likely that the
patient will need to return to the operating room for a cataract
surgery, following the trabeculectomy, it may be best to
perform both surgeries at the same operative session. Pro-
gression of cataract is a known complication of trabeculec-
tomy.1,2 One surgical experience may be the best for a
patient, depending on their health status and socioeconomic
concerns.

The status of the glaucoma and the target intraocular pres-
sure are the important factors to consider in deciding to pur-
sue a combined cataract extraction and glaucoma procedure
versus a cataract procedure alone.3 The patient is likely to
have more IOP lowering with a combined versus a cataract
extraction alone.4,5 This has been shown since the initiation
of the combined procedure.

Trabeculectomy was originally combined with extracap-
sular cataract extraction (ECCE) with a 11-mm wound, as
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studied by Bobrow in 1999. He was able to follow 35 patients
for at least 80 months. He found the eyes with trabeculec-
tomy combined with cataract surgery versus those that under-
went cataract surgery alone had an IOP reduction of 8.2
± 4.6 mmHg versus 4.4 ± 3.3 mmHg. Medications were
reduced by 1.76 ± 0.82 versus 1.28 ± 0.86, respectively.6

The surgeon should carefully review the visual field status,
level of IOP control and how maximal the therapy is, and
the status of the optic disc and/or retinal nerve fiber layer
(Figs. 6.1, 6.2, and 6.3). General principles to consider are as
follows:

1. A patient with advanced visual field loss and disc damage
who is not likely to withstand any elevated postoperative
IOP, due to the risk of further damage, is less likely to
have elevated IOP following a combined procedure.7,8

2. A patient who cannot tolerate medical therapy due to
drop allergies, cost, or compliance issues such as demen-
tia or tremor will likely lessen the burden of medical

Fig. 6.1 Fundus photo demonstrating a disc with advanced glaucoma-
tous damage
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a b

Fig. 6.2 (a) Visual field grayscale image of a left eye with a dense inferior nasal step and field loss superior near fixation. (b) A 10◦ visual field
demonstrating advanced visual field loss

therapy more so with a combined procedure, although
compliance with drops is essential during the postoper-
ative period.

3. A patient who is on maximal medical therapy and has no
further options for escalation of therapy for loss of IOP
control post cataract surgery may be better served with a
combined procedure.

4. A narrow angle patient with poor IOP control and per-
manent synechial angle closure will be easier to manage
postoperatively if the chamber is deepened with concur-
rent cataract surgery at the time of filtration surgery. There
will be the added option of YAG laser capsulotomy and
laser to the anterior hyaloid face, should aqueous mis-
direction present.

5. As noted previously, if a patient is undergoing a tra-
beculectomy for loss of IOP control and there is a signifi-

cant or near significant cataract present, then a combined
should be considered, as cataracts often progress post tra-
beculectomy.9–11 There may be some added lowering of
IOP by removing a cataract with pseudoexfoliation (PXF)
present.12–14 or for an angle-closure patient (see Chapters
15 and 18).

A two-staged procedure, with a cataract extraction later,
may be pursued if the IOP is very high and the risk of supra-
choroidal hemorrhage is elevated, as it may be more likely
to occur intraoperative with a more prolonged surgery.15 In
these instances, it is best to gain control of the IOP initially
and then pursue visual rehabilitation with a later cataract
surgery. See Chapter 16.

Disadvantages of a combined surgery are listed in
Table 6.1.
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Fig. 6.3 Retinal nerve fiber (RNFL) assessment by ocular coherence tomorgraphy (Zeiss Meditec, Dublin, CA). Note the decreased RNFL in one
eye versus the other consistent with a more advanced glaucoma status. Image courtesy of Lloyd Situkali, ophthalmic photography, UVA.

Preoperative Assessment

As for any pre-surgical patient, a history of systemic medi-
cations including anticoagulants is essential, and the patient
should be current with their surveillance of his/her anti-
coagulation status if on warfarin. If the patient is hyper-

tensive, blood pressure should be in good control as well
as any tachycardia. The current eye medications should be
reviewed. As discussed in Chapter 1, the surgeon may want
to discontinue prostaglandin analogues if there is a con-
cern for postoperative inflammation. Miotics must be dis-
continued to allow for maximal pupil dilation. If there is
conjunctival inflammation secondary to drops, the surgeon



62 S.M. Johnson

Table 6.1 Disadvantages of combined surgery versus cataract surgery
alone

• Longer operating room time for procedure
• More complex postoperative care
• Slower visual recovery
• Possibly less IOP control versus trabeculectomy alone
• Possibly more astigmatism or myopic shift
• Long-term bleb problems

must decide on whether to discontinue topical medications
for a quieter eye and weigh this against performing surgery
on an eye with higher intraocular pressure. The patient
may need to be instructed on the cessation of oral car-
bonic anhydrase inhibitors postoperatively. Older patients
should be counseled about their increased risk of choroidal
effusions.10,16,17

A complete eye exam should be done to assess for condi-
tions such as those listed in Table 6.2. This will assist the sur-
geon in anticipating complications and to prepare adequately.

Table 6.2 Preoperative ocular assessment

• Blepharitis
• Conjunctival inflammation
• Prior conjunctival incisions
• Corneal guttatae
• Pupillary dilation
• Pseudoexfoliation
• Vitreous in the anterior chamber
• Gonioscopy
• Retinal conditions

Surgical Evolution

Incision Size

Simmons et al. and Hurvitz reported similar outcomes in
similar case reviews of large-incision ECCE.18,19 The Sim-
mons report reviewed 75 cases of ECCE combined with
trabeculectomy and mean IOP was decreased 3.6 mmHg
at 12 months with 1.5 less medications. Shingleton et al.
reviewed 35 eyes that underwent a planned extracapsular
cataract extraction (ECCE) with an 11-mm incision and 37
that underwent a phacoemulsification procedure with a 6-
mm incision. At 1 year, the mean IOP decrease was 5 mmHg
for the 6-mm incision group versus 3 mmHg for the ECCE
group. The preoperative IOP was slightly higher in the
phacoemulsification group, but otherwise the groups were
similar.20 Stewart et al. reported on a group of 18 ECCE
cases versus 16 phacoemulsification cases combined with
trabeculectomy, and at 1 year the eyes in the phacoemul-
sification group had a mean lower IOP of 2.3 mmHg and
a trend toward less glaucoma medications.21 Wishart et al.

reported similar findings in a comparison of phacoemulsifi-
cation versus ECCE.22 The final IOP at 1 year or more was
controlled with no medications for 79% of the phacoemulsi-
fication patients and 53% of the ECCE patients. There was
more astigmatism in the ECCE group and 32% had some
pupillary capture of the intraocular lens. Pupillary capture
can result from a multiple puncture/can opener style ante-
rior capsulotomy when an anterior chamber shallows with
filtration. This type of capsulotomy maintains the intraocu-
lar lens position less compared to a continuous curvilinear
capsulorhexis that is fashioned to be slightly smaller than the
optic of the IOL implanted. In a report by Tous et al., review-
ing 475 consecutive cases, there were more complications
in the ECCE group (80 eyes) versus the phacoemulsification
group (395) with a minimum follow-up of 12 months.23

Lyle and Jin studied 216 patients who had undergone com-
bined surgery of which 104 had 3-mm incisions and 112
had a 6-mm incision.24 Follow-up was for a minimum of
6 months with a mean of 18 months, with longer follow-
up for the 6-mm incision group. The smaller incision group
had faster visual rehabilitation and less need for any med-
ications at 1 year; 78% versus 68%. At 6 months, the IOP
decrease was close to 7 mmHg in the 6-mm incision group
and nearly 9 mmHg in the smaller incision group. Sev-
eral years later, Stewart et al. reported a similar study and
found no difference in IOP control at 1 year.25 A report
from Vyas et al. compared 3.5 and 5.2 mm incisions and
found no difference in IOP control at 1 year or difference in
astigmatism.26

Incision sizes have further decreased with the develop-
ment of the foldable intraocular lens. In one early study
of this technology, 49 eyes underwent small incision pha-
coemulsification with foldable intraocular lens implantation
and trabeculectomy. At a mean follow-up of 31.5 months,
all patients had IOP control with 80% on no medications and
16% on fewer medications than preoperatively. Mean postop-
erative IOP was 14.2 ± 3 compared to 22.3 ± 4.3 mmHg pre-
operative.27 The literature supports better IOP control with
smaller incision cataract surgery; however, there are some
reports that do not support this when 6 mm versus 3 mm
incisions are compared, and the difference may not be as pro-
nounced as decreasing the incision size from 11 to 6 mm. Six
millimeter incisions are still used in countries where there is
no access to phacoemulsification and/or foldable IOLs (see
Chapter 7).

Antimetabolites

There have been several reports assessing the effect of 5-
fluorouracil (5-FU) augmented trabeculectomy combined
with phacoemulsification cataract extraction and posterior
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chamber intraocular lens (PCIOL). In 1993, O’Grady et al.
reported no effect from 5-FU augmentation versus no 5-
FU used for glaucoma triple procedure in a randomized
study of 74 patients.28 The 5-FU was delivered subconjunc-
tival for a mean of five 5 mg injections, and the surgery
was a single site procedure with a 6-mm incision. On the
other hand, in a retrospective study, Cohen reported better
IOP control in a group of patients receiving postoperative
injections of 5-FU (mean of 4.5 injections/mean 17.3 mg
given) as compared to a group that did not receive 5-FU. His
surgery was done through a single site with a 6-mm inci-
sion and there were 22 eyes in each group. Mean follow-up
was short – less than 6 months in the 5-FU group – as com-
pared to over 1 year for the O’Grady groups.29 Gandolphi, in
1997, reported a greater success of combined surgery utiliz-
ing 5-FU injections with a two-site technique in a prospec-
tive randomized trial with a 1 year follow-up.30 Likewise,
Donoso and Rodriquez were able to control the IOP in 22
patients who underwent a combined surgery with intraoper-
ative 5-FU and showed survival curves with maintenance of
IOP at 20 mmHg or less. The mean preoperative IOP was
19.8 mmHg and postoperative the mean was 12.2 mmHg
on no medications. They found similar IOP control with
a comparison group of patients undergoing phacoemulsi-
fication, following a prior trabeculectomy with intraopera-
tive 5-FU.31 Chang et al. did a retrospective review of 5-
FU trabeculectomy versus the results of 5-FU trabeculec-
tomy combined with phacoemulsification and PC IOL.32 The
study found similar mean IOP levels for both groups with 3
years or more follow-up, although the trabeculectomy group
had higher preoperative IOP. The 5-FU was given intraop-
eratively and then postoperative as needed. More combined
procedure eyes required postoperative 5-FU, suture lysis or
release, and bleb needling. An evidence-based review pub-
lished in 2002 concluded that there was not evidence for a
benefit from the use of 5-FU for glaucoma triple procedure
and that there was a small benefit for the use of MMC.33

Mitomycin C (MMC) augmented trabeculectomy has
been studied more than 5-FU, likely due to the greater ease
of administration. It has improved the outcome of trabeculec-
tomy alone.34 It has been adopted by many surgeons for use
in the glaucoma triple procedure and good outcomes have
been reported.35–40 In a report by Carlson, a randomized
study on 29 patients undergoing glaucoma triple procedure
with or without MMC was done.41 The MMC group had
an IOP that was 3 mmHg lower on no medications with a
mean follow-up of 20 months. The global use of MMC has
been questioned by Shin and coauthors who initially found
no difference in IOP control in primary triple procedures
with and without augmentation with MMC, unless certain
factors were present.42,43 The factors identified as benefit-
ing from the use of MMC were African ancestry, preoper-
ative IOP of 20 mmHg or more, or two or more preopera-

tive medications. In a further study, prior failed trabeculec-
tomy was added to the list of factors.44 In a later study of
203 eyes that had undergone primary glaucoma triple pro-
cedure with 124 receiving MMC, Shin evaluated the results
at 36 months. With this review, he concluded that the MMC
group had more stable visual fields, less medication use, and
lower IOPs.45 Chapter 8 summarizes and reviews the use of
antimetabolites.

Surgical Approach

Various studies have reviewed one-site combined surgery
and/or two-site combined surgery. One-site is where both
procedures are done superiorly in a quadrant through one
incision. Two-site surgery involves two separate surgical
procedures on the same day, where a trabeculectomy is
done superior and a temporal approach is used for cataract
extraction.36,37 In either approach, there is a choice in how to
create the conjunctival incision.46–48 There have been some
reports of greater vitreous loss from a one-site procedure
with a limbal-based conjunctival flap.8,49 There is likely
less maneuverability of the instrumentation for cataract
surgery working under conjunctiva and a fornix-based flap
is the preferred approach for a one-site procedure. In another
report, more wound leaks were reported in eyes with a
one-site approach that included a limbal-based conjunctival
flap versus a fornix-based.50 The authors hypothesized that
the greater manipulation of the conjunctiva led to the wound
leaks.

Initially, studies suggested that a two-site approach yields
a better IOP result. One of these was a randomized study
by Wyse and coauthors who studied 33 patients and their
follow-up went beyond 3 months.51 The two-site group
required more medications for the same IOP outcome. The
evidence-based review by Jampel in 2002, which assessed
effect of technique, concluded that two-site surgery resulted
in slightly lower IOPs.33 However, multiple other studies
have shown no difference.52,53 More recently a randomized,
prospective study comparing one-site versus two-site pha-
cotrabeculectomy has shown that the IOP control is similar
in both groups.54 This study randomized 80 eyes and had
follow-up for 24 months. In addition, the authors reported
that the two-site approach is more time consuming and that
although it seems to lead to a more pronounced endothelial
cell loss at 3 and 12 months, there is no significant differ-
ence in this parameter 24 months after surgery. Endothe-
lial cell loss with two-site versus one-site surgery has also
been reported in another study with 12 months follow-up.55

Cotran has also shown that both surgical approaches were
equally effective at lowering IOP over a 3-year follow-up in
a randomized study.56 Again, there was longer operative time
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in the two-site procedures and he reported higher post-op day
one IOPs. His one-site group had more early leaks with a rate
of 6 in 44 eyes.

Intraocular Lens Choice

Tezel and coauthors reviewed the results of glaucoma
triple procedure with MMC done with foldable versus rigid
intraocular lens placement. The study reviewed 103 eyes
with a rigid lens and 112 with a foldable silicone lens.
At a minimum follow-up of 12 months, the IOP was less
than 20 mmHg without medications in 52% and 67% of
eyes in the respective groups.57 Alzafiri and Harasymowycz
reviewed the results of eyes with MMC-augmented glau-
coma triple procedure with either a rigid PMMA lens (19
eyes) or a foldable acrylic lens (41 eyes). The IOP control
was comparable and the visual rehabilitation was faster in
the acrylic foldable lens group.58

In another study of glaucoma triple procedure with MMC,
the results with foldable silicone lenses were compared with
foldable acrylic lenses. The authors reported lower IOP in
the first 2 months in the silicone group and more flap suture
release in the acrylic group. At the last follow-up over
12 months, the IOPs were not statistically different between
the two groups.59 Another study reported inflammatory
membranes on silicone IOLs in 33% of a group of eyes that
had undergone phacotrabeculectomy.60 Serpa compared 124
eyes that had glaucoma triple procedure with a PMMA lens,
a silicone foldable, or an acrylic foldable lens. The IOP low-
ering was the same in all groups. They also reported fibrin
deposits in eyes that had silicone IOLs.61

Surgical Technique

The author favors a one-site approach. Topical anesthetic,
0.75% preservative-free bupivacaine applied every 15 min-
utes for 3–4 doses while the patient is preparing for surgery,
is used to initiate the case. An inferior traction suture is
placed through the inferior peripheral cornea for rotation of
the globe downward. A 6-0 Vicryl on an S-29 needle is usu-
ally used (Ethicon, Johnson & Johnson, New Brunswick,
NJ). Some surgeons employ a similar suture through the
superior peripheral cornea, but care should be taken not to
abrade the cornea, which would impair visualization during
the cataract surgery and cause the patient discomfort postop-
erative (Fig. 11.11).

A limbal conjunctival peritomy, 5–6 mm, is fashioned
with a Westcott scissor and a conjunctival forceps in one
superior quadrant (Figs. 6.4 and 6.5a). The conjunctiva and

a

b

c

Fig. 6.4 Conjunctival forceps designed not to tear the delicate con-
juctival tissue. (a) Duckworth and Kent DK 2-100 forceps. Image cour-
tesy of Duckworth and Kent Ltd., Herts, England. (b) Fechtner K5-1820
conjunctival forceps with (c) close-up of Fechtner forceps. Part figures
(b) and (c) courtesy of Katena Products Inc, Denville, NJ.

Tenon’s are undermined in each direction to anticipate the
broad application of MMC. This leaves a quadrant for a sub-
sequent filtering procedure if needed in the future. Additional
bupivacaine and/or preservative-free 1% lidocaine is injected
into the quadrant with a sub-Tenon’s cannula, such as the
Connor cannula for deeper anesthesia, and this can be sup-
plemented with intracameral 1% preservative-free lidocaine
(see Chapter 2). Cautery is used to blanch but not char the
episclera.

A scleratome blade is used to fashion a partial thickness
scleral flap 3–4 mm at its base, at least 1/2 thickness of the
sclera (Figs. 6.5b and 6.6). To avoid premature entry into
the anterior chamber, which would make the use of MMC
risky, the author stops before reaching the limbus and applies
pieces of (Merocil R© or Weckcel R©, Medtronics, Minneapo-
lis, MN) cellulose sponges with MMC 0.4 mg/ml under the
Tenon’s layer, in a broad area for 3 minutes, taking care
not to treat the limbus or the conjunctival wound edge (Fig.
6.7). After irrigation of the MMC treated area, with 30 cc
of balanced salt solution (BSS), the scleral flap is continued
into the peripheral cornea and, if needed for a non-foldable
intraocular lens or ECCE, a scleral groove is made to one side
(Fig. 6.8). A keratome is used to enter the anterior chamber
under the flap creating a two-plane hinged incision for the
phacoemulsification (Fig. 6.9). Viscoelastic is injected, tak-
ing care not to overly elevate the intraocular pressure, espe-
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Fig. 6.5 Diagram of the conjunctival incision

cially if there is significant glaucoma damage. A paracentesis
is fashioned for the surgeon’s use of a second instrument and
for injection of BSS as needed.

Once the cataract surgery is complete and the intraocular
lens has been placed, the author does not remove residual vis-
coelastic, to help maintain the globe. The author uses a fold-
able acrylic IOL. Acetylcholine chloride intraocular solution
(Miochol-E, Novartis, East Hanover, NJ) is injected to con-
strict the pupil. A Kelly punch is used to create a scleros-
tomy under the scleral flap with a minimum of 1 mm of flap
maintained on each side of it (Fig. 6.10). A jeweler’s forceps
and Vaness scissor are used to create a peripheral iridec-
tomy (Fig. 6.11). The necessity of this has been questioned
in a report by Shingleton.62 A 23-gauge cautery tip is used
for any bleeders in the sclerostomy site. Once it is ensured
there is no bleeding from the sclerostomy or iridectomy, the
scleral flap is closed with two interrupted or releasable 10-0
nylon sutures, near the base of the flap (Fig. 6.12). The ante-
rior chamber is deepened with BSS through the paracentesis
and the eye observed to ensure that the anterior chamber is
deep, the eye not hard, and that there is some flow of fluid
from beneath the flap. Flow toward the 12 o’clock limbus
and posterior is preferred over flow toward the palpebral fis-

sure. Additional sutures are placed as needed. Releasables
are used if a laser is not readily available postoperative and
for patients with conjunctival melanosis that will interfere
with laser suture lysis (see Chapter 10).

The limbal epithelium is abraded with a Tooke knife and
the conjunctiva brought up to the limbus (Fig. 6.13). It is
secured tightly to its original position with interrupted 8-0
Vicryl sutures on a TG 140 or BV 130 needle. Again the
anterior chamber is formed and the wound observed for any
leaks and need for reinforcement. A Seidel test can be done
(Fig. 9.4). Viscoelastic can be left in the anterior chamber as
long as the tactile IOP is not too high for the patient. The
fixation suture is removed. Subconjunctival injections of a
steroid and antibiotic are given in the inferior fornix. The eye
is patched with a combination steroid antibiotic ointment for
24 h.

A technique popularized by Khaw is the Moorfield’s
safe surgery technique, which is described briefly in Chap-
ter 9 and reviewed in Chapter 8. The surgical principals
involve the diversion of filtration posterior and over a wide
area avoiding filtration along the limbus anterior to the
insertion of Tenon’s and very localized filtration. These
principals help to avoid a focal ischemic bleb prone to
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Fig. 6.6 Diagram of the scleral flap fashioned after the conjunctival incision. Profile of the scleral flap dissection

dysfunction years postoperative.63,64 The technique also dis-
cusses alternate closure of the conjunctiva to help avoid
leaks. Chapter 14 reviews a conjunctival incision that is sev-
eral millimeters posterior to the limbus that leaves a skirt of
conjunctiva that can be sutured in a running fashion for a
tight closure.

Surgeons who are not adept at a superior approach to
phacoemulsification or who have a preference for a limbal-
based trabeculectomy often prefer a two-site approach. The
surgeon’s standard phacoemulsification is done, the tempo-
ral wound sutured, and viscoelastic left in the eye, taking
care not to over pressurize the eye. A standard superior tra-
beculectomy is then completed. A limbal-based trabeculec-
tomy is likely to have less risk of postoperative wound leak
and can endure earlier laser suture lysis due to this.56 It has
been reported to take longer than a fornix-based approach.
Typical instruments used in a combined surgery are listed
in Table 19.4 and Chapter 19 includes a review of two-site
surgery.

Postoperative Care

The patient is seen on postoperative day 1, then about day 5,
then 7 days later, then 7–10 days later, and so forth. A broad-
spectrum antibiotic such as Vigamox (Alcon, Fort Worth,
TX) is used for the first 10–14 days as prophylaxis against
infection. The author uses prednisolone acetate 1% drops ini-
tially four times a day, then increases this to six times or more
at the second visit, to allow some conjunctival healing before
the use of aggressive anti-inflammatory drops.

If there is a wound leak on postoperative day 1, it is treated
conservatively with a bandage contact lens. Leaks detected
or persisting after that are generally sutured closed due to
the possible increased risk of bleb failure.65 Steroids are
tapered over 6–8 weeks, as directed by intraocular and bleb
inflammation.

Laser suture lysis or release of releasable sutures is done
as needed to preserve bleb function, as well as supplemental
5-FU injections. Decision for suture release is usually made
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Fig. 6.7 Scleral groove adjacent to scleral flap if needed for IOL
insertion

in the second or later postoperative week (see Chapter 10).
Predictors of suture release were assessed in one report by
Shin et al. African-American ancestry, more than two med-
ications preoperative, and pressure of 14 or over in the first
week were found to be predictors of need for suture release.66

The authors pursued suture release when digital pressure did
not result in increased filtration.

Fundus exams are done to ensure that there are no sig-
nificant choroidal effusions, especially if there is marked
shallowing of the anterior chamber or hypotony. They are
managed as needed to preserve integrity of the cornea, pre-
vent posterior anterior synechiae (PAS), and to maintain bleb
function (see Chapter 12). Results from the Advanced Glau-
coma Intervention Study (AGIS) versus the Collaborative
Initial Glaucoma Treatment Study (CIGITS) suggest that
older patients are more likely to develop choroidal effusions
following a filtration procedure.10,16

Outcomes

In the report by Buys, the mean preoperative IOP was over
17 mmHg on a mean of three medications. At 2 years follow-
up, the mean IOP was between 12 and 13 mmHg and mean

Fig. 6.8 Sponges with MMC placed under the conjunctiva with avoid-
ance of the wound edges

Fig. 6.9 Keratome incision under the scleral flap
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a b

Fig. 6.10 (a) Kelly Descemet’s Punch. Figure courtesy of Bausch & Lomb, Rochester, NY. (b) The punch is used to create the sclerostomy

Fig. 6.11 Iridectomy

medications were under 0.5 for 76 of the 80 patients enrolled
in the study.54 In the study by Cotran, 74 of 90 eyes were
studied at 3 years of follow-up. Mean preoperative medica-
tions were 2.3 to 2.5 ± 0.9 and less than 0.5 ± 1 at 3 years.
Mean preoperative IOP decreased from 20.1 ± 3.8 and 19.5
± 5.3 to 12.6 ± 4.8 and 11.7 ± 4 mmHg at 3 years for the
two groups.56 Both of these studies used MMC 0.4 mg/ml
for 2 minutes. They also used acrylic IOLs.

Figure 6.14a–c illustrates an eye postoperative a one-site
combined surgery. Hong reported on a Korean population
that included 540 triple procedures followed up to 15 years,
with a minimum of 3.67 The mean preoperative IOP was
about 20 ± 12.6 and the mean last mean IOP was 12.5 ±
2.61 mmHg. The IOP mean was quite stable from 1 to 15

Fig. 6.12 Closure of scleral flap with 10-0 nylon sutures.

year. Less than 3% of patients required a second trabeculec-
tomy procedure. Laser suture lysis was required in 32% of
the patients.

Refractive Outcomes

Several studies have reviewed astigmatism associated with
glaucoma triple procedure with 6-mm incisions and found
that less astigmatism was induced with the cataract proce-
dure done temporal.51,68,69 In more recent years, biome-
try has changed from a contact examination to non-contact
with the technology of the IOL Master (Zeiss-Humphrey,
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Fig. 6.13 Storz EO390 Tooke knife. Courtesy of Bausch & Lomb, Rochester, NY

a b

c

Fig. 6.14 Final appearance of the eye; (a) Slit lamp photograph of a
diffuse bleb following a combined procedure. At 1 year of follow-up,
IOP was remained 10–12 mmHg without medications. (b) Close-up of

the low lying bleb. Photograph courtesy of Tom Monego, Dartmouth
Hitchcock Medical Center (DHMC), Lebanon, NH. (c) Fundus photo of
the disc of the patient. Photograph courtesy of Tom Monego at DHMC

Dublin, CA). It uses the principal of partial coherence
interferometry. Caprioli and authors reviewed the predicted
and actual refractive outcomes in 24 eyes that had under-
gone a glaucoma triple procedure with a comparison group
who had undergone phacoemulsification alone. Their mea-
surements confirmed an overall with the rule astigmatism
and shortening of the axial length in eyes following glau-
coma triple procedure, using a two-site technique. The spher-

ical equivalents of the postoperative refractions did not dif-
fer significantly from predicted refraction.70 Care should be
taken in surgery to not induce astigmatism with overly tight
sutures and aggressive cautery. The change in axial length
can manifest as a myopic shift as reported by Chan and coau-
thors. They studied 90 consecutive patients, 25 of whom
had undergone glaucoma triple procedure. They conclude
that the postoperative change in anterior chamber depth is
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responsible for the myopic shift in patients who have tra-
beculectomy at the time of cataract surgery.71 Interestingly,
Shin has noted decreased posterior capsular opacification in
eyes status post glaucoma triple procedure with MMC.43

Complications

Besides complications related to cataract extraction in gen-
eral, a glaucoma triple procedure is subject to the same
complications as any filtering procedure, as listed in
Table 6.3. Most complications are self limited and treated
conservatively, but complications requiring invasive inter-
vention may occur. In the Cotran study, there was one case
of hypotony maculopathy that required surgery in one group
and one patient in the other group developed corneal edema
related to shallow anterior chamber and subsequently under-
went penetrating keratoplasty. Two late wound leaks devel-
oped in the two-site group and one developed blebitis. Both
underwent bleb revision.56 In the Buys study, one patient
underwent bleb needling.54 In the Hong study, there were
more bleb leaks, hyphema, and endophthalmitis in the triple-
procedure group compared to a trabeculectomy-alone group,
which had more hypotony.67

Table 6.3 Complications associated with glaucoma triple procedure
with MMC35,36,54,5,6

• Choroidal detachment and/or hemorrhage
• Hypotony: shallow anterior chamber, maculopathy
• Hyphema
• Wound leaks
• Blocked sclerostomies
• Late endophthalmitis
• Astigmatism

Summary

As cataract incisions have gotten smaller, the results of com-
bined surgery have improved. For incisions of 6 mm and
under, the effect of the incision length on IOP outcomes
does not appear to be as significant, although the globe
remains better formed in surgery with a smaller incision.
MMC has assisted in the success of the procedure, even
including surgery with larger incisions for ECCE. A cap-
sulorhexis, smaller than the size of the IOL optic, helps to
prevent IOL capture should the anterior chamber shallow in
the postoperative period. The impact on refractive error has
also lessened with the adoption of smaller incision cataract
procedures combined with glaucoma surgery.36,70,71

Ophthalmologists should consider combined surgery in
patients with low target IOP, complex medical regimens, and
advanced glaucoma. The surgical approach should be chosen
that best suits the surgeon’s skills and preferences, taking into
consideration the possible adverse effect that a two-site pro-
cedure may have on the corneal endothelium and the longer
surgical time it entails, and balance this against increased risk
of wound leak with a one-site approach. The surgeon should
be prepared for the more complex postoperative manage-
ment dictated by the trabeculectomy (Table 6.4) and coun-
sel the patient regarding a less predictable refractive out-
come versus cataract alone. Management of the bleb is dis-
cussed in Chapter 9 and choroidal effusions are discussed in
Chapter 12.

Table 6.4 Common minor procedures post trabeculectomy

• Anterior chamber injection: viscoelastic,72 TPA
• Bleb needling
• Postoperative subconjunctival 5-FU injections
• Treatment of wound leaks: sutures or other
• Bandage contact lenses for over filtration or leaks
• Palmberg sutures
• Suture lysis or release
• YAG capsulotomy/anterior hyaloidectomy for malignant glaucoma
• Reversal of blocked sclerostomy
• IOL repositioning for pupil capture
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Chapter 7

Managing Cataract and Glaucoma in the Developing
World – Manual Small Incision Cataract Surgery
(MSICS) Combined with Trabeculectomy

Rengaraj Venkatesh, Rengappa Ramakrishnan, Ramasamy Krishnadas,
Parthasarathy Sathyan, and Alan L. Robin

Introduction

There is a strong interrelation between surgical management
of glaucoma and cataract. Performing cataract surgery alone
can lower the intraocular pressure, by about 4–6 mmHg.
Glaucoma and cataract are diseases whose prevalence
increases with advancing age. People living in developing
countries have the highest risk of developing blindness from
glaucoma.1 Angle-closure glaucoma predominates in some
parts of East Asia, whereas in most of the Indian subconti-
nent, Africa, and in Hispanic populations, open angle forms
are more common.2 Treatments for glaucoma vary depend-
ing on the type of glaucoma and the setting. Glaucoma fil-
tration surgery also has a higher risk of inducing operable
cataracts, especially with the addition of antimetabolites such
as mitomycin C or if shallow anterior chamber or persistent
choroidal detachments occur.3

Patients usually perceive the benefits of cataract surgery,
through increased vision, leading to improved quality of life.
The advent of small incision cataract surgery and intraocular
lens implantation has greatly increased patients’ satisfaction
with surgical interventions. In contradistinction, most per-
ceive a worsening of their well-being after glaucoma surgery
due to invariable loss of a few lines of visual acuity. In a
developed nation, this concept may be difficult to convey to
a patient. In a developing nation, the magnitude of this neg-
ative social marketing may increase manyfold and even con-
vince an entire village not to come for routine eye care. Indi-
viduals may perceive that the doctors are diminishing good
vision rather than preserving vision. Thus balancing the ben-
efits of glaucoma surgery against the risk of cataract forma-
tion is dependent on the socioeconomic background in which
glaucoma occurs.
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Access to eye care is important, and as most tertiary care
ophthalmology services are in urban centers, people often
have to travel far to receive good quality services. Acces-
sibility and distance to healthcare are critical factors asso-
ciated with utilization of services as well as compliance in
developing countries.4 Good quality care for cataract is defi-
nitely available but can vary greatly depending upon the loca-
tion. Good surgical treatment for glaucoma in the develop-
ing world is much less readily available and most disease
remains undetected.5,6 This is partly due to an emphasis pri-
marily on training to detect and treat cataracts, which is the
leading cause of reversible visual disability, and the rela-
tive lack of specialized glaucoma training. Drugs for glau-
coma are also relatively expensive, difficult to obtain, and the
quality of the generics may vary. Manpower and equipment
for glaucoma care is limited. Thus, persistence with medi-
cal therapy is low and inclination to perform surgery before
medical treatment is much higher, in contrast to the devel-
oped world, where surgery is usually performed later in the
course of treatment.

Cataract is the most common cause of surgically
reversible blindness worldwide, and cataract formation as a
complication of trabeculectomy adds to the burden of pre-
ventable lost sight. People are less likely to return for fur-
ther surgery if they do not perceive a benefit, especially if
treatment for glaucoma makes their vision worse. The high
cost of present methods for glaucoma screening is a bar-
rier to the identification of people at high risk for glau-
coma blindness. In essence, surgery has the potential to ful-
fill many features of an ideal approach to reduce intraocu-
lar pressure (IOP) compared with medications. It can lower
the IOP to low teens, achieve long-term IOP reduction, min-
imize IOP fluctuations, lower the long-term cost, and mini-
mize systemic side effects. The major drawbacks, though, are
the potentially devastating, but rare, ocular side effects such
as endophthalmitis, suprachoroidal hemorrhage, and corneal
decompensation.

Trabeculectomy combined with cataract surgery is consid-
ered safe and effective in the management of cataract asso-
ciated with glaucoma. It prevents early intraocular pressure
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spikes responsible for visual field “wipe out” in eyes with
advanced glaucoma undergoing cataract surgery and pro-
vides beneficial visual rehabilitation with long-term IOP con-
trol.7 The use of phacoemulsification and wound-healing
modulators have improved the results of combined cataract
and glaucoma surgery with intraocular lens implantation
(glaucoma triple surgery). Reports suggest that IOP control is
superior to standard extracapsular cataract surgery combined
with filtering surgery.8,9 Smaller wounds in eyes undergo-
ing phacoemulsification have several advantages in addition
to IOP control. These include less surgically induced astig-
matism, earlier visual rehabilitation, and decreased hospi-
tal stay.10 The advantage of phacoemulsification is related
to the smaller incision. But phacoemulsification has a rel-
atively steep learning curve and is costly in terms of fixed
and consumable equipment. Phacoemulsification requires
constant power, good maintenance, and immediate service
if the instruments or hand piece are damaged. It is tech-
nically more difficult and carries a higher risk of com-
plications in brunescent hard cataracts that typically occur
more frequently in underserved populations.11 Extracap-
sular cataract extraction (ECCE) may be associated with
problems related to wound suturing and greater astigma-
tism. Manual Small Incision Cataract Surgery (MSICS) is
an inexpensive alternative to phacoemulsification; it also
achieves better uncorrected visual acuity compared to
ECCE.12

With MSICS, high-volume and cost-effective surgery is
possible without compromising quality.13 Randomized con-
trolled trials have proven the safety and efficacy of MSICS
as compared to phacoemulsification in terms of visual
recovery as well as intraoperative complications, depend-
ing on the surgical expertise.14,15 With MSICS, any type
of cataract can be tackled with ease and the timing of
surgery is not altered by the density of cataract, in contrast
to phacoemulsification. In the developing world, patients
present later for surgery and present with more advanced
cataracts. They often assume that loss of vision is a nor-
mal consequence of aging, are unable to come for routine
eye care, or do not have the support system to easily bring
them in for cataract surgery. The difference in the preva-
lence of advanced cataracts can be seen in multiple stud-
ies16 and patients with these often visit the hospital through
outreach eye camps, and may be found to have elevated
intraocular pressure and compromised optic nerves simulta-
neously. We therefore need a cost-effective and highly pro-
ductive surgical technique to tackle both cataract and glau-
coma. If a manual small-incision technique is used for the
cataract surgery, the small-incision advantage should the-
oretically still be applicable for performing a combined
surgery. Such a technique is called Manual Small Inci-
sion Cataract Surgery Combined with Trabeculectomy
(MSICS-Trab).

Procedure

General Principles

Anesthesia

Local anesthesia with either retrobulbar and facial block, or
a peribulbar block is generally used. Sub-Tenon’s anesthesia
is also an option. See Chapter 2.

Bridle Suture

A 4/0 silk bridle suture is placed beneath the tendon of the
superior rectus muscle to facilitate the creation of a superior
scleral tunnel. Advantages of a bridle suture are as follows:

• To maneuver the globe and to fixate it during the steps
of surgery like fashioning the scleral tunnel incision and
suturing.

• It provides counter traction during procedures like nucleus
removal and epinucleus delivery, thereby making these
procedures easier and less traumatic.

Cataract Surgery

Conjunctival Flap and Scleral Dissection

Initial Incision

A fornix-based conjunctival flap at the limbus with a chord
length of approximately 6.5 mm is made (Fig. 7.1). After
Tenon’s capsule is carefully dissected, light cautery is
applied. Mitomycin C, 0.4–0.5 mg/ml, is applied to a broad
area with a cellulose sponge(s) for approximately 3 minutes
and then the area copiously irrigated with balanced salt solu-
tion. Care is taken not to treat the conjunctival wound edge.
A one-third to one-half-thickness external scleral groove par-
allel to limbus, around 6–6.5 mm in width, is made 3 mm
posterior to the surgical limbus (Fig. 7.2a, b).

Sclerocorneal Tunnel

The actual scleral tunnel is fashioned by gentle side-to-
side motion of the bevel-up crescent blade along the tun-
nel toward the limbus. The posterior margin of the incision
may be held and slightly elevated and the crescent blade
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Fig. 7.1 Fornix-based 6.5 mm conjunctival flap

wiggled back and forth gradually coming closer to the lim-
bus. The roof of the tunnel should be uniform in thickness
and the tunnel should extend up to 1.5 mm into the clear
cornea along the entire width of the incision. This maneu-
ver will prevent the tearing of the wound lips. The sur-
geon should keep in mind that the scleral tunnel is not a
direct tunnel toward the inside of the eye but rather goes
upwards along the curve of the globe. During tunneling for-
ward one should raise the tip and depress the heel of the
blade to prevent premature entry into the anterior chamber
(Fig. 7.3).

Creating a Side Port Entry

One side port entry is usually made using a 15◦ super blade
at the 10 o’clock position and perpendicular to the tunnel in
the clear cornea adjacent to the limbus. It is useful for the
following:

1. Injection of viscoelastics to prevent the keratome from
accidentally injuring the anterior lens capsule

2. To aspirate residual subincisional superior cortex at the
end of irrigation and aspiration

3. To refill the anterior chamber at the end of the procedure,
to ensure that the rate of fluid flow under the flap is not
too great as this could cause a flat chamber.

Internal Corneal Incision

This is done using a sharp 3.2 mm angled keratome. The heel
of the keratome is raised until the blade becomes parallel
to the iris plane resulting in a dimple in Descemet’s layer.
The keratome is then advanced anteriorly in the same plane
until the anterior chamber is entered and the internal wound
is visualized as a straight line (Fig. 7.4). During extension of
the incision, care should be taken to keep it in the same plane.
The anterior chamber is totally reformed with viscoelastic
(hydroxyl propyl methyl cellulose, HPMC) before extending
the incision.

a b

Fig. 7.2 (a) Shows construction of a partial thickness limbus parallel external scleral groove (b) of around 6–6.5 mm in width made 3 mm from
the surgical limbus
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Fig. 7.3 Counterclockwise from top right, shows wriggling and swiping moment of the bevel up crescent blade along the tunnel in either direction

Capsulotomy

One of the significant advantages of MSICS over standard
phacoemulsification is that it can be performed with any form
of capsulotomy. Continuous curvilinear capsulorhexis (CCC)
may be the ideal choice in view of the good centration of the
intraocular lens (IOL) it provides. The diameter of the CCC
is determined by the anticipated size of the endonucleus and
it should have a minimum diameter of 5 mm to enable easy
prolapse of the endonucleus into the anterior chamber. Cap-
sular staining with 0.1 ml of 0.06% trypan blue is helpful in
cases with white and dense brown nuclei where a good red
reflex is not visible (Fig. 7.5 and Table 20.5). The capsular
staining helps in making the difficult step of nucleus prolapse
through an intact capsulorhexis safe and effortless, as the

dye-stained capsular rim is distinctly visible all throughout
the surgery. If the CCC created is smaller than desired, it
is safer to make relaxing incisions and convert it to a can-
opener style capsulotomy. In brown and black cataracts with
much denser and larger nuclei, a can-opener capsulotomy is
preferred, as it may facilitate a more effortless prolapse of the
hard nucleus into the anterior chamber. Multiple confluent
small tears (approximately 15–20 punctures per quadrant)
are preferred to avoid capsular tags.

Hydrodissection

Hydrodissection is performed after removal of viscoelastic
in the anterior chamber, using a 27-gauge bent tip cannula
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Fig. 7.4 Anterior chamber entry using a beveled down 3.2 mm ker-
atome with internal wound visualized as a straight line

Fig. 7.5 Trypan blue assisted continuous curvilinear capsulorhexis in
a mature white cataract

attached to a syringe filled with balanced salt solution (BSS).
In the presence of capsulorhexis, this procedure can be com-
pleted in one smooth step by very gently injecting the fluid
beneath the anterior capsular rim. A fluid wave can be appre-
ciated when fluid is injected in the right plane. Tenting up the
edge of the anterior capsulorhexis and injecting fluid ensures
cortical cleaving hydrodissection. In the presence of a can-
opener capsulotomy, small amounts of fluid can be injected
in multiple quadrants to “unshackle” the nucleus from the
confines of the cortex. At the end, a complete hydrodis-
section should be confirmed by ability to freely rotate the

endonucleus within the capsular bag. Rotation of the nucleus
also polishes the epithelial cells from the equator and may
play a role in reducing posterior capsular opacification
rates.

Prolapse of Nucleus into the Anterior Chamber

Hydroprolapse

Hydrodissection is usually done at the 9 or 3 o’ clock position
and the fluid wave is allowed to continue without decom-
pressing the bag (as opposed to phacoemulsification), until
one part of the equator of the nucleus is forced out of the cap-
sulorhexis/capsulotomy. Continued injection of fluid slowly
and gently increases the hydrostatic pressure within the bag
to gently prolapse the nucleus. Once part of the equator is
anterior to the capsulorhexis, stop the hydroprolapse. Inject
viscoelastic slowly beneath the exposed equatorial region.
Then introduce a Sinskey hook through the scleral tunnel to
rotate the nucleus in a tire rolling fashion either clockwise or
anticlockwise to elevate the entire nucleus into the anterior
chamber.

Mechanical Method

This method can be used in cases of white or hard cataracts,
whose nuclei are difficult to prolapse following hydrodissec-
tion. In such cases, where the nucleus is hard and bulky,
it is difficult to prolapse a pole out of the capsular bag by
mere hydrostatic pressure created during hydrodissection.
In addition, the posterior capsule in such cases is thinned,
making it to prone to posterior capsular tear and nucleus
drop if hydrostatic pressure builds within the capsule, during
forceful hydrodissection (intraoperative capsular block syn-
drome). The nucleus can be levered out of the bag using a
Sinskey hook, even without hydroprocedures as if the nuclear
attachment with the cortex may be almost nonexistent. In
hypermature morgagnian cataracts with liquefied milky cor-
tex, it is worthwhile to wash away some of the milky cortical
matter, using a Simcoe cannula through a small opening cre-
ated in the anterior lens capsule. This reduces intralenticular
pressure and provides easy access to rotate the nucleus within
the capsular bag before it is prolapsed. In cases with compro-
mised zonules, a second instrument (cyclodialysis spatula) is
passed between the hooked nuclear pole and the posterior
capsule through a side port and the nucleus is rotated out
using the support provided by the second instrument, reduc-
ing stress on the zonules (Fig. 7.6a, b).
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a b

Fig. 7.6 (a) A second instrument (cyclodialysis spatula) is passed between the nucleus and the posterior capsule through a side port and (b) the
nucleus is rotated out using the support provided by the second instrument, reducing stress on the zonules

Nucleus Extraction

Table 7.1 shows the four techniques for extracting the
nucleus.

Table 7.1 Methods of nucleus extraction in MSICS

• Irrigating vectis technique
• Phacosandwich technique
• Modified blumenthal technique
• Fish hook technique

Irrigating Vectis Technique

This technique is a combination of mechanical and hydro-
static forces to express the nucleus. After the nucleus is pro-
lapsed into the anterior chamber, viscoelastics are liberally
but gently injected, first above and then below the nucleus.
The upper layer shields the endothelium, while the lower
layer pushes the posterior capsule and iris diaphragm pos-
teriorly. This maneuver creates adequate space in the ante-
rior chamber for atraumatic nuclear delivery. A good superior
rectus bridle suture is necessary for the success of this step.
The bridle suture is held loosely in one hand. After check-
ing the patency of the ports (Fig. 7.7a), the vectis is now
inserted beneath the nucleus with concave side up with the
fellow hand. If it is an immature cataract, one will be able to
see the margins of the vectis under the nucleus in place. As
the superior rectus bridle suture is pulled tight, the irrigating
vectis is slowly withdrawn without irrigating, until the supe-
rior pole of the nucleus is engaged in the tunnel (Fig. 7.7b).

Irrigation is then started and the vectis is slowly with-
drawn, while pressing down the posterior scleral lip until the
entire nucleus is expressed out of the section (Fig. 7.7c).

The force of irrigation has to be reduced when the max-
imum diameter of the nucleus just crosses the inner lip of
the tunnel to help prevent the nucleus from being forcibly
expelled with consequent sudden anterior chamber decom-
pression and shallowing.

Phacosandwich Technique (an Assistant Is Required
to Hold the Bridle Suture)

This technique is employed in cases with a hard nucleus, as
sandwiching the nucleus with the help of two instruments
can help to deliver the nucleus without enlarging the tunnel.
In this technique, a Sinskey hook is used in addition to the
vectis to sandwich the nucleus. The nucleus should be suf-
ficiently dense to prevent cheese wiring of the two instru-
ments engaging it. The key requisite is an adequately filled
anterior chamber with viscoelastics to avoid endothelial dam-
age by the second instrument and sufficient space for slid-
ing the vectis beneath the nucleus. A curved vectis measur-
ing approximately 4 mm at its greatest width and 8 mm in
length is then introduced underneath the nucleus. The vectis
should be allowed to find its own plane and this should not
require any force for positioning. Once the vectis is placed
beneath the nucleus, the Sinskey hook is carefully introduced
and placed on top of the nucleus, sandwiching it between
the vectis and the Sinskey hook. The tip of the Sinskey hook
is placed beyond (inferior to) the central portion of the lens
to get a better grip using a two-handed technique. With the
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a b

c

Fig. 7.7 (a) Irrigating vectis under the nucleus; (b) engaging the width of the tunnel; (c) nucleus expressed out of the tunnel

Sinskey hook in the dominant hand and vectis in the other,
the nucleus is sandwiched and extracted, being slowly pulled
toward the wound. While extracting the nucleus, an assistant
should pull the superior rectus suture and at the same time
should pull the globe down by grasping the conjunctiva at
the 6 o’ clock position near the limbus with the help of the
toothed forceps. The outer portion of the nucleus, the epinu-
cleus, and a portion of the cortex will be sheared off in this
technique and can be removed with the irrigating vectis after
nucleus delivery.

Modified Blumenthal Technique

This technique differs in that it requires an “anterior cham-
ber maintainer,” which is a hollow tube with 0.9 mm
outer diameter and 0.65 mm inner diameter attached to a

BSS bottle, suspended approximately 50–60 cm above the
patient’s eye.

Two small beveled entries are made in the cornea; one
is 1.5 mm long, placed between 5 and 7 o’clock position
for connecting the anterior chamber maintainer. The other
port is 1 mm wide, placed at the 11 o’clock position for the
entry of various instruments. The fluid flow from the ante-
rior chamber maintainer is stopped only during the capsu-
lotomy. The bottle height is maintained at 50–60 cm above
the patient’s head. After a good hydrodissection, the nucleus
is prolapsed into anterior chamber with mechanical nudging.
The free nucleus in the deep anterior chamber is ready to be
propelled out by the hydropressure generated by the anterior
chamber maintainer system.

A plastic glide 3–4 mm wide, 0.3 mm thick, and 3 cm
long is inserted under the nucleus for a distance of one-
third to one-half of the width of the nucleus. Now the bottle
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height is raised between 60 and 70 cm and slight pressure
is applied over the lens glide on the scleral side. Intermit-
tent pressure will engage more and more nucleus out of the
tunnel’s mouth. Subsequently, a few more taps to open the
scleral tunnel valve with the glide will enable the epinucleus
and cortex to flow out of the anterior chamber.

Fish Hook Technique

After making the scleral tunnel of adequate length, a side port
opening is made with a 15◦ blade and the anterior chamber
is filled with viscoelastics. The anterior chamber is entered
with a slit knife, and extended. A linear capsulotomy or an
envelope capsulotomy is made. In a linear or envelope cap-
sulotomy, a linear incision is made into the anterior lens cap-
sule using a bent 26G needle, from 2 to 10 o’ clock, extend-
ing across the pupil, in a well-dilated eye. Then Vannas scis-
sors is used to cut either end in a curvilinear fashion toward
6 o’clock. The capsular flaps thus created on either side are
joined using Utrata’s capsule-holding forceps. After a thor-
ough hydrodissection, the anterior chamber is filled with vis-
coelastics and only the superior pole of the nucleus is brought
into the anterior chamber. Inject viscoelastic both in front and
behind the nucleus again. Introduce a 30G needle with its tip
modified as a fish hook into the anterior chamber, oriented
sideways to prevent endothelial injury. It is then maneuvered
behind the nucleus to hook the undersurface of the nucleus.
Viscoelastics can be reinjected if there is difficulty in travers-
ing the fish hook. Once the nucleus is hooked, slide it out
with slight pressure by the hook on the posterior lip of the
tunnel. The nucleus is thus delivered without performing
extensive maneuvers in the anterior chamber.

Epinucleus Removal, Cortex Aspiration,
and IOL Implantation

After the extraction of endonucleus from the anterior cham-
ber, a mixture of epinucleus and viscoelastics materials
remains in the anterior chamber. It is easier to remove this
mixture with the help of an irrigating vectis. It can be
removed by either of the following methods:

1. It can be flipped out of the bag by introducing the Simcoe
cannula under the anterior capsular rim and lifting out
the epinucleus in toto into the anterior chamber. The pro-
lapsed epinucleus can then be extracted by depressing the
inferior scleral lip with the Simcoe cannula and pulling
the superior rectus bridle suture at the same time.

Fig. 7.8 Implantation of a single-piece lens

2. The epinucleus can also be manipulated using
viscodissection. A significant amount of epinucleus
can be retained within the bag, especially in cases of
soft cataracts with corticocapsular adhesions. It becomes
difficult to find a cleavage plane between the capsule
and the epinucleus. Resistant epinuclear plates can be
quite unnerving for the surgeon. If such a scenario arises,
viscoelastics material can be injected under the capsular
rim, between the capsule and epinucleus and the latter
is lifted out of the bag into the anterior chamber and
extracted through the tunnel. The residual cortical matter
can then be aspirated using a Simcoe cannula. As the size
of the wound is at least 6 mm, it is preferable to place a
6 mm optic rigid three-piece PMMA IOL if a can-opener
capsulotomy has been made. A single-piece lens can be
implanted in the bag in cases where a capsulorhexis has
been made (Fig. 7.8).

Trabeculectomy

Perform the trabeculectomy after the nucleus and cortex is
removed by excising a block of 2 mm by 1 mm trabecu-
lar tissue from the posterior lip of the scleral tunnel incision
using a Kelly’s Descemet’s membrane punch (cutting back-
wards) (Fig. 7.9a, b). Alternatively, the 15-degree blade can
be used to cut the sides of a sclerectomy and the anterior edge
grasped with a toothed forceps like a 0.12 and a Vaness scis-
sor used to cut across, parallel to the limbus, to connect the
two incisions made by the super sharp blade and completing
the small sclerectomy.
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Fig. 7.9 (a) Initiation of punching in the posterior lip of the scleral tun-
nel. (b) Punching in progress in the posterior lip of the scleral tunnel.
(c) Initiation of iridectomy through the punched area. (d) Completion

of iridectomy. (e) Good tight closure of the scleral tunnel with two 10-0
nylon sutures on either side of the punched site

The goal is to excise a block with at least 1.0 mm over-
lap by the scleral flap, on three sides. Perform a periph-
eral iridectomy through the sclerostomy/trabeculectomy
(Fig. 7.9c, d).

The scleral tunnel is well approximated and closed
with two interrupted 10-0 nylon sutures on either side
of the punched area, until there is a good approx-
imation of the anterior and posterior scleral flaps
(Fig. 7.9e).

A surgeon can also use releasable sutures to approxi-
mate the scleral tunnel. See Chapter 10. The conjunctival
flap is closed with 8-0 braided dyed (violet) polyglactin 910
(Vicryl R©) suture in a watertight manner. Test the patency of
trabeculectomy by injecting Ringer’s lactate or BSS through
the side port and watch fluid gently seep through the wound
edges under the conjunctiva. A bleb should form with a main-
tained anterior chamber and no detectable leaks in the con-
junctival closure.
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Postoperative Protocol

Postoperatively, place the patient on a tapering course of
antibiotic and steroid eye drops, such as 0.3% ofloxacin with
0.1% dexamethasone, for a period of 6 weeks. Homatropine
is recommended twice daily for a period of 2 weeks and
ketorolac four times daily for 4 weeks in order to prevent cys-
toid macular edema. Discontinue any preoperative glaucoma
drugs in the immediate postoperative period and assess the
need for restarting them at each follow-up visit. Discharge
the patient on the second postoperative day, with follow-up
on postoperative days 7 and 28 if surgery and postopera-
tive course are uneventful. Thereafter, follow-up is sched-
uled at 3-months intervals for 1 year, then every 6 months,
as a preferred practice pattern. In case of postoperative com-
plications like hypotony and choroidal detachments, torpedo
patching is done for 3 days postoperatively or until the ante-
rior chamber forms well. In case of iridocorneal touch due to
hypotony, reform the anterior chamber with viscoelastic. In
case of raised intraocular pressure, perform laser suture lysis
or pull releasable sutures after 3 weeks postoperatively.

Results and Outcomes

Unpublished data of a retrospective analysis of mitomycin C
augmented trabeculectomy combined with single site
MSICS show that a significant reduction in IOP levels to
16.59 ± 4.01 mmHg at 6 months follow-up (P = 0.035)
compared to the preoperative IOP of 30.4 ± 10.3 mmHg,
irrespective of the type of glaucoma.
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Chapter 8

Antimetabolite-Augmented Trabeculectomy Combined with
Cataract Extraction for the Treatment of Cataract and Glaucoma

Sumit Dhingra and Peng Tee Khaw

Introduction

Cairns first described glaucoma filtration surgery for the
treatment of glaucoma in 1968.1 The main aim of the opera-
tion, as he described it, was to improve the drainage of aque-
ous into the canal of Schlemm, hence the name trabeculec-
tomy. Interestingly, the formation of a drainage bleb follow-
ing the surgery was initially regarded as a failure. It was not
until subsequent studies showed improved effectiveness in
the presence of a drainage bleb2 that the idea of surgically
creating a diversion of aqueous to the sub-Tenon’s space
became the goal of the procedure.

It was soon realized that following a successful tra-
beculectomy excessive postoperative scarring was the most
common cause of failure, particularly when combined with
cataract surgery. Over the years, improvements in the sur-
gical technique in combination with agents to modulate
this wound-healing response have been developed. One of
the major advances is the use of antimetabolites. These
agents may interfere with cellular processing at any stage of
the wound-healing process. The two most commonly used
antimetabolites are 5-fluorouracil (5-FU) and mitomycin C
(MMC). Prospective studies have clearly shown that the
application of antimetabolites improves the survival outcome
of trabeculectomy surgery.2,3

The antimetabolite 5-fluorouracil was first used to treat
scarring in an experimental model of proliferative vitreo-
retinopathy following retinal detachment.4 Subsequently, its
use was adapted for glaucoma filtration surgery by admin-
istrating it as postoperative subconjunctival injections. They
achieved markedly improved surgical outcomes in eyes that
had a poor surgical prognosis, including those that had
had previous cataract surgery.5 Although 5-FU injections
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postoperatively are still used safely today, it may also be
given as a single intraoperative sponge.6 The latter method
is simpler and less uncomfortable to the patient. Both these
delivery methods may be used to augment a combined
cataract and glaucoma surgical procedure. As a result of
its relatively low cost and excellent availability, 5-FU is the
most commonly used antimetabolite for glaucoma filtration
surgery in Europe,7 New Zealand, and Australia.8

Chen first used MMC intraoperatively in 1981 for patients
with refractory glaucoma.9 Since then its use has grown sig-
nificantly, from initially being used for high-risk cases to now
becoming part of every glaucoma surgeon’s armamentarium.
In a recent survey of specialist glaucoma physicians practic-
ing in the United States of America, more than two-thirds
of cases undergoing primary trabeculectomy had MMC aug-
mented procedures.10

In this chapter, the use of antimetabolites in patients
undergoing a combined cataract and glaucoma procedure is
discussed.

Indications for Surgery

In the past, a trabeculectomy was traditionally performed
when patients had uncontrolled intraocular pressure despite
maximal medical and/or laser trabeculoplasty treatment. The
use of antimetabolites and the establishment of improved
surgical techniques have resulted in both increased survival
and lower complication rates. A modern trabeculectomy with
antimetabolite (either alone or in combination with cataract
surgery) may now also be performed in a variety of addi-
tional cases, including advanced visual field defect at pre-
sentation, rapidly developing field loss, and intolerance to,
or non-compliance with, medical treatment.

The choice of whether to use an adjuvant antimetabolite
agent or not, which one to use, and at what concentration, is
determined by risk stratification. Several schemes have been
described. In most of these schemes concurrent intraocular
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surgery, including cataract surgery, is a significant risk factor
for failure.

We use the Moorfields Florida “More Flow” regime
(Table 8.1). This continually evolving regimen is based on
both laboratory work and clinical data. In practice, however,
as there is significant variation in the surgical technique,
the ethnicity of the patients, the personal experience of the
surgeon, and the availability of instrumentation and

antimetabolites, there is no universally accepted system.
The Moorfields Florida More Flow regime places a com-
bined cataract and glaucoma procedure in the intermediate
risk category, therefore, recommending that an antimetabo-
lite should be used on every occasion. Indeed, recent or
concurrent cataract surgery is a risk factor for failure of a
trabeculectomy.3 Why? A study we carried out looking at
anterior chamber flare (which effectively measures blood-

Table 8.1 Moorfields eye hospital (more flow) regimen

Moorfields eye hospital (more flow) intraoperative single-dose anti-scarring regimen v2006 (continuously evolving). Lower target pressures
would suggest that a stronger agent was required

Low-risk patients (nothing or intraoperative 5-FU 50 mg/mla)b

• No risk factors
• Topical medications (beta-blockers/pilocarpine)
• Afro-Caribbean (Elderly)
• Youth <40 with no other risk factors
Intermediate risk patients (intraoperative 5-FU 50 mg/mla or MMC 0.2 mg mg/ml)b

• Topical medications (adrenaline)
• Previous cataract surgery without conjunctival incision (capsule intact)
• Several low-risk factors
• Combined glaucoma filtration surgery/cataract extraction with risk factors for hypotony, e.g. high myopes
• Previous conjunctival surgery, e.g., squint surgery/detachment surgery/trabeculotomy
High-risk patients (intraoperative MMC 0.5 mg/ml)b

• Neovascular glaucoma
• Chronic persistent uveitis
• Previous failed trabeculectomy/tubes
• Chronic conjunctival inflammation
• Multiple risk factors
• Aphakic glaucoma (a tube may be more appropriate in this case)
• Combined glaucoma filtration surgery/cataract extraction
aIntraoperative beta-radiation 1000 cGy can also be used.
bPostoperative 5-fluorouracil injections can be given in addition to the intraoperative applications of anti-fibrotic.

Fig. 8.1 Graph showing anterior chamber flare following trabeculec-
tomy alone (black line) and phacoemulsification (dotted line). Although
there is a higher peak with trabeculectomy, the flare following cataract

surgery persists for a much longer period despite the eye being clinically
quiet. Adapted from Siriwardena11
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aqueous barrier breakdown) showed that anterior chamber
inflammation is much more prolonged after cataract surgery
than after a trabeculectomy, even in clinically quiet eyes (see
Fig. 8.1).11 The aqueous has increased protein, which prob-
ably contains a variety of stimulatory cytokines including
transforming growth factor beta.12,13

Instrumentation

Antimetabolites are cytotoxic agents and therefore must be
handled, delivered, and disposed of carefully. Their effect
on wound healing is only necessary at the areas of aqueous
drainage, i.e., under the flap and the sub-Tenon’s drainage
area. Contamination to any other area may prevent a normal-
healing response, which may result in complications such as
wound leaks and thin blebs.

Some hospitals require the use of a separate set of instru-
ments kept on an independent operating trolley that is
exclusively used for the application of antimetabolites. This
reduces the chance of contamination of any instruments and
is in line with general antimetabolite handling policy.

Watertight wound healing is critical at the conjunctival
free edge, as otherwise there is a risk of a postoperative
wound leak. Therefore, during manipulation it is important
that the conjunctiva is not damaged in any way and that
any antimetabolites that are used make minimal, if any, con-
tact with the free conjunctival edge. However, there is still
a risk during insertion or removal of the antimetabolite-
soaked sponges. To accomplish this most safely, we use
the non-crushing conjunctival clamps (see Fig. 8.2). These
allow the surgeon to safely hold back the conjunctiva,
allowing the delivery of the antimetabolite with minimal
trauma.

Antimetabolite delivery has been targeted to the wound
area by using a sponge or filter paper to administer it. The
type of sponge/paper used for this varies and may have
an impact on the dosage delivered. Chen et al. originally
used a Gelfoam sponge.9 Now most surgeons use com-
mercially available sponges, which they may cut to size.
Attempts have been made to standardize the dose.14 We pre-
fer medical-grade polyvinyl alcohol (PVA) sponges as they
do not fragment easily, unlike methylcellulose sponges.15

The PVA sponges can be cut into several pieces, which can
be placed in a conjunctival pocket to allow them to cover
the largest possible area. We now use three PVA whole
corneal sponges folded during insertion to minimize any
wound edge contact. MMC has primarily been delivered
using sponges or paper, and we described the intraoperative
5-FU delivery some years ago using the same technique as
MMC.16

a

b

Fig. 8.2 (a) T Clamp made by Duckworth-and-Kent. (b) T-clamp No
2-686. Courtesy of Duckworth and Kent Ltd., Herts, England

Operative Techniques

There is great variation in the techniques used to deliver
intraoperative antimetabolites, and therefore surgeons are
best advised to maintain a consistent and safe technique,
which they can periodically evaluate. As a complete discus-
sion of the operative technique of a traditional trabeculec-
tomy is beyond the remit of this chapter, the surgical
strategies used to allow safe delivery of antimetabolites are
discussed here. Further operative tips to reduce specific com-
plications associated with antimetabolite use are discussed in
the “Complications” section of this chapter.

For intraoperative use, the antimetabolite should be
applied to bare sclera as well as under the conjunctiva as it
is in this area that vigorous healing occurs. Although sub-
flap treatment has been shown to be safe,17 it is important to
remember the antimetabolite is potentially extremely toxic if
it enters the eye, particularly MMC. One drop or less enter-
ing the eye is enough to destroy the entire endothelium irre-
versibly.18 We now apply the antimetabolites after cutting a
scleral flap but before entering the eye. This should reduce
the chances of finding scar tissue in the subscleral space, and
also allows the surgeon a chance to abandon the use of, or
change the type of, antimetabolite used if there are any issues
with the flap or scleral integrity, or if there is inadvertent
intraocular entry. In combined surgery, we also perform the
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first part of the trabeculectomy and apply the MMC before
we begin the phacoemulsification to reduce the risk of inad-
vertent anterior chamber entry. Once the application of the
antimetabolite has been completed, it is essential to wash
the area thoroughly before proceeding and generally at least
20 ml of fluid are used.

Over the years, it has become clear that a focal cystic
bleb (especially if an antimetabolite has been used) is prone
to leakage, infection, and dysesthesia (Fig. 23.1). Numer-
ous surgical strategies, as well as antimetabolite delivery
techniques, can be used to manipulate the healing response,
resulting in a diffuse non-cystic bleb with improved appear-
ance and safety.19 Some of these are summarized in Fig. 8.3.

Fig. 8.3 Strategies in antimetabolite delivery and associated surgi-
cal techniques that increase safety and improve bleb appearance dra-
matically. Reproduced from Jones39 with permission from Lippincott
Williams & Wilkins

There are numerous advantages and disadvantages of a
limbus-based conjunctival flap versus a fornix-based con-
junctival flap. Evidence suggests that with the use of a sim-
ilar area of MMC treatment, a limbus-based conjunctival
flap is more likely to result in a cystic bleb, resulting in
increased rates of complications including leakage, blebitis,
and endophthalmitis.19 However, if a large area of MMC
treatment is used with a limbus-based flap, it is possible to
achieve the same diffuse non-cystic bleb (Fig. 8.4). How-
ever, we routinely make a fornix-based conjunctival flap if
an antimetabolite is to be used, as this is technically simpler
and quicker.

We have shown that treatment of larger areas with
antimetabolites resulted in more diffuse bleb.19 We construct
a large sub-Tenon’s pocket measuring approximately 15 ×
15 mm to allow a large area of antimetabolite treatment.

Fig. 8.4 A diffuse bleb that is neither avascular nor focal. Photo cour-
tesy of Bruce E. Prum, MD

The antimetabolite must be applied to the subconjunctival
tissues; therefore, good dissection of the Tenon’s is required.
We treat a relatively large area with the use of three PVA
corneal sponges delivered with the aid of the non-crushing
conjunctival clamp described previously.

Appropriately tensioned sutures are used to reduce the risk
of postoperative hypotony. This is especially important in the
case of augmented surgery, as the sutures may be the pri-
mary regulator for intraocular pressure for many months. A
variety of suture techniques such as suture lysis and remov-
able sutures can be used (see Chapter 10). We routinely use
at least two “adjustable-type” sutures made of 10-0 nylon
suture (10-0 from Alcon Laboratories Inc., Fort Worth, TX)
and then assess the need for more (see “Complications” sec-
tion). These sutures allow gradual titration of the IOP.20

Most combined surgery patients receive 3 minutes of
MMC at 0.5 mg/ml in our center. In addition, postoperative
5-FU can be given in both non-augmented and augmented
trabeculectomy (Table 8.2). In cases of surgery where pre-
vious trabeculectomy has been performed with subsequent

Table 8.2 5-FU injection technique

1. Topical anesthesia is given and a speculum is placed to improve
access

2. The conjunctiva is blanched with phenylephrine 2.5% or
apraclonidine 1%

3. Subconjunctival Healon GV may be injected to act as a “viscoelastic
wall,” therefore preventing leakage back into the tear film

4. A small-gauge needle (e.g., insulin syringe with 29.5 ga needle) is
used to inject 5 mg of 5-FU (0.1 ml of 50 mg/ml) either 90◦ from
the bleb or deep in the superior fornix. The 5-FU is injected
slowly under direct visualization so that the injection bleb does
not cross into the drainage area. The needle is left in place for a
few seconds after injection to facilitate sealing of the entry site
and to reduce 5-FU reflux

5. After injection, the eye is irrigated with balanced salt solution (BSS)
to remove any residual 5-FU
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cataract surgery, we use 5-FU; or sometimes we use an intra-
operative exposure of beta irradiation, which reduces the
wound-healing response.21,22

Postoperative Care

The postoperative care of cataract surgery is very important.
The surgeon must be vigilant for any complications that may
occur. In the case of a trabeculectomy or combined cataract
and trabeculectomy surgery, extra care is necessary as modi-
fications during the postoperative period may be required.

The postoperative regime of combined surgery with
antimetabolite includes the use of topical steroids (pred-
nisolone acetate 1%) and topical broad spectrum antibiotics
in a similar manner to non-augmented combined surgery.
Patients are usually examined at 1 day and 1 week post-
operatively, weekly for 4 weeks and then monthly for 6
months. Extra examinations may also become necessary, so
it is imperative that the patients are aware of the importance
of such an intensive postoperative schedule before having the
surgery.

As mentioned previously, in the case of combined cataract
and trabeculectomy surgery, antimetabolite use is nearly
always indicated; therefore, the scleral flap sutures should be
securely tied to decrease the chances of hypotony. As a result
of these tight sutures, postoperative massage of the bleb
and/or suture manipulation may be subsequently required.

Massage of the bleb to release aqueous early in the post-
operative course can be done safely, even if an antimetabo-
lite has been used. However, extra caution is essential as
overdrainage carries a high risk of subsequent hypotony. The
absence of a wound leak is a prerequisite to any massage.

If the effect of the massage is transient, the sutures can be
manipulated to allow increased drainage of aqueous. Inter-
rupted sutures can be lasered (laser suture lysis), and this
has been shown to allow serial lowering of IOP. However,
this procedure may be associated with significant complica-
tions.23

An alternative method is to create a releasable suture.
The modified technique we use also buries the externalized
suture, reducing the risk of infection further.24 The use of
releasable sutures has been shown to reduce the rates of post-
operative hypotony and shallow anterior chamber compared
to permanent ones.

A recent development is the technique of an adjustable
suture, which allows transconjunctival adjustment of ten-
sion postoperatively using a specially designed forceps
(see Fig. 8.5). This allows a gradual titration of IOP – more
gradual than that seen with suture removal or massage.20,25

Postoperative 5-FU injections were initially the method
of choice; nevertheless, intraoperative use is now becom-

Fig. 8.5 Sutures being adjusted through the conjunctiva with special-
ized forceps to ensure gradual lowering of intraocular pressure after
antimetabolite use

ing more common. However, subsequent postoperative injec-
tions of 5-FU can still be given following both augmented
and non-augmented surgery if there are any signs of failure,
particularly a rising pressure and hypervascularity or a bleb
that is going flat (Table 9.4).

Results/Outcomes

As mentioned in Chapter 6, Cohen published one
of the first studies of combined ECCE (extracapsular
cataract extraction) and trabeculectomy surgery. This was
a retrospective study that compared 22 eyes that had
received postoperative 5-FU injections following surgery,
with patients who had not received the injections. He
showed that the 5-FU group had a statistically signif-
icant greater improvement of intraocular pressure than
the controls.26 Unfortunately, subsequent studies of com-
bined extracapsular cataract extraction with trabeculec-
tomy surgery have not been able to show any significant
benefit from 5-FU.27,28

These results are less relevant today, as phacoemulsi-
fication surgery is now the preferred method of cataract
extraction. Compared to extracapsular technique, there is less
trauma and smaller incisions, both of which should result in
a reduced stimulus for scarring. The theory, at least, is that
in this environment of reduced scarring, the 5-FU may have
more chance of having a beneficial effect.

To test this hypothesis, Gandolfi and Vecchi performed
a randomized prospective trial, studying the effect of sub-
conjunctival 5-FU injections on patients having combined
phacoemulsification cataract extraction with trabeculectomy.
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They had 12 eyes in each group and were able to show that,
after 1 year, 10 of the 12 eyes in the 5-FU group – compared
to only 1 out of 12 in the control group – had pressures less
than 15 mmHg. Although the numbers of patients in the trial
was small and the follow-up short, the difference was statis-
tically significant.29

Unfortunately, the largest randomized control trial of
5-FU for combined phacoemulsification and trabeculectomy
surgery did not show similar results. Over an average of
45 months follow-up in 74 patients, there was no improve-
ment in IOP, number of glaucoma medications, visual acuity,
or success rates between the two groups.30

Overall, the studies of postoperative 5-FU for com-
bined surgery are inconclusive. Intraoperative 5-FU has been
shown to be helpful in the laboratory and in clinical practice
with trabeculectomy surgery alone. Further studies compar-
ing intraoperative 5-FU with controls for combined surgery
need to be done.

Initial studies (although not comparing with controls) of
MMC in combined phacoemulsification and trabeculectomy
surgery showed it could be used safely with good postopera-
tive outcomes.31,32

The first randomized trial looking at MMC in combined
cataract extraction and trabeculectomy was unable to show
any benefit up to 15 months after surgery.33 More recently,
several randomized control trials (RCT) as reviewed in
Chapter 6 have found a benefit.

To review, Cohen showed that in a double-masked RCT
evaluating MMC in combined glaucoma and cataract proce-
dures, at 12 months follow-up, the MMC group had a sig-
nificantly greater reduction in mean intraocular pressure. In
addition, through the first 6 months of follow-up, the MMC
group required significantly fewer medications. The require-
ments for additional glaucoma surgery were less in the MMC
group than in the placebo, and the filtering blebs were signif-
icantly larger at 6 and 12 months.34

Carlson had similar results in a double-masked random-
ized trial. He showed that, throughout the study, the MMC
group had IOP 3 mmHg lower than the placebo group. The
MMC group also included fewer patients who required pres-
sure lowering medications and less need for laser suture
lysis.35

After initial results from Shin et al. showing no bene-
fit from MMC, they repeated a large randomized study of
MMC for combined cataract and trabeculectomy with sub-
group analysis. They found that, although MMC may have
no benefit in low-risk cases, in patients who had risk factors
for surgical failure, the use of MMC improved the filtration
success rates.36

When the trials for combined surgery and the use of
MMC are combined into a Cochrane systematic review, the
results show that MMC has no significant effect on decreas-
ing the failure rate of surgery at 12 months postoperative.

Even after combining three trials, only 167 patients in total
were included in the analysis and greater numbers are proba-
bly needed to show significance in failure rate. However, the
authors did show that MMC resulted in a mean reduction of
IOP by 3.34 mmHg (95% CI 2.51–4.16).37 In their conclu-
sions, the authors argued that the low preoperative pressures
in these patient groups made it much more difficult to find a
significant outcome effect.

Complications

The use of antimetabolites may increase the likelihood of
some of the known complications of cataract and glau-
coma surgery (see previous chapter on traditional combined
surgery). These specific complications and strategies to pre-
vent them are discussed below.

Hypotony may occur, especially if high-dose MMC has
been used. We suggest particular attention is made to flap
design, so that the flap is not too small or too thin, otherwise
it may not restrict flow. It is crucial to make sure that the
flap has been closed adequately. Multiple and extra sutures
may be required especially with high-dose MMC. It is help-
ful for some or all of the sutures to be of the releasable or
adjustable (ASC) type, therefore, allowing manipulation at
a later stage. Delayed and cautious suture manipulation is
crucial as there is a risk of late leakage and hypotony. Extra
care must be taken when operating on high-risk patients who
may be prone to hypotony, e.g., myopes.

Intraocular pressure titration may be a helpful step in
avoiding hypotony and/or too tight sutures. Balanced salt
solution is injected through the paracentesis, and based on
the opening pressure the sutures can be adjusted.

The antimetabolites increase the risk of wound edge leak-
age from the conjunctiva. This must be avoided as it may
lead to increased fibrosis and failure of the bleb, and it also
makes safe and predictable bleb manipulation very difficult.
The use of round vascular needles prevents buttonholing the
conjunctiva. The suture bites should include both conjunctiva
and Tenon’s in a single layer for conjunctiva-to-conjunctiva
closure. If possible, we avoid a relieving incision in the con-
junctiva, as this can be difficult to close. Meticulous con-
junctival wound closure is essential, with a final check for a
leak at the end of closure. Mattress sutures for a fornix-based
flap may also be helpful. To protect the edge of the conjunc-
tiva from trauma and contamination from the antimetabolite
during insertion and removal of the sponges, we use a spe-
cially designed clamp (see “Instrumentation”). To decrease
the chances of wound leak at the limbus, closure with corneal
grooves may be helpful. This technique is particularly use-
ful if the conjunctiva is scarred and the tissues are under
tension. Although small leaks can be treated conservatively,



8 Treatment of Cataract and Glaucoma 89

significant leaks with hypotony and choroidal effusions must
be managed by wound re-suturing.

Epithelial erosions may occur as a result of 5-FU in the
tear film. The use of intraoperative sponge delivery should
reduce the possibility of this. For postoperative injections of
5-FU, we use a long injection track and/or viscoelastic to pre-
vent tear film reflux.

As the antimetabolite is potentially toxic if it enters the
eye,18 applying it before making any scleral incisions can
reduce the chances of intraocular penetration. It is then essen-
tial to wash the area thoroughly before proceeding.

With the use of antimetabolites there may be an increased
risk of bleb breakdown and leakage, which may result in
blebitis and endophthalmitis. Having a large surface area for
treatment as well as a large scleral flap reduces the chances
of a more susceptible cystic bleb. Interpalpebral or inferiorly
sited blebs must be avoided if at all possible as the risk of
bleb-related problems can rise up to tenfold.38

As the antimetabolites are cytotoxic there is a risk of
malignancy and tetragenicity. We avoid using these agents
if there is any chance of pregnancy.
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Chapter 9

Early Postoperative Bleb Maintenance

Robert T. Chang and Donald L. Budenz

Introduction

After the surgical trabeculectomy, the challenge of maintain-
ing successful filtration begins. Managing blebs in the first
60 days postoperatively frequently involves close follow-up,
identification of a leaking or failing bleb, and a system-
atic approach to deal with these challenges. This chapter
focuses on early leaks and bleb encapsulation, while other
trabeculectomy-related complications in the posterior seg-
ment, including suprachoroidal hemorrhages and choroidals,
are discussed in Chapter 12.

It makes sense to review the identification and manage-
ment of a failing bleb by also covering bleb failure risk fac-
tors and bleb failure prevention. Small advances in the tra-
beculectomy technique will be mentioned; however, specific
details on postoperative laser suture lysis and releasables will
be included in Chapter 10. It is important to keep in mind that
histopathological studies have shown that most early bleb
failures have large numbers of inflammatory cells and fibrob-
lasts present.1 Thus, in addition to careful surgical technique,
wound healing plays a significant role in the postoperative
success of filtering surgery.

Risk Factors for Bleb Failure

The commonly reported list of risk factors for bleb fail-
ure includes previous ocular surgery (failed previous tra-
beculectomy, cataract extraction, conjunctival incisional pro-
cedures), secondary (neovascular or uveitic) glaucoma, black
race, long-term therapy with multiple topical anti-glaucoma
drugs, and young age.2 See Table 9.1.

R.T. Chang (�)
Department of Ophthalmology, Miller School of Medicine, Bascom
Palmer Eye Institute, University of Miami, Miami, FL 33136, USA
e-mail: viroptic@yahoo.com

Table 9.1 Risk factors for bleb failure

• Previous conjunctival surgery
• Conjunctival inflammation
• Topical miotics, sympathomimetics
• Uveitis, neovascularization, trauma, ICE
• High preoperative IOP
• High postoperative IOP
• Diabetes
• Race
• Young age

Two large clinical trials, the Fluorouracil Filtering Surgery
Study (FFSS) and the Advanced Glaucoma Intervention
Study (AGIS), are frequently cited as supporting evidence
for the importance of age, ethnicity, and conjunctival status
when deciding on the use of antimetabolites during filtering
surgery.

The FFSS followed 213 patients with previous cataract
or failed filtering surgery randomized to either trabeculec-
tomy alone or trabeculectomy with postoperative subcon-
junctival 5-fluorouracil (5-FU) injections. Fewer eyes failed
in the 5-FU group, and the risk factors for failure included
shorter time interval after last conjunctival incisional pro-
cedure, increased number of procedures with conjuncti-
val incisions, high intraocular pressure (IOP), and Hispanic
ethnicity.3

The AGIS produced two major reports demonstrating that
trabeculectomy failure was associated with younger age,
higher preoperative IOP, diabetes, and one or more postop-
erative complications, particularly elevated IOP and marked
inflammation. AGIS, conducted before the widespread use
of antimetabolites in trabeculectomy, consisted of 789 eyes
of 591 patients aged 35–80 years with advanced glaucoma
randomized to either laser first then subsequent surgery or
surgery first then laser followed by surgery. The statisti-
cally significant hazard ratios included younger age (HR =
0.97, CI = 0.95–0.99, P = 0.005) and higher preoperative
IOP (1.04, 1.01–1.06, P = 0.002), though both confidence
intervals nearly crossed one. However, the hazard ratios
for diabetes (2.86, 1.88–4.36, P < 0.001) and postoperative
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complications (1.99, 1.35–2.93, P < 0.001) were larger, indi-
cating even higher odds of failure.4 This makes sense for dia-
betes, since diabetics tend to have poor wound healing, which
can cause a trabeculectomy to leak and fail. Complications
such as high postoperative IOP or increased inflammation
can cause aggressive wound healing with vascularization and
fibrosis, leading to subsequent trabeculectomy failure.

An earlier AGIS study looked at bleb encapsulation rates
of trabeculectomy in 119 eyes with failed laser compared
to 379 eyes without previous laser. Of the multiple fac-
tors examined, only male gender and high-school gradua-
tion without further formal education were statistically sig-
nificant. Previous laser was not found to have a statistically
significant association with bleb failure.5

Smaller, older studies have noted that pseudophakia and
aphakia also increase the risk of failure. In a retrospec-
tive study of 300 filtering operations, Veldman and Greve6

reported relatively poor success rates in operations following
prior unsuccessful filtering surgery (50.5%) or other surgery
(47%), in patients under 50 years of age (61%), and in some
types of secondary glaucoma. In aphakia/pseudophakia, the
success rate was only 33%. In another retrospective study of
113 patients by Stürmer and colleagues,7 previous cataract
surgery (HR 4.4), argon laser trabeculoplasty (HR 3.4), pre-
vious glaucoma filtering surgery (HR 2.5), nonfiltering glau-
coma surgery (HR 2.2), and IOP greater than 40 mmHg (HR
2.4) were the major risk factors for glaucoma surgery failure.
No direct correlation between success rate and age or racial
difference was demonstrated, though the study came out of
England, so it would have been more difficult to show a racial
difference.

A more recent retrospective cohort study of 73 patients
by Fontana and colleagues,8 however, demonstrated that tra-
beculectomy with mitomycin C (MMC) in pseudophakia can
still have a good outcome of 50 or 67% success at 2 years
as defined by an IOP reduction of 30 or 20%, respectively.
The majority of cataract wound incisions have now moved
from penetrating the conjunctiva via a scleral tunnel to a clear
cornea approach.

Prior conjunctival surgery as a risk factor for failure is
supported by findings from a prospective study of conjunc-
tival biopsies from 82 patients undergoing filtration surgery,
some of whom had prior surgery.9 Compared with the con-
trol tissue after a mean of 5.9 years, conjunctiva from the
patients who had undergone previous surgery contained more
fibroblasts (P < 0.001, P < 0.05), macrophages (P < 0.01,
P < 0.001), and lymphocytes (P = 0.001, P < 0.01) in both
superficial and deep substantia propria. Furthermore, it was
the trabeculectomy failures that were associated with an
increase in number of conjunctival fibroblasts from the intra-
operative specimens.9

Secondary glaucomas can affect bleb outcome and are
listed in Table 9.2.

Table 9.2 Secondary glaucomas

• Neovascular
• Uveitic
• Traumatic
• Iridocorneal endothelial (ICE) syndrome

In neovascular glaucoma, the clinically inflamed eye
usually led to an aggressive postoperative wound-healing
response and subsequent trabeculectomy failure. In one study
by Mietz and colleagues,10 534 eyes of 534 patients undergo-
ing trabeculectomy without antimetabolites were evaluated.
Failure rates were high in complicated forms of glaucoma
such as traumatic (30%), buphthalmos (40%), uveitic (50%),
and neovascular (80%). For repeat trabeculectomies, the fail-
ure rate was 49% (20 of 41 eyes). In another study of 34
neovascular glaucoma patients undergoing filtering surgery
with 5-FU, the 5-year success rate was only 28%, again
indicating poor prognosis.11 Similarly, uveitic inflammation
can also cause bleb failure, but it depends largely on the
degree and chronicity of active uveitis. This was supported
by a study of 20 patients undergoing trabeculectomy with-
out antimetabolites, after maximal intraocular inflammation
control 2 months prior to surgery, with resultant adequate
outcomes.12 A case series of 43 patients with uveitis-related
glaucoma treated with 5-FU trabeculectomy reported a 5-
year success rate of 67%.13 Both traumatic glaucoma and
ICE syndrome are additional risk factors for bleb failure with
success rates of filtering surgery with antimetabolites for ICE
around 29% at 5 years.14,15 However, post-traumatic angle
recession treated with trabeculectomy with MMC has been
shown to achieve a success rate of 66% at 3 years.16 Inter-
estingly, Jacobi and colleagues have suggested that younger
age may not be an independent risk factor, but instead may be
correlated with more difficult types of glaucoma at a younger
age, but others have disagreed.17,18 Pediatric glaucoma will
not be covered here.

A few small studies have looked at long-term preop-
erative topical glaucoma therapy. In a retrospective small
group analysis, 6 months of additive preoperative treatment
with latanoprost did not have a statistically significant effect
on the success rate of trabeculectomy.19 However, a cohort
study of 106 patients by Broadway and colleagues20 noted
that the preoperative use of beta blockers and miotics and the
addition of sympathomimetics reduced the success rate by
20%. Conversely, cessation of this topical therapy one month
before filtering surgery reversed the adverse conjunctival
effect of these medications.21 With beta blockers alone, how-
ever, preoperative use of topical medication did not influence
the outcome of surgery.22 With fewer patients on miotics and
sympathomimetics currently, it is less relevant, but the key
point to remember is that any preoperative inflammatory state
can contribute to a higher risk of bleb failure.
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Finally, race as a risk factor is more controversial. While
AGIS and FFSS appeared to find ethnicity as a statistically
significant risk factor, other studies have not. This may be
due to population sampling bias. Plus, terms such as “black”
race encompass a wide genetic heterogeneity. A study of
90 patients (even groups of white and black) by Broadway
and colleagues23 revealed a tendency for black patients to
have more conjunctival fibroblasts from biopsies taken at the
time of filtration surgery, but the lower success rate of tra-
beculectomy in blacks did not reach statistical significance
by survival analysis. This finding of increased inflammatory
cells in blacks did not agree with a prior study.24 However,
several studies have focused on using 5-FU and MMC to
improve filtering surgery outcomes in blacks.25–27 Today,
race is relevant in the decision as to the amount and dura-
tion of antimetabolite used in filtering surgery, but there is no
definitive standard.

Bleb Failure Prevention

By understanding the risk factors for failure, one can take
steps to prevent it. Given that evidence of preoperative
inflammation and a tendency toward aggressive wound heal-
ing both increase risk, the first step is to take a full med-
ical history and perform a complete ocular exam. Prior
surgery, ocular history, and current therapy can all help
form an assessment of risk for failure. In addition, the clin-
ician should thoroughly examine the conjunctiva and sub-
conjunctival tissues to assess thickness, scarring and adhe-
sions, blood supply, foreshortening of fornices, and intraocu-
lar inflammation. Examination of the fellow eye, particularly
if it has undergone previous filtration surgery, may provide
valuable bleb information. Any apparent uveitis, blepharitis,
or conjunctival inflammation should be treated so that the eye
is white and quiet.2

Antimetabolites

The next step is to weigh the risk and benefits of antimetabo-
lites, namely 5-FU and MMC. After the surgical decision has
already been made, the target IOP needed to preserve vision,
the expected lifespan of the patient, the likelihood of scar-
ring, the difficulty of taking the patient to surgery, and the
ability to follow-up all start to play a role. Antimetabolite
concentration and duration as well as administration intra-
operatively or postoperatively need to be determined. In the
literature, there are many publications advocating various
techniques.

Because definitions of success are different among the
various studies and the follow-up timeframe is variable, it
is hard to compare them. Most studies support the use of
antimetabolites in high-risk filtering surgeries.28–32 Addi-
tionally, many studies indicate that mitomycin offers at least
equal or better pressure-lowering effect than 5-FU.33–36

Though, this point must be balanced against the potential
complication rate. A large retrospective chart review of 225
phakic patients by Fontana and colleagues37 concluded that
trabeculectomy with MMC effectively reduces IOP in phakic
open-angle glaucoma, but long-term low IOPs are achieved
in only half of the cases. To study the dose response relation-
ship of MMC, investigators from Baltimore studied 300 eyes
equally divided among therapy with placebo; mitomycin,
0.2 mg/ml, applied for 2 minutes; mitomycin, 0.4 mg/ml,
applied for 2 minutes; or mitomycin, 0.4 mg/ml, applied for
4 minutes. After 1 year, length of exposure seemed to be
more important than concentration.38 Other dosing studies
indicate that low doses of MMC such as 0.2 or 0.1 mg/ml
or less reduce side effects.39–42 Results are quite variable.
A different mitomycin protocol study by Maquet et al.43

looked at 1-year results from 124 patients divided into four
groups: group 1 (without MMC); group 2 (with 0.1 mg/ml
MMC); group 3 (with 0.2 mg/ml MMC); and group 4 (with
0.4 mg/ml MMC). Two-minute MMC was used in every case
in groups 2, 3, and 4. No significant differences in IOP con-
trol and postoperative complications were noticed among the
groups. This study included both trabeculectomy alone and
combined with phacoemulsification. A prospective trial by
Sanders and colleagues44 of 50 patients compared MMC 0.2
and 0.4 mg/ml in those who have had previous conjunctival
incisional surgery. They found treatment failure to be equal
after 1 year. Techniques and discussion of combined cataract
and glaucoma surgery are covered in Chapters 6 and 7.

Thus, there is no consensus, and depending on the risk
factors and patient population, MMC doses range from 0.1
to 0.5 mg/ml with time ranging from seconds to 5 minutes.
The 2008 American Glaucoma Society practice preferences
survey (unpublished) of 125 respondents reported an aver-
age MMC dose of 0.33 mg/ml for an average duration
of 2.94 minutes for primary trabeculectomies. For prior
failed trabeculectomies, the same data was 0.38 mg/ml
and 2.98 minutes, respectively. In the 2002 survey of 100
responses, the average MMC dose for a primary trabeculec-
tomy was 0.36 ± 0.1 mg/ml with an average duration of 2.33
± 0.77 minutes.45

Surgical Techniques

Surgical decisions can also affect blebs, including anes-
thetic route, flap location, and surgical technique.2,46 Sub-
conjunctival anesthesia may result in a poorer outcome due to
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stimulation of fibroblasts.47 It is prudent to reduce anesthetic
volumes of retrobulbar and peribulbar blocks in advanced
glaucoma. Topical and intracameral agents with or without
mild sedation can work, though the main limitation is lack
of akinesia. See Chapter 2. For a traction suture, a 6-0 or
7-0 Vicryl suture placed just anterior to the limbus midway
through corneal stroma is ideal, since a superior rectus suture
can be associated with bleeding or bleb leaking (Fig. 11.11).

The effectiveness of fornix-based or limbus-based flaps
are very similar according to most studies.48–52 The advan-
tage of fornix-based flaps is a better surgical view and eas-
ier creation of diffuse blebs, but there is an increased risk of
early wound leakage if not closed properly. Limbus-based
flaps do not leak as easily but are more prone to healing
with a “ring of steel” or posterior restricting scar. Based on
the Moorfield’s Safe Surgery trabeculectomy technique, a
large half-thickness scleral flap is created but the side cuts
are not extended all the way to the limbus. A single scleral
punch sclerostomy and tight adjustable sutures are utilized to
direct flow posteriorly over a large MMC treatment area.47 If
intraoperative antimetabolites are indicated, they are applied
after cutting the flap but before entering the eye. About six
5 × 3 mm sponges are inserted, including under the flap, over
a wide area away from the conjunctival edges. For MMC,
apply for 3 minutes at either 0.2 or 0.5 mg/ml, since pharma-
cokinetic studies indicate this is the time frame for a consis-
tent dose to be delivered.53

Postoperative Regimen

During the postoperative course, topical steroids are usually
prescribed every 1–2 h to decrease inflammation and prevent
initial fibroblast proliferation. This approach is supported by
the literature.54–56 To minimize the chance of bleb failure, a
typical examination after surgery includes an IOP check and
bleb assessment looking for early leaks, signs of infection,
and level of inflammation. In the first postoperative month
after trabeculectomy surgery, the Collaborative Initial Glau-
coma Treatment study (CIGTS) reported the shallow cham-
ber rate as 13% and the bleb encapsulation rate as 12%.57

The results of a landmark clinical trial, known as the Tube
vs. Trab (TVT) study, were published in January 2007. This
prospective, randomized, multicenter clinical trial reported
the overall complication rate of trabeculectomy surgery dur-
ing the first year as 57% and most complications were self-
limited.58 See Table 9.3.

Postoperative interventions of the trabeculectomy group
included 22% who underwent 5-FU injections, 8% under-
went bleb needling, and 1% required suturing of a wound
leak. Most patients received limbus-based flaps and MMC

Table 9.3 The most common complications for trabeculectomy in the
TVT

• Choroidals effusion
• Shallow or flat anterior chamber
• Wound leak
• Hyphema
• Persistent corneal edema

0.4 mg/ml for 4 minutes. The study notes the current shift
toward fornix-based flaps with more diffuse application of
MMC at lower doses, which may decrease the rate of bleb
leaks.

Identifying a Failing Bleb

The goal of filtering surgery is to create a functioning fil-
tering bleb. Signs of early bleb failure consist of a rise in
IOP and an alteration in bleb appearance. A failing bleb
includes changes in vascularity, area, height, thickness, and
transparency (Fig. 9.1).

Fig. 9.1 Slit-lamp photo of a failing bleb with increased vascularity

A typical ideal functioning bleb is diffuse and mildly
elevated with normal vascularity and conjunctiva thickness
(Fig. 9.2). Cystic blebs with large, thin white avascular zones
are at high risk for late failure due to leaks. Encysted blebs
are walled off by Tenon’s and appear elevated and tense
(Fig. 9.3). The term “ring of steel” comes from scarring due
to a ring of stimulated fibroblasts at the edge of an avascular
area.47 Flat, thickened blebs with increased vascularization
are also at high risk for failure due to episcleral fibrosis –
the most common cause of long-term failure. Usually, micro-
cysts are mentioned as positive whereas corkscrew vessels
are negative, since these vessels are associated with the pres-
ence of fibroblasts leading to encapsulation. Numerous small
microcysts indicate transconjunctival aqueous flow. Func-
tioning blebs postmortem have been found to have loose
connective tissue with tiny clear spaces corresponding to
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Fig. 9.2 Slit-lamp photo of a normal healthy bleb

Fig. 9.3 Slit-lamp photo of an encysted bleb. Note the tense surface

microcysts.47,59 Additionally, a prospective study by Sacu
and colleagues60 looked at 49 patients correlating the mor-
phologic appearance of filtering blebs in the early postoper-
ative period with the outcome of trabeculectomy with mit-
omycin C (MMC) during the first year. They showed that
eyes with conjunctival subepithelial microcysts in the first
and second postoperative week had significantly lower IOP
than eyes without. Eyes with corkscrew vessels in the first
and second postoperative week had significantly higher IOP
at 1 year. The only problem with the study is that the use of
MMC may have confounded vascularity assessment, since
MMC blebs tend to appear more inflamed early on.60

Assessing bleb function can be difficult because low IOP
in the early postoperative period does not mean the bleb is
functioning, particularly if the eye is not producing much
aqueous. Thus, subjective evaluation of the healing process
has been the standard method. Table 9.4 lists clinical signs
that suggest impending bleb failure.

Bleb area is related to outflow and bleb height is related to
pressure. Previous papers in the literature have all supported
varied assessment of these morphologic features.61–64

Table 9.4 Clinical signs suggesting a high likelihood of bleb failure59

• Increased bleb vascularity
• High IOP
• Reduced bleb area
• High bleb height
• Presence of Tenon’s cyst
• Bleb leak
• Presence of hemorrhage

More recently, two bleb-grading scales have been pro-
posed by Indiana and Moorfields, but neither has become
an established method within the glaucoma community. The
Indiana Bleb Appearance Grading Scale is a slit-lamp evalu-
ation of bleb height, horizontal extent, vascularity, and leak-
iness by Seidel testing as compared to standard photographs.
The interobserver agreement for vascularity was highest.63

The Moorfields Bleb Grading System is more detailed with
six criteria to assess: two describing area, one describing
height, and three describing vascularity.64 More details about
the Moorfields’ system and standardized photographs can be
found at http://www.blebs.net. Both methods are clinically
reproducible, though Moorfields had slightly higher average
intraclass correlation coefficient (ICC) values – a measure of
reproducibility.65

Sometimes bleb failure can be secondary to sclerostomy
obstruction. Obstruction can be caused by the entities listed
in Table 9.5.

Table 9.5 Causes of sclerostomy obstruction

• Viscoelastic
• Blood or fibrin clot
• Iris
• Vitreous
• Forward rotation of ciliary body
• Lens capsule

The most common cause of obstruction, particularly if the
entry point is not anterior enough into the cornea is iris or
posterior corneal tissue from an incomplete sclerostomy.59

Wound Problems

Finally, early bleb failure due to bleb leakage can be related
to poor wound construction or closure technique. Button-
holes in the conjunctiva can lead to leaks in the bleb as seen
in Fig. 9.4. Traditionally, fornix conjunctival closure from
limbus-based surgery is easier to appose and works best with
vascular needles, but the incision must be very posterior to
achieve a diffuse bleb. Fornix-based surgery may involve
multiple types of closures, but commonly is done with
vertical mattress sutures and buried corneal anchor sutures
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Fig. 9.4 Slit-lamp photo of a bleb painted with fluorescein (Siedel test),
which demonstrates an area of aqueous dilution corresponding with a
bleb leak

on either side. Leaks occur if two cut ends are not apposed
evenly, there is a large amount of wound contraction, or if
there are conjunctival defects such as button holes.47 It is also
possible that brisk filtration can lead to a leak if the fluid lifts
the conjunctiva off the healing limbal wound, particularly if
wound closure is not tight enough. The FFSS determined
that if a leak occurred within the first 2 weeks postopera-
tive, the risk for long-term bleb failure increased.66 This may
be due to the fact that early bleb leaks result in flat blebs in
which the conjunctiva adheres to the sclera, creating scarring
early on.

The reported incidence of bleb leaks within the first year
ranges from 0 to 30%.67 At Moorfields, a prospective, obser-
vational case series of 286 sequential trabeculectomies per-
formed over 1 year were analyzed. The rate of moderate and
severe leaks was 27%, but 59% did show some leakage at
some stage postoperatively, as tested by applying pressure to
the conjunctiva, which induced leakage. Two-thirds of those
were from fornix-based flaps. The median time to leak was
3.5 days with a median duration of 14 days. More than 75%
of leaks occur within the first week. In terms of trabeculec-
tomy success rates as defined by the study, 20% without leaks
partially or completely failed compared to 18% with leaks.
Therefore, there was no adverse effect of early postoperative
leak on outcome.67 This study cannot be compared directly
with FFSS, since it covered a different bleb leak time span,
it included both fornix and limbus based flaps, and it did not
account for previous conjunctival incisions.

Managing a Failing Bleb

A typical postoperative course for trabeculectomy likely
includes an exam on day 1 and 2, twice weekly during weeks

2–4, and once weekly during weeks 5–7. Depending on IOP,
anterior chamber (AC) depth, and bleb characteristics, the
visit interval can increase. Aqueous suppressants are usu-
ally not used postoperatively in order to have normal aque-
ous flow to establish a filtering bleb. Postoperative 5-FU
injections are considered during days 2–14. As a review,
Table 9.6 covers the typical scenarios in early trabeculectomy
management.68

This section will cover the management of two spe-
cific bleb-related complications: postoperative leaks and
encapsulation.

Bleb Leaks

Larger bleb leaks often present with low IOP, shallow ante-
rior chamber, and flat blebs. Early bleb leaks are usually
caused by surgical trauma to the conjunctiva, so careful oper-
ating technique is essential to minimize preventable tears or
holes. Spontaneous leaks usually happen in cases follow-
ing adjunctive use of antimetabolites. Leaks at the limbus
occur more often than at the fornix, but increased age and
friability of the conjunctiva also predispose to leaks. Sei-
del testing is used to check for leaks and to estimate the
flow rate. Management of leaks can generally be divided
into conservative therapy, reformation of the anterior cham-
ber, and surgical repair.69 Sometimes observation is all that is
needed, along with medical control of IOP and use of aque-
ous suppressants. This is typical if it is a small leak around a
suture. Definite streaming usually requires further interven-
tion. Although conservative measures are generally tried first
if the leak is small, more aggressive management is started
if the leak is complicated by visual loss, hypotony, loss of
bleb height, or flattening of the anterior chamber. Patching
for the first 24–48 h can work. Several devices, such as shell
tamponade70,71 or a bandage contact lens72,73 (16–18 mm)
can be used to help reform the anterior chamber and to
encourage spontaneous closure. Cyanoacrylate and fibrin
glue have been tried with some success, but brisk flow pre-
vents the glue from adhering.74–76 Some have experimented
with autologous blood injection to clot late bleb leaks, but
this procedure has a risk of causing a hyphema should the
blood track into the anterior chamber.77,78 A blood patch can
be combined with a compression suture, which is an X stitch
from the posterior aspect of the bleb to the cornea.79 Others
have tested argon or YAG laser to seal the leaky bleb, but
at the risk of causing an iatrogenic perforation.80–83 Persis-
tent leaks generally require surgical revision, though there is
some risk of causing scarring and subsequent bleb failure.84

Surgical bleb leak revision depends on the dimensions
of the bleb and quality of surrounding conjunctiva. This
typically involves re-suturing the bleb at the leak site. This
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Table 9.6 Bleb evaluation in the immediate postoperative period

IOP (mmHg) AC depth Bleb appearance Clinical diagnosis Action

<15 Normal Diffuse Ideal Observe medical
>20 Normal Flat Tight flap or closed fistula Massage
>20
2 days after
massage

Normal Flat Tight flap or closed fistula Repeat massage
Consider LSL

>20 Normal Elevated, vascular Encapsulated bleb Needling
Surgical repair

>15 Shallow Flat Blocked Sclerostomy
Annular choroidals

B-scan?
Medical
Drainage

<5 Shallow Flat Leak
Cyclodialysis
Serous choroidals

Contact lens
Surgical repair
Cycloplegia

<5, no leak Shallow Elevated, not vascular Overfiltration Autologous blood patch
Surgical repair

>25 Flat Flat Pupillary block
Suprachoroidal hemorrhage

Iridectomy
Observation then drainage

>25 Flat, PI Flat Aqueous misdirection Medical
Laser
Surgical

can be done at the slit lamp, and works well for simple
limbal leaks from a limbal-based trabeculectomy. One arti-
cle pending publication, from a group in Japan, mentions
the use of transconjunctival scleral flap re-suturing with 10-0
nylon for hypotony, which also has been reported by another
group in Germany.85 There are many other methods in the
literature covering such methods as a pedicle flap, a partial
excision, and advancement or free conjunctival autologous
graft techniques, though most apply to late bleb leaks.86–94

Re-opening the flap and applying MMC has a high rate
of complications. Instead, bleb excision with conjunctival
advancement is preferred. Success rates have been reported
up to 86%.90 Oftentimes, scarred cystic conjunctiva and
Tenon’s fascia surrounding the leaking bleb need to be
removed, and relatively uninvolved conjunctiva and Tenon’s
fascia are mobilized with a large relaxing incision. If no
healthy conjunctiva is available, alternatives such as amniotic
membrane or donor scleral patch grafts are possibilities.95–97

Blocked Aqueous Flow

If the IOP is elevated with a normal to shallow anterior
chamber, and a flat bleb, then early bleb failure is due to
blockage of aqueous flow. If the iris is occluding the scle-
rostomy, then pilocarpine drops along with argon laser iri-
doplasty (200 μm, 200 mW, 200 ms) can be used to shrink
the iris away to relieve the blockage. If vitreous is obstruct-
ing, attempts can be made to free it with Nd:YAG laser or a
vitrectomy may be needed. Sometimes fibrin can be holding
the sclerostomy closed, in which case YAG laser through a

gonioprism may also be helpful. Pigment debris collecting
at the sclerostomy internal lip over time can also lead to a
failing bleb. These cases may benefit from YAG laser, up to
6 mJ, to improve flow.98,99 Intracameral tissue plasminogen
activator (TPA) has been reported to lyse clots blocking fil-
tration. One report looked at reviving previously functional
blebs after failure due to other anterior segment surgery.100

TPA 12.5 μg was injected into the anterior chamber and
decreased the IOP back to baseline. Several other studies
have looked at TPA 6–12.5 mg for intraocular fibrin after
glaucoma surgery.101–103 See Table 16.1.

If there is no obstruction, the tightness of the flap may be
restricting flow.68 If flow is stopped for too long, scarring
of Tenon’s may occur. External ocular massage through a
closed lid has been used to transiently elevate IOP acutely
to force aqueous through the filtering site. This is usu-
ally done by pressing the index finger against the inferior
sclera through the lower lid for 15 seconds. Patients can be
taught to perform this at home, and it can begin as early
as postoperative day one. See Fig. 9.5. A later study of 15
patients revealed that digital ocular pressure caused at least
a 50% decrease of IOP from baseline in eyes with a well-
functioning bleb 3 months to 6 years after filtering surgery.
The duration of bleb elevation exceeded 90 minutes in more
than 50% of the eyes tested and 180 minutes in more than
30% of the eyes tested.104 A method proposed by Traverso
and colleagues,105 sometimes referred to by its namesake,
promoted aqueous flow by using pressure from an anesthetic-
moistened cotton tip applicator applied through the conjunc-
tiva directly adjacent to the flap near a tight suture. This tech-
nique separated the flap a little to allow flow and to create an
elevated bleb; if unsuccessful, then an excessively tight scle-
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Fig. 9.5 Digital massage throughout the lower lid to push aqueous up
through a scarring scleral flap

ral flap was the likely cause of aqueous flow resistance.105

See Fig. 9.6. If the suture is too tight, laser suture lysis may
be performed, though often avoided in the first week and
preferably avoided in the second week. This technique is dis-
cussed in Chapter 10. It is also helpful for re-establishing
flow if the flap is stuck to its base due to blood or fibrin.

Fibrosis/Encapsulation

If the IOP is high with an elevated, vascular bleb, then the
concern is early fibrosis and encapsulation. This is a less
common complication but has a reported incidence range
of 2.5–29%.106 An encapsulated bleb refers to a high-bleb
phase between the second and eighth week postoperatively.
It is characterized by a tense, dome-shaped, thick-walled
bleb with vascular engorgement of the overlying conjunctiva
and coexisting elevated IOP. The aqueous appears walled off
beneath a thickened Tenon’s but the conjunctiva moves freely
over it. A prior Tenon’s cyst or previous topical medication
or laser are reported risk factors.107 In a study by Richter
and colleagues of 409 surgeries, 14% develop Tenon’s cysts
over 40 months recognized on average at about 20.4 ±
12.7 days, and 28% required surgical revision.108 How-
ever, this rate may or may not be affected by antimetabo-
lites.109,110 Yarangümeli et al.106 reviewed 183 patients and
reported a 7.6% cyst formation with a median time to diag-
nosis of 26 days. The overall prognosis is good even with

conservative management alone, varying from 70% and
above. Some cysts may respond to topical steroids, massage,
and pressure-lowering drops.111,112 This means frequent use
of anti-inflammatories such as prednisolone acetate. Medi-
cal management can be enough until bleb function improves,
though a larger portion of patients may need to stay on
therapy to achieve adequate pressures. Resistant cases
require needling or revision. In a study of 222 eyes by Ped-
erson and colleagues,113 the overall success rate of needling
or bleb revision was 96% after an average follow-up of 20
months (see Fig. 9.3).

Bleb needling is typically performed with a 25- or 30-ga
needle at the slit lamp.

• Either 2% lidocaine jelly can be applied or 0.2 ml of 1%
lidocaine without epinephrine is used to elevate the con-
junctiva from the bleb wall.

• Then, the needle tip is advanced carefully from the side,
usually temporally, bevel up.

• Under direct observation through the conjunctiva, the nee-
dle enters the thickened bleb cavity for a few millimeters
and makes multiple slit openings in the bleb wall.68

• With a scarred down scleral flap, it may be necessary to
lift the flap. A successful needling may show bleb eleva-
tion with lower pressure immediately afterward.

• Additionally, 0.1 ml of 50 mg/ml 5-FU can be adminis-
tered subconjunctivally, usually away from the bleb site.
Others may inject 0.1 ml of MMC 0.04 mg/ml prior to
needling (Table 17.1).

If needling does not work the first time, it may take several
tries in an attempt to avoid returning to the operating room.
See Fig. 16.4 and Table 9.7.

Table 9.7 Bleb needling

Procedure
• Lid speculum
• 25- to 30-ga needle
• Topical fluoroquinolone
• 2% lidocaine jelly or cotton-tipped

applicator with topical anesthetic
• Temporal approach, bevel up, few mm from

edge of bleb
• Posterior direction, lysis of adhesions with

to and fro motion
• May need to lift scleral flap
• ± injection of 0.1 ml of 5-FU or MMC

0.04 mg/ml away from bleb
• Check for bleb elevation, lower IOP

afterward
• Look for leaks that may require treatment

Many papers have been published on bleb needling,
with more recent methods adding adjunctive antimetabo-
lites.114–121 Two of the studies using postoperative 5-FU
injections after needling reported a mean number of 1.6 and
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Fig. 9.6 Carlos Traverso Maneuver. The cotton tip applicator soaked in topical anesthetic is used to depress the edge of the scleral flap to encourage
flow. This is done with topical anesthetic drops administered beforehand

2.4 injections, respectively.117,120 A prospective study from
Gutierrez-Ortiz et al.115 showed that MMC needling was
more successful if performed within 4 months of trabeculec-
tomy. From the Cochrane reviews, only one small random-
ized trial of 25 eyes comparing needling versus medical treat-
ment suggested that needling did not significantly reduce IOP
and those managed conservatively remained successful.122

This was a small study by Costa et al.123 that looked at
approximately 3-year pressure control against matched con-
trol eyes. In fact, the nonencapsulated control eyes achieved
success (pressures less than 21 mmHg with or without med-
ications) better than the needling or the medical treatment
group. Risk factors for failure of bleb needling are pre-
needling IOP > 30 mmHg, lack of MMC use during the
previous filtration surgery, IOP > 10 mmHg immediately
afterward, and fornix-based trabeculectomies.124,125 In those
situations, surgical revision is more likely. A Tenon’s cyst
can be completely excised after the conjunctiva is dissected

from the cyst wall and freed from the sclera. A simpler
approach is to make a small slit in the side wall of the cyst.
In either case, surgical intervention can increase the risk of
fibrosis.126

Summary

The key to managing early postoperative blebs is to know
the potential risk factors, to identify signs of early bleb
failure, to focus on bleb failure prevention, and to take a
stepwise approach to the medical and surgical management
of failing blebs. King an coauthors reviewed 119 consecu-
tive trabeculectomies and noted that 78% underwent postop-
erative bleb manipulation.127 Manipulations included mas-
sage, releasable suture removal, 5-fluorouracil injections, and
needling. This illustrates the intensive care a postoperative
trabeculectomy patient can require. Managing the bleb is
critical to the success of trabeculectomy.
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Chapter 10

Laser Suture Lysis and Releasable Sutures

Anastasios Costarides and Prathima Neerukonda

Introduction

Since first being described by Cairns in 1968, trabeculec-
tomy, with guarded filtration, has become the preferred sur-
gical method of reducing intraocular pressure.1 The goal
of trabeculectomy is to create a balance between aqueous
humor inside the eye and the filtering conjunctival bleb. To
establish this balance, a scleral flap must be created that
is loose enough to allow outflow, but tight enough to pre-
vent postoperative hypotony.2,3 A number of adverse events
may occur with overfiltration from loose sutures, including
shallow chambers, choroidals, suprachoroidal hemorrhages,
maculopathy, and progressive cataract formation.2–8 Tight
closure of the flap can avoid these complications but at the
peril of achieving the desired intraocular pressure. To man-
age these dueling forces, laser suture lysis and the use of
releasable suture are commonly employed.9

Laser Suture Lysis

Laser suture lysis (LSL) has become an accepted pro-
cedure to manage postoperative filtering blebs.2,9 It was
first described in 1983 by Lieberman using a Goldman
goniolens.3 Since its initial description, many lenses have
been used to perform laser suture lysis (see Table 10.1,
Figs. 10.1 and 10.2).10

Procedure Technique

If LSL is to be done, it is best not to massage the eye
and elevate the bleb as this will make viewing sutures more

A. Costarides (�)
Emory Eye Center, Emory University School of Medicine, Atlanta,
GA, 30033, USA
e-mail: acostar@emory.edu

Table 10.1 Lenses for laser suture lysis

• Flat edge of a Zeiss four mirror lens
• Goldmann three mirror lens
• Hoskins lens
• Ritch suture lysis lens
• Blumenthal lens

Fig. 10.1 Hoskins lens. Photo courtesy of Ocular Instruments Inc.,
Bellevue, WA

Fig. 10.2 Ritch lens. Photo courtesy of Ocular Instruments Inc.,
Bellevue, WA
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difficult. After placing a drop of topical anesthetic in the eye,
a suture lysis lens is placed on the conjunctiva overlying the
scleral flap. A vasoconstrictor, such as 2.5% phenylephrine,
can also be placed to help blanch the conjunctiva for eas-
ier suture visualization. If using the Hoskins lens, the flange
assists by elevating the upper lid. With light pressure of the
lens over the surgical site, the superficial conjunctival ves-
sels blanch and the bleb flattens, revealing the underlying
sutures (Fig. 10.3). The standard argon laser parameters are
as follows: 50–100 μm size, 0.07–0.1 s, and 400–600 mW.
Krypton red wave length can be used if there is subconjuncti-
val hemorrhage overlying the area for laser suture lysis. Ide-
ally, a suture is chosen for lysis to increase flow toward the
12 o’clock limbus. Rarely, LSL is used to direct flow away
from a small bleb leak.

Fig. 10.3 The view of a 10-0 nylon suture after placement of a Hoskins
lens

Intraocular pressure and the size of the bleb are noted after
the procedure. Ideally, the bleb will rise, signifying reduced
resistance to aqueous outflow, and the intraocular pressure
will be lower. The Carlos Traverso maneuver of light focal
pressure at the edge of the flap may be needed to elevate the
bleb following LSL (Fig. 9.6).11 Some ophthalmologists give
5 mg in 0.1 ml 5-fluorouracil (5-FU) subconjunctival injec-
tions following LSL.

Outcomes/Complications

With the addition of the antimetabolite mitomycin-C
(MMC), the duration of efficacy of laser suture lysis, after

surgery, is prolonged. Originally, the maximum reduction in
IOP after laser suture lysis in eyes undergoing trabeculec-
tomy without mitomycin-C was within 2 weeks.2 With the
introduction of mitomycin-C, sutures may be cut 6 weeks
after surgery and it has even been reported to help after 21
weeks from the surgery date.4 Larger responses to suture
lysis are typically obtained closer to the time of surgery.12

Laser suture lysis is associated with a low incidence of
long-term complications.5 The most common complication
after laser suture lysis is overfiltration causing hypotony
and its associated sequelae, including hypotony macu-
lopathy, choroidals, flat chambers, and progressive lens
opacity.6 Also, hyphema, wound leaks, and malignant glau-
coma have been reported to occur.7,8 Most complications can
be handled medically for the majority of cases. With the use
of adjunctive MMC, to avoid early postoperative hypotony,
laser suture lysis may be delayed.13

Releasable Sutures

The releasable suture technique is an alternative to laser
suture lysis and is founded on the same premise of con-
trolling postoperative intraocular pressure. The method
most commonly used was described by Cohen and Osher
in 1988; since then many modifications of the origi-
nal technique have been reported.14 It offers the advan-
tage of possible postoperative titration of the flow under
the trabeculectomy flap, without the need for laser
technology.15

Operative Technique

Several techniques for placement have been developed and
have been reviewed by de Barros et al.16 The authors’ pre-
ferred technique is as follows:

• A 10-0 nylon suture is first passed through the sclera pos-
terior to the scleral flap and brought through the scleral
flap itself (Fig. 10.4).

• The suture is tied with a quadruple throw slipknot and
tightened until adequate outflow is achieved (Fig. 10.5).

• The suture is then passed through the base of the scleral
flap, under the conjunctival insertion, and through partial
thickness cornea (Fig. 10.6).

• Two to three remaining sutures are placed depending on
the type of scleral flap. The suture passed through the
cornea is cut flush against the epithelium to avoid an
exposed surface (Fig. 10.7a–c).
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Fig. 10.4 A 10-0 nylon suture is passed through the sclera posterior to
the scleral flap

Fig. 10.5 The suture is tied with a quadruple throw slipknot

Postoperatively, the sutures are released at the slit lamp,
with the patient under topical anesthetic and topical antibiotic
drops, by pulling the suture with a jeweler’s forceps. Ideally,
the bleb will rise and the intraocular pressure will be lower.
Again, some focal pressure near the flap may be required
to increase the flow of aqueous and 5-FU injection is an
option.

Fig. 10.6 The suture is passed through the base of the scleral flap,
under the conjunctival insertion, and through partial thickness cornea

Results/Outcomes/Complications

Typically, sutures are removed within 2 weeks if no
adjunctive metabolites are used. In trabeculectomies with
antimetabolites, there is a longer grace period for removal
just as in laser suture lysis.12,17 If a releasable does not
release, laser suture lysis may be employed if available.
Both techniques have similar mechanisms of action with
similar complications. The main complication is hypotony
and its sequelae, including flat anterior chamber, choroidal
detachment, progressive cataract formation, suprachoroidal
hemorrhage, hypotony maculopathy, and decreased vision.18

Unlike laser suture lysis, the use of releasable sutures can
be associated with additional complications such as suture
tract leaks and corneal abrasions from exposed sutures. The
exposed suture may also serve as a conduit for infection.19 To
avoid a conduit for infection, techniques in which the suture
is buried in the cornea are preferred.

Summary

Intraocular pressure reduction can effectively be achieved
with laser suture lysis and releasable sutures in both the early
postoperative period and later in the postoperative period if
antimetabolites are used.
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a b

c

Fig. 10.7 (a) Two to three remaining sutures are placed. (b) The final suture is passed through the cornea and (c) cut flush against the epithelium
to avoid an exposed surface

References

1. Cairns JE. Trabeculectomy. Preliminary report of a new method.
Am J Ophthalmol. 1968;66:673–679.

2. Savage JA, Condon GP, Lytle RA, Simmons RJ. Laser suture lysis
after trabeculectomy. Ophthalmology. 1988;95:1631–1637.

3. Lieberman MF. Suture Lysis by laser and goniolens. Am J
Ophthalmol.1983;95:257–258.

4. Pappa KS, Derick RJ, Weber PA. Late argon laser suture lysis after
MMC trabeculectomy. Ophthalmology. 1993;100:1268–1274.

5. Macken P, Buys Y, Trope GE. Glaucoma laser suture lysis. Br J
Ophthalmol. 1996;80:398–401.

6. Jampel HD, Pasquale LR, Dibernardo C. Hypotony maculopathy
following trabeculectomy with mitomycin C. Arch Ophthalmol.
1992;110:1049–1050.

7. Schwartz AL, Weiss HS. Bleb leak with hypotony after laser suture
lysis and trabeculectomy with mitomycin C. Arch Ophthalmol.
1992;110:1049.

8. DiSclafani M, Lieberman JM, Ritch R. Malignant glaucoma fol-
lowing argon laser release of scleral flap sutures after trabeculec-
tomy. Am J Opthalmol. 1989;108:597–598.

9. Hoskins HD, Migliazzo C. Management of failing filtering blebs
with the argon laser. Opthalmic Surg. 1984;15:731–733.

10. Ritch R, Potash SD, Liebmann JM. A new lens for argon laser
suture lysis. Ophthalmic Surg. 1994;25:126–127.

11. Kapetansky FM. Laser suture lysis after trabeculectomy. J Glau-
coma. 2003;12:316–320.

12. Aykan U, Bilge AH, Akin T, Certetl I, Bayer A. Laser suture
lysis or releasable sutures after trabeculectomy. J Glaucoma.
2007;16:240–244.

13. Morinelli EN, Sidoti PA, Heuer DK, et al. Laser suture
lysis after mitomycin C trabeculectomy. Ophthamology.1996;03:
306–314.

14. Cohen JS, Osher RH. Releasable scleral flap suture. Ophthalmol
Clin North Am. 1988;1:187–197.

15. Raina UK, Tuli D. Trabeculectomy with releasable sutures:
a prospective, randomized pilot study. Arch Ophthalmol.
1998;116:1288–1293.

16. de Barros M, Daniela S, Gheith ME, Ghada A, Katz JL. Releasable
suture technique. J Glaucoma. 2008;17:414–421.

17. Tezel G, Lolker AE, Kass MA, Wax MB. Late removal of
releasable sutures after trabeculectomy or combined trabeculec-
tomy with cataract extraction supplemented with antifibrotics.
J Glaucoma. 1998;7:75–81.

18. Sathyan P, Singh G, Au Eong K, et al. Suprachoroidal hem-
orrhage following removal of releasable suture after combined
phacoemulsification-trabeculectomy. J Cataract Refract Surg.
2007;33:1104–1105.

19. Kolker AE, Kass MA, Rait JL. Trabeculectomy with releasable
sutures. Trans Am Ophthakmol Soc. 1993;91:131–145.



Chapter 11

Cataract Surgery Combined with Glaucoma Drainage Devices

Ramesh S. Ayyala and Brian J. Mikulla

Introduction

Frequently, patients may develop both glaucoma and a
cataract, and the treatment of one possibly aids in the devel-
opment of the other as a number of studies have observed
an increase in cataracts among patients using anti-glaucoma
medications.1–4 When medical management fails to ade-
quately control a patient’s intraocular pressure (IOP) and the
patient’s cataract becomes visually significant, the question
arises as to how best to treat the patient surgically. A lack of
consensus regarding the preferred surgical sequence for treat-
ing a patient with cataract and glaucoma led the American
Academy of Ophthalmology to request a systematic liter-
ature review, which exhibited strong evidence for better
intraocular pressure control after combined glaucoma and
cataract surgery versus cataract surgery alone and weak evi-
dence for better intraocular pressure control with trabeculec-
tomy alone verses combined surgery.5 Another systematic
literature review found insufficient data to determine if com-
bined surgery versus sequentially staged surgeries resulted in
better outcomes.6

Glaucoma drainage devices (GDD) have been utilized for
years and have frequently been alternatives in patients who
have a high risk of failing a traditional trabeculectomy, either
because of past surgeries or the presence of secondary glau-
comas. Cataract surgery combined with a glaucoma drainage
device tube implant can be an effective course of treatment
in patients with refractory glaucoma.

Indications for Surgery

Combined cataract and glaucoma surgery is indicated for
patients with a visually significant cataract and glaucoma

R.S. Ayyala (�)
Department of Ophthalmology, Tulane University School of Medicine,
New Orleans, LA 70112, USA
e-mail: rayyala@tulane.edu

Table 11.1 Indications for glaucoma tube implant

1. Prior failed trabeculectomy
2. History of blebitis
3. Hypotony from chronic or recurrent bleb leak
4. Superior subconjunctival scar tissue of any etiology
5. History of scleral buckle surgery
6. Prior penetrating keratoplasty
7. Uveitic glaucoma
8. Traumatic glaucoma
9. Chronic angle-closure glaucoma

10. Neovascular glaucoma (NVG)
11. Iridocorneal endothelial (ICE) syndrome
12. Anirida

that is uncontrolled under 2 or more anti-glaucoma med-
ications.7 Trabeculectomy is frequently the glaucoma pro-
cedure of choice, but for patients with conjunctival scar-
ring secondary to prior surgeries and those with secondary
glaucomas, trabeculectomy has a lower success rate. In
these patients, tube implantation can provide an alternative
means of successfully reducing intraocular pressure.8 Com-
bined GDD surgery and phacoemulsification with posterior
chamber intraocular lens (IOL) implantation is indicated in
patients with visually significant cataract in the setting of a
variety of complicated glaucomas as listed in Table 11.1 and
Figs. 11.1 and 11.2.

Operative Techniques

Glaucoma drainage devices (GDD) consist of a tube attached
to a plate. The three main ones in current use include
the Ahmed glaucoma valve (AGV) (New World Medical,
Rancho Cucamonga, CA) the Baerveldt glaucoma implant
(BGI) (American Medical Optics, Santa Ana, CA), and the
Molteno implant (IOP Inc., Costa Mesa, CA). There are
no known advantages of one over the other in terms of
long-term surgical success rate. The choice of which GDD
to use is dependent upon the individual surgeon’s prefer-
ence. Each GDD has its own protocol and best practices for

109S.M. Johnson (ed.), Cataract Surgery in the Glaucoma Patient, DOI 10.1007/978-0-387-09408-3_11,
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Fig. 11.1 A slit lamp photograph of an eye 1 day following a combined
AGV and a cataract surgery with PC IOL. Note the well-formed anterior
chamber with no bleeding due to retained viscoelastic. The AGV tube
is behind the iris and over the PC IOL

Fig. 11.2 Slit lamp photo of a patient with uveitis who underwent
implantation of an AGV, lysis of posterior synechiae, superior scleral
tunnel cataract extraction by phacoemulsification with implantation of
PC IOL, and peripheral iridectomy due to the granulomatous nature of
her disease. A capsulotomy was done several months postoperatively.
Photograph courtesy of Tom Monego, Dartmouth Hitchcock Medical
Center (DHMC), Lebanon, NH

implementation, the exhaustive details of which are beyond
the scope of this chapter. Instead, it is important to dis-
cuss considerations for approach and alterations in technique
when combining cataract surgery with tube implantation.

Anesthesia

Retrobulbar anesthesia is preferred to peribulbar so as to pre-
vent an increase in intraocular pressure when injecting the

solution.7 Topical anesthesia with sub-Tenon’s injection in
the area of the surgery is another technique that is effective.
See Chapter 2.

Surgical Sites

The area of the eye chosen for tube implantation depends
largely on previous surgeries performed on the eye and the
impact they have had on tissue health, such as conjuncti-
val scarring and scleral thinning. Additionally, the approach
for the cataract surgery needs to be taken into account, since
the tube of the GDD is introduced into the anterior chamber
through a needle track to obtain a tight fit, to avoid hypotony.
This precludes using a single opening into the anterior cham-
ber to perform both procedures, as could be done with a pha-
cotrabeculectomy. With other factors being equal, a super-
onasal or superotemporal placement of a drainage device and
temporal approach for cataract extraction will provide easier
surgical access.

Which One First?

At the time of surgery, some surgeons prefer to implant the
GDD into the sub-Tenon’s pocket and secure it to the sclera,
before performing the cataract surgery through an adjacent
scleral tunnel technique or via a temporal scleral or clear
cornea approach. The authors’ personal preference is to per-
form the cataract surgery through a clear cornea temporal
incision followed by the GDD implantation.

Cataract Surgery – Surgical Pearls

1. Temporal limbal/corneal incision is the preferred incision.
2. Pupil: Small pupil/synechial attachments to the lens cap-

sule are often present in these patients with glaucoma
either because of the drops (pilocarpine) or because of the
underlying conditions (uveitis or neovascular glaucoma
or trauma). A floppy-iris-like syndrome is very frequently
seen in these situations. The authors prefer to inject 0.1 cc
of preservative-free lidocaine 1% mixed with 1 in 10,000
preservative-free epinephrine (mixed 50:50) via the para-
centesis site.9,10

This mixture provides the required anesthesia for pupil
manipulation and will help dilate the pupil and stabilize
the iris in case of floppy iris syndrome. This is followed by
the injection of 0.1 cc of viscoelastic (avoid high molec-
ular weight viscoelastics). Pupil stretching and/or syne-
chiolysis in patients with underlying diseases such uveitis
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Fig. 11.3 Collar button manipulator, which is useful for lysis of posterior synechiae and pupil stretching. Photo courtesy of Storz Instruments,
Bausch & Lomb, Rochester, NY

Fig. 11.4 Cataract extraction from a clear cornea incision in the
superior-temporal quadrant. Note the formation of continuous capsu-
lorexhis with the cystotome to measure about 6 mm

or neovascular glaucoma should be done in an atraumatic
fashion. The authors prefer to use the collar button to
stretch the pupil and dilate the pupil to approximately
7 mm (Fig. 11.3). Re-injection of viscoelastic will stabi-
lize the iris and maintain the dilated pupil size. See also
Chapter 3.

3. A 6-mm capsulorhexis is preferred. This will allow for
proper positioning of the IOL inside the capsular bag
and also prevent the IOL from forward displacement
and pupillary capture, in the event the patient develops
hypotony and/or choroidal effusions following glaucoma
surgery (Fig. 11.4).

4. Following the implantation of the IOL, after cataract
extraction, leave the viscoelastic in the anterior chamber
(AC) to maintain the IOP for the GDD surgery. Also, the
retained viscoelastic will help prevent immediate postop-
erative hypotony (Figs. 11.5 and 11.6).

5. Always close the cataract incision site with a 10-0 nylon
suture at the end of the surgery and make the wound water
tight (Figs. 11.7 and 11.8). Intracameral injection of
Decadron (dexamethasone sodium phosphate, APP phar-
maceuticals, Schaumburg, IL) 0.4 mg in 0.1 cc, used by
the author, at the end of the case helps in preventing post-
operative inflammation, especially in African-American
patients.

6. In patients with uveitis with glaucoma and cataracts, a
GDD with smaller surface area (such as the pediatric
Ahmed valve, FP8 or S3, New World Medical, Rancho
Cucamonga, CA) is advisable, to prevent postoperative
hypotony.

Fig. 11.5 Phacoemulsification using the down sculpting technique fol-
lowed by chopping with the second instrument

Fig. 11.6 Foldable intraocular lens implantation, then no irrigation-
aspiration after the IOL implantation to prepare the eye for glaucoma
surgery. The viscoelastic material is retained in the eye to prevent bleed-
ing from the rubeotic blood vessels, while maintaining the IOP

In patients with uveitis with glaucoma and cataract,
intravitreal injection through the pars plana of 4 mg tri-
amcinolone acetonide (Triesence, Alcon, Fort Worth, TX)
or Kenalog (Bristol Meyer, New York, NY) in 0.1 cc of
40 mg/ml suspension is advisable to prevent postoperative
inflammation.11,12 In patients with NVG and cataract, intrav-
itreal injection of bevacizumab (Avastin, Genetech, South
San Francisco, CA) through the pars plana is helpful if the
patient has a tendency to bleed from the iris vessels or has
proliferative diabetic retinopathy. See the retinal surgeon’s
advice13,14 (Fig. 11.9).
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Fig. 11.7 Closure of the clear cornea wound with 10-0 nylon suture

Fig. 11.8 The final appearance of the eye after cataract surgery and
before implantation of a GDD

Fig. 11.9 Slit lamp photograph of an eye with neovascular glaucoma
and dense nuclear cataract. At the time of GDD implantation, CE/IOL
may be considered to improve the view for retinal laser and intravitreal
bevacizumab to help control the neovascularization in the short term.
Photo courtesy of Tom Monego at DHMC, Lebanon, NH

Fig. 11.10 A 7-0 Vicryl suture is placed through the 12 o’clock limbus
to help position the eye inferiorly and obtain adequate exposure of the
superior conjunctiva

Fig. 11.11 Limbal peritomy at 12 o’clock position

Ahmed Glaucoma Valve Implantation

1. 7-0 Vicryl stay suture is placed through 12 o’clock limbus
to help rotate the eye inferiorly and expose the superior
conjunctiva adequately (Fig. 11.10).

2. Limbal peritomy at 12 o’clock with Westcott scissors
(Fig. 11.11).

3. Sub-Tenon’s injection of lidocaine-epinephrine into the
quadrant of surgery. Injection of this mixture achieves
multiple objectives: anesthesia, dissection of the sub-
Tenon’s tissue in an atraumatic fashion, and vasoconstric-
tion for prevention/control of bleeding. The mixture can
be injected posterior into the muscle cone to achieve more
anesthesia.

4. Further dissection with Westcott scissors followed by
underwater cautery.

5. The Ahmed valve is then primed with balanced salt
solution (BSS) (Fig. 11.12).
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Fig. 11.12 Ahmed glaucoma valve is primed with balanced salt solu-
tion (BSS) with a 27-gauge cannula

6. The end-plate is inserted into the sub-Tenon’s pocket and
secured to the sclera 8–10 mm posterior to the limbus
(Fig. 11.13a, b).

7. A 23-ga butterfly needle is used to make an entry into
the anterior chamber (AC). Make sure that the entry into
the AC is through the trabecular meshwork so as to posi-
tion the tube on the surface of the iris and away from the
cornea.

8. This is followed by the placement of the scleral patch
graft over the tube and closure of the conjunctiva15 (Fig.
11.14).

Alternative Techniques

Some surgeons prefer to secure the GDD first to the sclera
followed by cataract surgery. Then they will insert the tube

Fig. 11.14 Scleral patch graft is placed on the tube and secured to the
surrounding episcleral with 10-nylon sutures

into the anterior chamber and complete the GDD surgery.
Here is a brief description of this technique.

Baerveldt Implant with Cataract Surgery

First, a fornix-based flap of Tenon’s tissue and conjunctiva is
raised in the superotemporal quadrant. Next, muscle hooks
are used to isolate the superior and lateral rectus muscles,
which allows for a wing of the Baerveldt implant to be
positioned under the belly of each muscle (Fig. 11.15a, b).
After suturing the implant to the sclera, the drainage tube
is occluded near the implant using a polyglactin suture.
Optionally, one to three fenestrations can be made in the
drainage tube proximal to the occluding suture to allow for
minor aqueous outflow over the average 5-week period it

a b

Fig. 11.13 (a) The end-plate of the valve is tucked into the sub-Tenon’s pocket in the quadrant, usually superior temporal and (b) secured with
two interrupted 10-nylon sutures
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a b

Fig. 11.15 Baerveldt glaucoma implants (BGI). (a) Baerveldt 250 and (b) Baerveldt 350. Figures courtesy of American Medical Optics (AMO),
Santa Ana, CA

takes for the implant to begin full functionality. At this point
phacoemulsification can be performed. Once the eye is
closed, the drainage tube is trimmed to the required length
with a forward-facing bevel and inserted into the ante-
rior chamber through a track formed by a 23-ga needle
(Figs. 11.16 and 11.17). As with the AGV technique, the
drainage tube is covered with a piece of donor cornea,
sclera, or dura mater, and the conjunctival flap is replaced.15

Finally, subconjunctival injections of steroids and antibiotics
are given.8

Fig. 11.16 The silicone tube is cut with the bevel facing up 0.5 mm
beyond the pupillary margin

Postoperative Care

Postoperative care consists of topical application of
antibiotics, cyclopentolate 1%, and non-steroidal anti-
inflammatory such as ketorolac tromethamine ophthalmic
solution (Acular, Allergan, Irvine, CA) drops four times/day
for 1 week and topical steroids eight times a day with grad-
ual tapering over a 4–8 week period with regular follow-up
visits.7

Fig. 11.17 Tube inserted into the AC and the tube is secured to the
episcleral with 10-nylon suture
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With the Molteno and Baerveldt implants, patients should
be seen every 2 weeks until the drainage tube has opened,
as evidenced by a drop in intraocular pressure and the pres-
ence of a distended bleb over the drainage plate. Before the
tube opens, patients should continue to take their hypoten-
sive medications to control their intraocular pressure. As
the tube opens, the hypotensive medications should be read-
justed based on the intraocular pressure.16

Complications and the Intraoperative Period

Complications during cataract surgery that can have an
impact on the combination surgery are as follows:

a. Capsular rupture with loss of nuclear pieces into the
vitreous cavity. Should this happen, the following points
can be helpful:

1. Inject small quantities of viscoelastic into the ante-
rior chamber and reassess the situation. If the cap-
sular bag contains nuclear pieces and/or cortex, then
every attempt must be made to remove them success-
fully. Judicious use of viscoelastic using the cannula
as a support mechanism, similar to a conventional sec-
ond instrument, along with careful phaco technique
will help in removing the rest of the nuclear pieces.
The challenge is in removing the cortical material in
the presence of vitreous. One method is to use the
anterior vitrector to perform anterior vitrectomy fol-
lowed by cortical aspiration, using the same instrument
but just switching from vitrectomy mode to irrigation–
aspiration (IA) mode. By switching between the ante-
rior vitrectomy and the IA mode, one can successfully
remove all the cortical material and the vitreous from
the anterior chamber. Another method is to use a man-
ual technique as with a Simcoe type cannula. Vitreous
can be stained with Kenalog for easier visualization,
as described in Chapter 16.

2. Once this is achieved, one should reassess the remain-
ing capsular bag and make a decision regarding the
placement of the intraocular lens. If there is only a
small rent in the posterior capsule and the bag itself
is intact and stable, then careful insertion of the pos-
terior chamber foldable IOL is feasible. If the rent is
big, the bag is found to be unstable, or if the surgeon is
unsure, it is better to insert a 3-piece IOL into the sul-
cus. Should there be no capsular support at all, then the
choice is to suture the 3-piece IOL to the iris or place
an anterior chamber IOL.

3. In all these situations, 0.1 cc of triamcinolone ace-
tonide should be injected into the vitreous cavity

through the cataract wound site and the rent in the
posterior capsule. This will help in preventing postop-
erative complications such as cystoid macular edema
and inflammation and may aid in vitreous visualiza-
tion. See Table 16.2.13,14

4. Once the IOL is inserted, then the rest of the viscoelas-
tic is retained in the anterior chamber and the cataract
wound site is secured with interrupted 10-0 nylon
sutures. This is followed by the GDD implantation.

5. The patient should be referred to the retina surgeon for
pars plana vitrectomy and lens removal in cases with
retained nuclear pieces.

b. Capsular rupture with vitreous prolapse into the ante-
rior chamber: Complete and careful anterior vitrectomy
should be performed prior to tube implantation. Pres-
ence of vitreous in the anterior chamber can poten-
tially obstruct the tube opening by plugging it which
leads to sudden increase in the IOP and GDD surgery
failure. More importantly, the resulting vitreous trac-
tion can induce retinal tear/detachment in the opposite
direction.

As mentioned previously, complete and careful vitrec-
tromy during the surgery is the best prevention. Should
this complication be seen in the postoperative period,
YAG vitreolysis can be tried in the clinic.17 If that does
not succeed and/or there is too much vitreous in the ante-
rior chamber, the patient should be taken back to the oper-
ating room and a complete core vitrectomy should be
performed, preferably from a pars plana approach with a
retina specialist.

Complications in the Immediate Postoperative
Period

1. Watch for choroidal effusions and shallowing of the ante-
rior chamber. Should this happen, use cycloplegics to
deepen the anterior chamber and topical and oral steroids
to help reduce the choroidal effusion. Anterior chamber
reformation should be considered in cases with flat cham-
bers from over filtration or those with very shallow cham-
bers with significant choroidal effusions. Choroidal effu-
sion drainage should be considered in cases with kissing
choroidal effusions. See Chapter 12.

2. Suprachoroidal hemorrhage should be suspected in
patients with severe ocular pain, shallow anterior cham-
ber, moderate to elevated IOP, and choroidal effusion
with a dark appearance. B-scan will help in mak-
ing the diagnosis. Small- to moderate-size hemorrhages
can be treated conservatively with oral steroids, pain
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medications, and topical steroids and cycloplegic agents.
Moderate to severe suprachoroidal hemorrhages need to
be drained. See Chapter 12.

3. Hyphema can be seen in some patients, especially in
patients with NVG. Most times, hyphema will resolve
without any additional measures. Anterior chamber
washout should be considered in patients with total
hyphema with tube blockage and elevated IOP. Intra-
cameral injection of tissue plasminogen activator (TPA)
(12.5 μg) can also be considered in cases with tube
obstruction with hyphema or fibrin.18 See Chapter 16.

4. Anterior dislocation of the intraocular lens with pupillary
capture: This is usually seen in patients with hypotony,
shallow chambers, and choroidal effusion. The IOL can
be repositioned into the bag by injecting viscoelastic into
the anterior chamber and using gentle manipulation of
the IOL with viscoelastic cannula. This can be performed
either at the slit lamp, using sterile technique or in the
main operating room depending on the patient’s and the
surgeon’s preferences.

5. Endophthalmitis should be suspected in patients with
pain, conjunctival injection, cells and flare in the ante-
rior chamber, and vitritis. As in any patient postoperative
an intraocular surgery, this should be recognized imme-
diately and treated promptly with the help of a retina
surgeon.

Complications in the Late Postoperative Period

Failure of the GDD in the early and late postoperative
period19: Failure of the GDD appears to be of multifactorial
etiology. Excessive fibrous reaction around the bleb appears
to be the major cause of long-term glaucoma drainage device
failure. Failure appears to be more common in the first post-
operative year than subsequent years.

Other factors that can contribute to the failure include bio-
material of the GDD, end-plate design, and possible inflam-
matory factors in the aqueous in these complicated eyes.

Corneal Decompensation and Glaucoma
Drainage Devices

Corneal decompensation appears to be one of the main
complications following glaucoma drainage device surgery.
It has been reported in up to 30% of the patients with
long-term follow-up.19 Graft failure from decompensation or
rejection in patients with penetrating keratoplasty and glau-
coma following glaucoma drainage device surgery has been
reported in the range of 10–51% (an average of 36.2%).19

The etiology of corneal decompensation and graft failure is
probably multifactorial.

Results/Outcomes

Surgical outcomes following combined phaco/GDD surgery
in published literature supports the concept that in select
cases this approach achieves excellent results, both in terms
of vision recovery and IOP control.

A report from Singapore reviewed 32 eyes with either an
Ahmed or a Baerveldt implant placement, 16 cases each,
combined with phacoemulsification in Asian eyes. Follow-
up was only 6–22 months, but the results were promising
with the mean IOP reduced from 28 mmHg to a mean of
15.2 mmHg for the group. Four eyes failed to achieve IOP
control, one eye lost more than one line of vision, and six
eyes experienced a period of hypotony.20

Nassiri et al.21 studied the efficacy and safety of combined
phacoemulsification and Ahmed valve glaucoma drainage
implant with respect to visual acuity improvement, intraoc-
ular pressure (IOP) control, and requirement for anti-
glaucoma medications. They reported a cumulative success
of 87.8% at 1 year for 41 eyes. The mean visual acuity
improved from 0.73 ± 0.5 to 0.16 ± 0.16 (P = 0.000).
The mean IOP decreased from 28.2 ± 3.1 to 16.8 ± 2.1
(P = 0.000, 40.4%), while the number of anti-glaucoma
medications decreased from 2.6 ± 0.66 to 1.2 ± 1.4 (P =
0.000). The absolute and relative success rates were 56.1 and
31.7%, respectively; five eyes (12.2%) were considered fail-
ures. There were no intraoperative complications; postopera-
tive complications occurred in eight eyes (19.5%). A hyper-
tensive phase was detected in 12 (29.3%) eyes.

A longer term study of 42 eyes, which utilized intraopera-
tive and postoperative antimetabolites, reported 100% suc-
cess at 1 year and 84% success at 6 years, with a mean
intraocular pressure of 12.9 mmHg and a mean number of
medications of 1.2.22

Hoffman et al.8 studied cataract surgery combined with
Baerveldt implant. They reported cumulative survival of 89%
at 18 months for the 33 eyes in their study with a mean
intraocular pressure and number of medications needed to
control intraocular pressure of 13.1 mmHg and 0.4, respec-
tively, at 18 months. The results of patients’ visual acuity
in that study were not as good as past phacotrabeculectomy
studies, but the authors note that preexisting conditions, such
as advanced glaucoma, limited the ability to improve visual
acuity after cataract removal.

A long-term study of the Molteno implant showed
that all of the patients were able to maintain intraocu-
lar pressure below 21 mmHg, with or without hypotensive
medication. Interestingly, the same study noted that, with
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time, the intraocular pressure control of the patients with
the Molteno implant improved, resulting in less hypotensive
medications and lower pressures.23

Summary

Combined cataract and glaucoma drainage device implan-
tation offers an effective option for surgically managing
patients with refractory glaucoma and visually significant
glaucoma. The combined procedure provides the benefits of
a single trip to the operating room, versus performing the
operations sequentially, and has not been shown to increase
the chances of failure of the drainage device.21
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Chapter 12

Choroidal Detachment Following Glaucoma Surgery

Diego G. Espinosa-Heidmann

Introduction

The presence of serous or hemorrhagic fluid accumulation in
the suprachoroidal space is defined as a choroidal detach-
ment.1 The pathophysiology of this fluid collection is not
clearly understood, but it occurs as a result of multiple mech-
anisms such as ocular hypotony, surgical trauma, altered
integrity of the ocular vasculature, as well as inflammation.
A choroidal detachment can be seen after several clinical
settings such as a combined cataract and glaucoma surgery,
a cataract extraction, or a retinal detachment, as a result of
ocular inflammation or due to spontaneous development.2 It
usually occurs at any time in the postsurgical period more
frequently during the first week. There is also an idiopathic
form, in nanophthalmos and in association with increased
episcleral venous pressure presenting as an intraoperative
choroidal effusion during glaucoma or cataract surgery (see
Table 12.1).

Serous Choroidal Detachment

Choroidal detachments were first noted in the 1860s, but it
was not until 1900 that Fuchs reported that they were a fre-
quent complication of surgery such as cataract surgery.3,4

The frequency and degree of postoperative hypotony
have decreased due to improved microscopic surgical tech-
niques. The use of fine suture material and more exact
wound closure techniques have resulted in a decrease in
overfiltration and wound leaks. At the same time, the
recent introduction of antimetabolite drug therapy dur-
ing or following filtration surgery has again increased
the incidence rate of hypotony-associated choroidal
detachments.

D.G. Espinosa-Heidmann (�)
Duke University Eye Center, Durham, NC 27710, USA
e-mail: diego.espinosa-heidmann@duke.edu

Table 12.1 Clinical Settings in which choroidal detachment
may occur

• Cataract surgery
• Filtration surgery
• Retinal reattachment surgery
• Intraocular surgery in eyes with enlarged episcleral vessels
• Before or after intraocular surgery in nanophthalmos
• Non-surgical ocular trauma
• Inflammatory disorders affecting the eye (i.e., choroiditis, scleritis)
• Ocular tumors (primary or metastatic)

The suprachoroidal space is a potential space situated
between the choroid and the sclera.5 When filled with blood
or fluid it becomes a true space, of which the boundaries are
the scleral spur anteriorly and the optic disc posteriorly. The
choroid is firmly attached to the sclera at the ampullae of
the vortex veins. These attachments are responsible for the
typical lobular appearance of a large choroidal detachment.
The suprachoroidal space normally contains approximately
10 μl of fluid.6 A choroidal detachment is defined as a sepa-
ration of the uvea from the sclera; therefore, a choroidal effu-
sion is serous fluid within the suprachoroidal space. As men-
tioned previously, hypotony and inflammation appear to be
causative factors responsible for this accumulation of fluid in
the suprachoroidal space.7

Chandler made important initial observations about the
nature of this condition. He noted that if the eye was soft
and there was no obvious choroidal detachment, a sclerec-
tomy would demonstrate fluid in the suprachoroidal space,
that suprachoroidal fluid had to extend to the scleral spur for
aqueous production to be reduced, and that it was essential
to maintain re-formation of the anterior chamber if repeated
drainage of fluid was required.8,9 The validity of these obser-
vations is now established.

Choroidal serous detachments are usually asymptomatic.
They can be associated with a positive scotoma. The clinical
features of serous choroidal detachment include low intraoc-
ular pressure (IOP), shallow to flat anterior chamber, over-
filtration of a filtering bleb, and the possibility of a wound
leak. It may occur anywhere in the fundus, but it is usually
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found anterior to the equator on either side of the midline
in the inferonasal or inferotemporal quadrants of the globe.
Upon clinical examination it appears as a brown, balloon-
like choroidal elevation, most efficiently examined by indi-
rect ophthalmoscopy, but it can also be viewed by direct oph-
thalmoscopy, biomicroscopy, and can be imaged frequently
by ultrasonography.

There can be idiopathic conditions associated with cilio-
choroidal serous effusion, which can lead to forward rotation
of the lens-iris diaphragm and angle-closure glaucoma. The
first condition is nanophthalmos, which is an ocular anomaly
characterized by a small eye with a small cornea, shallow
anterior chamber, narrow angle, and high lens/eye volume
ratio.10 The eyes are highly hyperopic due to the short axial
length (<20 mm). Uveal effusion and non-rhegmatogenous
retinal detachment may follow intraocular surgery in these
cases. Histopathologic studies reveal an unusually thick
sclera with irregular interlacing collagen bundles, fraying of
collagen fibrils, reduced glycosaminoglycans, and elevated
fibronectin.10 It has been proposed that the uveal effusion
may be due to reduced scleral permeability to proteins by the
thickened sclera or compression of venous drainage chan-
nels by the dense collagen around the vortex veins. See
also Chapter 19. The second condition, uveal effusion syn-
drome, has similarities to nanophthalmos with the excep-
tion that the eye is of normal size. It is characterized by
dilated episcleral vessels, thickened or detached choroid and
ciliary body, and rhegmatogenous retinal detachment. The
sclera may be thickened and impermeable due to structural
abnormalities such as impaired deposits of glycosaminogly-
cans, dilated endoplasmic reticulum, and large glycogen-like
granules in scleral cells.10 Other conditions with elevated
episcleral venous pressure and prominent episcleral veins
must also be ruled out as causes for choroidal detachments
such as idiopathic episcleral venous pressure glaucoma, dural
shunt, carotid-cavernous sinus fistula, and Sturge-Weber syn-
drome. Eyes with these abnormalities often develop an intra-
operative choroidal effusion that may mimic an intraopera-
tive expulsive hemorrhage. Often, it is recommended that a
prophylactic posterior sclerostomy may reduce the compli-
cations associated with intraoperative choroidal effusion in
these eyes.

Suprachoroidal Hemorrhage

Suprachoroidal hemorrhage (SCH) is defined as blood, as
opposed to serous fluid, within the suprachoroidal space.
Suprachoroidal hemorrhage can be classified with respect to
size and extent of hemorrhage, by their relation to intraoc-
ular surgery, or by the precipitating event. When catego-
rized with respect to size, it can vary from a small area of

involvement to massive involvement. This massive involve-
ment can be sufficiently large to force the inner surfaces
into direct apposition, usually within the center of the pos-
terior chamber. This extensive type of hemorrhage is com-
monly defined as a “kissing suprachoroidal hemorrhage”
or massive suprachoroidal hemorrhage with central retinal
apposition. The timing of development of suprachoroidal
hemorrhage with relation to intraocular surgery is another
method of classifying the condition. Here it may develop
at the time of the intraocular surgery, representing intra-
operative suprachoroidal hemorrhage, which in many cases
is associated with the expulsion of intraocular contents
through the surgical wound (i.e., expulsive suprachoroidal
hemorrhage). Suprachoroidal hemorrhage that develops in
the postoperative period is termed “postoperative supra-
choroidal hemorrhage” or “delayed suprachoroidal hem-
orrhage.” This type occurs in a closed system and is
not typically associated with expulsion of intraocular con-
tents. Finally, suprachoroidal hemorrhage can be catego-
rized by the precipitating events such as penetrating or blunt
trauma. This type of suprachoroidal hemorrhage is consid-
ered a distinct entity by itself and will not be considered
here.7

Several theories have been postulated to explain supra-
choroidal hemorrhage. Hypotony appears to be the major
precipitating factor resulting in rupture of a long or short
ciliary artery.11 Another theory is that hypotony causes a
choroidal effusion that stretches and ruptures a long or a short
posterior ciliary artery.12–15 Obstruction of venous outflow
from the vortex veins may also be a precipitating factor that
may lead to a suprachoroidal hemorrhage.16 Suprachoroidal
hemorrhage is a relatively rare event that has been reported
to occur in the setting of all types of intraocular procedures
including cataract extraction, penetrating keratoplasty, glau-
coma filtering surgery, and vitreoretinal surgery.17–25 The
occurrence of this complication during the advent of mod-
ern techniques of intraocular surgery has even made this
complication almost non-existent. The incidence of expul-
sive suprachoroidal hemorrhage during glaucoma surgery
has been reported to be approximately 0.15%.26 On the other
hand, the incidence of delayed suprachoroidal hemorrhage is
higher, as reported by various authors, when compared to the
former.21,27,28 This type of delayed suprachoroidal hemor-
rhage is believed to be precipitated by prolonged postopera-
tive hypotony and inflammation.

Multiple studies have indicated that multiple risk factors
are associated with the development of both intraocular and
delayed suprachoroidal hemorrhage (SCH). These systemic,
ocular, intraoperative, and postoperative risk factors are sum-
marized in Table 12.2.29–31

Before surgery, certain preventive measures should be
employed in patients at high risk for the development of
suprachoroidal hemorrhage. These measurements should be
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Table 12.2 Risk factors for SCH

1. Systemic
Advanced age
Arteriosclerosis
HTN
Blood dyscrasia/Coagulation defects
Diabetes

2. Ocular
Glaucoma
Myopia
Aphakia/pseudophakia
Choroidal inflammation
Recent intraocular procedures
SCH in the fellow eye

3. Perioperative risk factors
Retrobulbar anesthesia without epinephrine
Precipitous drop of IOP
Valsalva maneuvers
Vitreous loss

4. Postoperative risk factors
Postoperative trauma
Ocular hypotony
Valsalva maneuvers
TPA administration

Table 12.3 Prophylactic measures to avoid choroidal effusions

1. Preoperative
Perform complete ophthalmic evaluation to rule out ocular risk

factors
Perform complete medical evaluation to rule out systemic risk

factors
Avoid aspirin and other anticoagulants to prevent coagulation

problems
2. Operative

Use minimal preoperative phenylephrine to avoid systemic
hypertension

Use epinephrine in lid blocks to produce vasoconstriction of
vessels

Lower IOP before incision by the use of intravenous
hyperosmotic agents

Or carbonic anhydrase inhibitor (CAI)
Avoid rapid decompression of the globe
Avoid Valsalva maneuvers
Recognize suprachoroidal hemorrhage early if it occurs

3. Postoperative
Avoid eye trauma or eye pressure
Avoid hypotony
Avoid Valsalva maneuvers

followed before, during, and after surgery. Please refer to
Table 12.3.

A favorable outcome after intraoperative or delayed supra-
choroidal hemorrhage requires early recognition. Early signs
of an intraoperative suprachoroidal hemorrhage include a
sudden increase in IOP with firming of the globe, loss of
the red reflex, and shallowing of the anterior chamber with
forward displacement of the iris and lens or lens implant,

with or without vitreous prolapse. Immediate tamponade
of the globe is required by either direct digital pressure or
rapid suturing of all surgical incisions. If intraocular contents
are expelled, they should be reposited as quickly as possi-
ble. Sometimes, acutely, posterior sclerotomies need to be
performed in order to successfully accomplish reduction of
intraocular content, but this still remains debatable. Delayed
suprachoroidal hemorrhage behaves differently from intra-
operative suprachoroidal hemorrhage. This usually presents
with the sudden onset of severe ocular pain with subsequent
loss of vision. Headache, nausea, or vomiting may accom-
pany the ocular pain. On clinical examination, there is shal-
lowing of the anterior chamber, vitreous prolapse into the
anterior chamber in aphakic or pseudophakic eyes, and loss
of the red reflex. On fundoscopic examination, dark elevated
dome-shaped lesions are seen occupying the equatorial fun-
dus and on occasions there is an extension to the posterior
pole. Intraocular pressure may be low, normal, or elevated.

Role of Ultrasound in SCH

Ultrasound can be extremely useful in the diagnosis of serous
choroidal detachment as well as suprachoroidal hemorrhage.
It can help in the diagnosis and management of these con-
ditions. Ultrasound can determine the location and extent of
suprachoroidal hemorrhage, as well as determine the status
of the retina and vitreous. Also, differentiation between hem-
orrhagic choroidal detachment and serous choroidal effusion
can be used with the combination of A- and B-scans. In
suprachoroidal hemorrhage, the suprachoroidal space is typ-
ically filled with opacities denoting the presence of clotted
blood evident in the B-scans as opposed to the absence of
these images in serous choroidal detachments. These clots
are seen as highly reflective, solid-appearing masses with
irregular internal structures and irregular shapes. In subse-
quent follow-ups, liquefaction of these blood clots occurs,
which, on average, has been reported to take from 7 to 14
days.7,32,33 See Fig. 12.1. The A-scans show a steeply ris-
ing double-peaked wide spike characteristic of a choroidal
detachment with lower reflective spikes in the suprachoroidal
space, indicating clotted blood. Ultrasound can be a use-
ful adjunct in determining the optimal time for drainage by
delaying drainage until there is echographic evidence indi-
cating liquefaction of the suprachoroidal hemorrhage.32–34

This can minimize probing of the suprachoroidal space for
residual clots, a maneuver that may cause further bleeding or
retinal damage. Computed tomography and the use of mag-
netic resonance can also aid in the differentiation of serous
and hemorrhagic choroidal detachments as well, but are not
as cost-effective.
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Fig. 12.1 B-scan ultrasound image that illustrates suprachoroidal hemorrhage with clot contraction and liquefaction

Medical Management

Choroidal detachments are usually not a clinically signifi-
cant concern if there is just serous fluid as opposed to blood.
As indicated previously, in the context of glaucoma surgery,
there can be a flat chamber associated with serous choroidal
detachment, which would require reformation. Here it is
important to differentiate between the former and other com-
plications, such as an overfiltration due to failure to adjust
the scleral flap resistance enough during filtration surgery, a
wound leak, an aqueous hyposecretion from inflammation, or

a forward displacement of the lens-iris diaphragm by aque-
ous misdirection.35 For most cases when there is just diver-
sion of fluid into the uveal-scleral tract, as in serous choroidal
detachment, it resolves spontaneously or with conservative
medical treatment without sequelae36 (Figs. 12.2 and 12.3a,
b). Even suprachoroidal hemorrhages may resolve with med-
ical management (Fig. 12.4).

The goal of medical management is achieving decreased
inflammation and increased IOP.1 Topical prednisolone
acetate or dexamethasone every 1–2 h, as well as dexametha-
sone ointment at bedtime, are used to minimize intraocular
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Fig. 12.2 This B-scan ultrasound shows large serous choroidal detach-
ment, which resolved completely with conservative treatment, despite
“kissing” for several days

inflammation. The use of mydriatic and cycloplegic agents,
such as atropine 1% or shorter acting agents, results in
diminished ciliary body tone and posterior displacement of
the lens-iris diaphragm as well as controls ocular pain if
present. If the anterior chamber is very shallow, a dilating
course of neo-synephrine 2.5% and tropicamide 1% admin-
istered every 5 minutes, four times, twice a day can be helpful

Fig. 12.3 (a, b) These fundus photographs illustrate the near resolution
of a low-lying serous choroidal effusion. Photographs courtesy of Tom
Monego at Dartmouth Hitchcock Medical Center (DHMC), Lebanon,
NH

in promoting deepening of the anterior chamber. The use of
prednisone (80 mg/daily), a systemic steroid, is controversial
but can be effective in some refractory cases. A polymethyl
methacrylate (PMMA) glaucoma shell can also be used to
manage an early choroidal detachment by promoting deepen-
ing of the anterior chamber if excessive filtration is the factor
contributing to the serous effusion.

a b

Fig. 12.4 This fundus photograph shows resolving hemorrhagic choroidal detachment. Note the wrinkling of the retina on the domed surface.
Courtesy of CRP at DHMC, Lebanon, NH
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Surgical Management

When the choroidal detachment persists despite medical
therapy and there is anterior chamber shallowing, there
can be consequences that might indicate a more aggressive
course of action. The consequences of prolonged absence of
the anterior chamber are summarized in Table 12.4.

Table 12.4 Consequences of prolonged absence of the anterior
chamber

• Closure of a previously open angle by peripheral anterior synechiae
• Failure of filtration bleb in filtration procedures for glaucoma
• Anterior capsular and/or subcapsular cataracts
• Hastening of nuclear sclerotic cataractous changes
• Damaged corneal endothelium with bullous keratopathy
• Formation of posterior synechiae
• Hypotony maculopathy if associated low IOP

In these cases, it may be indicated to do surgical drainage
of the suprachoroidal fluid. The procedure is known as a
choroidal tap (Table 12.5). Here the anterior chamber ref-
ormation is combined with posterior sclerotomies that allow
drainage of the suprachoroidal space (see Fig. 12.5).

Table 12.5 Performing a choroidal tap

1. Peribulbar block with a mixture of 2% lidocaine with epinephrine
plus 0.75% bupivacaine without epinephrine and hyaluronidase
applied in four quadrants (1–2 cc per quadrant) is preferred over a
retrobulbar block, especially if the eye is extremely soft. This
lessens the risk of intraocular needle perforation and diminishes
the possibility of a retrobulbar hemorrhage, which would prove
difficult for re-formation of the anterior chamber. Neither
Honan’s balloon nor digital pressure compression is used

2. Sterile preparation of the eye and drapes are applied in the usual
fashion for eye surgery

3. Bridle sutures may be used in the superior and inferior rectus
muscle only if there is not a bleb that can be compromised with
this maneuver. If a bleb is present, then a bridle suture is not
indicated and clear cornea Vicryl or silk sutures are placed
anterior to the limbus to control the globe position

4. A paracentesis should be made with a very sharp blade very slowly
to avoid a rapid entry in the anterior chamber, which can result in
damage to the iris or lens. Then using a 27-gauge cannula, the
anterior chamber is reformed with balanced salt solution. If the
anterior chamber is resistant to reformation, an air bubble or
viscoelastic material can be used

5. A horizontal conjunctival incision is made 3–6 mm from the limbus
in the quadrants where the drainage is going to be made. If a bleb
is present, then the drainage should be away from the quadrant
where the filtering bleb is located. Unipolar diathermy is applied
to visible episcleral vessels to minimize bleeding

6. The sclera is penetrated by a scratch-down technique to enter the
suprachoroidal space with a diamond blade, or a duller blade such
as a Beaver no. 67 or a Bard-Parker no. 15 blade. The incision is
2–3 mm in length and is placed perpendicular to the limbus in a
radial configuration. It is recommended that two sclerostomies be
created to completely evacuate the suprachoroidal space. See
Fig. 12.5.

Table 12.5 (continued)

7. Clear to yellowish-tinged fluid often drains spontaneously once the
incision is carried into the suprachoroidal space. Once the fluid
stops, the tip of a cyclodialysis spatula can be inserted into the
suprachoroidal space in a circumferential fashion (parallel to the
limbus). This maneuver can be performed in both directions

8. The anterior chamber is reformed periodically with balanced salt
solution when the eye softens. This cycle of anterior chamber
reformation and fluid drainage is repeated until no further fluid
drains from the sclerostomy. Using two fine-tipped forceps to
elevate one edge of the sclerostomy wound while alternately
depressing the opposite edge with a cotton-tipped applicator
permits more effective fluid release

9. Once the anterior chamber has been reformed and the choroidal
effusions have been drained, the sclerostomy openings are left
open and the conjunctiva is closed with 10-0 absorbable suture

10. The eye is then gently patched and an eye shield placed after
subconjunctival steroid injection and atropine plus antibiotic
ointment are applied to the conjunctival sac

Fig. 12.5 Illustration of a choroidal tap. The conjunctiva has been
opened 5 mm from the limbus in the quadrant. A blade is being used
to scratch down through the sclera to the level of the suprachoroidal
space to allow exit of the fluid

The indications for early surgical drainage, in the pres-
ence of suprachoroidal hemorrhage, may be in part similar
to the ones observed in serous choroidal detachments such
as lens-cornea touch, progressive corneal edema, progres-
sive cataract formation, failing filtering bleb with shallow
anterior chamber in an inflamed eye, wound leak and
flat anterior chamber, and development of angle-closure
glaucoma associated with anterior rotation of the ciliary
body.5,7 More specifically, the indications for drainage and
intraocular surgery for suprachoroidal hemorrhage include



12 Choroidal Detachment Following Glaucoma Surgery 125

the presence of a retinal detachment, central retina appo-
sition that may cause retinal adhesions, vitreous incar-
ceration into a surgical wound, a breakthrough vitreous
hemorrhage, retained lens material during cataract surgery,
and intractable eye pain7 (Fig. 12.6). With these later com-
plications, suprachoroidal hemorrhage drainage may require
sclerotomies 12–14 mm posterior to the limbus to evacuate
blood that has accumulated in the posterior pole area. Con-
sultation with a retinal specialist is indicated when there is
any indication that the structures of the posterior segment
are jeopardized from the hemorrhage. Vitrectomy techniques
to manage the vitreoretinal complications and the use of
intraocular expandable gases that can effectively decrease
the incidence of re-bleeding and tamponade the choroid and
retina in their anatomic positions, so that reoperation is less
likely, may be needed as well.7,37

It is important that when retinal detachments are asso-
ciated with choroidal detachment, a distinction be made
between retinal detachment of serous origin and retinal

detachments of a tractional or rhegmatogenous cause. Serous
detachments are typically dome shaped, low lying, and sit-
uated over areas of choroidal hemorrhage. Traction retinal
detachments are taut areas of retinal separation, with appar-
ent areas of vitreoretinal traction. Rhegmatogenous retinal
detachments are usually more elevated and bullous, and
may not be overlying an area of choroidal hemorrhage. The
importance relies in the fact that serous retinal detachments
can be observed closely with a high rate of spontaneous res-
olution. On the other hand, rhegmatogenous and tractional
retinal detachments remain a common indication for surgical
intervention.38–41

Central retinal apposition, or kissing choroidals, has tra-
ditionally been considered to be an absolute indication for
surgical drainage. It has been reported that the retinal sur-
faces in apposition become fixed. The duration of central
retinal apposition in suprachoroidal ranges from 10 to 25
days with decrease in elevation after the third week. Despite
this prolonged apposition, no evidence of persistent retinal

Fig. 12.6 B-scan ultrasound that illustrates the clearing of a large postoperative suprachoroidal hemorrhage that required pars plana vitrectomy
to relieve retinal traction
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adherence, either clinically or echographically, has been
noted in many cases. Therefore, central retinal apposition
may be a relative rather than an absolute indication for early
surgical intervention.34,41–43

Surgical Approach

In a patient with suprachoroidal hemorrhages, the surgical
approach may be one of two choices:

1. Drainage procedure to remove the suprachoroidal hemor-
rhage or

2. vitreoretinal surgery in combination with a drainage pro-
cedure to remove not only the hemorrhage in the supra-
choroidal space but also to remove vitreous hemorrhage,
to remove retained lens material, to relieve vitreoretinal
traction, and to re-establish the normal anatomic configu-
ration of the posterior segment.7

When a drainage procedure is contemplated, the opti-
mal time for intervention can be critical for success. Mean
clot lysis time for a suprachoroidal hemorrhage has been
reported to be between 7 and 14 days.24 See Fig. 12.1.
Attempts to drain before clot lysis has occurred are usu-
ally unsuccessful. It is therefore recommended that drainage
in patients with suprachoroidal hemorrhage be deferred for
1–2 weeks, preferably with clot lysis confirmed by ultra-
sound. Some authors recommend an infusion system or an
anterior chamber maintainer to form the anterior chamber
during drainage of the suprachoroidal blood, while main-
taining uniform IOP.44–47 Another alternative is the use
of a continuous-infusion air pump through a 25-, 27-, or
30-gauge needle inserted through the limbus.21,48 The air
pump insufflation pressure is preset to 20–30 mmHg. A
potential disadvantage of this technique versus the use of
balanced salt solution is the loss of detailed visualization
of the posterior segment because of the air-fluid interface
reflections, which will make identification of peripheral reti-
nal tears or areas of vitreoretinal traction more difficult to
detect at the time of surgery. When retinal detachment, vitre-
oretinal traction, vitreous hemorrhage, and/or dislocated lens
fragments are present in the setting of a suprachoroidal hem-
orrhage, vitreoretinal surgery at the time of the drainage pro-
cedure is advisable.7 Vitreoretinal surgery will re-establish
the normal anatomic configuration of the globe by con-
trolled removal of vitreous and vitreous debris, relief of
vitreoretinal traction, and reattachment of detached retina. In
these instances the drainage of suprachoroidal blood should
be first with the purpose of restoring the normal anatomic
location of the pars plana, anterior retina, and vitreous base
before attempting the introduction of an infusion cannula and

instruments into the eye for the conventional three-port pars
plana vitrectomy. Internal tamponade with a long-acting gas
as mentioned earlier or silicone oil may also be required to
successfully restitute the normal anatomy of the posterior
pole.

Outcomes

Cantor and coauthors reviewed the outcomes of drainage of
serous choroidals in 63 eyes following glaucoma surgery,
including combined trabeculectomy with cataract extraction.
The patients were initially treated medically. At 1 month,
59% had resolution of the choroidal effusions and 77% at
12 months. In the eyes with flat anterior chambers, this con-
dition resolved with drainage. Likewise, visual improvement
occurred in eyes that underwent drainage for loss of vision.
Seventy-seven percent of the phakic eyes went on to develop
cataract within the year. Some eyes required more than one
drainage procedure.49
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Chapter 13

Cataract Extraction Combined with Endoscopic
Cyclophotocoagulation

Steven D. Vold

Introduction

Some of the earliest work regarding cyclodestruction as a
means to treat glaucoma occurred when Heine observed
decreases in intraocular pressure with detachments of the
ciliary body.1 Verhoeff followed by surgically excising the
ciliary body in 1924.2 Vogt later popularized the use of a
penetrating diathermy technique to destroy the ciliary body
in the late 1930s.3,4 In 1950, Bietti became the first person
to correlate cyclocryotherapy with intraocular pressure (IOP)
reduction.5 Purnell advocated a transscleral ultrasound radi-
ation to produce the desired destruction in the early 1960s.6

Since that time, cyclophotocoagulation through either a
transpupillary route or a contact or non-contact transscleral
route has been popularized utilizing a multitude of different
lasers.7,8

These various attempts at decreasing intraocular pressure
via cyclodestruction share a common set of disadvantages
and associated complications. In each of these procedures,
the surgeon is attempting to ablate the tissue surrounding
fragile ocular structures in a fashion with limited ability to
assess anatomic accuracy or qualitative effect. Complica-
tions include prolonged hypotony, pain, uveitis, hemorrhage,
choroidal effusion, anterior segment ischemia, scleromala-
cia, failure and need to retreat, and postoperative visual
loss associated with chronic cystoid macular edema. Tradi-
tionally, these procedures had been limited to patients with
refractory glaucomas after failure of other surgical options in
patients that already had poor visual acuity.7,8 More recently
studies have suggested patients can enjoy the effects of
adequate glaucoma treatment and retain good vision long-
term after transscleral laser cyclodestruction with newer
lasers.9
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Endoscopic cyclophotocoagulation (ECP) is a relatively
new, Food and Drug Administration (FDA)-approved proce-
dure developed by Martin Uram to minimize the disadvan-
tages of more traditional cyclodestructive procedures while
maximizing the advantage of ablating the ciliary body epithe-
lium to decrease IOP. It employs the use of a laser endoscope
containing three fiber groupings: the image guide, the light
source, and the semiconductor diode laser. This technology
allows direct visualization of the ciliary epithelium so that the
highly titratable laser energy can be delivered to the source
of aqueous production in a precise manner, limiting damage
to the underlying ciliary body and surrounding tissue.10

Indications for Surgery

The indications for performing ECP remain somewhat con-
troversial and continue to be debated. In light of the
complications potentially associated with this procedure,
cautious patient selection for this procedure has been
advised. ECP has been utilized in a wide variety of glaucoma
types including primary open-angle, angle-closure, pigmen-
tary, neovascular, traumatic, pediatric, and other refractory
glaucomas.11–21

Cyclodestructive procedures have been classically
reserved for cases of glaucoma that are refractory to medical
therapy, outflow surgeries, and eyes with poor or no vision
potential. This is understandable in light of the relatively
crude and poorly titratable technology previously available.
In these sick eyes with imprecise and sometimes severe
treatments, poor treatment outcomes were common and
were to be expected.

With the advent of improved laser technologies, the
use of scleral transillumination, and endoscopic tech-
niques, the accuracy of treatment location and preci-
sion in energy delivery has dramatically improved.22

These advancements challenge where cyclophotocoagula-
tion fits into the glaucoma treatment paradigm. Evidence is
growing that supports cyclophotocoagulation as a viable
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treatment in patients with less severe glaucomas and good
vision potential.9 Unfortunately, no long-term random-
ized prospective studies that compare ECP to transscle-
ral cyclophotocoagulation and trabeculectomy are currently
available.

In recent years, ECP has been increasingly utilized in
conjunction with cataract extraction as an initial glaucoma
surgery. Early studies seem to support that ECP is effec-
tive in lowering IOP and suggest an excellent safety pro-
file in this setting.23–26 With extensive ECP experience,
Berke suggests performing ECP in combination with small-
incision cataract surgery in patients with cataract and mod-
erate glaucoma on two or more medications. He performs
phacoemulsification with intraocular lens implantation alone
in patients with cataract and mild, well-controlled glau-
coma on a single, well-tolerated glaucoma medication (see
Chapter 2). In patients with cataract and advanced glauco-
matous optic nerve damage on maximum medical therapy,
he generally performs phacotrabeculectomy with intraoper-
ative mitomycin C26 (see Chapter 6). The clinical experi-
ence of this author mirrors the findings of Berke and col-
leagues. Visually significant cataract is commonly the driv-
ing force in the decision to proceed with phaco-ECP in
patients with both cataract and glaucoma under this treatment
paradigm.

Despite extensive positive anecdotal experience, more
prospective well-controlled long-term studies are necessary
to more accurately determine the actual benefits and indica-
tions of ECP. Intraocular pressure spikes, increased postop-
erative inflammation, intraocular lens dislocation, and long-
term efficacy remain concerns potentially associated with
combined phaco-ECP.27 Cautious utilization of this tech-
nology is appropriate, especially in patients with pseudoex-
foliation syndrome, inflammatory disease, cystoid macu-
lar edema, macular degeneration, and diabetic retinopathy.
The true benefit of ECP on intraocular pressure reduc-
tion has been questioned as well. Cataract surgery is well
known to lower intraocular pressure in certain glaucoma
patients.28,29,30 The long-term efficacy and potential impli-
cations on concurrent ocular diseases remain largely
unknown.

Instrumentation

Ocular endoscopy was first suggested by Thorpe in 1934.31

Interestingly, no other reports were published until Nor-
ris and Cleasby described an endoscope for ophthalmology
in 1978.32 In 1986, Patel and colleagues were the first to
report endolaser treatment of the ciliary body for uncon-
trolled glaucoma.18 However, this was done using scleral
depression through an operating microscope, not with an

endoscope. Uram developed an intraocular laser endoscope
with both vitreoretinal and anterior segment applications, and
reported his initial results treating neovascular glaucoma in
1992.11

The unit developed by Uram has two basic sets of instru-
mentation: the laser endoscope and the equipment console.
The laser endoscope has three fiber groupings: the image
guide, the light guide, and the semiconductor diode laser
guide, which is set to the 810-nm wavelength (Fig. 13.1).
These three exist as either an 18- or 20-gauge endoprobe with
a 110◦ field of view and depth of focus from 1 to 30 mm. The
light guide employs a 175 W xenon light source. The laser
has an up to 2.0 W power output. Both straight and curved
endoscopic probes are available. The laser endoscope is con-
nected to the console that contains all of the instrumentation
used for endoscopy including the video camera, light source,
video monitor, and video recorder (Fig. 13.2). The surgeon
controls the progress of surgery by viewing the video mon-
itor, rather than viewing through the operating microscope
(Fig. 13.3).

Fig. 13.1 ECP probe. Image courtesy of EndoOptiks Corp., Little
Silver, NJ

Fig. 13.2 ECP console. Photo courtesy of EndoOptiks Corp., Little
Silver, NJ
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Fig. 13.3 ECP surgical set-up. Photo courtesy of EndoOptiks Corp.,
Little Silver, NJ

Operative Technique

With endoscopic cyclophotocoagulation, ciliary processes
may be accessed from either a limbal or a pars plana
approach (Fig. 13.4). Assessment of lens and vitreous status
is important in determining an ECP surgical plan. Mecha-
nism of glaucoma, level of intraocular pressure, and previous
surgical intervention should also be considered.

Ciliary processes may be accessed from an anterior
approach in phakic, pseudophakic, and aphakic eyes. The

Fig. 13.4 Treated ciliary processes. Photo courtesy of EndoOptiks
Corp., Little Silver, NJ

limbal approach is generally recommended in patients under-
going ECP combined with cataract surgery and intraocular
lens implantation. The incision should be at least 1.5–2.0 mm
in length. Both clear corneal and the scleral tunnel inci-
sions commonly used in cataract surgery provide adequate
access for the endoscope. Topical, extraconal, and intraconal
regional block techniques all provide acceptable anesthesia.

In phakic eyes that are not undergoing phaco but ECP
only, an “over-the-capsule” approach may be used. Sodium
hyaluronate is injected posterior to the iris but anterior to the
capsule. Hyaluronate-based viscoelastics are entirely trans-
parent to the diode laser wavelength, allowing laser transmis-
sion across the viscoelastic cushion without generating more
thermal energy. This maneuver causes anterior displacement
of the iris and posterior movement of the lens, creating a wide
approach to the ciliary process. High viscosity viscoelas-
tics such as Healon GV or Healon5 (Abbott Medical Optics,
Abbott Park, IL) maintain this space well and prevent any
potential contact of the laser endoscope with the iris and lens
throughout the procedure. Any adhesions between the lens
capsule and the iris are severed by viscoelastic or mechani-
cal dissection. Endolaser cyclophotocoagulation may then be
performed. Once ECP has been completed, thorough removal
of the viscoelastic is vital to preventing early postoperative
intraocular pressure rises.

In pseudophakic patients with posterior chamber lenses or
in patients undergoing ECP combined with cataract surgery,
a similar approach is used. In combined surgery, cataract
surgery is typically performed first. Sodium hyaluronate is
then injected posterior to the iris but anterior to the lens cap-
sule and lens implant, creating open access to the ciliary pro-
cesses. Clear corneal incisions may be preferable as it may
allow for easier access to a wider treatment area and preser-
vation of the conjunctiva in the event that filtering surgery
is required in the future. If capsular rupture occurs during
cataract surgery, vitreous should be carefully removed from
the anterior chamber prior to proceeding with ECP. This
author would likely not proceed with ECP after complicated
cataract surgery or in patients with a loose zonular appara-
tus. ECP performed in these circumstances potentially leads
to complications associated with both poor intraocular lens
support and increased postoperative inflammation.

In aphakic eyes, vitreous must be removed before any
endoscope manipulation occurs in the region of treatment.
An anterior chamber maintainer is generally required making
viscoelastic use optional. Surgeons must be aware that lens
remnants, gliotic capsule, and opacified vitreous may overlie
the ciliary processes preventing their visualization and treat-
ment. In these situations, removal of fibrotic material may
need to be performed, and a pars plana approach may be use-
ful. With a pars plana surgical approach, the laser endoscope
is inserted through the pars plana 3.5–4.0 mm from the lim-
bus. The tip is directed in an anterior direction, and the cil-
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iary processes are easily viewed and photocoagulated. A pars
plana approach is discouraged in phakic patients as the crys-
talline lens will obscure visualization of the ciliary processes
with this technique.

One of the great advantages of ECP over transscleral
cyclophotocoagulation techniques is the ability to deliver
laser energy in a highly titratable fashion to the ciliary pro-
cesses. The optimum tissue effect is to whiten the ciliary pro-
cess and effect visible tissue shrinkage (Fig. 13.4). Photoco-
agulation is applied with the endoscope 1.0–3.0 mm from the
ciliary processes with power levels of the 810-nm semicon-
ductor diode laser titrated upward from lower power levels
to achieve whitening and shrinkage of the ciliary processes.
A slow continuous wave application of the laser treatment
allows surgeons to methodically “paint” the entirety of each
ciliary process in a smooth, well-controlled fashion.

Treatment of at least 300◦ is often required to get optimal
intraocular pressure reduction with ECP.33 Using the straight
probe, two-site surgery is often required to achieve adequate
treatment. The curved endoscope probe enhances a surgeon’s
ability to expand the ciliary process treatment area through
smaller incisions (Table 13.1). Gas bubble formation, pig-
ment dispersion, audible “popping” sounds, photocoagula-
tion of non-ciliary process tissue, and inclusion of prosthetic
material in the treatment zone should be avoided.

Table 13.1 Tips for ECP success

Treat at least 270–300◦
Go back over treated areas to enhance treatment efficacy
Treat the ridge of the process first so that shrinkage exposes the valley

better
Ensure you treat both the anterior and posterior aspect of the process
Slower burns of two seconds that avoid “popping” ciliary processes are

preferable

Postoperative Care

The postoperative course following ECP is one of the
most attractive features associated with this operation. In
most patients, postoperative management of both ECP alone
and also combined ECP and cataract surgery is similar
to that encountered with cataract surgery alone. The peri-
operative use of topical broad-spectrum antibiotic, top-
ical prednisolone acetate 1%, and topical non-steroidal
anti-inflammatory medication are generally recommended.
Postoperative anti-inflammatory medication regimens rarely
require more than four times a day dosing with proper patient
selection and good surgical technique. In the immediate
postoperative period, aggressive use of topical or systemic
glaucoma medication may be helpful in preventing early
postoperative intraocular pressure spikes. Glaucoma medica-

tions are often slowly tapered down over the first 4–6 weeks
after surgery.

With early aggressive management of inflammation, com-
plications such as posterior and anterior synechiae, poste-
rior capsule opacification, and cystoid macular edema mir-
ror those experienced in patients undergoing cataract surgery
alone. Patients are commonly examined at 1 day, 1 week,
4 weeks, 3 months, and 6 months postoperatively. This is a
significant reduction in postoperative visits when compared
to most postoperative care regimens after standard filtration
surgery.

Results/Outcomes

Precise tissue localization and ability to potentially titrate
laser treatment are major reasons why ECP may be superior
to transscleral cyclodestruction in both efficacy and safety.
Histopathologic studies have shown that eyes treated with
transscleral cyclodestruction had coagulative changes to the
ciliary muscle and surrounding tissue with inaccurate and
incomplete atrophy of the ciliary body epithelium where the
aqueous is produced. This is in contradistinction to those
eyes treated with ECP, which showed precise damage to
only the ciliary body epithelium in the areas intended by
the surgeon with no other involved structures damaged.34–36

Recent studies performing ciliary body fluorescein angiog-
raphy on patients who have failed transscleral cyclodestruc-
tions showed that less than 120◦ of ablation was achieved
in all of the eyes studied, even when the surgeon had doc-
umented attempted 360◦ ablation. Similar histological evi-
dence suggested that those patients who had received ECP
appeared to have accurate and thorough ablation of intended
tissues.37 This study highlights the difficulty in providing
a surgical procedure to a delicate area blindly with hopes
of adequate treatment without overtreating and suggests the
potential solution of ECP.

The first patients treated by ECP were treated for neovas-
cular glaucoma and published as a small retrospective study
of ten treated eyes in 1992 by Uram who holds the ECP
patent. Uram reported intraocular pressure below 21 mmHg
in nine of the ten eyes, with only three eyes requiring
postoperative glaucoma medication at a mean follow-up of
8.8 months. Ciliary processes were treated contiguously for
90–180◦. Chronic hypotony was the only major complica-
tion occurring in two eyes with preexisting chronic retinal
detachments.11

In 1997, Chen and colleagues reported the retrospective
results of 68 eyes from 68 patients with refractory glauco-
mas, most of whom had failed previous incisional glaucoma
surgery or transscleral cyclophotocoagulation. Eyes received
between 180◦ and 360◦ of ciliary body epithelium treatment.
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During the mean follow-up period of 12.9 months, mean
intraocular pressure decrease from 27.7 mmHg preopera-
tively to 17.0 mmHg postoperatively. Sixty-one eyes (90%)
achieved an intraocular pressure ≤ 21 mmHg. Best-corrected
visual acuity was stable or improved in 64 eyes. No cases of
hypotony or phthisis bulbi were observed.12

In 2004, Lima and colleagues performed a randomized
prospective study of 68 eyes in 68 patients comparing ECP
and the Ahmed drainage implant in the treatment of refrac-
tory glaucomas. Ciliary processes were treated for 210◦ in
the ECP group. Surgical success was defined as an intraoc-
ular pressure greater than 6 mmHg and below 21 mmHg at
24 months of follow-up with or without maximum tolerated
therapy. Preoperative intraocular pressures dropped from
approximately 41 mmHg preoperatively to between 14 and
15 mmHg postoperatively in both groups. Kaplan–Meier sur-
vival curve analysis showed a probability of success of 70.59
and 73.53% for the Ahmed and ECP groups, respectively.
Complications of choroidal detachment (Ahmed 17.64%,
ECP 2.94%) and shallow anterior chambers (Ahmed 17.64%,
ECP 0.0%) were much less frequent in the ECP treatment
group.

In their study published in 2004, Wilensky and Kammer
challenged the assumption that transscleral cyclophotocoag-
ulation should be reserved for eyes with poor vision poten-
tial. In their observational case series of 21 eyes, they found
that only 3 of 21 eyes had significantly worse best-corrected
visual acuities after a mean follow-up of 40.7 months. Unfor-
tunately, a single treatment provided inadequate long-term
intraocular pressure control in 19 of the 21 eyes.9

Uram published the initial study evaluating outcomes in
patients who underwent combined phacoemulsification and
intraocular lens implantation with ECP for the management
of glaucoma and cataracts in 1995. In this study, he treated
ciliary processes contiguously for 180◦ in ten eyes. An aver-
age decrease in intraocular pressure of 57% from 31.5 mmHg
preoperatively to 13.5 mmHg postoperatively occurred over
a mean follow-up of 19.2 months using this technique. Five
of these eyes maintained favorable IOP without any glau-
coma medications.23

In 1999, Gayton and colleagues compared outcomes of
ECP with phacoemulsification and intraocular lens implan-
tation versus trabeculectomy with phacoemulsification and
intraocular lens implantation. In this randomized prospective
study of 58 eyes in 58 patients, 240–270◦ of treatment were
performed. Only 14 of the 29 patients undergoing trabeculec-
tomy were given an antifibrotic agent (mitomycin-C). With a
mean follow-up of 2 years, 30% of ECP patients achieved
intraocular pressure control below 19 mmHg without medi-
cation and 65% with medication. Forty percent of trabeculec-
tomy eyes achieved this level of intraocular pressure con-
trol without medication and 52% with medication. Four ECP
patients (14%) and three trabeculectomy patients (10%) were

considered treatment failures and required additional surgical
intervention. In this study, ECP produced less inflammation
than trabeculectomy as assessed by anterior chamber cell and
flare measurements on slit lamp examination.24

In the largest prospective study published thus far, Berke
compared ECP combined with phacoemulsification and
intraocular lens implantation to phacoemulsification with
intraocular lens implantation alone in 2006. In his study, the
ciliary process epithelium received between 180◦ and 360◦ of
treatment. In the ECP treatment group of 626 eyes, intraoc-
ular pressures dropped from 19.08 mmHg preoperatively to
15.73 mmHg postoperatively with a mean follow-up of 3.2
years. The numbers of glaucoma medications were reduced
from 1.53 meds preoperatively to 0.65 meds postoperatively.
In the 81 eyes undergoing cataract surgery alone, intraoc-
ular pressures slightly increased from 18.16 mmHg preop-
eratively to 18.93 mmHg postoperatively, with the number
of glaucoma medications remaining unchanged at 1.20 meds
both before and after surgery. Cystoid macular edema devel-
oped in 1% of eyes in each treatment group. No serious com-
plications were reported in either group.25,26

Complications

The most common risks for glaucoma patients undergoing
cataract surgery with or without ECP include vision loss,
excessive pain, hemorrhage, infection, inflammation, retinal
detachment, blindness, retained lens material, zonular dehis-
cence, need for additional surgeries including trabeculec-
tomy, failure of the procedure, posterior capsule opacifi-
cation, ptosis, diplopia, cystoid macular edema, and risks
of anesthesia including death. The additional risks of glau-
coma patients undergoing cataract surgery with the ECP
procedure include hypotony, ciliary block glaucoma, and
phthisis bulbi.7,22,38–41 Sympathetic ophthalmia has been
reported with transscleral cyclophotocoagulation, but never
been reported with ECP to the author’s knowledge.

Summary

Endoscopic cyclophotocoagulation (ECP) is an effective tool
for the treatment of refractory glaucomas and appears to play
a role in the management of patients with both cataract and
glaucoma. Despite the problems of previous cyclodestructive
procedures, initial ECP studies are promising and appear to
suggest that this procedure is different from previous transs-
cleral cyclodestructive techniques. ECP appears to be a rel-
atively safe and appealing surgical option in patients with
good vision potential and in the setting of cataract surgery.
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ECP offers the advantages of precise tissue treatment, short
surgical times, rapid postoperative recovery, and reduced
complications. Further study is required to better define
its long-term efficacy and its role in the management of
glaucoma.
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Chapter 14

Approach to Cataract Extraction Combined with New Glaucoma
Devices

Diamond Y. Tam and Iqbal Ike K. Ahmed

Introduction

Both the incidence of glaucoma and cataract increases in
the aging population, and the surgical treatment of glaucoma
increases the rate of progression of cataractous lens opacity.
So, it follows that the simultaneous surgical treatment of both
pathologies with cataract extraction, intraocular lens implan-
tation, and intraocular pressure (IOP) lowering surgery bene-
fits the patient with fewer procedures. This thereby decreases
cumulative recovery time, time for visual rehabilitation, and
intraoperative risk. Furthermore, a cataractous lens, which
may sometimes be large in size, occupying a large antero-
posterior space, or a forward positioned crystalline lens as
with weakened zonules or microspherophakia, may cause
narrowing of the anterior chamber angle, and even precipi-
tate angle closure with a pupillary block mechanism or via
a mass effect. In these circumstances, removal of the crys-
talline lens may not only improve visual function in patients
but also aid in the management of the glaucoma, or assist in
opening the angle to facilitate the performance of glaucoma
surgery.

In the 1960s, concurrent surgical treatment of cataract
and glaucoma was first described with combining cataract
extraction and thermal sclerostomy,1,2 which was followed
in the late 1960s and early 1970s by cataract extraction
in conjunction with trabeculectomy.3,4 While trabeculec-
tomy, first described by Cairns,5 has a well-documented
IOP-lowering effect,6 and has been enhanced by the use of
adjunctive antimetabolites,7–9 a significant short- and long-
term risk profile exists for the patient with traditional pen-
etrating trabeculectomy. In a recent study, the rate of long-
term hypotony related to trabeculectomy was 42%.6 This is
an unacceptable and unsafe high rate of a potentially visually

D.Y. Tam (�)
Department of Ophthalmology, University of Toronto, Toronto, ONT,
Canada
e-mail: diamondtam@gmail.com

Table 14.1 Short- and long-term risks of traditional filtration surgery

• Blebitis, endophthalmitis
• Hypotony, overfiltration
• Thin-walled avascular blebs, bleb leaks, dysesthesia, overhang,

encapsulation
• Corneal dellen, endothelial cell loss
• Episcleral fibrosis
• Aqueous misdirection

devastating complication. Other short- and long-term risks of
traditional penetrating surgery are listed in Table 14.1 among
others, the vast majority of which are lifetime risks in patients
who undergo penetrating trabeculectomy.10

Likewise, tube shunts, valved devices, and seton implants,
while effective also in IOP lowering, have a significant risk
of hypotony and suprachoroidal hemorrhage. They also share
some common risks and postoperative challenges with tra-
beculectomy such as encapsulation of the filtering bleb as
well as bleb fibrosis. While filtration of aqueous humor
into the post-equatorial conjunctival space, further from the
metabolically active limbal zone, may be less likely to cause
these problems, tube shunt devices present their own unique
set of possible postoperative complications as listed in
Table 14.2 .

Table 14.2 Possible complications unique to tube shunts

• Such as tube or plate exposure
• Tube lumen occlusion
• Corneal endothelial loss even with proper tube positioning
• Tube migration
• Ptosis
• Diplopia

Some recent reports have suggested that cataract extrac-
tion and IOL implantation alone decrease IOP and glaucoma
medication dependence, with the patients having higher
preoperative IOPs receiving the greatest benefit.11,12 See
Chapter 4. However, it is worth noting that as a cataractous
lens increases in size with time, a concurrent shallowing of
the anterior chamber and narrowing of the angle and even
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intermittent or chronic angle closure may result. It is these
patients who may benefit the most from cataract extraction
and IOL implantation, in terms of IOP reduction as well
as lessened progression of glaucomatous optic neuropathy.
The studies reporting the beneficial effect of phacoemulsi-
fication on IOP do not stratify patients according to preop-
erative gonioscopic findings, which may potentially be an
important predictor of those patients who may most ben-
efit from cataract extraction used as a method of lowering
IOP.

In the authors’ experience, patients with high preoperative
IOPs and glaucomatous disease in the presence of an open
angle typically require concurrent glaucoma surgical therapy
and cataract extraction for adequate control of the disease.
While traditionally patients were only able to receive pene-
trating trabeculectomy along with its significant short- and
long-term risks, new glaucoma surgical devices are emerg-
ing that provide surgeons and patients with potentially safer
alternatives. With the aim of increasing safety while main-
taining a high degree of efficacy for glaucoma patients both
intra- and postoperatively, new devices and procedures for
the surgical treatment of glaucoma will be reviewed in this
chapter. These new procedures and devices provide surgeons
with the option to lower the risk profile associated with sub-
conjunctival filtration surgery by augmenting the conven-
tional outflow pathway or the uveoscleral suprachoroidal out-
flow pathway.

In this chapter, we will discuss cataract extraction
and intraocular lens implantation in combination with the
following:

• Ex-PRESS shunt subconjunctival filtration device
(Optonol Ltd., Neve Ilan, Israel)

• Ab externo Schlemm’s canal surgery in non-penetrating
canaloplasty (iScience Interventional Inc., Menlo Park,
CA)

• Ab interno approaches to Schlemm’s canal in the trabecu-
lar microbypass iStent R© (Glaukos Corp., Laguna Hills,
CA) and the Trabectome micro-electrocautery device
(NeoMedix Corp., San Juan Capistrano, CA)

• Suprachoroidal filtration devices such as the gold
microshunt (SOLX Inc., Waltham, MA)

Indications for surgery, instrumentation, operative tech-
nique, postoperative considerations, complications, the best
available data, and a discussion on each device will follow,
as well as comparison to traditional trabeculectomy and tube
shunt procedures.

The Ex-PRESS Shunt

Indications for Surgery

The Ex-PRESS mini glaucoma shunt was originally designed
for implantation directly under the conjunctiva allowing
aqueous humor to travel through the shunt unimpeded
into the subconjunctival space (Fig. 14.1). This allowed
for decreased surgical time compared with traditional sub-
conjunctival filtration trabeculectomy. However, unaccept-
ably high rates of hypotony, conjunctival erosion, and
shunt migration led to the placement of the shunt under
a trabeculectomy-style scleral flap.13–15 Different mod-
els/designs of the shunt are available varying in ostium size

Fig. 14.1 Schematic diagram of the Ex-PRESS shunt models and their specifications
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as well as ostium placement and footplate design. No data
currently exists comparing the different shunt models.

The rate of egress of aqueous humor from the ante-
rior chamber to the subconjunctival space in trabeculectomy
varies primarily via two surgical variables: ostium size and
scleral flap tension. As a result, significant variability from
case to case, even with the same surgeon, may be encoun-
tered with a lack of predictability in IOP postoperatively.
Furthermore, although its IOP lowering effect is well estab-
lished, the long-term hypotony rate of 42%6 reveals the lack
of control that surgeons have over the amount of filtration in
trabeculectomy.

The Ex-PRESS shunt, with the fixed constant lumen size
of 50 μm, aims to improve the safety and control of aque-
ous outflow in penetrating subconjunctival filtration surgery.
Not only is the lumen size fixed, aiding in consistency and
reproducibility between cases and patients, but the entry inci-
sion into the anterior chamber is smaller than in trabeculec-
tomy and no surgical iridectomy is required. The surgeon
need only be concerned about scleral flap suture tension
and not the size of a trabeculectomy ostium. In addition,
although the labeled use of the device is only open-angle
glaucoma surgery, it has been the authors’ experience that
the device is equally as effective with similar outcomes in
open- and closed-angle glaucomas. Therefore, when a patient
is considered for conventional trabeculectomy, the use of
an Ex-PRESS device under the scleral flap should be given
consideration to potentially improve safety and reliability
both intraoperatively and postoperatively. One study com-
paring the Ex-PRESS shunt to trabeculectomy revealed less
hypotony and hypotony-related complications in the early
postoperative period for patients receiving the Ex-PRESS
shunt.13–15 As the Ex-PRESS shunt is a subconjunctival
bleb forming procedure, the shunt must be placed superi-
orly for the same reasons that trabeculectomy is performed
superiorly.

Instrumentation and Operative Technique

As in combined cataract extraction with trabeculectomy, the
lensectomy and intraocular lens (IOL) implantation should
be performed first to ensure anterior chamber stability, to
deepen the anterior chamber, and to prevent excessive irri-
gation of fluid into a subconjunctival bleb. Prior to beginning
surgery, inspection of the conjunctiva superiorly should be
undertaken and the surgeon should plan the location of the
future bleb. The placement of the paracentesis or side port
incision should be away from the area of anticipated filtering
surgery, and may need to be placed slightly more centrally
into clear cornea to ensure that the conjunctiva is not dis-
turbed. This is especially true superiorly where the conjunc-

Fig. 14.2 The paracentesis location for phacoemulsification. Note that
the entry is made anterior to the conjunctival insertion at the limbus and
slightly away from the anticipated superior area of intended glaucoma
surgery

tival insertion may be more anterior. This resultant side port
incision may be somewhat closer to the main incision and
more central than the surgeon is accustomed to (Fig. 14.2).
The authors advise the use of a temporal clear corneal or lim-
bal incision for the cataract extraction, to minimize manipu-
lation, to optimize handling of conjunctival tissues, and to
avoid any potential disturbance to tissues superiorly where
the bleb will reside. Should a superior incision be chosen,
it must be in clear cornea to avoid trauma to the conjuncti-
val insertion. After completion of successful lensectomy and
insertion of the IOL, viscoelastic should be left in the anterior
chamber without being evacuated to assist in anterior cham-
ber stabilization. A suture should be placed into the main
incision to ensure watertight closure in cases combined with
glaucoma surgery, as a low IOP postoperatively may result in
wound incompetence and gape leading to a risk of endoph-
thalmitis. The intraocular pressure should remain reasonably
high when attention is turned to the glaucoma procedure to
ensure adequate globe and scleral rigidity for ease of main-
taining tissue planes during scleral dissection. This may be
achieved with the residual viscoelastic and injection of bal-
anced saline solution (BSS) with a blunt cannula through the
paracentesis incision. Injection of BSS or viscoelastic may be
repeated during the scleral dissection as required to maintain
tension in the globe.

To proceed to the insertion of the Ex-PRESS shunt, the
surgeon must move to sit superiorly with appropriate adjust-
ments to the microscope and foot pedal controls. A conjunc-
tival peritomy is performed as per the surgeon’s usual tra-
beculectomy technique. It is the authors’ preference to begin
the peritomy approximately 1 mm posterior to the limbus,
leaving a skirt of limbal conjunctiva remaining (Fig. 14.3).
Light cautery is then applied to the scleral surface if neces-
sary. Similarly, the dissection of the partial thickness scleral
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Fig. 14.3 The conjunctival peritomy. Note the anterior tag of conjunc-
tiva at the limbus left behind to facilitate closure at the conclusion of the
case

Fig. 14.4 The scleral flap dissection for the Ex-PRESS shunt

flap is performed with a crescent blade, in the same man-
ner as in conventional trabeculectomy (Fig. 14.4). The shape
of the flap may be of the surgeon’s choice, but the over-
all dimensions of the scleral flap may need to be slightly
larger to provide full scleral coverage of the footplate of the
Ex-PRESS shunt. Adequate exposure of the scleral spur must
be attained during dissection of the scleral flap. It is rec-
ommended that the flap dissection be carried forward into
clear cornea to allow for full visualization of the spur where
the Ex-PRESS shunt will be inserted into the anterior cham-
ber (Fig. 14.5). At this time, as per the surgeon’s choice,
antimetabolites such as mitomycin-C (MMC) may be applied
subconjunctivally and under the scleral flap with a similar
technique that would be used for traditional trabeculectomy
(Fig. 14.6). After copious irrigation of the antimetabolite
from the surgical field, the scleral flap is lifted to visual-
ize and properly identify anatomical landmarks. A sapphire
blade manufactured by Optonol, designed for the insertion of

Fig. 14.5 Under the scleral flap, the white hue of the scleral spur is
visible in between corneal tissue anteriorly and the sclera posteriorly

Fig. 14.6 Mitomycin C is soaked onto a half surgical sponge. In this
case, a hemi-corneal light shield that is to be placed into the subcon-
junctival space for local treatment

the Ex-PRESS shunt, is then used to make an entry into the
anterior chamber at the level of the scleral spur (Fig. 14.7). Of
paramount importance, during this step, is the angle of entry
of the shunt into the anterior chamber. A posteriorly directed
shunt may contact iris and result in iris occlusion of the ostia
present on the shunt. A shunt angled excessively anteriorly
may result in contact with the cornea resulting in endothe-
lial trauma. The entry of the sapphire blade is angled parallel
to the iris plane for proper shunt placement. If the sapphire
blade is unavailable, a 25-gauge needle may be used to enter
the anterior chamber. The shunt is manufactured preloaded
on an injector system. In this system, the surgeon’s index fin-
ger depresses a portion of the shaft of the injector, which in
turn indents a thin malleable central metal fixation rod hold-
ing the device at the tip. Once the rod has been crimped,
the device is released at the tip of the injector (Fig. 14.8).
16 Due to the design of the small horizontal slit entry into the
anterior chamber, the shunt may need to be inserted into the
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Fig. 14.7 The sapphire blade is used to enter into the anterior chamber
under the scleral flap at the level of the scleral spur. An entry parallel to
the iris is essential to prevent downward pointing and iris contact of the
tip of the shunt

Fig. 14.8 The handle of the Ex-PRESS shunt injector revealing the
central metal wire that will be displaced upon compression of the sur-
geon’s index finger on the plastic bridge

anterior chamber 90 degrees from its final position in order
to be inserted smoothly. This is due to the barb, designed to
prevent shunt extrusion, on the underside of the shunt.

After the shunt is inserted, the scleral flap is placed down
on top of the Ex-PRESS shunt and the flap sutured as in
traditional trabeculectomy. The authors prefer to use a slip-
knot technique to adjust suture tension. The flow through the
flap is assessed by aspirating viscoelastic from the anterior
chamber and capsular bag with a dry technique using a blunt
27-gauge cannula and inflating the anterior chamber subse-
quently with BSS. With each slipknot, suture tension can be
adjusted according to the desired flow observed with infu-
sion into the anterior chamber through the paracentesis inci-
sion (Fig. 14.9). When satisfactory flow has been achieved,
the conjunctiva is closed as per conventional trabeculectomy
methods. The authors prefer to close the posterior conjunc-
tiva to the anterior limbal skirt, fashioned at the outset of the

Fig. 14.9 The sutures placed into the scleral flap and surgical sponges
evaluating flow out of the site. Note that the Ex-PRESS shunt footplate
can be seen through the scleral flap as well as in the anterior chamber

Fig. 14.10 The conjunctiva is closed with 10-0 Vicryl in a running
horizontal mattress suture and a slipknot at the end to ensure watertight
closure

procedure, with a running 10-0 Vicryl horizontal mattress
suture on a vasectomy non-spatulated needle (Fig. 14.10).
The conjunctival closure is tied with a slipknot to allow ten-
sion of the suture to be adjusted, and the wound ensured to
be watertight with light infusion into the anterior chamber.

Postoperative Considerations and
Complications

The aim of the Ex-PRESS mini glaucoma shunt is to pro-
vide IOP lowering via a subconjunctival reservoir or bleb
in a similar fashion to conventional trabeculectomy. As
such, the short- and long-term postoperative risk profile and
issues of the Ex-PRESS shunt are common to conventional
trabeculectomy. The surgeon should maintain vigilance for
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the development of complications as listed in Table 14.1.
These complications and their management are similar to that
in conventional trabeculectomy and will not be covered in
this chapter. Some of the more common complications and
those specific to the Ex-PRESS mini glaucoma shunt will be
covered here.

Although the fixed lumen size of the shunt is designed
to restrict flow and provide protection against early and late
postoperative hypotony with or without a shallow or flat ante-
rior chamber, this complication is still an unfortunate reality
of filtering surgery. Despite diligent evaluation of aqueous
egress through the scleral flap at the conclusion of surgery,
early hypotony remains a potential complication of the
Ex-PRESS shunt. This may be in part due to not only flow
through the lumen of the shunt but also possibly around the
shunt through the slit incision in which it is lying. Post-
operative hypotony, especially in the early period, should
also prompt careful postoperative assessment for conjuncti-
val leak at the site of wound closure, being cognizant that
a very low IOP may mask a conjunctival leak. Early or late
hypotony may require pressurization and/or reformation of
the anterior chamber with ophthalmic viscosurgical devices
(OVDs) and in some cases may even require multiple such
postoperative injections at the slit lamp. It is noteworthy that
while more viscous and cohesive OVDs, for example, Healon
GV or Healon 5, may be more readily cleared through
a larger trabeculectomy ostium, the smaller lumen of the
Ex-PRESS shunt may result in more difficulty clearing these
substances and post-injection IOP spikes should be vigilantly
monitored for and possibly expected. For this reason, the
authors advise that should anterior chamber pressurization be
required, a sequential choice of OVDs be undertaken, start-
ing with agents such as ProVisc or VisCoat (Alcon Labora-
tories Inc., Fort Worth, TX), and if hypotony, large choroidal
effusions, or chamber instability persist, moving to the use
of agents such as Healon GV or Healon 5. It is also advis-
able to begin with small volume injections increasing in an
incremental fashion as required. Close follow-up and moni-
toring, sometimes multiple visits in a day, of these patients is
mandatory.

While it is common postoperatively to see the shunt in the
anterior chamber directly, regular postoperative gonioscopy
to view the shunt is advisable. An elevated IOP postoper-
atively may indicate an occlusion of the tip of the shunt.
Should iris be seen occluding the lumen of the shunt, con-
sideration should be given to mechanical sweeping of the
iris away from the tip of the shunt with a 30-gauge needle
inserted through the limbus at the slit lamp. An air bubble or
a small amount of viscoelastic may be placed in the anterior
chamber to prevent recurrence of this event. Sweeping of the
iris to break occlusion of the tip of the Ex-PRESS shunt must
be done in a timely manner after occurrence. Should the tip
be occluded for a prolonged period of time, the lack of flow

into the subconjunctival space is likely to result in episcleral
fibrosis, closure of the edges of the scleral flap, and shutdown
of the bleb. Thus, in these cases, merely sweeping the iris
away from the tip of the Ex-PRESS shunt will be unlikely
to restore aqueous outflow. In these cases, a bleb needling
with lifting of the scleral flap may be performed concurrently
to restore the conduit for aqueous to flow from the anterior
chamber to the subconjunctival space. This is performed in a
similar fashion to bleb needling performed in trabeculectomy
(Fig. 9.7 and Table 9.7). Although the shaft of the shunt has
openings also that allow aqueous to enter the shunt, these
openings are minute and may not be sufficient to allow an
adequate aqueous outflow and IOP lowering effect. No data
exists currently on the amount of flow through these small
auxiliary openings or its effect on IOP.

While the Ex-PRESS was originally designed for place-
ment directly under the conjunctiva, a common complication
with this method of placement was conjunctival erosion with
resultant shunt exposure necessitating explantation.17 Since
the adaptation of placing the shunt under a trabeculectomy-
style scleral flap, shunt migration and exposure is yet to be
reported.

Discussion of Data Related to Combined
Surgery

To date, the data available for combined phacoemulsifica-
tion surgery with the Ex-PRESS shunt are data with shunt
implanted directly under the conjunctiva. No data has been
published with combined surgery where the Ex-PRESS shunt
is placed under a scleral flap. In a study consisting of 35 eyes
undergoing combined phacoemulsification and IOL implan-
tation with a subconjunctival Ex-PRESS shunt with an aver-
age follow-up of 36.9 ± 18.2 months, the IOP decreased
from 19.3 ± 6.3 mmHg preoperatively to 13.3 ± 2.0 mmHg
at 48 months postoperatively. The number of medications
was reduced by 57%. The shunt, however, was explanted
in ten eyes due to shunt migration, conjunctival erosion, or
obstruction. In these patients, ten eyes had satisfactory IOP
control without medications or complications.18

In a retrospective comparative series comparing the
Ex-PRESS shunt with conventional trabeculectomy without
combined phacoemulsification, there was no statistically sig-
nificant difference between the IOP lowering of the two pro-
cedures, the decrease in number of glaucoma medications,
or the change in visual acuity. However, a statistically sig-
nificant difference was found between the two procedures
in early postoperative hypotony and the rate of choroidal
effusion with the Ex-PRESS shunt being safer in regards to
both complications. While the reduction in IOP was similar
for both procedures by 3 months postoperatively, the mean
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IOP in the Ex-PRESS shunt group prior to the 3-month time
point was significantly higher than that of the trabeculectomy
group.15

From the best studies and data currently available, the Ex-
PRESS shunt appears to provide improved early postopera-
tive safety without compromise in efficacy of IOP lowering
when compared to conventional trabeculectomy. However,
the Ex-PRESS shunt relies on a subconjunctival filtration
bleb to be effective in IOP lowering and thus is prone to
the same risks as blebs formed in trabeculectomy. The other
advantage to the Ex-PRESS shunt is potential improvement
in intraoperative safety. With the small entry incision into
the eye, anterior chamber stability and the ability to main-
tain a relatively stable IOP during surgery are enhanced.
This could possibly lower the risk of suprachoroidal hem-
orrhage, especially in elderly hypertensive patients, or any
anterior chamber shallowing event during surgery, which in
rare instances may lead to an intraoperative aqueous misdi-
rection type syndrome. Also, the ability to avoid performing
a surgical iridectomy may potentially lower the risk of iris
bleeding and hyphema intraoperatively and postoperatively,
as well as possibly lower the degree of postoperative anterior
chamber inflammation.

In summary, the Ex-PRESS mini glaucoma shunt provides
glaucoma surgeons with a possibly safer alternative to tra-
beculectomy, especially for the early postoperative period.
While results in combining phacoemulsification and IOL
implantation with Ex-PRESS implantation under a partial
thickness scleral flap is yet to be published, anecdotal results
and outcomes have been similar to conventional phacotra-
beculectomy. In patients who are being considered for pha-
cotrabeculectomy, strong consideration should be given for
the use of an Ex-PRESS shunt for the potential benefits of
an improved early postoperative safety profile, as well as
potential for improved control intraoperatively. Issues and
precautions surrounding bleb management need to be taken
in Ex-PRESS shunt patients as in trabeculectomy due to the
common mechanism of subconjunctival reservoir-driven IOP
lowering. As well, in the authors’ anecdotal experience, the
Ex-PRESS shunt in combination with phacoemulsification
and IOL placement has been effective in both open angle as
well as closed angle glaucoma patients, with no deleterious
effects versus conventional phacotrabeculectomy.

Non-penetrating Schlemm’s Canaloplasty

Indications for Surgery

The conventional outflow pathway of aqueous humor con-
sists of the uveoscleral, corneoscleral, and juxtacanalicular

trabecular meshwork, Schlemm’s canal, its collector chan-
nels, and then more distally, the episcleral and scleral venous
plexi. While conventional trabeculectomy seeks to bypass
this physiologic pathway of aqueous outflow, more recent
non-penetrating techniques seek to augment flow through
the conventional pathway. Because of the non-physiologic
nature of subconjunctival filtration surgery and the signif-
icant short- and long-term risks, alternate procedures for
effective lowering of IOP have been sought to enhance
patient safety. Non-penetrating ab externo Schlemm’s canal
surgery first emerged as a procedure called “sinusotomy” in
the 1960s.19–21 This was followed in the 1980s by guarded
scleral flaps,22–24 in the 1990s by viscodilation of Schlemm’s
canal,25 and then in the late 1990s and early 2000s by var-
ious implants and drainage devices placed under a scle-
ral flap.26–30 While these procedures sought to improve the
safety profile of penetrating trabeculectomy, the means of
lowering IOP remained aqueous outflow into a subconjunc-
tival reservoir and thus, the potential complications of blebs
followed these procedures.

Early work by Grant in the 1950s and more recent stud-
ies have implicated the juxtacanalicular trabecular meshwork
and extracellular matrix as the points of major resistance to
aqueous outflow in the proximal conventional outflow path-
way.31–33 While collapse of Schlemm’s canal is seen in glau-
coma patients with elevated IOP,34 it is unknown whether
this is the cause or an effect of the IOP. Once the IOP has ele-
vated, a vicious cycle may be in effect wherein the collapsed
Schlemm’s canal further reduces aqueous outflow through
the canal and collector channels and results in further ele-
vation of IOP. Viscocanalostomy is the procedure by which
two cut ends of Schlemm’s canal are each intubated with a
44-gauge blunt cannula and inflated with OVD, in an attempt
to re-expand the collapsed Schlemm’s canal. While this pro-
cedure was limited in the degrees of circumference with
which the cannula could potentially viscodilate Schlemm’s
canal, as well as the likely limited duration of time during
which the OVD remains distending the canal before absorp-
tion, a new technique and device has emerged to maintain
mechanical dilation of Schlemm’s canal via intracanalicular
delivery of a suture.

The iScience device is a flexible microcatheter designed
to allow intubation and viscodilation of the entire circum-
ference of Schlemm’s canal, as well as allowing deliv-
ery of a suture into the canal without ever penetrating the
globe. The 45 mm working length 200-micrometer diame-
ter microcatheter is designed to fit into the 300-micrometer
Schlemm’s canal. It consists of three elements: a central sup-
port wire to provide a structural backbone for the device to
guide advancement as well as resistance to kinking of the
catheter; optical fibers to allow for transmission of a blink-
ing red light from a laser-based micro-illumination system
to the tip; and, finally, a true lumen to allow for delivery of
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Fig. 14.11 A schematic diagram of the microcatheter used to cannulate
Schlemm’s canal. The catheter consists of a bulbous atraumatic tip, a
true lumen, a central support wire to add rigidity to the catheter, and an
optical fiber to transmit light to the tip

substances such as OVD or trypan blue into Schlemm’s canal
(Fig. 14.11). The tip of the catheter has a slightly enlarged
distal atraumatic smooth bulb at the end of the polymer shaft.
The proximal end of the catheter divides into two parts:
one for connection into the laser-based micro-illumination
light source, and the other for connection into a syringe
with OVD, which is attached to a screw-mechanism to pro-
vide control of the amount of viscoelastic delivered into the
canal. The microcatheter is typically fixated to the surgical
drape with tape or Steri-strips (3 M Corp., St. Paul, MN).
After the suture is delivered into Schlemm’s canal, the ten-
sion can be adjusted intraoperatively to provide a mechanical
expansion of the canal, allowing increased egress of aqueous
humor from the anterior chamber (Fig. 14.12). This proce-
dure, termed canaloplasty, attempts to restore conventional
outflow of aqueous humor through the trabecular meshwork

Fig. 14.12 A graph indicating the increase in trans-inner wall flow of
aqueous humor when a suture in Schlemm’s canal is placed on tension

and Schlemm’s canal via a mechanical suture-mediated dis-
tension of the canal.

As the intracanalicular suture draws the trabecular mesh-
work centripetally, albeit by a small amount, canaloplasty is
best suited for patients who have open-angle glaucoma or
patients whose angles become open after peripheral laser iri-
dotomy or lens extraction (Fig. 14.13). In eyes with narrow
angles or iridotrabecular apposition, canaloplasty may exac-
erbate the situation and should not be considered as a suitable
procedure. Open-angle patients with a visually significant
cataract, who are considered traditionally for phacotra-
beculectomy, should be considered for combined cataract
extraction, lens implantation, and canaloplasty. With avoid-
ance of penetration into the globe during surgery, as well as
the hypothesized protection against postoperative hypotony
because of the primary mechanism of IOP lowering, this pro-
cedure allows for improved patient safety both intra- and
postoperatively. Studies are currently under way compar-
ing conventional phacotrabeculectomy with combined pha-
coemulsification with IOL placement and canaloplasty.

Fig. 14.13 An anterior segment OCT image of the canal, which is dis-
tended and expanded by the presence of the intracanalicular suture

Instrumentation and Operative Technique

When performing combined phacoemulsification and IOL
implantation with canaloplasty, there are considerations that
are similar to those discussed in the previous section on the
Ex-PRESS shunt. The authors recommend a temporal clear
corneal incision for phacoemulsification to avoid any unnec-
essary manipulation and trauma to superior tissues where the
canaloplasty dissection will be performed. In addition, the
dissection to unroof Schlemm’s canal enters the clear cornea
where the trabeculoDescemet window (TDW) is fashioned.
A corneal or limbal incision superiorly may interfere with
the subsequent glaucoma surgery, thus a temporal incision is
advocated. For similar reasons, the sideport incision must be
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placed carefully with the surgeon cognizant of the intended
position of the scleral dissection for the canaloplasty. Again,
this incision may be more anterior and closer or farther from
the main incision than is customary for the surgeon. The
superior conjunctiva and sclera should be examined carefully
prior to any incisions to determine the future position of the
scleral dissection. Typically, an area between two large cil-
iary veins is chosen for the performance of canaloplasty to
possibly avoid sacrificing these vessels with cautery, keep-
ing in mind that the typical dimensions of the scleral flap are
5 mm circum-limbally by 5 mm posteriorly.

After successful phacoemulsification with IOL implanta-
tion, OVD is again left in the anterior chamber and pressur-
ization of the globe achieved with BSS. A suture is placed
into the main incision to ensure wound competence in the
event of a low postoperative IOP. Acetylcholine should also
be instilled into the anterior chamber with a blunt 27-gauge
cannula to constrict the pupil. Due to the presence of OVD
in the anterior chamber, the superior iris in the area of the
anticipated glaucoma procedure may require gentle stroking
with the cannula to encourage miosis. The operating micro-
scope and foot pedals are then rotated for the surgeon to sit
superiorly to perform the canaloplasty. While topical anes-
thesia is typically sufficient for the entire procedure, patient
cooperation is important to allow for adequate exposure of
the superior sclera. In the event that downgaze is difficult for
the patient to perform, a traction suture may be placed into
the cornea. However, as opposed to the superior cornea, the
authors advocate placing the suture into the inferior cornea
to avoid distortion and unnecessary tension on the superior
cornea where the delicate trabeculodescemet window will be
fashioned.

Once adequate exposure has been attained, a conjunctival
peritomy is fashioned in the same manner as described pre-
viously with the Ex-PRESS shunt. Light cautery is applied
to the sclera, attempting to preserve the larger ciliary veins.
A scleral flap is then fashioned to the approximate dimen-
sions of 5 mm × 5 mm in a parabolic shape (Fig. 14.14).
While any shape of flap may be utilized, the authors prefer a
parabolic shape for increased ease of watertight closure at the
conclusion of surgery. A crescent blade is then used to dissect
the flap forward at an approximately one-third scleral thick-
ness depth. Caution must be exercised especially in cases
where the sclera may be thin, as in highly myopic patients.
After the dissection is carried forward into clear cornea for
approximately 2 mm, the superficial flap is reflected onto
the corneal surface and attention is directed toward the cre-
ation of a deep scleral flap. This flap should be approximately
1 mm inside from the edge of the superficial dissection and
at the base of the deep scleral flap; only a thin approximately
100-micrometer layer of sclera should remain in the bed of
the dissection overlying the choroid (Fig. 14.15). It is not
uncommon for the bed of the dissection to have some areas of

Fig. 14.14 A parabolic scleral flap is fashioned to start canaloplasty

Fig. 14.15 Dissection of the deep scleral flap should occur to almost
full thickness scleral depth. Approximately 100 μm should remain. It is
common to have some choroidal show in the bed of the dissection

choroidal show. If this occurs, the dissection plane should be
re-established on a more superficial level. However, a dissec-
tion that occurs at an excessively superficial level presents the
risk of the being carried right over Schlemm’s canal without
actually exposing it. This results in a challenging situation
where the surgeon must backtrack and attempt to expose the
canal with only a very thin overlying layer of scleral tissue.
A much higher risk of perforation into the anterior chamber
therefore results, which would require conversion of the pro-
cedure to traditional fistulizing trabeculectomy.

As the scleral thickness varies between patients, adjunc-
tive imaging such as an anterior segment optical coherence
tomography (VisanteTM AS-OCT) scan may be useful in
determining the superior scleral thickness, prior to surgery,
especially in myopic patients. In these cases, failure to rec-
ognize thin sclera prior to surgery may result in an intraoper-
ative surprise in reaching the layer of the choroid prematurely
or in penetration into the anterior chamber.
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Once the Schlemm’s canal is exposed, which should be
immediately anterior to the whitened fibers of the scleral
spur, fine strands of the outer wall may be seen to peel
away and care must be taken to handle the tissues delicately,
as excessive traction or manipulation may result in tearing
(Fig. 14.16). As the dissection approaches the cornea, the
IOP in the eye should be lowered to single digits with dry
aspiration of OVD from the previous cataract incisions. This
is performed to prevent outward bulging of the Descemet’s
membrane, risking its perforation, as the dissection is con-
tinued into the clear cornea.

Fig. 14.16 Once the dissection is carried forward adequately, exposure
of Schlemm’s canal and Descemet’s membrane results anterior to the
scleral spur

Once the canal has been exposed, a surgical sponge, such
as a Merocel (Merocel Corp., North Mystic, CT) or Weck-cel
(Medtronic, Jacksonville, FL) slightly wet at the tip, may be
used to gently depress the inner wall of Schlemm’s canal and
Descemet’s membrane to bluntly dissect the tissues from the
corneal stroma. Great care must be taken as excessive pres-
sure will result in rupture of the fragile trabeculoDescemet’s
window (TDW). Sharp dissection should be used to release
the radial edges of the deep scleral flap. Combined with gen-
tle traction on the deep flap, the TDW gradually becomes
exposed (Fig. 14.17). Aqueous humor percolation through
the Descemet’s membrane may be observed at this point in
the procedure. The base of the deep scleral flap should then
be scored to provide a plane for excision and a Vannas scis-
sor then used to excise the deep scleral tissue (Figs. 14.18
and 14.19). Once again, excessive traction on the deep scle-
ral flap or sudden movements of the scissor may result in
rupture of the TDW. Attention must also be given to not leav-
ing an anterior lip of deep scleral tissue, which may cover
the TDW, and so the deep flap must be excised as close
as is safely possible to the TDW. If aqueous percolation is
inadequate or absent once the TDW has been exposed, the
inner wall of Schlemm’s canal may be removed and stripped
using a Mermoud forceps, leaving bare trabecular meshwork

Fig. 14.17 The trabeculodescemet window is fashioned. A slow perco-
lation of aqueous humor through Descemet’s membrane is commonly
seen. In this figure, pigmentation is visible centrally where the inner
wall of Schlemm’s canal and trabecular meshwork remain

Fig. 14.18 The deep scleral flap is then scored with a blade close to
the base of the flap

Fig. 14.19 A fine scissor is then used to amputate the deep scleral flap
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behind. The cut ends of the canal are then intubated with
a viscocanalostomy cannula, which has a 150-micrometer
outer bore diameter, and a small amount of high viscosity
sodium hyaluronate, such as Healon GV, is gently injected
into each side to facilitate the entry and introduction of the
iScience device into Schlemm’s canal.

With the iScience microcatheter fixated to the surgical
drape at the proximal end and connected to the light source
and OVD injector at the distal end, the catheter is handled
with two non-toothed forceps. If a fixation suture has been
placed in the cornea previously, this should be released from
the drape at this point in the procedure. Once the tip of
the catheter is aligned with one cut end of Schlemm’s canal
with the angle of entry directly into the lumen, the catheter
is introduced and advanced. The microscope light should
be dimmed such that the blinking red light at the tip can
be easily visualized indicating the progress of the catheter
(Fig. 14.20). The catheter should be carefully advanced for
the entire circumference of Schlemm’s canal, until the tip
emerges from the opposite cut end. In a small percentage
of cases, complete passage of the catheter is not possible
due possibly to strictures or collapse of the canal, or in
some cases, a large collector channel tributary. The blink-
ing red light must be closely followed in its progress around
Schlemm’s canal, as the catheter has been observed to pass
into the suprachoroidal space. Early recognition of this phe-
nomenon is critical as the light passes in a posterior direction,
and retraction of the catheter should then ensue. Passage may
be re-attempted with scleral depression adjacent to the point
of posterior passage, the gentle injection of OVD into the
canal to attempt to open a stricture, or the catheter may be
completely removed and passage attempted in the opposite
direction.

Fig. 14.20 The blinking red light at the tip of the microcatheter indi-
cates to the surgeon the progress of the catheter in Schlemm’s canal.
Here, the tip of the forceps indicates the location of the tip of the
catheter

After successful passage of the microcatheter, a 10-0 pro-
lene suture with the needles cut off is tied around the catheter
a few millimeters away from the bulbous tip. The two loose
ends are fixated to the loop securely and the catheter then
retracted in the opposite direction in order to deliver the
suture into the canal. As the catheter is retracted, the sur-
gical assistant uses the OVD injector to deliver viscoelas-
tic into Schlemm’s canal for distension. Care must be taken
to not inject an excessive amount of OVD into the canal
as a Descemet’s detachment may result. During this stage,
it is not uncommon to see reflux of heme into the anterior
chamber from Schlemm’s canal. Once the microcatheter is
completely externalized, the suture is then cut to release the
device resulting in two intracanicular sutures (Fig. 14.21).
The corresponding ends must be identified and then tied
together in a slipknot fashion over the TDW. The slipknot
is then tightened to achieve the desired tension. While ten-
sion on Schlemm’s canal is desired (see Fig. 14.12), care
must also be taken when performing this step of the proce-
dure, as excessive tension may result in rupture of the TDW.
The authors assess the tension on the suture by pulling the
knot posteriorly until it can barely reach the scleral spur
(Figs. 14.22 and 14.23). The tension created by the
intracanalicular suture is thought to produce a surgical
pilocarpine-like effect whereby there is enhanced flow of
aqueous across the juxtacanalicular trabecular meshwork and
inner wall of Schlemm’s canal into its collector channels
thereby lowering IOP. In this procedure, suture tension has
been shown to be important in enhancing aqueous outflow
and reducing IOP.35

Fig. 14.21 Once the canal has been cannulated completely, a suture is
tied to the end of the catheter and the catheter is retracted completely,
delivering the suture into the canal

Once the sutures have been satisfactorily placed in the
canal, the superficial scleral flap is reflected back to its
anatomical position and sutured in place with five interrupted
10-0 nylon sutures in a watertight fashion. High viscosity
OVD, such as Healon GV, is injected under the scleral flap
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Fig. 14.22 Two sutures will result and each corresponding end should
be identified and tied to each other

Fig. 14.23 Two suture knots can be seen resting on the trabeculode-
scemet window causing a slight indentation

with a viscocanalostomy cannula to distend the potential
space vacated by the excision of the deep scleral flap. In
addition to the mechanism of IOP lowering being aqueous
outflow via the conventional pathway, the potential space in
the area of the excised deep scleral flap, commonly termed
the scleral lake, may act as a reservoir for aqueous, facilitat-
ing its outflow into the episcleral, scleral, and suprachoroidal
venous systems as well as the two cut ends of Schlemm’s
canal. Finally, the conjunctiva is closed in a watertight fash-
ion with running horizontal mattress suture with 10-0 Vicryl
on a vasectomy needle, as described earlier in the Ex-PRESS
shunt section. Dry aspiration of residual OVD in the anterior
chamber should be performed with a blunt 27-gauge cannula
to prevent a postoperative spike in IOP. The position of the
IOL should be verified to be in the capsular bag during this
step as well as with the cannula tip in the anterior chamber.
Infusion into the anterior chamber at the end of the case to
pressurize the globe should be performed with great care as
excessive infusion pressure may also rupture the TDW.

Postoperative Considerations and
Complications

When performed properly without complication, canalo-
plasty attempts to lower IOP by augmenting aqueous out-
flow via the conventional outflow pathway without pene-
tration into the globe during surgery. As a result, many of
the complications that patients receiving fistulizing proce-
dures are prone to are avoided in canaloplasty. Postopera-
tively, while most patients will have a reduction in IOP, occa-
sionally the IOP remains elevated or increases after being at
the target in the early postoperative period. In these cases,
resistance at the juxtacanalicular meshwork and inner wall
of Schlemm’s canal may be too great to allow for aque-
ous outflow, despite the suture distension. In these cases, a
YAG laser-induced opening of the TDW may be required
to allow for aqueous humor to exit the anterior chamber
into the cut ends of Schlemm’s canal and the intrascleral
lake. While no published data yet exists, the authors feel that
should this laser adjunctive procedure be required, it is most
likely a time-sensitive procedure, which should be performed
prior to closure and fibrosis of the intrascleral lake, typi-
cally up to approximately 4–6 weeks postoperatively. Care
should be taken to not disrupt the intracanalicular sutures,
although inadvertent cutting of these sutures with the laser
is not uncommon. The effect of this on IOP and impact on
aqueous outflow is unknown at this time. Most often, the
YAG laser goniopuncture results in a lowering of the IOP,
but occasionally, the IOP will remain elevated even after this
adjunctive procedure. In these cases, the treatment options
include the resumption of topical medical therapy, needling
with lifting of the superficial scleral flap to convert the proce-
dure essentially to a trabeculectomy, or further surgery with
a tube shunt or seton device implantation.

The most common intraoperative complication encoun-
tered in canaloplasty is perforation of the TDW resulting
in a penetrating surgery. The procedure may be converted
to a conventional trabeculectomy in this situation. If the
perforation is small, the TDW surgical site may be aban-
doned and an Ex-PRESS shunt placed at the scleral spur
(Fig. 14.24). In some instances, depending on the location
of the perforation, a collagen wick implant (Aquaflow, Staar
Surgical, Monrovia, CA) may be placed in the bed of the
dissection with the head of the implant pointing toward, and
used as a tamponade of, the perforation (Fig. 14.25).

If iris becomes incarcerated in the perforation, a small sur-
gical iridectomy may be required. Postoperatively, iris adhe-
sion to the TDW may also be seen on gonioscopy, or incar-
ceration may ensue after YAG laser goniopuncture. In these
cases, the authors recommend sweeping the iris away from
the TDW with a 30-gauge needle inserted through the lim-
bus. To prevent recurrence of iris incarceration, an air bubble



14 New Glaucoma Devices 147

Fig. 14.24 In this case, a perforation of the fine trabeculodescemet
window occurred during the dissection of the deep scleral flap. A sep-
arate entry is made into the anterior chamber through the deep flap
(which is not excised) and an Ex-PRESS shunt inserted. Here the foot-
plate can be seen through the deep scleral flap as well as in the anterior
chamber

Fig. 14.25 After successful exposure of the trabeculodescemet win-
dow in this case, a perforation occurred in the window on the right side,
resulting in iris prolapse. A small iridotomy was performed and a colla-
gen wick implant sutured to the bed of the deep scleral dissection with
the head of the implant directed at the perforation

or small amount of OVD may be injected into the anterior
chamber on top of the iris immediately after sweeping. Argon
laser may also be applied onto the superior iris surface in a
grid pattern to contract the iris tissue with the aim to prevent
recurrence of incarceration. Occasionally, an iris sweep may
be required multiple times to ensure that there is no incarcer-
ation in the TDW. As previously discussed, patients chosen
for canaloplasty should be deemed to have open angles pre-
operatively, as iris incarceration may occur more frequently
in those patients who have iridotrabecular proximity in a
narrow angle configuration. This is further accentuated by
the centripetal indentation of the inner wall of Schlemm’s
canal and the trabecular meshwork, which results from the

intracanalicular suture. In addition, peripheral anterior
synechiae may form in the narrow angle patient resulting in
angle closure. Even patients who have been determined to
have indisputable open-angle anatomy prior to surgery have
been seen to develop peripheral anterior synechiae (PAS) as
well as iris incarceration into microperforations in the TDW.

Careful patient selection is paramount when per-
forming canaloplasty. Careful preoperative gonioscopy—
documenting not only angle grade, but iris profile and
configuration—is also of importance, and anterior segment
imaging such as optical coherence tomography as well as
ultrasound biomicroscopy may be useful in aiding the sur-
geon in making a surgically appropriate decision. Some
patients, however, may have a shallow anterior chamber or
narrow angle due to a large lens and may have a sufficiently
open angle after cataract extraction to perform canaloplasty.
In these scenarios, examination of a pseudophakic contralat-
eral eye, or intraoperative gonioscopy, are critical in proper
surgical planning.

In cases where conventional pathway outflow combined
with aqueous egress through the TDW—punctured postoper-
atively by YAG laser into the scleral lake—does not result in
adequate IOP control, the decision may be made to resume
topical therapy in order to achieve the desired IOP target.
If this too is insufficient or if there is an intolerance to top-
ical therapy, the procedure may need to be converted to a
penetrating filter by first performing laser suture lysis of the
nylon sutures in the scleral flap, followed by needle-assisted
lifting of the scleral flap, essentially creating a subconjunc-
tival trabeculectomy bleb. Adjunctive antimetabolites such
as mitomycin-C may also be used in this scenario (Table
17.1). It has been the authors’ experience that a minority of
patients require further surgery with implantation of a tube
shunt device for definitive adequate IOP control.

Other complications, associated with canaloplasty,
include a localized Descemet’s detachment or tear (which
may result from an injection of excessive OVD into the
canal), hyphema, and choroidal effusion. Most of these
complications are self-limited and do not require surgical
intervention for successful management.35

Discussion and Available Data on Outcomes

In surgical procedures designed to augment aqueous out-
flow through Schlemm’s canal, uncertainty exists in the low-
est attainable IOP possible because of the possible down-
stream limitations, namely the episcleral venous pressure.
This may lead to a best potential IOP lowering into the
mid-teens, but has the benefit of possibly protecting patients
against hypotony. It has, however, been the experience of the
authors’ that IOPs of 10 are attainable in patients who have
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had canaloplasty. A possible reason for this is that aqueous
humor not only egresses from the anterior chamber via the
conventional pathway through the trabecular meshwork and
Schlemm’s canal, but also through a superior TDW. Aque-
ous egress may be observed through the TDW at the time
of surgery. This aqueous humor may flow through both cut
ends of Schlemm’s canal, as well as into the scleral lake cre-
ated from the excision of deep sclera during surgery (which
will be reviewed in the next section). Then direct flow into
the episcleral and scleral veins likely occurs, then flow into
the suprachoroidal space, and, finally, subconjunctival flow
also may occur resulting in a small bleb despite watertight
scleral flap closure. Furthermore, postoperative YAG laser
goniopuncture to break the TDW may augment flow through
the surgical site into the aforementioned means of drainage,
resulting in a lower IOP than would be attainable purely by
flow through an enhanced conventional pathway.

Currently, only one peer-reviewed study exists on cataract
surgery combined with canaloplasty, although others are
ongoing. In this international multicenter prospective study,
temporal clear corneal phacoemulsification was combined
with canaloplasty in open-angle glaucoma patients with visu-
ally significant lens opacities. Inclusion criteria included an
IOP of greater than 21 mmHg and open angles. Data from
54 eyes was collected in procedures performed by 11 sur-
geons at nine sites with a mean preoperative IOP of 24.4 ±
6.1 mmHg and a mean topical glaucoma medication num-
ber of 1.5 ± 1.0 per eye. At the 12-month time point, the
mean IOP had decreased to 13.7 ± 4.4 mmHg, with the mean
medication usage falling to 0.2 ± 0.4 per patient. Surgical
complications were low with a total of five eyes suffering
from hyphema (3), Descemet’s membrane tear (1), and iris
prolapse (1). On the first postoperative day, transient eleva-
tion of the IOP to more than 30 mmHg was seen in four
eyes.36 In the evaluation of these results, canaloplasty com-
bined with cataract extraction and IOL implantation can be
seen to effectively lower IOP while having a low complica-
tion profile, avoiding complications associated with filtering
bleb surgery such as hypotony, anterior chamber instability,
and/or choroidal effusions and hemorrhage.

In summary, combined cataract extraction and IOL
implantation with an ab externo approach to circumferen-
tial dilation and suture placement into Schlemm’s canal is
an effective procedure in treating those patients who have a
visually significant cataract and concurrent open-angle glau-
coma. It can result in lowering of IOP and reducing usage
of topical glaucoma medications. A low complication pro-
file is also seen with this procedure, especially in relation to
visually devastating sequelae such as hypotony and its poten-
tial choroidal implications (see Chapter 12). While no direct
comparison has been undertaken between combined pha-
coemulsification and canaloplasty versus conventional pha-
cotrabeculectomy, current studies are ongoing.

Trabecular Micro-bypass Stent

Indications for Surgery

If the point of greatest resistance to aqueous outflow in
the conventional pathway is the juxtacanalicular trabecular
meshwork,31,34 a bypass of this resistance allowing aque-
ous facilitated access to Schlemm’s canal and its downstream
collector channels would logically lower IOP to the level
of the episcleral venous pressure, the further downstream
resistance point. In the surgical procedure of goniotomy, a
blade inserted through the limbus is used to incise the tra-
becular meshwork and inner wall of Schlemm’s canal to
provide access of aqueous humor to Schlemm’s canal and
the collector channels. While this procedure, as well as tra-
beculotomy (when visibility through the cornea is poor), has
found success in the pediatric patient population,37 it has not
been found to be as effective in the treatment of adult glau-
coma patients.38–40 However, these traditional procedures
have given rise to novel ab interno devices and procedures
to attempt to control elevated IOP. Some of these procedures
include goniocurettage,41 laser trabecular ablation,42 laser
trabeculopuncture,43 as well as devices that will be discussed
in this chapter such as the iStent R© and trabecular micro-
electrocautery.

The trabecular micro-bypass stent is a device designed to
be placed in an ab interno fashion through a corneal inci-
sion into Schlemm’s canal, providing aqueous humor free
passage from the anterior chamber into the canal bypassing
the major resistance point. The 1-mm-long titanium stent,
weighing 0.1 mg, is designed in an L-shape with a short arm
“snorkel” designed to sit in the anterior chamber, and a long
arm placed into Schlemm’s canal. The long arm consists of
a half-pipe with a sharp tip to facilitate entry into the canal
during surgical placement. The open half-pipe lumen has an
outside diameter of 180 μm with three retention barbs on the
outside surface to provide stabilization and prevent extrusion
from the canal (Fig. 14.26). The open lumen of the stent faces
the outer wall while the convex surface rests against the inner
wall of Schlemm’s canal to allow for aqueous humor to enter
the collector channels. It is important to note that the iStent is
available in a right-going as well as a left-going orientation.
Because the snorkel faces the anterior chamber and points
into the vicinity of the iris, it is important when selecting
patients for this procedure to determine that the angle is open
sufficiently to accommodate the stent without being in close
proximity to iris tissue risking its occlusion. Thus, detailed
gonioscopic examination preoperatively is essential.

In patients who require an IOP target in the range of
high single digits to low double digits with advanced dis-
ease and severe visual field loss, the trabecular micro-bypass
stent is not the appropriate choice of glaucoma procedure.
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Fig. 14.26 Photograph of the Glaukos iStent

While the major resistance point of the juxtacanalicular
meshwork may be overcome by the iStent, the lowest attain-
able IOP is likely limited by downstream resistance of
the episcleral venous pressure, resulting in attainable IOPs
likely in the mid-teens. Conversely, in subconjunctival fil-
tration procedures such as trabeculectomy, no downstream
resistance exists in the subconjunctival space, and very
low, even chronically hypotonous, IOPs are attainable. It
is the authors’ opinion that patients with mild-to-moderate
disease, and preoperative IOPs with borderline or reason-
able control on topical medications, are best suited for the
Glaukos iStent. In patients with concurrent lens opacity and
mild-to-moderate glaucomatous disease who have reason-
able control on topical medications, combining the iStent
with cataract extraction and IOL implantation is ideal to not
only provide the patient with the opportunity for improved
IOP control, but also decreased dependence on topical
medications.

Instrumentation and Operative Technique

Unlike in canaloplasty or subconjunctival filtration proce-
dures, no manipulation of conjunctiva is required for implan-
tation of the iStent and, thus, the standard cataract incisions
with which a surgeon is accustomed are used. At the conclu-

Fig. 14.27 A blunt 27-gauge cannula is used to stroke the iris gently
with the injection of a very small amount of acetylcholine to induce
miosis in the area of angle surgery

sion of clear corneal phacoemulsification and IOL implanta-
tion, OVD is allowed to remain in the anterior segment and
the authors recommend mechanical stroking of the iris with
a blunt 27-gauge cannula and injection of a small amount
of Miochol R©-E (acetylcholine 1:100, Novartis Ophthalmics,
East Hanover, NJ) into the anterior chamber to encourage
miosis and bring the iris away from the angle (Fig. 14.27).
To achieve hyper-deepening of the anterior chamber and a
clear view of the angle, a viscous OVD such as Healon GV
should be injected into the angle. Care should be taken not to
overinflate the eye and cause an excessively high IOP. This
may result in collapse of Schlemm’s canal and the inner wall,
leading to possibly increased difficulty in implantation of the
iStent.

The patient’s head should be rotated away from the sur-
geon with verbal directions to achieve adduction, or alterna-
tively it can be achieved with a toothed forceps held by a
surgical assistant. The microscope should then be rotated to
a position of between approximately 30◦ and 45◦ from the
vertical. To visualize angle structures satisfactorily, a gonio-
prism must be used. The authors’ preference is to use a Swan-
Jacob lens (Ocular Instuments, Bellevue, WA) to achieve
visualization. The iStent is opened from the packaging and
arrives preloaded on a lightweight handle with a squeeze
mechanism injector at the tip grasping the stent. A button
is present on the handle where the index finger of the sur-
geon is designed to depress, deploying the stent at the tip of
the long slender metal shaft, which houses the four grasp-
ing prongs holding the snorkel end of the stent (Fig. 14.28).
While a 1.5-mm incision is all that is required for inser-
tion of the iStent, when combined with cataract extraction,
the cataract incision can be conveniently used with similar
principles to using a phacoemulsification handpiece, utiliz-
ing the wound as a fulcrum when inserting the stent into
the canal. Movements of the surgeon’s hands external to
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Fig. 14.28 A gonioscopic view of the iStent approaching the angle
mounted on the injector shaft

the eye should result in movement in the opposite direction
intracamerally.

With direct visualization through the gonioprism, the tip
of the stent should pierce the trabecular meshwork at an acute
angle. The stent is then advanced with a gentle movement in
the coronal plane until the long arm of the stent is seen to
rest completely in the canal. Because of the common occur-
rence of reflux of blood from Schlemm’s canal, successful
initial implantation is the desired result, as repeat attempts
at insertion usually take place under hampered visualization
and with insufficient trabecular tissue to support the stent.
Should visualization be impeded by blood, the stent should
be removed and additional OVD should be placed in the
angle prior to continuation of implantation. After successful
placement, the eye should be slowly and carefully returned
to the primary position prior to depressing the button to
release the stent. If tension is exerted on the globe while the
stent is released, the stent may torque on release, tearing the
meshwork, and become dislodged (Figs. 14.29, 14.30, and
14.31). Commonly, the tip of the injector must be used to
tap the snorkel into the canal to achieve final satisfactory
seating of the shunt. Care must be taken during this step,
as this may dislodge a previously well-placed stent. Blood
reflux also may be seen emanating from the snorkel, con-
firming placement in the desired anatomical position. Multi-
ple stents may be placed into the canal, although the effect
of multiple stents on IOP is yet unknown, as ongoing studies
seek to elucidate this. The IOL position should then be ver-
ified at the conclusion of the placement of the stents. Once
this has been completed, standard automated irrigation and
aspiration can be performed as is typical at the conclusion
of cataract extraction and IOL placement. At this stage, it
is not uncommon to see a small amount of blood circulat-
ing in the anterior chamber. The wounds should be verified

Fig. 14.29 The iStent seen engaging the trabecular meshwork during
insertion

Fig. 14.30 The iStent is released from the injector once it is seated in
the canal

Fig. 14.31 High magnification viewing under the microscope with a
gonioprism confirms that the stent is satisfactorily seated in the canal

to be watertight and if not, suture used to ensure adequate
closure.
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Postoperative Care and Complications

Postoperative complications that are associated with the
iStent include transient postoperative hyphema, stent mal-
position, blockage, and persistently elevated IOP requiring
further glaucoma surgery such as trabeculectomy. In man-
agement of stent malposition, secondary surgery may be
required to remove and/or reposition a stent when it has dis-
lodged significantly. Stent blockage most commonly occurs
with fibrin, iris tissue, or, rarely, vitreous. In the case of
blockage with fibrin, argon laser may be used or recombi-
nant tissue plasminogen activator may be injected intracam-
erally in an attempt to dissolve the clot (Table 16.1).44 When
the stent is occluded with iris, a neodymium:YAG laser may
be used to separate the iris from the stent. In addition, the
authors recommend argon iridoplasty in the area of the stent
in an attempt to prevent re-occlusion. If laser intervention
fails, mechanical sweeping of the iris with a 30-gauge nee-
dle at the slit lamp may be useful in removing iris from the
snorkel.

It is important to note that no serious vision-threatening
complications have been reported with the iStent. Serious
complications that are typically associated with fistulizing
procedures, such as hypotony, choroidal effusion, flat ante-
rior chamber, aqueous misdirection syndrome, or supra-
choroidal hemorrhage, have not been noted with this device.
Furthermore, because of the absence of a subconjunctival
bleb, there are no long-term bleb-associated risks such as
blebitis, bleb leaks, and dysesthesias. While the attainable
IOPs may not be as low as procedures such as trabeculec-
tomy, the safety profile appears to be more favorable for
patients with mild-to-moderate disease who would otherwise
traditionally have been subject to a higher risk procedure.

Discussion and Available Data

In a study examining the theoretical mathematical effect of
aqueous humor dynamics, bypass of the trabecular mesh-
work with unidirectional flow would increase outflow facil-
ity by 13% while bidirectional flow would result in a 26%
increase. Furthermore, the higher the initial preoperative IOP,
the greater the resultant achieved IOP lowering.45,46 Other
studies placing the stent in cultured human anterior segments
in vitro resulted in an IOP reduction from a mean of 21.4
to 12.4 mmHg.47 The effect of additional stents in this set-
ting, however, was unclear. In theory, when aqueous humor
travels through the stent into Schlemm’s canal, it travels cir-
cumferentially through the canal and exits into the collector
channels. However, in a glaucomatous eye with elevated IOP,
Schlemm’s canal may be collapsed entirely or in segments,

precluding the flow of aqueous into collector channels. Thus,
a single stent placed in an area of the canal that is collapsed
may have little to no effect on IOP. This further confounds
the question of whether multiple stents have an added effect
on IOP lowering. It has also been postulated that place-
ment of stents near collector channels, possibly identified
by increased pigmentation areas on gonioscopy in the mesh-
work, may allow for improved IOP lowering. This, however,
is yet to be studied.

A recent prospective uncontrolled non-randomized multi-
center study was published on combined cataract extraction,
IOL implantation, and insertion of a single iStent. Preoper-
ative mean IOP was 21.5 ± 3.7 mmHg with a mean medi-
cation number of 1.5 ± 0.7. Postoperatively, at the 6-month
time point, the mean IOP was 15.8 ± 3.0 mmHg, with a mean
medication number of 0.5 ± 0.8. Statistical significance was
found for both the IOP and medication usage reduction.
Complications reported in this study included shunt occlu-
sion, malposition, failure to penetrate the canal at the time
of surgery, inadequate IOP control requiring trabeculectomy,
and a single case of adenoviral conjunctivitis. No serious
vision-threatening adverse events were reported.44

In summary, cataract extraction combined with implan-
tation of the trabecular micro-bypass iStent resulted in an
effective lowering of IOP and decreased dependence on top-
ical glaucoma medications with a low-risk profile. Because
the attainable IOP in these cases is likely in the mid-teens,
patient selection for this procedure is important. Eyes that
require a low target IOP with advanced disease are likely
not to reach their target with this procedure, making it bet-
ter suited for patients with mild-to-moderate disease with-
out excessively high preoperative IOPs. The favorable risk
profile of this procedure over traditional penetrating surgery
makes this procedure a good choice for these patients. Stud-
ies yet need to be undertaken to determine the effect of mul-
tiple stents as well as to determine the effect of targeted stent
placement on IOP.

Trabecular Micro-electrocautery

Indications for Surgery

A device that is similar to the iStent in terms of mechanism
of IOP lowering, surgical approach, and patients best suited
for the procedure is the Trabectome micro-electrocautery
device. With the same premise of bypassing the juxtacanalic-
ular meshwork point of resistance, the device is designed
to cauterize and remove trabecular tissue and the inner
wall of Schlemm’s canal to allow aqueous humor direct
access to the collector channels of the canal. Again, because
of the mechanism in which IOP is lowered, attainable
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postoperative pressure is likely in the mid-teens, making
this procedure also most suitable for patients with mild-to-
moderate disease with reasonable control on topical medi-
cations. In addition, patients should be deemed to have an
angle that is open preoperatively. Those who have narrow
anatomical angles may be at greater risk for postoperative
goniosynechiae after the Trabectome treatment.

The Trabectome is an ab interno foot-pedal-activated
instrument, which consists of a disposable handpiece com-
posed of a 19-gauge infusion sleeve, 25-gauge aspiration
port, and a bipolar electrocautery unit 150 μm away from an
insulated footplate. A console allows for control of infusion,
aspiration, and electrosurgical energy. The tapered footplate
is 800 μm in length from the heel to the tip with a maxi-
mum width of 230 μm and thickness of 110 μm at the heel
(Fig. 14.32). When viewed in cross-section, the footplate
has an elliptical shape with an anterior to posterior width of
5 μm at the tip widening to 50 μm at the heel, while the
meridional diameter ranges from 350 to 500 μm, designed
with the aim to fit into Schlemm’s canal. The tapered foot-
plate design, angled at 90 degrees to the shaft of the instru-
ment, with the pointed tip aids in engaging and penetration
into Schlemm’s canal. Once the footplate is in the canal,
trabecular tissue is directed into the electrocautery unit to
be cauterized as the handpiece is advanced in the canal.
The smooth edge and insulation of the footplate combined
with the cooling effect of the continuous irrigation serve
as protection to the outer wall of Schlemm’s canal and the
collector channel openings from intraoperative injury and
trauma.

Fig. 14.32 A schematic diagram of the Trabectome handpiece and tip

Instrumentation and Operative Technique

Similar again to the iStent, no conjunctival manipulation is
required for the Trabectome and thus standard cataract inci-

sions with which the surgeon is accustomed should be used.
At the conclusion of cataract extraction and IOL implanta-
tion, visualization of the angle should be undertaken in a
similar fashion as discussed previously with a gonioprism,
rotation of the patient’s head and microscope, and the eye
in mild adduction. OVD need not be aspirated as the Tra-
bectome handpiece possesses both irrigation and aspiration
properties and as such may be used to remove remaining vis-
coelastic at the conclusion of surgery. While the handpiece
needs only a 1.6-mm incision to enter the anterior chamber,
when performing combined surgery, the main corneal inci-
sion may conveniently be used, again, as a fulcrum for the
hand piece. Under direct visualization with a gonioprism, the
tip of the hand piece engages and enters Schlemm’s canal
and the foot pedal is depressed to commence tissue ablation.
This is carried out in one direction until visibility is no longer
available, and then the hand piece may be turned 180◦ in the
eye to ablate in the opposite direction, again, until visualiza-
tion is not possible (Figs. 14.33, 14.34, and 14.35). Typically,
the arc length of ablation is approximately 60◦. While the
hand piece is activated, the aspiration of tissue debris with
continuous irrigation allows the surgeon’s view to be clear.
However, it is common to observe that when the hand piece is
removed and the IOP lowered in the eye, reflux of blood into
the anterior chamber is almost always encountered. A clear
corneal suture and injection of air into the anterior cham-
ber at the conclusion of surgery appear to correlate with less
postoperative hyphema.48 Conversely, the trabecular ablation
may be performed prior to cataract extraction.

Fig. 14.33 The Trabectome tip incising the trabecular meshwork. Pho-
tograph courtesy of Douglas J. Rhee, MD

Postoperative Considerations and
Complications

In the only published data to date with combined
cataract extraction with Trabectome treatment, postoperative
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Fig. 14.34 After incision into the canal, reflux of heme is commonly
seen. Photograph courtesy of Douglas J. Rhee, MD

Fig. 14.35 The Trabectome actively ablating trabecular tissue and
inner wall of Schlemm’s canal. Photograph courtesy of Douglas J.
Rhee, MD

complications included transient hyphema, iris and lens
capsule injury from the instrument tip, and uncontrolled
IOP requiring further glaucoma procedures.49 Of note,
in this study, the Trabectome treatment was performed
prior to cataract extraction and IOL implantation. Other
potential complications of this procedure that have been
reported include peripheral anterior synechiae, transient
corneal injury including Descemet’s detachment and hem-
orrhage, corneal epithelial defect, and hypotony.50 Although
one patient has been reported to have hypotony after this pro-
cedure, it too has a lower risk profile than traditional filtering
surgery, being free of a subconjunctival bleb.

Discussion and Available Data

In patients who received combined cataract extraction
with the Trabectome, mean preoperative IOP was 20.0 ±

6.0 mmHg with a mean number of glaucoma medications
of 2.65 ± 1.13 decreasing to an IOP of 15.5 ± 2.9 mmHg
and a medication usage of 1.44 ± 1.29 at 1 year.49 These
results in conjunction with the favorable risk profile make
this procedure a suitable choice for patients with mild-to-
moderate glaucomatous disease on medical therapy without
excessively high preoperative IOPs. In a similar manner to
those patients undergoing the iStent, the angles must be open
to minimize postoperative events that could compromise
the success of surgery such as goniosynechiae, and proper
patient selection is essential to help maximize the potential
for successful target IOPs postoperatively. In addition to the
lower risk profile involved in these ab interno Schlemm’s
canal procedures, which aim to enhance or restore physio-
logic aqueous flow, the conjunctiva in these cases is spared
from any manipulation should a trabeculectomy be deemed
necessary at a later date.

Suprachoroidal Gold Micro-shunt

Indications for Surgery

The uveoscleral outflow pathway for aqueous egress consists
of the ciliary body interstitium, the suprachoroidal space,
and, ultimately, the scleral vasculature. Reports vary as to
the proportion of aqueous outflow that occurs via this path-
way versus the conventional pathway. In normal human eyes,
anywhere from 20 to 54% of aqueous outflow has been
reported to occur via this pathway.51,52 It is well known
that medical augmentation of this pathway is effective in
the form of prostaglandin analogues. While various surgi-
cal approaches to augmenting suprachoroidal outflow have
been attempted, including cyclodialysis cleft creation, supra-
choroidal implants, and seton devices, none have produced
reliable, effective, and reproducible long-term IOP lowering.

The SOLX gold micro-shunt is a new suprachoroidal
device designed for implantation by an ab externo technique.
Composed of two thin 24-karat gold plates fused together
vertically, the 60-micrometer-thick device measures 5.2 mm
long, 2.4 mm wide anteriorly, and 3.2 mm wide posteriorly,
and houses nine channels connecting the anterior openings
to the posterior ones (Figs. 14.36 and 14.37). Two different
models of the shunt exist: the GMS (XGS-5) and the GMS
Plus (XGS-10). They differ in weight and channel height,
with the former weighing 6.2 mg and the latter 9.2 mg. The
channels are of 44 micrometer height in the GMS while they
are 68 μm thick in the GMS Plus. In both models, the chan-
nel width is 25 μm. Aqueous egress is enhanced into the
suprachoroidal space either through the shunt or around it.
Because of its inert and non-corrosive nature as well as its
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Fig. 14.36 A photograph of the SOLX gold micro-shunt

Fig. 14.37 A schematic diagram of the interior of the shunt with the
two plates separated

biocompatibility as a foreign body in the eye, gold was cho-
sen as the material of choice for this implant.53,54

While filtration into the suprachoroidal space has a sig-
nificant potential for hypotony and choroidal effusions or
hemorrhage, the shunt design with its thin profile and small
microchannels has been designed with patient safety in mind.
While the gold shunt may certainly be chosen as the primary
glaucoma procedure, especially in those patients who have
scarred conjunctiva, or anterior segment trauma or dysgene-
sis, the current data available has been gathered for patients
who have failed at least one prior incisional glaucoma pro-
cedure. These results will be discussed in the following
sections.

Instrumentation and Operative Technique

When performing combined cataract extraction with gold
shunt implantation, phacoemulsification and IOL implanta-
tion should proceed as per standard technique. OVD should
be left in the anterior segment following IOL implantation
followed by a clear corneal suture. If the IOP is low at
this point, balanced saline solution may be injected into the
anterior chamber to pressurize the eye allowing for a more
precise scleral dissection. The conjunctiva should be anes-
thetized with topical Xylocaine or tetracaine and a corneal
traction suture placed if necessary. The gold shunt may be
placed in any quadrant of the eye, although from a surgi-
cal technique perspective, the temporal 180◦ offers the most
facile area of access for a right-handed surgeon.

A conjunctival peritomy is performed in the same man-
ner as with the Ex-PRESS shunt or canaloplasty, leaving
an anterior lip of conjunctiva at the limbus. An approxi-
mately 95% scleral thickness cutdown perpendicular to the
surface of the sclera is then performed 2 mm posterior to the
limbus, observing for a blue hue at the base of the dissec-
tion to assess depth (Fig. 14.38). The length of the scleral

Fig. 14.38 A near full-thickness cutdown into the sclera is performed.
Note the hue of choroid at the base of the dissection
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Fig. 14.39 The forceps lifting the superior lip of the incision reveals
the layers of the dissection. A scleral tunnel is present at approximately
95% thickness and the full thickness entry perpendicularly into the
sclera at the posterior aspect of the dissection

incision should be approximately 4 mm. Once the depth has
been attained satisfactorily over the entire length of the inci-
sion, a scleral tunnel is then fashioned toward the limbus.
The desired point of entry into the anterior chamber is the
scleral spur and thus the dissection need not be carried for-
ward into the clear cornea. Once this has been achieved, a
full thickness scleral cutdown is performed, being careful not
to injure the choroidal tissue (Fig. 14.39). If the IOP in the
eye is too high prior to the full thickness cutdown, choroidal
tissue may bulge through the incision resulting in a higher
likelihood of injury. As a result, OVD should be removed
from the anterior chamber with a dry technique using a blunt
cannula through the paracentesis incision. A blunt cannula
should also be used to administer non-preserved Xylocaine
very gently into the suprachoroidal space. As this space is
highly vascular, the cannula should not be placed deep into
the incision but merely at the lip of the incision. The anterior
chamber should be then evaluated to ensure that the area of
intended shunt placement is inflated with OVD. A sharp lin-
ear entry is then made into the anterior chamber at the level of
the scleral spur. To ensure accurate anatomical placement, a
gonioscopic mirror may be utilized intraoperatively to ensure
that the entry is not excessively anterior or posterior.

The device is then brought onto the field and removed
from the holding apparatus, being very careful not to handle
the body of the shunt as the delicate channels may be dam-
aged with grasping of the body. The shunt is then placed into
the scleral tunnel and into the anterior chamber (Fig. 14.40).
A 27-gauge sharp needle can then be used to guide the poste-
rior aspect of the shunt into the suprachoroidal space, manip-
ulating the body gently (Fig. 14.41). Two positioning holes
are also present on the posterior aspect of the shunt, which
may be manipulated using an instrument such as a Sinskey
hook to properly position the shunt. When properly situated,

Fig. 14.40 The gold micro-shunt is handled with care at the wings
posteriorly with a non-toothed forceps

Fig. 14.41 Once the shunt has been inserted, a 27-gauge needle can be
used to gently manipulate the body of the shunt into proper position

the posterior drainage openings should not be visible in the
incision but be wholly located in the suprachoroidal space.
The shunt may also be pushed posteriorly by using a Sinskey
hook through the anterior chamber. A positioning hole is
present at the head of the shunt to aid in guiding the implant
into place. Intraoperative gonioscopy is a useful adjunct and
may be used to verify the proper position of the shunt with
the anterior openings fully in the anterior chamber with the
shunt entering at the scleral spur. Once satisfactory position
has been achieved, the scleral incision is closed with inter-
rupted 10-0 nylon sutures in a watertight fashion as a post-
operative bleb is undesirable with this device (Fig. 14.42).
The conjunctiva is then closed with 10-0 Vicryl as previously
described in the Ex-PRESS shunt section of this chapter (Fig.
14.43). Postoperatively, anterior segment OCT imaging may
be used to document a suprachoroidal lake of fluid surround-
ing the shunt.
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Fig. 14.42 The sclera is closed in a watertight fashion with interrupted
10-0 nylon sutures

Fig. 14.43 The conjunctiva is closed in a watertight fashion similar to
that described previously for the Ex-PRESS shunt and canaloplasty

Postoperative Considerations and
Complications

Postoperatively, the reported complications include lim-
ited choroidal detachment, shunt-cornea touch, shut-iris
touch, shunt exposure, shunt migration, peripheral anterior
synechiae formation around the shunt, persistent anterior
chamber inflammation, hyphema, hypotony, vitreous hem-
orrhage, infection, pain, and blurred vision. Uncontrolled
IOP requiring the patient to resume topical medications or
requiring further surgery has also been observed. On care-
ful gonioscopy, occasionally a fibrous membrane can be seen
growing over the shunt in the anterior chamber occluding the
anterior orifices. This may prevent aqueous egress through
the shunt into the suprachoroidal space. In the event that sig-
nificant fibrosis occurs around the shunt, if this space also
closes, a fairly acute increase in IOP may be observed some
time after surgery. While it is an off-label use of the laser,

photo-titration of the flow through the shunt is being stud-
ied with the SOLX R© 790 nm wavelength Titanium:Sapphire
laser.

Discussion and Available Data

Augmentation of suprachoroidal outflow has long been
attempted with procedures such as the creation of a cyclo-
dialysis cleft.55–59 While early control of IOP was good
in these procedures, late IOP spikes due to cleft closure
and scarring was a significant risk as well as the possibil-
ity of prolonged irreversible hypotony. Along with intraoper-
ative issues such as hemorrhage due to the highly vascular
nature of uveal tissue, improved control of this procedure
was sought with placement of implants into a small cleft.
These devices, such as high molecular weight hyaluronic
acid, Teflon tube implants, and others such as hydroxyethyl
methacrylate capillary strips and even scleral strips have
been reported.60–63 These procedures, however, have yet to
demonstrate long-term success in IOP control.

Data has been released by SOLX R© on both shunt mod-
els in patients who have failed at least one prior incisional
glaucoma procedure. In the GMS model, IOP reduced from
27.4 ± 4.7 preoperatively to 18.1 ± 4.7 postoperatively at a
1-year follow-up time point in 39 patients. Topical medica-
tion usage decreased in this group from 1.97 ± 0.74 to 1.50 ±
0.94. In the group of 40 patients receiving the GMS Plus, the
IOP decreased from 25.5 ± 6.0 to 18.0 ± 2.5 at also a 1-year
follow-up, with the medication usage decreasing from 2.25
± 0.84 to 0.85 ± 0.90. With success defined as IOP control
between 5 and 21 mmHg with or without medications, the
GMS group had 10 out of 36 patients at final follow-up clas-
sified as failures, while the GMS Plus group had 3 out of the
final 13 patients as failures.

While FDA trials are currently ongoing for this new supra-
choroidal device, the early results show promise in IOP
reduction and decrease in dependence on topical medica-
tions. However, further studies are required to answer ques-
tions such as the optimal size and number of the shunt chan-
nels or orifices to control IOP without an increased risk for
hypotony, the amount of flow that travels through versus
around the shunt, and the role this plays on IOP control.

Summary

Combining cataract surgery with these new glaucoma
devices has provided patients with potentially safer alter-
natives to conventional phacotrabeculectomy discussed in
Chapter 6. While studies are ongoing to evaluate these
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Fig. 14.44 The current treatment landscape in glaucoma with IOP lowering plotted versus risk to the patient

devices in combination with cataract extraction, early results
show promise in their efficacy in lowering IOP as well
as decreasing dependence on topical medications. Although
IOP lowering with these devices may not achieve targets as
low as traditional trabeculectomy, the risk profile of these
procedures appears to be significantly more favorable and
physiologic in their mechanisms of IOP reduction. This
has afforded patients the option of undergoing surgery that
has a lower risk profile, possibly at an earlier juncture of
disease, providing IOP control before the patient develops
disease that requires excessively low target IOPs. Patient
selection, therefore, is critical in choosing the appropriate
procedure if considering a new glaucoma device. Each case
should still be considered as a unique situation and in order
to maximize success and IOP control, the clinical judgment
of the surgeon is critical in determining the amount of IOP
reduction required, balanced with the acceptable risk to the
patient (Fig. 14.44).
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Chapter 15

Cataract Surgery in Patients with Exfoliation Syndrome

Anastasios G.P. Konstas, Nikolaos G. Ziakas, Miguel A. Teus, Dimitrios G. Mikropoulos,
and Vassilios P. Kozobolis

Introduction: Update on Exfoliation
Syndrome

Exfoliation syndrome (XFS) was first described in 1917
by the Finnish ophthalmologist John Lindberg1 and cur-
rently affects 60–70 million people worldwide.2–4 Of these,
15–17 million have increased intraocular pressure (IOP) and
5–6 million are estimated to suffer from exfoliative glau-
coma (XFG), a form of secondary open-angle glaucoma that
develops as a consequence of XFS and is considered the
most common identifiable cause of open-angle glaucoma
worldwide.2 Its aggressive course and worldwide prevalence
makes it critical for ophthalmologists to be familiar with the
full clinical spectrum of the disease.5–10 However, signifi-
cant barriers to the successful diagnosis and management of
XFS and XFG still exist. As XFS is a slowly progressive
disease with subtle signs, early diagnosis is difficult.3,7,9,11

Indeed, the condition may remain undetected until the clin-
ical signs become more apparent or when cataract or XFG
develop. With increasing life expectancy, it is important that
efforts are focused on improving the management of patients
with exfoliation and alleviating the burden of visual loss and
complications during cataract surgery in patients with XFS
and XFG.7,8

Pathophysiology

Both XFS and XFG are age-related conditions character-
ized by the systemic synthesis and progressive accumula-
tion of a fibrillar extracellular material (exfoliation material)
in many ocular and systemic tissues. Exfoliation material
synthesis may relate to disturbed elastin metabolism.12 The
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discovery in 2007 of the role played by lysyl oxidase-like
protein 1 (LOXL1) gene polymorphism in the development
of the condition has shed more light on its genetic back-
ground.13 LOXL1 is a member of a gene family that plays
an important role in elastin metabolism. Specific mutations
of the LOXL1 gene are strongly associated with the devel-
opment of XFS and XFG. It is hypothesized that dysfunction
of the LOXL1 gene may lead to the progressive accumula-
tion exfoliation material. This may explain the histological
findings and several XFS-related complications.12

Ultrastructurally, exfoliation deposits consist of electron
dense, fibrillar, elastotic material.5 Histochemically, XFM
consists of a core protein surrounded by glycoconjugates,
giving it a glycoprotein/proteoglycan structure.5,6,12 Exfoli-
ation aggregates can be seen both intracellularly during syn-
thesis, and as extracellular deposits. Though intraocular and
extraocular deposits are not morphologically or biochemi-
cally identical, both represent the same type of abnormal fib-
rillopathy.12 Recent data suggest that the exfoliation-related
biochemical changes are influenced by increased oxidative
stress,14 which as a part of a vicious circle, is enhanced by the
exfoliation-induced tissue damage. Development of nuclear
cataract is more common in patients with XFS/XFG and may
be related to the increased oxidative stress in the anterior seg-
ment of the affected eye.3,14

Clinical Implications

Exfoliation material is not only synthesized and accumulated
in different tissues, but by disturbing extracellular matrix
metabolism it can induce alterations in function. These XFS-
related degenerative changes are clinically important, may
result in surgical complications during phacoemulsification
surgery,11,15,16 and, consequently, must be known by all
ophthalmologists. Prevention of surgical complications in
cataract surgery is a key aim of successful XFS management.
Existing evidence shows that XFS is an important risk fac-
tor for vitreous loss.3,7,9,11 Although the ultimate impact of
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XFS/XFG in cataract surgery is currently not known (since
there are limited controlled data on the subject) there is some
evidence to show that detection of exfoliation signs in the
cataract patient, together with the appropriate management
during surgery, can improve surgical outcome.

On routine biomicroscopic examination of the eye,
without dilatation of the pupil, the diagnosis of XFS
can be missed5,11 and the prevalence can be underesti-
mated.4,9 The diagnostic sensitivity increases when the con-
dition is sought by an experienced observer who is fully
aware of the full diagnostic spectrum of the disease.7 See
Table 15.1. Although the clinical description of fully devel-
oped XFS is well established, little is known about the
early changes, which are less well defined.17 For exam-
ple, exfoliation aggregates can be identified by transmission
electron microscopy within eyes in which it is not clini-
cally apparent.10,17 These factors result in an artificially low
prevalence of the condition. More efficient diagnostic tech-
niques and a new classification scheme may be key compo-
nents in improving detection in the future.

Table 15.1 Clinical manifestations of pseudoexfoliation

• Cataract
• Exfoliation aggregates on anterior segment tissues
• Poor dilation
• Weak zonules/zonular laxity
• Glaucoma
• Corneal endotheliopathy
• Possibly vascular disease

Although not well described, there appears to be a sig-
nificant association between XFS and cataract formation.
There is a high prevalence of XFS in eyes coming to cataract
surgery and a high prevalence of cataract in eyes with
XFS7,15,16 compared with age-matched eyes without XFS.
The etiologic relationship between the two disorders remains
unclear. Koliakos et al.14 observed a significantly reduced
level of ascorbic acid in the aqueous humor of patients with
XFS. Since ascorbic acid plays an important role in pro-
tecting the lens from ultraviolet irradiation, this finding may
provide a logical explanation for the greater incidence of
cataract formation and posterior capsular opacification after
cataract extraction in eyes with XFS.

The clinical diagnosis of XFS or XFG is based on the inci-
dental finding of “dandruff-like” exfoliation material upon
the pupillary margin, or “sugar frosting” of the anterior lens
capsule.2,3 Generally these are the most consistent signs of
the condition. In the fully developed condition,3 complete
or sometimes incomplete distinct exfoliation zones may be
visualized after pupillary dilatation: a relatively homoge-
neous, subtle central disc corresponding to the diameter of
the pupil; a granular, often layered, peripheral zone; and a
clear intermediate area separating the two (Fig. 15.1). Several
variations may arise, however, due to the differences in the

Fig. 15.1 A slit lamp photo of a dilated pupil revealing the lens
with the zones associated with pseudoexfoliation syndrome. Cour-
tesy of Tom Monego, Dartmouth Hitchcock Medical Center (DHMC),
Lebanon, NH

quantity and rate of deposition of exfoliation material, dif-
ferent stages in the disease process, and the varied anatomic
relationship and proximity of the posterior iris surface to the
anterior lens.5,7 The peripheral granular zone is thought to
be a pathognomonic clinical sign and thus the most reli-
able sign assisting the diagnosis. Early in the course of the
disease, subtle striations of exfoliation material and/or pig-
ment “sunflower” deposits may be discerned on the surface
of the lens.3 The diagnosis of the condition is more difficult
in the presence of cataract. In a histological study, XFS was
diagnosed in 33% of cataractous lenses, whereas only 16%
of the cases had been diagnosed clinically prior to cataract
surgery.18 After cataract extraction, exfoliation material may
be found deposited upon the anterior vitreous face or on vit-
reous strands when the face is ruptured, on the posterior cap-
sule, and on intraocular lenses, indicating that the presence
of the lens is unnecessary for its continued formation.2,9,10

Exfoliation deposits may be detected early on the ciliary
processes and zonules. Zonular aggregates may in fact pre-
date the development of the peripheral granular zone upon
the lens surface.5,6 It is well documented that XFS can cause
zonular fragility, which may lead to lens subluxation and sur-
gical complications during phacoemulsification. The zonules
are sometimes heavily coated with exfoliation material and,
in extreme cases, severely damaged and broken.9 An addi-
tional mechanism may also be the degeneration induced to
the zonular attachments to the lens, or ciliary body. Cur-
rently, the zonular fragility, thinning of the equatorial lens
capsule, and reduced dilation of the pupil in XFS are thought
to be responsible for the increased complication rate during
cataract surgery, as well as the postoperative decentration of
intraocular lenses even years after uncomplicated cataract
surgery.9 In a small number of cases, exfoliation-induced
corneal degenerative changes may impact the number and
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shape of corneal endothelial cells, which may ultimately lead
to corneal decompensation5 even after uncomplicated pha-
coemulsification, or following marked elevation of IOP.11

Degenerative ischemic changes in the iris are also induced
by XFS and result in reduced pupillary dilatation. These
changes induced by massive exfoliation deposits around
iris vessel walls lead to micro-occlusions, formation of
ghost vessels, and secondary micro-neovascularization.3,5,12

These ultrastructural and functional alterations result in
increased vascular permeability and impairment of the
blood-aqueous barrier function, which can lead to increased
incidence of posterior synechiae formation and a higher inci-
dence and duration of inflammation after intraocular surgery.
Retrobulbar perfusion may also be impaired in XFS and
XFG.8,9

There is evidence to suggest that XFS is a systemic dis-
order.19–21 Patients with XFS may exhibit systemic vascu-
lar involvement20,21 and it has been postulated that XFS
may contribute to increased morbidity. There are reports of
impaired regulation of heart function and reduced precapil-
lary perfusion.20 There are conflicting reports suggesting an
increased prevalence of ischemic heart disease in XFS, but
the prevalence of diabetes mellitus is only half of that seen in
age-matched controls or in patients with primary open-angle
glaucoma and there is no evidence that XFS/XFG lead to
increased mortality.19 Further controlled evidence is required
to elucidate the precise systemic risk induced by XFS.

Elevated IOP with or without glaucomatous damage
occurs in approximately 25% of people with XFS or about
6–10 times the rate in eyes without XFS.6–10 When XFG
develops, it is associated with worse untreated 24-h IOP char-
acteristics and a worse prognosis than primary open-angle
glaucoma.22,23 Due to the unfavorable pressure characteris-
tics, more aggressive medical therapy is needed and it is gen-
erally more difficult to reach the predetermined target IOP in
XFG.11,23 Thus, adjunctive medical therapy, laser treatment,
and surgery are more often necessary in XFG. However, the
best first-line and stepwise therapy in XFG remains contro-
versial.11 Therefore, it is important to determine in the future
the optimum choices for successful therapy in XFG.

Intraocular Pressure Changes After
Phacoemulsification in Eyes with XFS

The common coexistence of cataract and raised IOP in
XFS often poses management dilemmas concerning the opti-
mal surgical approach. Accurate estimation of the mag-
nitude of potential IOP reduction in response to cataract
surgery in XFS or XFG would be useful in determin-
ing whether to do phacoemulsification alone or combine

the surgery with trabeculectomy. Several studies have noted
a decrease in IOP following phacoemulsification in eyes
with and without XFS.24–27 A number of studies were ret-
rospective and have examined the effect of phacoemulsi-
fication on IOP levels in patients with and without XFS.
Suzuki et al.28 reported a decrease in IOP after surgery in
patients without preexisting disease. Patients with increased
preoperative IOP with or without glaucoma but no XFS
may also exhibit meaningful postoperative IOP drops.25,29

Three studies have reported that XFS patients with a normal
preoperative IOP manifested a decrease in IOP postopera-
tively that was significantly greater than similarly matched
controls without XFS, with the effect sustained up to a 2-year
follow-up.26,30,31 In the study by Merkur et al., postoperative
IOP changes from baseline in the XFS group were –1.8, –4.5,
and –2.3 mmHg at 3, 6, and 12 months, respectively. In the
study by Shingleton, IOP declined from a mean of 16.8 to
13.9 mmHg in the XFS group and from 16.3 to 14.4 mmHg
in the control group at 2 years.34

These observations have been confirmed in a large
prospective multicenter cohort study by Damji et al.32 This
study demonstrated that patients with XFS have a greater IOP
lowering effect following phacoemulsification than those
without XFS. The IOP reduction was significantly greater
in the exfoliation group at all time points out to 2 years.
In the subgroup analyses, IOP lowering was –1.85 mmHg
at 2 years in the XFS patients versus –0.62 mmHg in
the controls. Importantly, patients with XFG also exhib-
ited a more pronounced IOP lowering than those with
POAG (–3.15 mm versus –1.54 mmHg, respectively) after 2
years. It is interesting that the IOP lowering effect in the XFS
group was closely related to the irrigation volume utilized
at the time of surgery. The authors speculated that this may
be because of one or more of the following factors: wash-
ing out of exfoliation material and pigment from the anterior
segment, deepening of the anterior chamber angle, and low-
grade inflammation leading to enhanced aqueous outflow.

It has been argued that patients with XFS undergoing
phacoemulsification experience a greater decrease in IOP
postoperatively in comparison with patients without XFS
because phacoemulsification eliminates iridolenticular fric-
tion and thus significantly reduces the release of pigment
from the iris and exfoliation material from the lens and
iris. The procedure also removes loose exfoliation mate-
rial and pigment from the clogged outflow system, and thus
may lead to further IOP lowering in patients with XFS
or XFG.33,34 It has been hypothesized that the removal
of exfoliation material and pigment is the mechanism
for this recorded IOP lowering with subsequent improved
outflow. The term “trabecular aspiration” (TA) was intro-
duced by Jacobi and Krieglstein in 1994, who employed
a special aspiration system.33–35 Trabecular debris and
pigment was cleared with a suction force of 100–200 mmHg.
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They concluded that trabecular aspiration combined with
phacoemulsification was significantly more effective than
cataract surgery alone in reducing postoperative IOP and the
necessity for anti-glaucoma medications, but not as effec-
tive as phacotrabeculectomy. Cimetta et al.36 performed pha-
coemulsification with exfoliation material aspiration with
IOP reduction lasting up to 1 year postoperatively. Other pos-
sibilities that contribute to IOP lowering include upregulation
of matrix metalloproteinases, biochemical or blood-aqueous
barrier alterations with release of prostaglandins,37 or other
physiological processes that alter and improve trabecular or
uveoscleral outflow.

Whether to perform cataract surgery alone or combine
it with a trabeculectomy is an important clinical decision
when treating patients who have XFG and a visually sig-
nificant cataract. The advantages of a combined proce-
dure are the prevention of IOP spikes and better long-term
IOP control postoperatively. However, combined cataract
surgery and trabeculectomy in XFG may lead to a higher rate
of complications including hypotony, suprachoroidal hemor-
rhage, and endophthalmitis.

The data being accumulated to date are consistent with
the notion that in many patients with early to moderate XFG,
phacoemulsification alone is a reasonable option for better
IOP management. This approach has the advantage of
faster visual rehabilitation and fewer surgical complica-
tions. How long the beneficial effect of cataract surgery on
IOP lowering lasts is currently unknown and merits further
investigation.

Operative Techniques and Considerations
for Phacoemulcification in Eyes with XFS

Cataract surgery in the presence of XFS is generally con-
sidered to be a challenge as it has been associated with
an increased incidence of intraoperative complications. The
risks were first described for extracapsular cataract extrac-
tion38–43 and later for phacoemulsification.30,44–47 In XFS,
lysosomal proteinases destroy the normal basement mem-
brane structure of the non-pigmented epithelium of the cil-
iary body and anterior lens capsule. This loosens the zonule–
lens capsule complex and causes adhesions between the
zonules and non-pigmented epithelium.9,48 The rotational
and antero-posterior forces created during surgery may lead
to total separation of these weakened zonules, resulting in
vitreous loss. As discussed previously, other factors thought
to contribute to the increased incidence of intraoperative
complications during cataract surgery in eyes with XFS are
a poorly dilating pupil, corneal endothelial changes, and
blood–aqueous barrier breakdown.49–52

Preoperative Examination

In most cases, exfoliation material can be observed with care-
ful slit-lamp examination after pupil dilatation, even in the
early stages of XFS. The presence of XFS or XFG poses
an increased risk during and after cataract surgery, partic-
ularly if undetected. Zonular weakness and poor trabecu-
lar outflow with elevated IOP may pose specific intraoper-
ative problems. Hence, preoperative documentation of XFS,
which often may otherwise go undetected, is key to success-
ful cataract surgery. Signs indicative of weak zonules are
listed in Table 15.2. However, only slight phacodonesis andor
an iridolenticular gap may be seen. Kuchle et al.47 found a
correlation between a shallow anterior chamber and zonu-
lar instability, which indicates that reduced anterior chamber
depth with normal axial length should alert the surgeon to
possible zonular laxity. Reduced chamber depth in a highly
myopic eye is virtually pathognomonic of zonular laxity. It is
important to study anterior chamber depth when seated and
lying prone, since this would give a measure of zonular lax-
ity, particularly after paralysis of accommodation. In patients
with XFG elevated IOP, especially in elderly patients, may
increase the risk of perioperative complications and, specifi-
cally, increase the risk of choroidal hemorrhage.53

Table 15.2 Signs of weak zonules

• Distinct phacodonesis
• Iridodonesis
• Vitreous prolapse
• Lens subluxation
• Shallow anterior chamber

Management of Small Pupil in XFS

A small pupil is a problem frequently encountered during
phacoemulsification in eyes with XFS. Maximal pupil dilata-
tion is significantly less in XFS eyes compared to normal
eyes.30 Mechanical dilatation of the smallest pupils (e.g.,
<4 mm in diameter) is an efficient and commonly used
technique, although it may lead to micro-ruptures of the
sphincter, increased postoperative inflammation, and, some-
times, result in a permanently dilated pupil.41,54,55 In these
cases, bimanual stretching with Y-hooks, iris retractor hooks
(Fig. 3.4), Beehler pupil dilator (Fig. 3.3), or polymethyl-
methacrylate (PMMA) pupil dilator rings (Figs. 3.5, 3.6, 3.7
and 3.8) are useful. Akman et al.56 compared these four
methods of pupil dilatation in XFS eyes undergoing pha-
coemulsification and concluded that all of them were effec-
tive. The two most time consuming devices, iris retractor
hooks and PMMA pupil dilator rings, were also best at keep-
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ing the pupil dilated during surgery. The dilator ring caused
the least iris trauma. See also Chapter 3.

Surgical Considerations in the Presence
of Zonular Weakness

Capsulorrhexis and Hydrodissection

It is important to avoid overinflating the anterior chamber
with viscoelastics when loose zonular support is suspected.
Movement of the entire lens-capsule complex during ante-
rior capsulotomy is always a sign of severe zonular laxity;
the lens may be so loose that completion of the capsulor-
rhexis (CCC) by the usual means may be impossible because
of lack of resistance and stability of the lens. However, the
insertion of a retractor (iris or modified retractor) after the
creation of an initial capsulotomy can provide a counterforce
against which the CCC can usually be performed. Multi-
ple grasps of the capsular flap may be helpful in overcom-
ing the problem and completing the capsulorrhexis. CCC
should be performed with the least possible downward pres-
sure on the lens and avoiding any centripetal traction on the
flap. The most obvious signs of zonular weakness include
subluxation of the entire nucleus with visualization of the
lens equator. However, mild zonular laxity resulting in the
development of anterior capsule striae adjacent to the capsu-
lar flap during capsulorrhexis is more commonly seen. The
location of these striae also indicates the weak region of the
zonules. The CCC should be neither too small nor too large.
Too small a diameter will add further stress to loose zonules
during manipulation of the nucleus in the bag, whereas too
large a diameter may engage the zonular attachments. The
final capsulorrhexis size should be larger than that in non-
XFS eyes, in order to reduce future shrinkage of the ante-
rior capsule, due to the fibrosis produced by the remaining
epithelial cells. Centripetal forces induced by anterior cap-
sule contraction may aggravate zonular weakness and lead
to late dislocation of the intraocular lens (IOL) within the
capsular bag.57,58

Hydrodissection and/or hydrodelineation must be per-
formed carefully to avoid downward pressure on the lens
whenever zonular fragility is suspected. Access to rotating
the nucleus and epinucleus is important for performing the
maneuver as gently as possible during surgery.59 However,
the degree of dissection must be balanced against the fact
that too aggressive an injection of fluid can lead to further
zonular weakness. Alternatively, the entire nucleus should be
hydrodissected and luxated anteriorly for supracapsular pha-
coemulsification to minimize zonular stress in XFS. How-
ever, in choosing this approach, care should be taken not to
damage the endothelial cells.

Phacoemulsification and Cortex Aspiration

Phacoemulsification must follow the same principle of not
stretching the zonulae. During surgery, extreme deepening of
the anterior chamber at the onset of infusion may be indica-
tive of zonular laxity. However, this phenomenon is more
commonly seen in highly myopic eyes. It is generally advis-
able to perform phacoemulsification with a lower infusion
pressure and, therefore, lower aspiration flow rate and vac-
uum levels in these eyes, although this will slow down the
emulsification process. During sculpting of the nucleus, a
tendency of the lens to move with the sculpted tip—that is,
away from the surgical incision—is a clear sign of inade-
quate zonular strength. Ultrasonic power should be increased
and stabilization of nuclear position by placement of a lens
chopper, or a similar instrument, over the equator opposite
the phaco incision to stabilize the position of the nucleus
should be considered. During nucleus rotation, a tendency
of the nucleus to return toward its previous location when
released by the rotating instrument can be an ominous sign
of zonular dehiscence. This indicates that the entire capsule
has rotated somewhat with the nucleus, and subsequently
returned to its normal anatomic location when the rotary
force was discontinued. Therefore, rotation of the nucleus
should be performed gently or even avoided, if possible.
The surgeon should maintain centration of the nucleus dur-
ing rotation with bimanual rotation, using both the phaco tip
and a second instrument such as a phaco chopper or spatula
whenever possible. Segmentation of the nucleus should be
accomplished as gently as possible. Deep sculpting enables
the nucleus to be cracked with less effort. Chopping tech-
niques are preferred instead of the classic “divide and con-
quer” method, as all forces are directed to the center of
the nucleus with minimal induced stress on the capsule
and zonules.60 Finally, another sign of zonular deficiency,
visible as nucleus volume decreases, is inward collapse of
the lens capsule with possible inadvertent aspiration by the
phaco tip.

Aspiration of the cortex is one of the steps that stress
the zonules the most. After nucleus removal, tangential
stripping of lens cortex from the capsular fornices may
prevent further zonular dehiscence. In extreme circum-
stances, it may be necessary to position the distal end
of a second instrument, such as a blunt spatula, against
the capsular fornix to create counteraction as cortex is
removed. At any time during cortex removal, peripheral pos-
terior capsule striae may straddle an area of zonular dehis-
cence. The longest striae demarcate the area of dehiscence.
Also, a forward shift of the posterior capsule caused by
infusion fluid accumulation behind the posterior capsule
(infusion misdirection) may occur. This phenomenon is more
common in eyes with exfoliation and other causes of zonular
laxity than in normal eyes.
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Intraocular Lens Implantation

Implantation of the IOL before finishing aspiration, when lit-
tle residual cortex is left, will help to stabilize the capsular
bag and reduce zonular stress. It is important to place both
haptics either in the bag or in the sulcus, to equally dis-
tribute the pressure on the zonules. In the case of a capsular
break, the IOL should be placed in the ciliary sulcus, pro-
vided there is sufficient capsular support. Additional prolapse
of the lenticulus behind the capsulorrhexis optimizes centra-
tion. If not, an angle-supported IOL, an iris-claw IOL, or an
IOL fixed to the scleral wall may be utilized.61 An angle-
supported anterior chamber IOL should probably not be cho-
sen in the case of eyes with XFG or in the presence of corneal
endothelial cell abnormalities.62

When deciding the type of IOL for in the bag implanta-
tion, the surgeon should take into account the higher inci-
dence of capsular fibrosis in XFS. Typically the choice
of intraocular lens (IOL) does not differ between eyes
with and without XFS. Heparin surface modified posterior
chamber intraocular lenses were postulated to result in a
lower incidence of postoperative fibrinoid reaction, less
frequent pigment, and cellular deposits on the intraocular
lenses,63 but this observation requires further confirmation.
Therefore, hydrophobic acrylic IOLs, which are associated
with less anterior capsular fibrosis compared to PMMA,
silicone, and hydrogel lenses, are preferably used.44 Also,
theoretically, the PMMA haptics of the three-piece acrylic
IOLs provide higher rigidity against contraction of the cap-
sule.64 Achieving IOL centration and long-term stability can
be challenging in eyes with significant zonular dehiscence.
Foldable acrylic IOLs with long haptics and an optic diam-
eter not smaller than 6 mm should preferably be used, in
case some lens decentration occurs postoperatively. Injectors
that allow the haptics to unfold directly into the capsular bag
without the need to dial in the haptics minimize the zonular
stress that occurs during haptic placement. Plate-haptic style
IOLs are a poor choice as they have a greater tendency for
postoperative decentration and capsular contraction. Some
surgeons advocate placing the haptics perpendicularly to the
dialysis to expand the partially collapsed capsular bag. How-
ever, the IOL then relies on zonular support from only one
haptic. Haptic orientation parallel to the dialysis provides
better zonular support, yet will induce an oval formation of
the bag and perhaps increases the chance for decentration
away from the dialysis. Cionni et al.65 recommend placing
the IOL into the bag and gently rotating the IOL into the
axis that provides the best possible centration. Complicated
cataract surgery with loss of integrity of the capsular bag can
lead to immediate dislocation of the IOL. However, spon-
taneous dislocation of the IOL within the capsular bag fol-
lowing uncomplicated surgery usually occurs many months
postoperatively.

Special Techniques, Instrumentation, and
Devices for the Management of Severe Zonular
Weakness in XFS

Severe zonular deficiency with phacodonesis or frank lens
dislocation poses a particular surgical challenge. In such
cases, multiple iris hooks, with which most surgeons are
familiar, engaged to the CCC edge may be used to sta-
bilize the capsular bag during phacoemulsification66,67

(Fig. 15.2a). However, the relatively short length of the
hook and the single plane design may cause them to slip
off the capsule during manipulation of the nucleus. In addi-
tion, the short iris retractors do not extend into the capsu-
lar fornix and, therefore, do not offer support to this region.
A hook designed for stabilization of the capsule is also
described68 (Fig. 15.2b). When the lens is completely loose,
this technique should be exchanged for intracapsular cataract
surgery.

Stabilization of the lens-zonule complex during surgery
in XFS with zonular weakness is helpful and can be accom-
plished using a capsular tension ring (CTR) to provide sup-
port to the lens capsule69,70 (Fig. 15.3). These rings are
manufactured in different sizes, to better fit in the capsu-
lar bag. When inserted into the capsular sac, a CTR pro-
vides a circumferentially expanding force to the capsular
equator and distributes the forces equally all over the zonu-
lar apparatus.65,71 The capsule is, therefore, less likely to
be attracted to the phaco tip, and increased stability of the
lens may be obtained. The stage of the operation at which a
CTR is implanted should be considered individually in every
case. In general, CTRs may be inserted at any time during
PCE.72 Bayraktar et al.59 reported less zonular dialysis in
XFS eyes when a CTR was used. In his study, the CTRs
were inserted before phacoemulsification. Others prefer to
insert the ring after the epinucleus and cortical remnants
have been removed, thereby avoiding entrapment of corti-
cal material by the CTR against the capsular bag. Removal
of the trapped cortex can be difficult and, in fact, attempts
to do so can cause further zonular dehiscence. However,
the cortical clean-up may be performed successfully when
inserting the CTR before surgery if the ring is inserted just
beneath the lens capsule and not between the cortical fibers.
Meticulous cortical cleaving hydrodissection, as described
by Fine,73 and a viscoelastic injection along the path of the
CTR may help separate the lens capsule from the cortex.59 A
study on cadaver eyes compared CTR implantation before
and after nucleus extraction and found that early implan-
tation gave significantly increased capsular torque and dis-
placement compared with implantation after the nucleus had
been extracted.74 In our opinion, the rings should be used
only when they are really needed, and placing them as late as
possible during surgery is advisable. Capsular tension rings
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Fig. 15.2 Hooks designed to stabilize the capsule. (a, b) Mackool Cataract Support System MH-105. Courtesy of FCI Ophthalmics, Marshfield
Hills, MA

can also be used to help prevent intraoperative posterior cap-
sule rupture by keeping the posterior capsule taut, prevent-
ing its anterior bulging and protecting it from being aspirated
by phaco or irrigation/aspiration tips during phacoemulsifi-
cation and cortical aspiration.75 Finally, in theory, the CTR
would counter the postoperative contraction of the anterior
capsule, thus reducing shrinkage of the CCC and the risk of
IOL dislocation. However, there is no real evidence to sup-
port this and several late dislocations with the IOL in the bag
have been reported specifically in eyes with XFS.58 Moreno-
Montanes et al.76 described a useful surgical technique for
removing the CTR after phacoemulsification in cases of pos-
terior capsular rupture to prevent CTR dislocation into the
vitreous cavity.

Modified endocapsular rings that can also be sutured to
the sclera are available (e.g., the Cionni design)77 and should
be used in eyes with more significantly loose zonules as
they offer greater capsular stability and centration. Such rings
contain a small strut with a distal eyelet (Fig. 15.4). Prior to
inserting the ring, a double-armed 10-0 prolene suture can be
passed through the eyelet. After ring insertion, both needles
are passed through the appropriate region of the ciliary sul-
cus and tied to each other under a scleral flap to establish per-
manent positioning of the endocapsular ring and surrounding
capsule.

Although the use of a CTR has been of great help to
avoid complications due to loose zonulae, it does not always
achieve lens stability and also may be hazardous, as its inser-
tion can create further zonular damage. Nonetheless, expan-
sion of the capsule sac is often desirable either during or after
lens removal, and these devices enhance implant centration
and reduce postoperative pseudophacodonesis.

Fig. 15.3 Photo of a Morscher MR 1400 capsular tension ring. Cour-
tesy of FCI Ophthalmics, Marshfield Hills, MA

a

b

Fig. 15.4 Modified capsular tension rings: Cionni rings (a) MRiL and
(b) M2L. Courtesy of FCI Ophthalmics, Marshfield Hills, MA
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Perioperative and Postoperative
Complications in Cataract Surgery in Eyes
with XFS

Preoperative Evaluation

As mentioned previously, it is mandatory to look for exfoli-
ation material, which can be observed with high magnifica-
tion by careful slit-lamp examination after pupil dilatation.
Several sophisticated procedures, such as Scheimpflug pho-
tography,78 or ultrasound biomicroscopy of the zonules can
enhance diagnostic accuracy.79 In eyes with XFS or XFG, it
is important to carefully assess the corneal endothelium and
to check for signs of zonular fragility. An estimate of pupil-
lary dilatation should also be carried out the day surgery is
decided, to allow for better risk assessment and for surgical
planning. The use of topical non-steroidal anti-inflammatory
drugs (NSAIDs) (e.g., diclofenac or ketorolac) may be advis-
able but more information is needed for their efficacy in
enhancing preoperative dilatation of the pupil.

Extracapsular Cataract Extraction

Phacoemulsification has become the gold standard in
cataract surgery. Nevertheless, extracapsular cataract extrac-
tion (ECCE) can still be selected in some settings and espe-
cially in some cases with XFS and phacodonesis. Published
evidence has demonstrated a higher incidence of complica-
tions with ECCE in eyes with XFS. In a prospective study,
Katsimpris et al.80 evaluated XFS eyes with small pupils and
phacodonesis, and reported a much higher incidence of pos-
terior capsule rupture and vitreous loss with ECCE surgery
compared with phacoemulsification. In another prospective
clinical trial of 1000 ECCE surgeries,39 the only significant
risk factors for vitreous loss were the presence of XFS and
small pupil size, which underscores the importance of ade-
quate surgical mydriasis in cataract surgery. The increased
force needed to extrude the lens nucleus through a small
pupil as well as the risk of posterior capsule breaks with the
capsulotomy techniques in XFS eyes may explain the high
frequency of complications during surgery in ECCE. Ruot-
salainen and Tarkkanen81 reported that posterior capsular
rupture during ECCE cataract surgery was 5–13 times greater
in eyes with XFS compared to eyes without XFS. They con-
sidered that the posterior capsule is of normal thickness in
XFS and attributed the higher complication rate in these eyes
to zonular fragility.

Exfoliation syndrome (XFS) is not a contraindication for
posterior chamber lens implantation and, providing suffi-
cient support exists, posterior chamber lenses may be placed

in the ciliary sulcus even in the presence of small cap-
sular tears. Overall, there is convincing evidence to sug-
gest that in ECCE intraoperative and postoperative com-
plications, including zonular disruption, crystalline lens
and IOL dislocation, vitreous loss, increased intraocular
pressure, and trauma to other ocular structures, occur more
frequently in eyes with XFS than in eyes without.82

Intraoperative Complications with
Phacoemulsification in XFS

There is controversy in the published literature concerning
the rate of intraoperative complications with phacoemulsi-
fication in eyes with XFS. The reason for the conflicting
reports in complication rates may be explained by differences
in how common and how advanced XFS was in the surgical
cohorts of these studies. For example, in studies that did not
observe an increased rate of complications with XFS, none
of the cases had phacodonesis.55,83,84 As previously stated,
in eyes with XFS, the lens tends to be harder and requires an
increased emulsification time, which can result in more chal-
lenging surgery. In several eyes with advanced XFS, weak-
ened zonular stability may lead to phacodonesis and these
patients are at a higher risk for vitreous loss. The increased
rigidity of the iris in XFS could also conceal iridodonesis
in the presence of phacodonesis.85 Further, a small anterior
chamber depth (less than 2.5 mm) may indicate zonular insta-
bility in eyes with XFS or XFG and should alert the cataract
surgeon to the possibility of surgical complications.47,82

The data being accumulated are consistent with the notion
that the most serious complications in XFS are attributable
to zonular weakness. With careful planning the incidence
of complications in XFS may be reduced in experienced
hands.86 Importantly, a number of factors in XFS predispose
to capsular rupture, of which the most important appear to
be inadequate mydriasis and the concomitant or consequent
zonular dehiscence. Other factors such as areas of capsu-
lar degeneration, iridolenticular synechiae, or difficulty with
cortical aspiration may also play a smaller role. It is not dis-
puted that zonular stress is increased when dilatation of the
pupil is inadequate in cataract surgery. The preoperative use
of anti-inflammatory drugs may improve dilatation and thus
reduce complications, but this requires further elucidation
with an adequately powered controlled trial.

The ciliary sulcus becomes smaller with age and this
should be born in mind with respect to the size of sul-
cus implanted IOLs.87 Little is currently known concerning
the scale of severity for XFS, yet the risk of complications
should be related to the severity of the condition. Parmar et
al. described a central bulge in the anterior lens capsule of
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some patients with XFS. They believed that an association
of this central bulge with an increased zonular fragility may
exist and consequently pose a higher risk for intraoperative
zonular dialysis.88 No proper classification system has been
developed as yet to facilitate clinical characterization of the
condition and optimum evaluation of the likely magnitude
of surgical risk. Such a scale would provide a better under-
standing of the various stages of the exfoliation process and
the impact of the condition to the ocular structures.

The influence of cataract stage on the surgical risk has not
been adequately determined in XFS, but there is some evi-
dence that the posterior capsule complication rate increases
as the level of cataract maturity increases and the preopera-
tive visual acuity decreases.89 Vision blue may provide better
visualization in eyes with XFS and advanced cataract.

In a clinical trial by Scorolli and coauthors,46 XFS was
associated with a statistically significant increase in intraop-
erative complications (vitreous loss, capsular break, zonu-
lar break) during cataract surgery. The aim of this study
was to determine the rate of intraoperative complications
induced by XFS in 1052 consecutive patients who under-
went phacoemulsification. The odds ratio for intraoperative
complications (vitreous loss, capsular break, zonular break)
was estimated to be 5:1 when XFS was present. These
authors concluded that XFS was associated with a statisti-
cally significant increase in intraoperative complications dur-
ing cataract surgery.

In XFS cases with inadequate pupil dilatation, hard lens
nucleus, endothelial cell abnormalities, or reduced zonular
support, gentle manipulation of the nucleus in phacoemulsi-
fication is mandatory. As to which method to choose, the best
advice is probably that everyone sticks to their own favored
procedure.15 It is also important to point out that clinically,
most patients with XFS reveal only unilateral ocular involve-
ment. The nature of the disorder suggests that XFS is clin-
ically asymmetric rather than unilateral. Hammer et al. per-
formed an ultrastructural study of the contralateral eyes in
patients with unilateral XFS and reported that ultrastructural
alterations consistent with the condition were observed in the
anterior segment tissues of all apparently not-involved fellow
eyes. The involvement of both eyes in clinically unilateral
XFS should warn clinicians when they operate on these fel-
low eyes for potential complications.90

Nevertheless, the majority of published studies indicate
a significantly reduced complication rate in XFS eyes when
phacoemulsification is performed compared with ECCE.
This suggests that phacoemulsification is a safer procedure in
eyes with XFS.31 Additionally, there is a lower incidence and
less severity of an inflammatory response with phacoemulsi-
fication compared to ECCE, and in most eyes XFS itself does
not significantly increase the risk of inflammation.45,86

Reports in the literature concerning the incidence of intra-
operative complications during phacoemulsification in eyes

with XFS are controversial. In a large series of phacoemulsi-
fication procedures, Hyams et al.55 evaluated 137 eyes with
XFS—but excluded XFS eyes with marked phacodonesis or
lens subluxation—and 1364 control eyes and reported no sig-
nificant difference in the rate of intraoperative complications
between the two groups with exfoliation (5.8%) and without
(4.0%). Specifically, the authors did not detect a difference
in the incidence of capsular breaks, vitreous loss, and zonu-
lar ruptures without vitreous loss in the two groups. Capsular
break was recorded in 2.9% in both groups, zonular tear 2.9%
in the XFS group versus 1.1% in the control group, and vitre-
ous loss in 1.5% in the XFS group versus 2% in the non-XFS
group. It is important to point out, however, that this study
had a power of 90% to detect a difference in complications of
10% between the XFS and the control group. This study was
in agreement with previous reports by Dosso and coauthors30

and Shastri and Vasavada,83 in which they observed similar
rates of intraoperative complications with and without XFS.
The evidence from these two studies, however, is inconclu-
sive due to the small samples investigated: 20 cases in the
former and 45 cases in the latter report. In another controlled
study of 1210 phacoemulsification surgeries, intraoperative
complications were similar between the XFS and the control
group.91 This led the authors to conclude that the preopera-
tive presence of XFS had no direct influence on the compli-
cation rate of phacoemulsification cataract surgery.

Subsequent reports have shown that the prevalence of
XFS may not influence the surgical outcome. A retrospec-
tive study31 reported that the overall rate of vitreous loss was
4% (7/297) in the XFS cohort compared to 0% (0/427) in the
non-XFS group, but again, due to the low prevalence of the
condition, the study had insufficient power to demonstrate a
significant difference between the two groups.

The same group92 in a more recent retrospective report on
1000 consecutive patients who underwent cataract surgery by
the same surgeon, compared intraoperative and postoperative
complications, best corrected visual acuity, IOP, and glau-
coma medication use between 137 eyes with clinically appar-
ent XFS and fellow eyes without evidence of XFS in those
patients undergoing bilateral cataract surgery. They did not
observe significant differences between the two groups. The
eyes with XFS had a significantly greater IOP reduction after
surgery than the fellow eyes without XFS. The XFS group
required more glaucoma medications overall and needed
more glaucoma medications at 3–5 years than preoperatively.

Akinci et al.93 were in general agreement with the pre-
vious studies and concluded that patients with XFS who
undergo phacoemulsification cataract surgery can achieve
results almost similar to patients without XFS. However, they
suggested that IOP control in the early postoperative period
is more important in patients with XFS. Another controlled
study84 suggested that XFS does not impact the incidence of
intraoperative complications nor the rate of late intraocular
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lens dislocation. The authors compared 67 cases with XFS
versus 1670 control cases. There were no cases of intraoc-
ular lens dislocation over a mean follow-up period of 54.1
months. Although the authors considered that caution is still
advised in patients with XFS who undergo phacoemulsifi-
cation, surgical results can be achieved similar to patients
without XFS. Although the view that XFS is not a significant
risk factor in cataract surgery is supported by several inves-
tigations, most of the literature on the subject is difficult to
assess critically due to a number of methodology errors and
biases. As reviewed by Drolsum and coworkers,45 XFS is a
risk factor for phacoemulsification cataract surgery in ethnic
cohorts with high prevalence of XFS and when all cases of
XFS are diagnosed and included in the cohorts under investi-
gation. At the present time there is no agreement on this sub-
ject, and large prospective adequately powered studies with
conclusive evidence are required to elucidate this topic.

Corneal Changes in XFS

A feature stressed by some writers is that patients with XFS
may have reduced corneal endothelial reserve. Awareness
of this factor may help minimize the degree of intraoper-
ative endothelial cell loss and avoid postoperative corneal
failure. Preoperative assessment in selected eyes with XFS
or XFG should therefore include careful clinical evaluation
of endothelial status and corneal health assessment along
with preoperative counseling of patients considered at risk
of corneal decompensation. Performance of endothelial cell
count is an important evaluation in these patients. During
surgery the use of a viscoelastic material that coats and
protects the corneal endothelial surface or higher viscosity
hyaluronate may help in these patients,53 but further con-
trolled data are required.

In contrast, Kaljurand et al.94 claimed that XFS per se
does not have a negative influence on endothelial cell loss.
They compared in a small prospective series 27 consecu-
tive patients with and 26 patients without XFS scheduled for
cataract surgery, and they evaluated the influence of cataract
surgery to cornea endothelium and thickness. They moni-
tored corneal endothelial cells preoperatively and postoper-
atively at 1 day and 1 month after surgery using non-contact
specular microscopy. According to these authors there were
no significant preoperative differences in endothelium mor-
phology between the two study groups. The mean endothe-
lial cell loss 1 month after surgery was 18.1% in the XFS
group and 11.6% in the control group (P = 0.06). Phaco
time and volume of balanced salt solution (BSS) values
were significantly greater in patients with XFS, but accord-
ing to the authors had no significant influence on endothe-
lial cell loss. By regression analysis, only phaco power and

age had a significant influence on endothelial cell loss count.
Only by increasing overall phacoemulsification time, XFS
exerted a negative influence on corneal endothelium. Still,
the authors concluded that XFS in certain cases may signifi-
cantly increase the risk of endothelial cell loss.

Postoperative Complications

After surgery, careful monitoring is important in patients
with XFS for the early detection and treatment of compli-
cations occurring in the early postoperative period. Inflam-
mation and postoperative IOP spikes and, in the long term,
secondary cataract development/capsular opacification and
IOL decentration are reported to be more common in XFS.
The higher rate of postoperative inflammation together with
the impaired trabecular meshwork and blood–ocular barrier
defect present in XFS result in an increased risk of postoper-
ative IOP elevation in XFS eyes. Postoperative IOP spikes
should therefore be expected and ideally be prevented by
monitoring IOP and using prophylactic ocular and systemic
hypotensive agents,53 especially in XFG patients with com-
promised optic nerve function. Patients with XFS without
evidence of ocular hypertension or glaucoma are at higher
risk to develop IOP elevation postoperatively than patients
with normal eyes.93 The postoperative IOP spikes seem to be
more pronounced after the ECCE technique, which is likely
to increase the subsequent tissue reaction—given the area
and degree of surgical trauma—with exaggerated breakdown
of the blood–aqueous barrier and subsequent obstruction of
the trabecular meshwork.15

Shastri and Vasavada,83 after performing phacoemul-
sification cataract extraction, recorded IOP higher than
22 mmHg in 22.6% of XFS eyes and 13.3% of control eyes
as measured on the first postoperative day, but this differ-
ence was not statistically significant. An increased risk of
early IOP rise was also observed by Pohjalainen et al.27 How-
ever, these observations have not been confirmed by another
study.26 This discrepancy may be explained by differences in
inclusion criteria and surgical techniques. Several surgeons
believe that some of the early postoperative IOP spikes can
be attributed to the type of viscoelastic material that had been
used. A meticulous removal of the viscoelastic material at the
end of the procedure should be performed and may decrease
the incidence and severity of postoperative spikes. On the
other hand, as mentioned previously, IOP reduction has been
recorded after phacoemulsification in both normal and glau-
comatous eyes,95 while some reports indicate that the IOP
reduction over time is greater in XFS patients.26,30,31

Finally, careful follow-up after cataract surgery is nec-
essary in patients with XFS, particularly those with in-the-
sulcus IOL implantation, to monitor the development of
XFG.96
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Inflammation after cataract extraction—especially after
ECCE—is more common in eyes with XFS than in those
without, and a transient fibrinoid reaction, attributed to the
concomitant breakdown of the blood-aqueous barrier, may
occur.97 Evidence of blood-aqueous barrier impairment in
XFS and especially XFG has been suggested by studies using
fluorescein angiography, fluorophotometry,98 and the laser
flare-cell meter.99 The abnormal blood–aqueous barrier is an
integral part of the condition.

Importantly, eyes with XFS may show evidence of a fur-
ther breakdown in the blood–aqueous barrier in the imme-
diate postoperative period, manifested as increased aque-
ous flare, cells, fibrinous inflammatory reaction, posterior
synechiae formation, and a more prolonged recovery time
after surgery. Several authors suggest a more intense post-
operative treatment with topical dexamethasone, which may
be beneficial along with more prolonged therapy and, in
rare selected cases, systemic corticosteroid therapy.51,52 The
mechanical stretching of small pupils intraoperatively may
also further increase postoperative inflammation. A high cor-
relation between aqueous flare measurements and aqueous
protein concentration in eyes with XFS has been described
by Kuchle et al.99

Intraocular Lens Dislocation

Several studies have reported that anterior capsule contrac-
tion in XFS and the potentially weakened zonules can lead
to late intraocular lens decentration.57,100 Furthermore, the
development of “in the bag” IOL dislocation is a recognized
late complication of cataract surgery in XFS. In XFS, zonu-
lar weakness predisposes to zonular dehiscence secondary to
capsular fibrosis, which can lead to IOL dislocation within
the bag. It is important to recognize areas of zonular weak-
ness and to consider prophylactic support with a capsular
tension ring (CTR) at the time of surgery.101 Indeed, dislo-
cation or simple decentration of the IOL within the bag can
occur several years after uneventful surgery. This complica-
tion is due to progressive zonular disintegration and capsular
shrinkage.58,100,102–104

Scherer et al.105 described two patients with XFS in whom
late spontaneous in-the-bag intraocular lens (IOL) and cap-
sular tension ring (CTR) dislocation occurred 3 and 6 years
following cataract surgery. The patients had CTRs inserted
because of phacodonesis due to zonular fragility. In both
cases, removal of the IOL and CTR within the capsular
bag was performed uneventfully and an anterior chamber
IOL was implanted. Capsular tension ring implantation in
XFS-associated zonular weakening does not guarantee long-
term zonular stability and capsular bag/IOL position in these
patients after cataract surgery.

Several mechanisms may be involved in postoperative
capsule dislocation such as preoperative zonular weakness,
surgical trauma to the zonules, capsule contraction syn-
drome, and postoperative trauma. The exact contribution of
each mechanism probably varies on a case-by-case basis.
Dislocation of intraocular lenses within the capsular bag is
a late complication of cataract surgery and is reported with
increasing frequency in recent years. The presence of XFS,
uveitis, myopia, and other diseases associated with progres-
sive zonular weakening and capsular contraction are the com-
monest predisposing conditions.104,106 Subluxation of the
IOL can occur if the zonules break or the capsular bag dis-
locates. From this point of view, choice of IOL is therefore
important in eyes with XFS.

According to some authors, the diameter of the capsulor-
rhexis should be at least 5 mm in order to minimize zonu-
lar stress, supporting the hypothesis that a large diameter
helps to prevent the contraction of the anterior capsule in
XFS.57,107 On the other hand, several authors have recorded
no relationship between CCC size and shrinkage.108 It should
be noted, however, that XFS has been reported as the cause
in more than 50% of all late in-the-bag IOL dislocations.
The incidence of this late postoperative complication should
be expected to increase in the years to come.104 Remem-
ber, the use of a capsular tension ring (CTR) does not guar-
antee protection from late capsule fibrosis, shrinkage, and
dislocation.104,105,109,110

Capsule Contraction Syndrome

The degree of anterior capsule contraction is believed to be
related to many factors, including the state of lens capsule
and zonules of the patient, concurrent ocular pathology, IOL
material and composition, and surgical complications. CCS
is common in patients with XFS and in eyes with a history
of uveitis. Indeed, the degree of anterior capsule contraction
varies substantially between each individual, although it has
been shown that the contraction is more pronounced in eyes
with ocular pathologies such as retinitis pigmentosa, exfolia-
tion syndrome, and diabetic retinopathy.57,111 The hypothe-
sis that capsule contraction syndrome is much more common
after capsulorrhexis because of an exaggerated reduction in
capsular opening and capsular bag diameter after cataract
extraction was supported by several authors.57,111 Accord-
ing to Hayashi,57 this anterior capsule opening contraction
was more extensive in the XFS eyes than in the control eyes,
thus resulting in a high Nd:YAG laser anterior capsulotomy
rate. IOL tilt was also more frequent in the XFS eyes than in
the control eyes. In cases of pronounced fibrosis and shrink-
age of the anterior capsule without decentration of an in-
the-bag IOL, Nd:YAG laser radial anterior capsulotomy is
recommended.110
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Anterior Capsular Phimosis

Anterior capsular phimosis (ACP) is now a well-recognized
complication following phacoemulsification and intraocu-
lar lens implantation. Risk factors for ACP among others
(diabetes mellitus, retinitis pigmentosa, and uveitis) include
XFS, while intraoperative complications and intraocular lens
design and material may also play a role. A case of severe
capsular phimosis following implantation of a hydrophobic
acrylic intraocular lens with polymethyl methacrylate hap-
tics in a patient with XFS has recently been described by
Venkatesh and coworkers.112

Posterior Capsular Opacification

Posterior capsular opacification (PCO) and secondary
cataract (SC) could be considered to be another potential
complication of cataract surgery in eyes with XFS. In a retro-
spective study, carried out by Kuchle et al.113 over a period of
2 years, PCO and secondary cataract was recorded in 45% of
XFS eyes versus 24% in the controls. This increased risk for
PCO and SC in XFS eyes may be due, among other factors, to
the impaired blood–aqueous barrier, to increased inflamma-
tory activity, and to hypoxia of the anterior chamber, which
may subsequently facilitate migration of lens epithelial cells.
However, during the last decade, the postoperative inflamma-
tory response in eyes that have undergone phacoemulsifica-
tion surgery is much lower than that recorded after ECCE,
as is the frequency of secondary cataract in general. This is
due to improvements in IOL design and material, as well as
due to the new phaco technology and improved surgical tech-
niques.114,115 Therefore, even in XFS eyes the risk of devel-
oping secondary cataract is probably lower today than it was
some years ago.

Combined Cataract and Glaucoma Surgery
in XFG Patients

It is well known that cataracts (mainly nuclear and subcap-
sular) are commonly associated with XFS116,117 and that
eyes with XFS or XFG are more prone to have complica-
tions during cataract surgery.42,118 Clinicians face quite fre-
quently the coexistence of XFG and cataract in the same
eye. For those eyes, surgery may be indicated either because
of inadequate control of XFG (uncontrolled IOP or visual
field defect progression) and/or because of visually signifi-
cant cataract. There are several possible surgical approaches
for an eye with XFG with visually significant cataract: either
phacoemulsification and IOL implantation alone or com-
bined cataract–glaucoma surgery. Generally speaking, when

there is little or moderate optic nerve head damage, and
the IOP is reasonably well controlled with medical therapy,
cataract surgery with temporal corneal incision alone is indi-
cated. There are several advantages of this approach. First,
the conjunctiva is not affected by this approach, saving the
conjunctiva from scarring, which is clinically important if fil-
tering surgery is needed in the future. Second, visual recov-
ery occurs more promptly. As described previously, the IOP
control is expected to be better after cataract extraction, espe-
cially in eyes with XFG. Importantly, the additional surgi-
cal complications due to the filtering procedure are avoided.
In addition, it is well established that the hypotensive effi-
cacy of combined cataract and glaucoma surgery is less than
that of filtering surgery alone.119,120 This fact is probably
due to the inflammatory reaction caused by cataract extrac-
tion and its detrimental effect on bleb development. This has
also been demonstrated when cataract surgery is performed
in eyes with a pre-existing filtering bleb.121 See Chapter 16.

Nevertheless, one of the commonest complications of
cataract surgery is an acute IOP increase in the early post-
op period,122 and although this IOP increase is usually self-
limited, it may lead to irreversible visual field loss, especially
in eyes with pre-existing severe optic nerve damage. This
is why combined cataract and glaucoma surgery should be
considered in XFG eyes with poor IOP control and/or severe
glaucoma damage. In that scenario, a careful evaluation of
the optic nerve and visual field status is mandatory in the pre-
operative exam of every XFG patient with coexisting glau-
coma and cataract. Visual field tests using stimulus size V,
instead of the usual size III, may be helpful123 in order to
document changes in functional visual field, which are oth-
erwise rarely sought in patients with glaucoma.

General Surgical Techniques for a Combined
Approach

It is widely accepted that conventional phacoemulsification
and intraocular lens (IOL) implantation is the best approach
for cataract surgery nowadays. On the other hand, there are
several glaucoma surgical procedures that may be employed
together with cataract surgery in XFG eyes. Direct trabecular
aspiration at the time of cataract surgery has been shown to
be beneficial in terms of IOP control in XFG eyes,124 with
a better safety profile than phacotrabeculectomy, and better
IOP control than cataract surgery alone for at least 2 years
after surgery. These procedures have been shown to be effec-
tive when associated with cataract surgery. Combined tube
implant and filtration surgery is usually reserved for refrac-
tory glaucoma cases.125

Although several combined procedures are available, a
short comment is provided here for the commonest surgical



15 Cataract Surgery in Patients with XFS 173

choices of phacotrabeculectomy and combined phaco-deep
sclerectomy.

There is no consensus on which filtering procedure (tra-
beculectomy, deep sclerectomy, or viscocanalostomy) offers
the best risk/benefit ratio in combined procedures specifi-
cally in XFG. A recent report suggests better IOP control
after combined surgery with deep sclerectomy than after
standard phacotrabeculectomy.126 Another, non-controlled
study127 suggests a low complication rate after combined
cataract and non-penetrating filtering surgery in XFG eyes,
but there is limited information on the long-term success of
these procedures.

For combined surgery, it appears that there is no differ-
ence between a one site and two site approach131, unless
the surgeon chooses to perform a non-penetrating proce-
dure. In this case, a two-site approach is mandatory. The fil-
tering procedure is performed as usual, generally after the
cataract surgery and IOL implantation have been performed.
There is no consensus regarding the efficacy of antimetabo-
lites in combined cataract-filtering procedures. The use of
antimetabolites (mitomycin C or 5-fluorouracil [5-FU]) seem
to significantly increase the success rate in a large follow-
up study of phacotrabeculectomy,128 although other authors
question its benefit.129 It may offer some advantages in terms
of IOP control128; the effect seems to be less than that seen in
primary filtering procedures.130 So there is no clear evidence
to recommend its widespread use. Generally, little controlled
information exists on the success of antimetabolites in com-
bined surgery in eyes with XFG.

Regarding the preference for either penetrating surgery
(conventional trabeculectomy) or a non-penetrating proce-
dure (deep sclerectomy or viscocanalostomy) in combined
procedures there are very little data in the literature for XFG.
Both procedures show significant IOP lowering, but there is
limited evidence for any difference between them. Never-
theless, given the fact that combined phacotrabeculectomy
is the standard procedure that has passed the “test of time,”
the non-penetrating approach has to prove its efficacy and/or
safety in the combined approach before it is recommended in
XFG.

Postoperative Care and Complications

There is some evidence to suggest that a combined proce-
dure in XFG is associated with more complications than seen
in eyes with POAG.128 The postoperative care of combined
procedures is virtually the same as that employed after a fil-
tering procedure in XFG, and the surgeon may use any of
the well-known maneuvers either to increase the filtration
(laser suture lysis, massage, 5-FU injections) or to decrease
it (bandage contact lens, ocular patching, etc.). Inflammation

may be more prominent in eyes with XFG and thus steroids
should be used for a longer period. Avoidance of a postoper-
ative flat anterior chamber is important because the endothe-
lium may already be damaged by cataract surgery, and the
optic of the IOL may be more harmful to the corneal endothe-
lium than the anterior lens capsule of a phakic eye.

Summary

Cataract surgery alone is the recommended approach for eyes
with well-controlled XFG and mild or moderate glaucoma
damage. A significantly lower IOP is expected after cataract
surgery alone, although potentially harmful IOP peaks may
appear in the early post-op. Careful preoperative evaluation
of the glaucoma status is mandatory in these cases. Com-
bined cataract and filtering procedures offer improved IOP
control in the short term than cataract surgery alone, although
the hypotensive effect is significantly lower than expected for
a filtering procedure when performed alone, in the mid to
long term.
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Chapter 16

Cataract Surgery in the Presence of a Functioning
Trabeculectomy Bleb

Hylton R. Mayer and James C. Tsai

Introduction

Performing cataract surgery in an eye with a preexisting
trabeculectomy bleb raises unique challenges for the oph-
thalmic surgeon. Addressing the spectrum of bleb morpholo-
gies and the anatomic setting in which the cataract exists
requires careful attention to detail and an array of surgical
skills. Successful preoperative planning, intraoperative exe-
cution, and postoperative care can optimize the functional
outcome of the bleb and the short- and long-term visual out-
come for the patient.

The development of visually significant cataracts in
glaucoma patients who have had previous trabeculectomy
surgery is common and expected1–8 (Fig. 16.1). Cataracts
and glaucoma share many similar pathogenic origins, includ-
ing well-documented risk factors such as age, diabetes,
steroid use, and trauma.9–25 In addition, glaucoma and/or
elevated intraocular pressure (IOP) and the treatments for
glaucoma—including medications, laser, and surgery—have
been shown to increase the development of cataracts.26–29

Conversely, the presence of a cataract can initiate and/or
exacerbate ocular hypertension and glaucoma.

Indications for Surgery

The most common indication for cataract extraction is a
visually significant cataract, though defining what a visually
significant cataract is can be nebulous. In general, cataract
surgery is considered when a patient is unable to perform
his/her usual activities of daily living due to a decrease in
visual function, and when this decrease can be attributed

H.R. Mayer (�)
Department of Ophthalmology, Yale University School of Medicine,
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Fig. 16.1 A low, moderately vascular bleb in the presence of a
nuclear sclerotic cataract and pseudoexfoliation syndrome. Courtesy of
Dr. James C. Tsai

to the cataract. In patients with advanced glaucoma, it may
be difficult to determine how much diminished visual func-
tion is a result of glaucomatous optic neuropathy and how
much visual loss is related to the cataract. Glaucoma patients
may also have other ocular morbidities, such as irregular
astigmatism related to previous surgery or ocular surface
disease, and visual reduction related to peripheral iridec-
tomies or retinal pathology. All glaucoma patients with com-
plaints of decreased vision should initially be refracted to
determine their best-corrected visual acuity. It is often use-
ful to have patients clarify the nature of their visual dis-
ability. Anecdotally, patients with cataractous visual loss
often describe blurry or hazy vision, while patients with
glaucomatous visual loss may describe dimmer or darker
vision. Visual field testing is a critical step to determine
whether vision loss is related to glaucoma progression.
Potential acuity meters (PAM) or illuminated near pinhole
assessment of visual acuity may also assist in determining
visual potential.30 Assessing visual field loss and identifying
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alternative causes for visual dysfunction should aid in avoid-
ing unnecessary surgeries as well as improving expectations
for patients who have a visually significant cataract in the
presence of field defects encroaching on or affecting fixation.
In spite of compromised visual function due to glaucoma,
cataract removal may reduce refractive errors, glare, and sub-
jective dimming, while enhancing contrast sensitivity. The
improvement of general visual function has been shown
to improve quality of life as well as reduce morbidity and
mortality.31–37

Instrumentation and Operative Techniques

The location, functionality, and morphology of the preexist-
ing trabeculectomy bleb are especially relevant when plan-
ning cataract extraction after trabeculectomy. In addition,
preoperative gonioscopy to visualize and assess the scleros-
tomy and angle structures may also be helpful for surgical
planning. In the presence of an intact bleb, clear corneal
cataract surgery likely represents a safer technique compared
with a scleral tunnel, as there is less conjunctival manipu-
lation, lowering the risk of bleeding and/or bleb disruption.
Decreasing vascular tissue manipulation may also reduce the
inflammation that may predispose a bleb to scarring and
failure.38,39 Temporal clear corneal (TCC) cataract incisions
have increased in popularity in recent years and may be con-
sidered the most reasonable technique for cataract removal in
the presence of a bleb. Compared to a superior clear corneal
incision, TCC reduces the risk of injuring blebs—especially
large, cystic avascular blebs—from incidental damage by the
keratome or other surgical instruments. If a suture is required
to close the cataract wound, there is less chance for disrup-
tion or irritation of an existing bleb. While there is contro-
versy regarding the risk of endophthalmitis in TCC incisions
compared with superior incisions, there has been no defini-
tive evidence to support one incision over the other, and most
surgeons believe that a properly constructed TCC incision
has a low risk of endophthalmitis. The authors prefer a bipla-
nar near-clear temporal corneal incision with a 2.75-mm ker-
atome that results in a square or nearly square corneal tunnel.
The wound should be watertight with the IOP at a supraphys-
iologic level and should not leak with gentle pressure along
the posterior border of the wound. If there is any sugges-
tion of wound instability, low IOP due to filtration into the
bleb, or if ocular massage is anticipated in the postoperative
period, a 10-0 nylon suture is used to reinforce the wound.
Wound leaks divert flow from the bleb and cause a bleb to
flatten, which can lead to adhesions between the conjunctiva
and episclera and failure.

Identifying specific risk factors for individual eyes can
help to improve visual outcomes and promote bleb function.

Patients who are using systemic alpha-1 blockers, such as
tamsulosin (Flomax), are at an increased risk for intraop-
erative floppy iris syndrome (IFIS), characterized by iris
billowing, prolapse, and miosis (Table 3.1).40 Reasonable
preoperative and intraoperative management strategies, used
in combination or alone, include preoperative atropine 1%
bid, intraoperative pharmacologic dilation with epinephrine
and/or lidocaine (epi-Shugarcaine), the use of dense vis-
coelastics, such as sodium hyaluronate 23 mg/ml (Healon 5,
Advanced Medical Optics, Santa Ana, CA), and mechanical
pupil expanders such as iris hooks.41 See Chapter 3.

Patients with pseudoexfoliation syndrome, a history of
topical miotic use, or eyes with posterior synechiae often
require iris manipulation to achieve an adequate pupil open-
ing. In many instances, adequate dilation can be achieved
with pupil stretching and viscodilation, such as by using
opposing Kuglen hooks and a dense viscoelastic (Fig. 3.2).
Iris hooks may also be effective in this setting and have the
added benefit of reducing the progressive miosis that may
occur through the course of the case (Figs. 3.4 and 18.5).
Care should be taken when placing hooks to avoid damage
to the existing bleb. The use of iris hooks or other iris manip-
ulation may increase inflammation, and has been shown to
decrease bleb function42,43 Other studies, however, have not
found the use of iris hooks to have an increased association
with bleb dysfunction.44–46 The authors do not hesitate to
use iris hooks when they are felt to be necessary to enable
safe and efficient cataract removal.

Manipulation of the pupil may result in fibrin formation.
If fibrin blocks filtration postoperatively, and IOP cannot be
controlled or if bleb failure is likely due to impaired flow
into the bleb, then intracameral tissue plasminogen activator
(TPA) can be utilized.47,48 See Table 16.1.

Table 16.1 Intracameral tissue plasminogen activator (TPA) for
anterior chamber fibrinolysis (off-label use)

Alteplase (Actilyse, Genentech, South San Francisco, CA)
• Alteplase is available as 2, 50, and 100 mg dry powder vials.
• Use balanced salt solution to dilute alteplase to 125 μg/ml.
• Following sterile preparation and technique remove 0.2 ml of

aqueous and inject 0.2 ml of dilute alteplase (125 micrograms/ml)
for a total intracameral dose of 25 micrograms.

• It can be given in 0.1 ml increments—up to twice if needed.
• Residual, reconstituted alteplase can be frozen at –20◦C for 12

months for use at a later date by the pharmacy or physician

The authors do not hesitate to use iris hooks when they
are felt to be necessary to enable safe and efficient cataract
removal.

As with any preoperative cataract surgery evaluation,
meticulous care should be taken to assess for zonular insta-
bility or absence, as well as for the presence of vitreous in
the anterior chamber. Occasionally, zonular disruption and
even vitreous loss can occur during the creation of a periph-
eral iridectomy during trabeculectomy surgery. Aside from
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the altered phacodynamics associated with vitreous in the
anterior chamber and instability of the capsular bag asso-
ciated with zonular disruption, disruption of the anterior
hyaloid face may predispose the eye to infusion misdirec-
tion syndrome during cataract surgery or aqueous misdirec-
tion postoperatively.49,50

Typically, cataract surgery in the presence of a bleb can
be performed without any alteration to the surgeon’s stan-
dard technique. Care should be taken with the prep, place-
ment of the lid speculum, and use of the second instrument
to avoid damage to the bleb, especially if it is thin and cystic.
An adequately sized capsulorhexis should be created to avoid
capsular phimosis and the inflammation associated with a
Nd:YAG laser capsulotomy. Rarely, excess filtration during
phacoemulsification may decrease chamber stability, requir-
ing either an increase in bottle height or more frequent use
of viscoelastics to improve phacodynamics. Occasionally, fil-
tration into the bleb and subconjunctival space can cause sig-
nificant chemosis, pooling of balanced salt solution (BSS) on
the cornea, and a disruption of the surgeon’s view. In the set-
ting of significant chemosis, it may be necessary to create one
or two small incisions through the conjunctiva and Tenon’s
capsule 90–180◦ away from the bleb in order to express fluid
from the subconjunctival space.51 If these cut-down incisions
are made through vascular tissue and far from the bleb, there
should be little risk of postoperative leakage affecting bleb
function. Upon removal of viscoelastics, after the insertion
of the lens, and prior to completion of the surgery, it is rea-
sonable to make a special effort to aspirate in the area of
the sclerostomy to make certain there are no retained lenticu-
lar fragments that may increase inflammation and/or compro-
mise bleb function.52 A Seidel test with a sterile fluorescein
strip, at the end of the procedure, can ensure that the bleb is
still intact and that no surgical repair is required (Fig. 9.4).

The advent of multifocal and accommodative intraocu-
lar lenses (IOL) has added a degree of complexity to the
issue of lens selection. Polymethyl methacrylate (PMMA),
silicone, and acrylic IOLs each have specific advantages
and disadvantages. In a uveitic population, silicone IOLs
were associated with greater postoperative inflammation, but
no clinically significance differences in visual outcomes.
Acrylic and silicone lenses have been favored recently, since
they can be folded or injected, allowing the surgeon to
use a smaller phaco incision. While multifocal lenses are
occasionally used in patients with mild glaucoma, multi-
focal lenses are relatively contraindicated in patients with
advanced glaucoma because of the reduction in contrast
sensitivity and uncertain influence on visual field perfor-
mance.54,55 An accommodative IOL, such as the Crystal-
ens (Bausch & Lomb, Rochester, NY), may be a reasonable
option for a patient motivated to reduce spectacle depen-
dence, as no reduction in contrast sensitivity was observed
in the Crystalens’ Food and Drug Administration trials. The

best IOL option for glaucoma patients may be an aspheric
monofocal IOL, which has been shown to improve peri-
foveal threshold levels by 4 dB when compared to standard
IOLs.56,57 While there has been some concern that blue-light
filtering IOLs unnecessarily limit available light to patients
with already compromised visual systems, studies have not
shown a difference in visual function, including performance
on short wavelength automated perimetry (SWAP—blue on
yellow perimetry) between non-filtering and blue-filtering
IOLs.58–60 The authors’ preference is to use a one-piece,
blue-light filtering, injectable aspheric acrylic lens (Alcon
SN60WF-IQ; Alcon, Fort Worth, TX).

If vitreous prolapse and/or loss occurs during cataract
surgery, complete anterior vitrectomy is necessary to prevent
vitreous from compromising the functioning trabeculectomy.
The site of the vitrectomy ports should be placed away from
the bleb. Dilute intracameral triamcinolone can be used, off-
label, to identify vitreous strands, improving the efficiency of
anterior vitrectomy, while helping to decrease postoperative
inflammation.61 See Table 16.2.

Table 16.2 Visualizing anterior chamber vitreous

Dilute intracameral triamcinolone to visualize anterior chamber
vitreous

• Withdraw 0.2 ml of preserved triamcinolone 40 mg/ml
• Inject triamcinolone into a 5-μm syringe filter to capture particles
• Rinse particles with 2 ml of balanced salt solution (BSS)
• Re-suspend particles with 5 ml of BSS
• Re-capture particles on syringe filter by injecting and discarding the

5 ml of BSS through filter
• Withdraw 2 ml of BSS for final suspension of rinsed triamcinolone

particles, for a final concentration of 4 mg/ml
• Inject rinsed triamcinolone 4 mg/ml into anterior chamber.
• BSS can be used to irrigate excess triamcinolone from the anterior

chamber
• Preservative-free triamcinolone 40 mg/ml (Triesence, Alcon, Fort

Worth, TX) does not require rinsing and can be diluted with BSS to
4 mg/ml.

If a sulcus IOL is required, care should be taken to avoid
haptic placement in the area of the peripheral iridectomy
where the haptic could migrate into the anterior chamber
or sclerectomy, or compromise angle structures (Fig. 16.2).
Anterior chamber IOLs (ACIOLs) are generally avoided in
patients with functioning trabeculectomies as the IOL foot-
plates may mechanically disrupt the sclerectomy, induce
peripheral anterior synechiae that can obstruct the sclerec-
tomy, and/or increase inflammation that may lead to bleb
fibrosis and failure. If there is inadequate support for a pos-
terior chamber lens, the authors believe the patient should be
left aphakic and an attempt made at a trial of a gas permeable
contact lens. If the bleb is cystic and avascular or likely to be
damaged by the presence of a contact lens, or the contact lens
is not well tolerated, a secondary ACIOL or suture-fixated
IOL may be a reasonable option.



180 H.R. Mayer and J.C. Tsai

Fig. 16.2 The blue haptic of a three-piece IOL prolapsing through a
surgical peripheral iridectomy. Courtesy of Dr. Hylton R. Mayer

When performing cataract surgery on a dysfunctional or
marginally functional bleb concomitant bleb revision can
improve filtration. Ab interno bleb revision can be performed
using a blunt cannula or cyclodialysis spatula to identify the
sclerostomy and raise the flap from within the anterior cham-
ber (Fig. 16.3).62 Intraoperative gonioscopy can be used to
verify the sclerostomy site and the placement of the spatula.
After the scleral flap is elevated, BSS can be injected into the
anterior chamber to assess filtration. The bleb should eas-
ily and broadly elevate. It is best to make small changes to
the scleral flap with each attempt to avoid hyperfiltration and
hypotony, though it may require multiple efforts to achieve
adequate filtration.

Ab externo bleb revision may be performed alone or in
combination with ab interno bleb revision. To perform ab
externo bleb revision, a 25- or 27-ga needle is tunneled from
a point in the vascular conjunctiva, 5 mm or more from the
area of the bleb (Fig. 16.4, Fig. 9.7 and Table 9.7.). Balanced
salt solution, preservative-free 1% lidocaine, or viscoelastic

Fig. 16.3 Surgeon’s view: Ab interno bleb revision. (a) A goniolens
can be used intraoperatively to view the sclerostomy. (b) A cyclodialysis
spatula or iris sweep can be used to probe the sclerectomy and raise the
scleral flap from an internal approach

Fig. 16.4 Surgeon’s view: Ab externo bleb revision. A 25- or 27-gauge
needle enters under the conjunctiva about 5 mm from the avascular
bleb and lyses subconjunctival adhesions with small sweeping motions.
Courtesy of Dr. Hylton R. Mayer

can be injected as the needle is advanced to elevate the con-
junctiva and to aid in the delineation of the conjunctival
adhesions. Small sweeping motions tangential to the globe
are made to cut through scar tissue in the area of the dys-
functional bleb. If adequate visibility through the conjunc-
tiva exists, the needle can be used to elevate the flap, or even
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enter into the anterior chamber under the flap. BSS can be
used to assess filtration, and lysis of fibrosis can be repeated
as necessary to obtain an appropriate bleb.

Intracameral trypan blue (Vision Blue, Dutch Ophthalmic,
Exeter, NH) may also help delineate areas of fibrosis
or decreased filtration within the trabeculectomy bleb63,64

Concomitant intraoperative pharmacotherapy with antifi-
brotic agents, such as 5-fluorouracil (5-FU) or mitomycin
C (MMC) may promote bleb function and survival in
patients undergoing cataract surgery who have a function-
ing bleb and/or in patients undergoing bleb needling revision
(Table 17.1).65–69 Corticosteroids have been demonstrated to
improve outcomes in glaucoma filtering surgery and assist
in controlling inflammation after cataract surgery, especially
in eyes with functioning filtering blebs.70,71 Subconjuncti-
val, sub-Tenon’s, or intravitreal corticosteroid injections after
cataract surgery may help to control perioperative inflam-
mation and promote bleb survival.72 Recently anti-vascular
endothelial growth factor (anti-VEGF) agents, such as beva-
cizumab or ranibizumab, have been reported to decrease bleb
vascularity and reduce bleb fibrosis.73–75

Surgical goniosynechialysis may be an appropriate inter-
vention at the time of cataract removal.76–78 Most reports
indicate that synechiae of 6 months duration or less
are more amendable to synechialysis than more chronic
synechiae.71,77–79 Goniosynechialysis can be performed
with a direct goniolens, such as a Barkan’s lens, using a
needle or cystotome to break the irido-angle adhesions.79

Alternatively, micro-grasping forceps can also be used to
pull the iris from the angle, while using an indirect mirror.80

Reports indicate that peripheral anterior synechialysis can
improve IOP and decrease the number of necessary medi-
cations.76–80 Synechialysis may, however, increase the risk
for hemorrhage, pigment release, and inflammation, which
may decrease bleb function or survival. The authors rarely
perform goniosynechialysis in combination with cataract
surgery in the setting of a functional bleb.

Postoperative Care

The postoperative medication regimen minimally deviates
from standard phacoemulsification surgery. The authors rou-
tinely use topical prophylactic antibiotics and non-steroidal
drops, as well as topical steroid drops, such as prednisolone
1%, given every 2 h while awake for the first week. If
topical corticosteroid therapy fails to control postopera-
tive inflammation, the authors may use 20–40 mg of sub-
Tenon’s triamcinolone or a short course of oral prednisone
(Table 16.3). While many surgeons forgo non-steroidal
drops for routine cataracts, non-steroidal medication may
help decrease inflammation induced by iris manipulation.81

Table 16.3 Steroids for post-surgical inflammation control

Type of steroid
Typical
dose

Typical
duration of
effecta

Relative
potency
(compared with
prednisone)

Oral prednisone 1 mg/kg 1 day
(commonly
used for
∼2 weeks)

1

Subconjunctival
dexamethasone
(1)

2.5 mg 1–2 days 6.5

Intravitreal
triamcinolone

2–4 mg 12 weeks 1.25

Sub-Tenon’s
triamcinolone

20–40 mg 16 weeks 1.25

aDuration of effect is a function of drug solubility and local tissue fac-
tors such as vascularity and fluid turnover (vitreous present or absent).

Topical prostaglandin analogues and miotics are typically
withheld, until inflammation is controlled, but other IOP low-
ering drops are continued as prior to surgery, unless a bleb
revision was performed. Patients are seen on post-op day one
and at post-op week one, though patients with high or low
IOPs are typically seen at shorter intervals.

As discussed in the “Instrumentation and Operative Tech-
niques” section, subconjunctival 5-FU, MMC, or anti-VEGF
agents may be useful to promote bleb functionality postop-
eratively if the IOP rises or the bleb develops increased vas-
cularity and/or decreased dimensions. Inadvertent entry of
MMC into the eye should be avoided to prevent damage to
the corneal endothelium and/or ciliary body. In the setting of
threatened or realized bleb failure, the authors prefer a series
of five subconjunctival injections of 5 mg of 5-FU injected
adjacent to the bleb, administered over the course of a few
weeks. Care should be taken to irrigate the eye thoroughly
after the 5-FU injection to avoid corneal epithelial toxicity.

Results/Outcomes

The outcomes of cataract extraction with intraocular
lens placement in the presence of a functional tra-
beculectomy have been repeatedly evaluated, both in the
extracapsular cataract extraction (ECCE) era and in the
phacoemulsification (phaco) era (Table 16.4). Most stud-
ies indicate that ECCE decreases the functionality of the
trabeculectomy bleb, evident by an increase in postopera-
tive IOP.42,43,45,82–86 Reports on the affect of phaco on func-
tioning blebs are more varied, with some studies indicating
decreased bleb function, 46,81,86–90 some indicating mini-
mal to no affect on filtration, 91–94 and other studies demon-
strating improved IOP control after phaco.44,85 Based on the
varied reports, one may conclude that the effect of cataract
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Table 16.4 Summary of reports on the effect of cataract removal on IOP

Author Date Study type
Number
of eyes

Mean follow-up
(mo) Procedure IOP effect

Dickens82 1996 Retrospective 23 48 ECCE +3.5
Manoj84 2000 Retrospective 34 44 ECCE +0.32
Halikiopoulos85 2001 Retrospective 31 36 ECCE +4.1
Casson91 2002 Retrospective 28 35 ECCE +2.8
Seah42 1996 Retrospective 22 9 ECCE/Phaco +8
Yamagami81 1994 Retrospective 45 18 ECC/Phaco +2.2
Chen83 1998 Retrospective 58 21 ECCE +1.6
Manoj84 2000 Retrospective 21 15 Phaco –0.61
Park44 1997 Retrospective 40 57 Phaco –0.2
Casson91 2002 Retrospective 28 25 Phaco +0.5
Crichton90 2001 Retrospective 69 22.2 Phaco +0.55
Ehrnrooth93 2005 Retrospective 46 25 Phaco +0.9
Rebolleda46 2002 Prospective 49 19.6 Phaco +1.57
Shingleton86 2003 Retrospective 58 12 Phaco 1.9
Derbolav92 2002 Retrospective 48 23 Phaco +1.6
Halikiopoulos85 2001 Retrospective 24 36 Phaco +2.9
Inal89 2005 Prospective 30 27 Phaco +3.2
Swamynathan87 2004 Prospective 29 20 Phaco +3.7

surgery on filtering blebs in unpredictable. However, Spaeth
and Fellman have observed that preoperative bleb morphol-
ogy and function likely plays a significant role in postoper-
ative IOP control, identifying that partially functional blebs
often have a 50% increase in IOP postoperatively, whereas
large, cystic, avascular blebs with preoperative IOPs under
10 mmHg without medication rarely have an increase in IOP
after cataract extraction.95

Complications

Mild to moderate inflammation following uncomplicated
cataract surgery is expected. Bleb dysfunction and failure
following post-cataract extraction is most likely related to
inflammatory mediated fibrosis.96 The fibrosis may occur at
the sclerectomy, within the scleral flap, or within the bleb.
Uncontrolled or excessive postoperative inflammation can
also exacerbate glaucoma via progressive peripheral anterior
synechia or posterior synechia with iris bombe. Uncommon
potential causes for bleb failure following cataract surgery
include bleb leak, retained lenticular fragments within the
sclerectomy, iris incarcerated in the sclerectomy, and aque-
ous misdirection. Further complications can be due to manip-
ulations of filtering blebs, intentionally or inadvertently,
resulting in induced refractive errors, bleb dysesthesias,
overhanging blebs, bleb leak, hypotony and its sequelae,
hyphema, and a lifetime risk of endophthalmitis.

Postoperative IOP spikes may exacerbate poorly con-
trolled glaucoma. Significant loss of vision after trabeculec-
tomy, or “snuffing out” vision, is a feared complication
following any invasive procedure in patients with advanced

glaucoma, and has been a concern of surgeons operating on
patients with advanced glaucoma. Although “snuffing out”
is a controversial topic and exceedingly rare, significant loss
of vision following a seemingly uncomplicated trabeculec-
tomy has been reported. Postoperative vision loss, in the
absence of identifiable ocular pathology, has been proposed
to be due to ganglion cell loss related to IOP elevation or
shifts in the cribriform plate, non-arteric anterior ischemic
optic neuropathy, or occult maculopathy.97–100 When con-
sidering surgery in a patient with advanced glaucoma, the
informed consent process should include an informed discus-
sion about the potential for progression of glaucoma and/or
loss of vision.

Summary

Anterior segment surgeons will inevitably encounter patients
with functioning filtering blebs who have visually significant
cataracts. The surgeon should be prepared to manage ocu-
lar conditions including intraocular scarring, miosis, and/or
pseudoexfoliation. Cataract surgery may present an opportu-
nity to perform a bleb needling revision, a somewhat effec-
tive intervention to revitalize and/or optimize fibrotic blebs.
Crystalline lens removal in patients with filtering blebs can
be safely performed, but patients and surgeons should be
aware that the surgery may hasten bleb failure, especially
in marginally functioning blebs. Careful preoperative evalua-
tion and planning can establish realistic patient expectations
and prepare the surgeon for minor perioperative adjustments
and interventions that can promote long-term visual function.
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Chapter 17

Cataract Extraction in Eyes with Prior GDD Implantation

Ramesh Ayyala and Brian Mikulla

Introduction

Glaucoma patients with prior glaucoma drainage device
(GDD) implantation can develop visually significant
cataracts and may need cataract surgery. Cataract surgery
when properly performed will result in significant visual
improvement with minimal effect on the IOP control. The
literature review on this topic is rather sparse.1–3

Sa et al. evaluated the effect of temporal clear corneal pha-
coemulsification on intraocular pressure (IOP) in eyes after
Ahmed glaucoma valve insertion.1 They retrospectively eval-
uated the medical records of 13 patients with prior Ahmed
valve implantation who underwent cataract surgery. They
reported no significant increase in the IOP in eyes with prior
Ahmed glaucoma valve insertion. However, some eyes expe-
rienced an IOP elevation 1 month after phacoemulsification
and required additional glaucoma medication.1 A retrospec-
tive review of 23 cataract surgeries in eyes with prior AGV
was done by Caprioli.2 In his series, four eyes or 17% had an
elevated IOP on postoperative day 1, and one patient went on
to have a second AGV placed for IOP control. Two patients
experienced corneal decompensation and 33% actually expe-
rienced worsening of vision following the cataract surgery,
highlighting the diseased state of many eyes that have had
GDD placement.

Surgical Technique

Our preferred technique is clear cornea temporal approach in
these patients. We tend to minimize the viscoelastic used in
these cases, as too much viscoelastic can exit into the bleb
through the tube and cause elevated IOP in the immediate
postoperative period. We also tend to use a topical steroid

R. Ayyala (�)
Department of Ophthalmology, Tulane University School of Medicine,
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e-mail: rayyala@tulane.edu

Table 17.1 MMC before bleb revision5 (off-label use)

• Topical anesthetic drops
• Topical fluoroquinolone antibiotic drops
• Ophthalmic Betadine drops (Alcon, Fort Worth, TX)
• Mix 0.1 ml of preservative-free lidocaine 1% with 0.1 ml of

0.4 mg/ml MMC in a Tb syringe, drawn up with a 25-ga needle
• Switch to a 30G needle (same syringe)
• Inject temporal or nasal to the bleb
• Massage the eye with the lids closed until the lido/mito mixture is

completely dissipated
• Perform needle revision

for 6–8 weeks postoperative cataract surgery to decrease any
postoperative inflammation in the bleb.

The other situation that needs to be considered in this
setting is the possibility of the GDD tube being too long
and lying on the cataract surface. In these cases, it is best
to trim the tube at the very beginning of the surgery. After
the temporal entry into the anterior chamber (AC) is made
with keratome, viscoelastic is re-injected to deepen the AC.
A long Vaness scissors is introduced into the AC and the
tube trimmed to the required length. Then the cut portion of
the tube is retracted using Utratta forceps. Caution should be
used not to cut the tube too short, especially if the IOP is low
and the eye ball is somewhat collapsed, as the tube tends to
retract more when the globe is normotensive.

Outcomes

In a small percentage of patients (20–30% in our experience),
the IOP may become permanently elevated with fibrosis of
the bleb from the postoperative inflammation. The major-
ity of these patients respond to topical glaucoma medica-
tions. Some of these patients may respond to bleb revisions
with mitomycin C (MMC) injection into the bleb (0.1 cc of
0.4 mg/cc concentration), especially in case of the Ahmed
valve.4–6 See Table 17.1. Some of these cases may fail to
respond to all the above measures and may need a second
GDD implantation in one of the other quadrants.
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Summary

Cataract surgery in the presence of preexisting GDD is no
different from standard cataract surgery in the majority of
patients. The possibility of GDD failure, and worsening of
vision from comorbidities such as reduced endothelial cell
function, should be reviewed with the patients.
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Chapter 18

Cataract Surgery in the Primary Angle-Closure Patient

Jimmy S.M. Lai

Introduction

Primary angle-closure glaucoma (PACG) is a major cause
of blindness in Asia and South Africa.1,2 It is defined as a
glaucomatous optic neuropathy secondary to ocular hyper-
tension, caused by closure of the drainage angle. Angle clo-
sure is the result of apposition or adhesion (synechiae) of the
peripheral iris to the surface of the pigmented trabeculum.
The blocking of aqueous access to the trabeculum results in
raised intraocular pressure. When a sufficient proportion of
the trabecular meshwork is blocked, the intraocular pressure
begins to rise and causes symptoms.3 If the elevation of the
intraocular pressure persists for a period of time, the optic
nerve head will be damaged resulting in glaucoma. There
are at least five mechanisms in the causation of angle clo-
sure listed in Table 18.1. Although pupillary block is the
most common cause of angle-closure glaucoma, at least in
the acute type, a thick and anteriorly positioned human lens,
either combined with pupillary block or acting alone, is also
an important cause of angle closure (Table 18.2).

Primary angle-closure glaucoma can be subdivided into
acute and chronic subtypes. The acute form is highly symp-
tomatic, and results from sudden appositional closure of the
angle leading to a rapid rise in the intraocular pressure. The
correct terminology should be acute primary angle closure,
because glaucoma, that is, optic nerve damage, may not have
occurred yet. A significant proportion of these eyes subse-
quently progress to the chronic type of primary angle-closure
glaucoma. The chronic type runs a more insidious course. It
is characterized by closure of at least 180◦ of the drainage
angle by the iris tissue with the presence of manifest optic
nerve tissue damage. It may be a sequel of a previous acute
angle-closure attack or it may develop de novo.
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Table 18.1 Mechanisms of angle closure

• Pupillary block
• Plateau Iris
• Lens induced
• Aqueous misdirection
• Mixed Mechanism

Table 18.2 Challenges of cataract surgery in angle closure

• Shallow anterior chamber
• Decreased corneal endothelial cell count
• Large lens
• Poor dilation
• Posterior synechiae
• Possible high IOP
• Possible weak zonule

The chronic type of primary angle-closure glaucoma
is often referred to as chronic angle-closure glaucoma
(CACG). Its prevalence increases with age, and therefore
chronic angle-closure glaucoma frequently coexists with
senile degenerative cataract. In patients with coexisting
chronic angle-closure glaucoma and cataract requiring sur-
gical intervention for the medically uncontrolled intraocular
pressure, there are, in general, three surgical options.

• The first option is to perform a drainage operation
alone, usually trabeculectomy, to control the intraocular
pressure.

• The second option is to combine the trabeculectomy with
removal of the cataract in one single operation.

• The third option is to perform cataract extraction alone.

Eyes with primary angle-closure glaucoma have thicker
and more anteriorly positioned lenses than normal eyes.4

The anterior chambers in these eyes are shallower and the
drainage angle is narrower.5 Many studies have shown that
removal of the bulging lens significantly deepens the ante-
rior chamber and widens the drainage angle.6–8 It has also
been shown that cataract extraction alone results in sig-
nificant lowering of intraocular pressure in chronic angle-
closure glaucoma eyes.9–11 Cataract extraction alone may,
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therefore, suffice as the primary treatment for chronic angle-
closure glaucoma with coexisting cataract, as it may treat
both diseases with one operation.

Performing cataract extraction by phacoemulsification
alone, without trabeculectomy, has the following advantages:
(1) it is a fast, simple, standard and minimally invasive pro-
cedure with fast visual recovery; (2) avoidance of complica-
tions of trabeculectomy, and the need for additional surgical
interventions to maintain filtration, such as laser suture lysis
or needling; and (3) substantial savings in resources, includ-
ing operative time and follow-up visits. In those patients
whose intraocular pressure is not sufficiently controlled after
phacoemulsification alone, trabeculectomy can always be
performed separately at a later stage without any known
compromise of the long-term outcome. The disadvantage
is that there may be a postoperative pressure spike, which
is undesirable in eyes with preexisting advanced glaucoma-
tous nerve damage. Secondly, the reduction of the intraocular
pressure is not immediate and it may take some time for it to
be reduced to a safe and stable level.

Effect of Cataract Extraction on the Angle
Structure

The width of the angle is influenced by the thickness of
the human lens. When the lens is thick, the angle becomes
crowded and narrow, especially if the lens is also in a
more anterior position. Cataract extraction alone was shown
to deepen anterior chambers and widen drainage angles in
PACG eyes.6–8 It has been reported that the angle widened
by 17◦, the anterior chamber deepened by 2 mm, and the
intraocular pressure decreased by 6 mmHg after phacoemul-
sification in eyes with angle-closure glaucoma.6

After phacoemulsification and foldable intraocular lens
implantation, ultrasound biomicroscopy revealed that the iris
diaphragm shifted backward, the anterior chamber deepened
by approximately 850 μm, and the angle widened by approx-
imately 10◦.12 These findings may be of clinical signifi-
cance in eyes with angle-closure glaucoma or with occlud-
able angles. Residual angle closure is common even after
laser peripheral iridotomy and cataract extraction is effective
to resolve the residual angle closure in these patients.13

Effect of Cataract Surgery on the Intraocular
Pressure

Cataract extraction alone with phacoemulsification and
intraocular lens implantation in chronic angle-closure glau-
coma patients with uncontrolled intraocular pressure resulted

in a significant reduction in the intraocular pressure within
12 months following surgery.9,11,14

The deepening of the anterior chamber, the widening of
the drainage angle, and the improved access of aqueous to
the trabecular meshwork may all contribute to the intraoc-
ular pressure reduction, after cataract extraction by pha-
coemulsification. In the author’s experience, in some eyes,
the angle remained closed after phacoemulsification and yet
the intraocular pressure still showed a significant reduction.
Therefore, other factors may contribute to the intraocular
pressure reduction such as flushing of the trabecular mesh-
work from the positive pressure during phacoemulsification,
the pressure effect on the trabecular meshwork from the
intraocular lens haptics, and there also may be biochemical
and blood aqueous barrier alterations.

Role of Phacotrabeculectomy

In view of the advantages and beneficial effects on the angle
structure and the intraocular pressure control in cataract
extraction alone, the role of combined phacotrabeculectomy
in the surgical treatment of chronic angle-closure glaucoma
may be diminishing. It has been shown by ultrasound biomi-
croscopy that phacoemulsification alone resulted in greater
opening of the drainage angle and greater deepening of the
anterior chamber than combined phacotrabeculectomy in pri-
mary angle-closure glaucoma eyes.15 It is uncertain whether
the additional trabeculectomy procedure is needed and offers
additional benefits to the outcome in these patients. It has
also been shown that phacotrabeculectomy was only slightly
more effective than phacoemulsification alone in control-
ling the intraocular pressure in chronic angle-closure glau-
coma eyes with coexisting cataract. The combined surgery
was, however, associated with more complications and addi-
tional drainage adjustment procedures in the postoperative
period.16

There is one more point to consider when deciding
whether phacoemulsification or phacotrabeculectomy should
be done. It has been shown that a myopic shift from intraoc-
ular lens power prediction error was significantly more fre-
quent following posterior chamber intraocular lens (IOL)
implantation with phacotrabeculectomy compared with pha-
coemulsification.17 Unless special precaution is taken to
compensate in the IOL calculation, intraocular lens power
is more accurately predicted if phacoemulsification alone is
performed.

Indications for Cataract Surgery

After discussion of the effects of cataract removal on the
angle structure and the intraocular pressure control, is the
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indication of cataract extraction different in primary angle-
closure patients from that of the normal aging popula-
tion? The indication for cataract surgery in patients with
primary angle-closure glaucoma basically follows that of
senile degenerative cataract. When the cataract is visually
significant, cataract extraction is advised. Cataract removal
improves vision and there may be an additional advantage
of lowering the intraocular pressure after surgery. But when
the cataract is minimal, the decision whether to remove the
lens or not is controversial. There is now increasing evidence
that lens removal is beneficial in eyes with chronic angle-
closure glaucoma in terms of intraocular pressure control. On
the one hand, when primary angle-closure glaucoma patients
have a dense cataract, the purposes of cataract removal are
to improve the vision, deepen the angle, and to lower the
intraocular pressure. On the other hand, when the cataract
is minimal, the purpose of lens removal is mainly to deepen
the angle and lower the intraocular pressure. Ideally, removal
of the bulging lens may open up the already closed angle and
prevent progressive closure of unclosed angle.

Phacoemulsification with intraocular pressure implanta-
tion is thus useful when there is residual angle closure, after
relief of pupillary block with laser peripheral iridotomy.

Preoperative Assessment and Medications

Cataract surgery in primary angle-closure glaucoma eyes,
especially those with a previous attack of acute angle clo-
sure, is a big challenge to phaco surgeons because of shallow
anterior chamber, large lens, poor mydriasis from iris atro-
phy, posterior synechiae or effect of long-term pilocarpine,
and even zonular weakness (Figs. 18.1and 18.2).15 See
Table 8.2.

The corneal clarity may be suboptimal, and the endothe-
lial cell count may be low. The risk of intraoperative
suprachoroidal hemorrhage may increase if the preopera-
tive intraocular pressure is high.18Small incision cataract
surgery using phacoemulsification with foldable intraocular
lens implantation is preferred because the risk of intraop-
erative suprachoroidal hemorrhage is less. Only in excep-
tional cases such as a very hard and dense nuclear cataract,
or cataract with severe zonular laxity, is a larger wound with
extracapsular cataract extraction performed.

A cataractous angle closure eye may have had a previ-
ous drainage operation, and the presence of a large superior
bleb may interfere with wound construction in phacoemulsi-
fication (Fig. 18.3). Under those circumstances, a temporal
approach has to be adopted to avoid damaging the bleb. See
Chapter 16.

The preoperative assessment should include careful
assessment of the stability of the lens, the degree of mydriasis

Fig. 18.1 Chronic angle-closure glaucoma eye with cataract showing
a distorted pupil due to iris atrophy and posterior synechiae

Fig. 18.2 Chronic angle-closure glaucoma eye with cataract showing
extensive posterior synechiae with a small pupil

achieved with pharmacological agents, the extent and nature
of the angle closure, and the cup-disc ratio. Perimetry is often
unreliable in the presence of dense cataract. In eyes with
extensive peripheral anterior synechiae angle closure with
high intraocular pressure, it is advisable to do a combined
phacotrabeculectomy because cataract extraction alone may
not be able to achieve significant angle-opening and intraoc-
ular pressure lowering. In eyes that already have advanced
cupping with medically uncontrolled intraocular pressure, it
is also advisable to perform a combined phacotrabeculec-
tomy because a pressure spike after phacoemulsification
alone may result in a wipe-out syndrome.19

The endothelial cell count should be performed preop-
eratively. Eyes with primary angle-closure glaucoma are
prone to endothelial cell damage during phacoemulsifica-
tion because of shallow anterior chamber.14 In eyes with a
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Fig. 18.3 Chronic angle-closure glaucoma eye with cataract that has
undergone trabeculectomy showing the presence of a cystic bleb in the
superior quadrant

history of acute angle-closure attack, there is significant loss
of endothelial cells due to the disease itself or from the laser
peripheral iridotomy.20

All the anti-glaucoma medications, except pilocarpine
and prostaglandin analogues, are continued to the date of
surgery. Pilocarpine is stopped at least 2 weeks before
cataract surgery to reverse the miotic effect. Since there
have been reports on the possible causal relationship between
prostaglandin analogue use and cystoid macular edema fol-
lowing cataract surgery, it is advisable to stop the medica-
tion, as well, for 1–2 weeks prior to surgery.21,22 Since a high
preoperative intraocular pressure increases the risk of intra-
operative suprachoroidal hemorrhage, intravenous mannitol
is sometimes used immediately prior to cataract surgery to
reduce the intraocular pressure. See Table 20.4. If the preop-
erative intraocular pressure is above 30 mmHg on maximum
medications, cataract removal alone is unlikely to lower the
intraocular pressure to a safe level. In these circumstances,
cataract removal needs to be combined with other intraoc-
ular pressure-lowering procedures including trabeculectomy
and goniosynechialysis.

Operative Procedures

Intraoperative difficulties in eyes with primary angle-closure
glaucoma stem from the presence of shallow anterior cham-
ber, posterior synechiae, iris atrophy, large lens, and hazy
cornea, as mentioned previously.

Phacoemulsification can usually be performed under topi-
cal anesthesia using Xylocaine 2% jelly.23,24 See Chapter 2.
A corneal wound is preferred because it leaves the conjunc-
tiva uninterrupted for future filtering operation if needed.

Fig. 18.4 Small pupil before the use of iris hooks

In eyes with a small pupil, due to the presence of pos-
terior synechiae, lysis of the synechiae is performed before
performing the continuous curvilinear capsulorhexis. After
breaking the synechiae, viscoelastic agent is injected into
the anterior chamber to enlarge the pupil. If the pupil
poorly reacts to mydriatics without the presence of posterior
synechiae, 1:1000 adrenaline can be added to the infusion
bottle. It is important to add the adrenaline at the start of the
operation when the infusion bottle is still full to avoid it being
too concentrated. Intracameral (preservative-free preferred)
adrenaline (0.5 ml of 1 in 10,000) can also be used to achieve
intraoperative mydriasis.25 It is best avoided in eyes with low
endothelial cell count because of the potential toxic effect
on the endothelial cells by its preservatives, sodium bisulfite
(NaHSO3) and sodium metabisulphite (Na2S2O5).26,27 It is
equally important to make sure that the patient has no cardiac
diseases that contraindicate the use of adrenaline. Again, vis-
coelastic agent can be injected to force the pupil to dilate. If
the above maneuvers fail, the iris can be stretched with iris
pusher and iris hook. Finally, iris hooks can be used (Figs.
18.4and 18.5). Pain may be experienced by the patient during
manipulation of the iris tissue. Intracameral lidocaine (0.3 ml
1% preservative-free lidocaine (50 mg/5 ml) may be added to
supplement the topical anesthesia.28 See also Chapter 3.

Because the anterior chamber is usually shallow, a copi-
ous amount of viscoelastic agent is required to maintain the
anterior chamber and to flatten the anterior lens surface dur-
ing introduction of instrumentation and performance of the
continuous curvilinear capsulorhexis. It is important to flat-
ten the lens surface with viscoelastic agent during continuous
curvilinear capsulorhexis because a convex anterior lens sur-
face predisposes to radial tear of the anterior capsule.

Capsule stain with either trypan blue 1% or indocyanine
green 0.5% may be needed to aid with visualization of the
anterior capsule in mature cataract and in dense cataract with
a poor red reflex (Fig. 18.5).29 See Table 20.5.
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Fig. 18.5 The use of iris hooks to enlarge the pupil and capsule stain
during phacoemulsification

The aspiration rate or the vacuum power should be
reduced, in the presence of iris atrophy, to avoid aspiration of
the iris tissue. Special measures should be adopted to protect
the corneal endothelial cell during phacoemulsification. Use
of a well-balanced irrigation solution that resembles the nat-
ural chemical properties of the aqueous is important.30 The
use of dispersive ophthalmic viscosurgical devices (OVDs)
with low viscosity is preferred. The other option is to use a
viscoadaptive device that possesses both cohesive and disper-
sive properties. These devices allow better anterior chamber
depth maintenance as well as providing a longer retention
time during high flow rates. They also protect the endothelial
cells from the damaging effects of air bubbles.

Every step must be taken to avoid the complication of pos-
terior capsule rupture and vitreous loss. Vitreous loss during
cataract surgery in glaucoma patients adversely affects long-
term intraocular pressure control.31

At the end of the surgery, the viscoelastic agent should
be removed completely from the anterior capsule and the
capsular bag to avoid a retained viscoelastic agent-induced
postoperative intraocular pressure spike that can be sight-
threatening in eyes with preexisting advanced optic nerve
glaucomatous damage. Retained viscoelastic may cause tra-
becular meshwork blockage, postoperative capsular bag
hyperdistension, anterior displacement of the intraocular lens
optic, and capsular block from occlusion of the anterior cir-
cular opening.32,33

Postoperative Assessment and Medications

The operated eye is examined on the first postoperative day.
The corneal clarity, the intraocular pressure, and the ante-
rior chamber reaction are carefully assessed. Thereafter the

Table 18.3 Medications to lower IOP following phacoemulsification

• Brinzolamide
• Brimonidine
• Acetazolamide
• Intracameral acetylcholine
• Timolol

patient is reassessed in 1–2 weeks’ time and then accord-
ing to clinical need. All the preoperative anti-glaucomatous
medications are continued and titrated against the intraocu-
lar pressure. Pilocarpine and prostaglandin analogue should
be avoided if possible. As mentioned, preoperative use of
prostaglandin analogue may be associated with an increased
risk for pseudophakic cystoid macular edema and prophy-
lactic treatment with topical nonsteroidal anti-inflammatory
drugs and steroids in the immediate postoperative period
may be considered.34 Routinely, topical steroid combined
with antibiotic is given 6–8 times per day for a period of
2 weeks and tapered off gradually, over a period of 4–6
weeks in parallel with the subsidence of the anterior chamber
reaction.

Postoperative Complications

A postoperative intraocular pressure spike is common in
patients with preexisting glaucoma. In post-cataract surgery
patients with raised intraocular pressure, anterior chamber
paracentesis alone results in immediate control of intraoc-
ular pressure. However, the intraocular pressure reduction is
transient and may rebound within an hour.35 This intraoc-
ular pressure-lowering procedure is easy to perform under
slit lamp biomicroscopy and is useful for retained vis-
coelastic agent-induced intraocular pressure spike. Intraocu-
lar pressure-lowering medications are also effective and will
lead to a more gradual and sustained control of intraocu-
lar pressure. Multiple medications, as listed in Table 18.3,
have similar effects in reducing intraocular pressures after
phacoemulsification.36

It has been found that patients with high preoperative
intraocular pressure are more likely to have intraocular pres-
sure spikes after surgery. In a day-case setting these patients
should be scheduled first on the operating list to facilitate
postoperative intraocular pressure measurement and detec-
tion of intraocular pressure spike before being discharged
home.37 See Chapter 5.

Endothelial cell loss after phacoemulsification and
intraocular lens implantation is around 5%.38 A significant
loss of endothelial cell may result in irreversible corneal
decompensation necessitating penetrating keratoplasty. Eyes
with primary angle-closure glaucoma are prone to endothe-
lial cell damage during phacoemulsification because of
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Fig. 18.6 Goniosynechialysis

Fig. 18.7 Ultrasound biomicroscope (UBM) image of the angle before
goniosynechialysis

shallow anterior chamber and large, hard cataractous lens.
The cell loss can be as high as 18%.14The corneal endothelial
cell loss after phacoemulsification in eyes with occludable
angles was shown to be associated with preoperative axial
length and the postoperative intraocular pressure within 24 h.
To minimize corneal endothelial cell damage, it is critical
to avoid an intraocular pressure spike during the early post-
operative period and to exercise extreme caution intraopera-
tively in eyes with an axial length of less than 22.6 mm.39See
Chapter 19.

Role of Goniosynechialysis

The objective of goniosynechialysis (GSL) is to open up the
closed drainage angle by stripping the peripheral anterior
synechiae from the angle wall (Figs. 18.6, 18.7, and 18.8).

The reported success rate if peripheral anterior synechiae
are less than 1 year is 80%.40,41 It is effective in phakic and

Fig. 18.8 Ultrasound biomicroscope (UBM) image of the angle after
goniosynechialysis

pseudophakic eyes and can be combined with phacoemulsi-
fication.42–44 It is also effective after failed filtration surgery.
There is no risk of overdrainage, suprachoroidal hemorrhage,
or delayed endophthalmitis. The efficacy of goniosynechial-
ysis for chronic peripheral anterior synechial angle closure is
uncertain. Complications include optic nerve damage due to
persistent high intraoperative intraocular pressure from the
use of viscoelastic agent to maintain the anterior chamber
throughout the procedure, postoperative intraocular pressure
spike due to retained viscoelastic agent, hyphema, inflam-
mation from manipulation of the iris tissue, and lens dam-
age. When goniosynechialysis is combined with cataract
extraction, the cataract is removed first. The anterior cham-
ber becomes deep after cataract removal and it will facili-
tate the goniosynechialysis procedure. The intraocular pres-
sure reduction may be the additive effect of the two pro-
cedures. Post-goniosynechialysis laser peripheral iridoplasty
can be performed to minimize the chance of angle re-closure
in future.41,42,45 It has been reported that 180◦ is also effec-
tive for treating primary angle-closure glaucoma eyes with
total synechial angle closure.41,42

Since removal of the lens has so many advantages in
the surgical management of primary angle-closure glau-
coma, goniosynechialysis alone is diminishing in its impor-
tance. The procedure is usually combined with cataract
extraction.

Phacoemulsification in Filtered (Functioning
Bleb) Primary Angle-Closure Glaucoma Eyes

Patients with primary angle-closure glaucoma may have had
a prior filtering operation for the control of intraocular pres-
sure. Cataract extraction in these eyes will have some added
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difficulties because of the presence of a bleb. If the bleb
is large, a temporal corneal approach is adopted to avoid
damaging the bleb directly. A Seidel test for bleb leakage
should be performed in the preoperative assessment (Fig.
9.4). Any leak must be sealed before proceeding to pha-
coemulsification. The positive pressure during phacoemul-
sification may rupture a small cystic bleb with a very thin
bleb wall. Intraoperative bleb leakage is not easily identifi-
able by direct observation under the operating microscope.
Indocyanine green staining enables the surgeon to clearly
visualize aqueous leakage from the bleb. The bleb leakage
can be repaired with 10-0 nylon sutures18.1 46 preferably on
a BV or other small needle.

Previously successful bleb needling can be significantly
compromised by subsequent cataract surgery.47 Phacoemul-
sification significantly increased intraocular pressure even
without an effect on the intrableb features as shown by ultra-
sound biomicroscopy imaging.48 Eyes with higher intraocu-
lar pressure, invisible route under scleral flap, and stronger
intrableb reflectivity on ultrasound biomicroscopy imaging
before phacoemulsification had greater postoperative bleb
failure.48

However, phacoemulsification in eyes with a functional
filtering bleb for primary angle-closure glaucoma can be
accomplished without compromising the functioning of the
bleb. It has been reported that the difference between the pre-
operative and the postoperative intraocular pressures at all
occasions during follow-up was statistically insignificant but
the central anterior chamber depth was significantly deeper
in the post-phacoemulsification eyes.49 See also Chapter 16.

Summary

Primary angle-closure glaucoma often coexists with senile
cataract. Increasing evidence has shown that removal of the
cataract or even removal of the lens that has minimal cataract
will deepen the anterior chamber, widen the drainage angle,
and lower the intraocular pressure without a combined filter-
ing operation. The outcome in terms of intraocular pressure
control is as effective as cases that undergo filtering oper-
ations, at least in the short-term postoperative period. This
new trend of surgical management of primary angle-closure
glaucoma offers several advantages compared with tradi-
tional surgical management in the past where trabeculectomy
or phacotrabeculectomy were the treatments of choice. The
advantages include faster visual recovery, avoidance of com-
plications associated with trabeculectomy, and substantial
savings in medical resources. More studies are required to
assess the long-term effect of cataract extraction alone on the
intraocular pressure control. Cataract surgery primarily can
be considered in eyes without risk of “snuff-out” or advanced

visual field loss where there is time to assess the response to
the cataract operation without significant risk if there is delay
of lowering of IOP or need for a filtration procedure.
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Chapter 19

Nanophthalmos

Carlos Gustavo Vasconcelos de Moraes and Remo Susanna Jr.

Introduction

Nanophthalmos (Greek: nanos = “dwarf, small”; ophthal-
mos = “eye”) is an uncommon developmental disorder that
can potentially result in sight-threatening outcomes. Most
cases are bilateral and sporadic, although a pattern of auto-
somal recessive transmission has been described. Both sexes
are equally affected.1

Conceptually, nanophthalmos represents a pure form of
microphthalmos without any systemic abnormalities. While
in microphthalmia the eye may show gross developmental
defects, the nanophthalmic eye is a small but functional eye
with relatively preserved anatomy.

There is still controversy regarding the possible causes of
nanophthalmos. Hirsch et al.2 suggested that a developmen-
tal arrest of the optic vesicle after the closure of the embry-
onic fissure results in a small eye. However, their theory does
not explain some other ocular abnormalities found in this
disorder to be described further. In 1982, Ryan et al.3 pro-
posed that a smaller-than-normal optic vesicle growing from
the forebrain at the early stages of embryogenesis may be
responsible for the reduced ocular size and its associated his-
tological abnormalities.

Nanophthalmos is clinically characterized by the features
listed in Table 19.1.

Singh et al.4 described a group of nanophthalmic eyes
with an average corneal diameter of 10.3 mm, an aver-
age axial length of 17.0 mm, and an average lens thick-
ness of 5.1 mm. A linear relationship has been demon-
strated between cycloplegic refraction and axial length in
nanophthalmic eyes.5 Yet, corneal and lens increased refrac-
tive power may compensate for the excessive hyperopia that
would otherwise be anticipated in these eyes.2
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Table 19.1 Features of nanophthalmos

• Short anterior–posterior axial length
• Short corneal diameter
• Flat anterior chamber
• Abnormal and thick sclera
• Small to normal lens thickness/high lens-eye ratio
• Narrow palpebral fissure
• Eyes deeply set in the orbits

Table 19.2 Posterior segment findings in nanophthalmos

• Crowded optic discs
• Papillomacular striae and folds
• Foveal aplasia
• Yellow pigmentation

During ophthalmoscopy, uncommon findings listed in
Table 19.2 may be observed. These findings could be
explained by the disparity in growth between the neurosen-
sory retina and the outer layers of the eye.6,7 Ultrasound
biomicroscopy (UBM) also shows an anteriorly placed cil-
iary body, reduced ciliary sulcus, and an iris aspect that
resembles plateau iris configuration.8 The sclera is thicker
than in the normal eye (see Fig. 19.1) and its collagen lamel-
lae are disorganized, with variable sizes, decreased amounts
of glycosaminoglycans, and elevated fibronectin content.9–12

Because of the abnormally thick sclera and crowded vascula-
ture, increased amplitude of the ocular pulse may be noticed
during applanation tonometry.4

Nanophthalmic eyes are more prone to the development
of angle-closure glaucoma due to their high lens-eye vol-
ume ratio, which results in crowding of the anterior cham-
ber. Moreover, the presence of thick and abnormal sclera
predisposes nanophthalmic eyes to develop choroidal effu-
sion and exudative retinal detachment.1–4 The thick sclera
may impede drainage of the venous blood through the vortex
veins, as well as reduce the permeability to proteins, leading
to uveal effusion syndrome.13 Other complications that have
been associated with nanophthalmos are listed in Table 19.3.
These events may occur spontaneously or following any type
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Fig. 19.1 The mechanism of uveal effusion in nanophthalmous
described by Gass. (a) Normal eye with focal vascular leak. (b) Aphakic
eye with transient postoperative ciliochoroidal detachment that usually
resolves spontaneously within days. (c) Uveal effusion syndrome with
increased resistance to protein outflow and uveal venous outflow caused
by abnormally thick sclera

Table 19.3 Complications associated with nanophthalmos

• Choroidal effusion
• Exudative retinal detachment
• Malignant glaucoma
• Pupillary block
• Expulsive suprachoroidal hemorrhage
• Shallow anterior chamber

of intraocular intervention (e.g., peripheral laser iridotomy,
cataract surgery, and filtering procedures).

Because of the increased risk of post-surgical complica-
tions, surgical treatment in nanophthalmos should be con-
sidered a last resort. The physician must carefully weigh
risks and benefits before indicating surgery in this popula-
tion, since these postoperative complications may cause sig-
nificant visual impairment.

Key Points:

• Nanophthalmic eyes show reduced biometric measure-
ments.

• Crowding of the anterior chamber may lead to angle-
closure glaucoma.

• There is an increased risk of postoperative complications
in these eyes.

Indications for Surgery

In nanophthalmic eyes, a relative pupillary block secondary
to iridolenticular contact may eventually lead to develop-
ment of peripheral anterior synechiae (PAS) and increased
intraocular pressure (IOP) and, thus, angle-closure glaucoma
(ACG). Alternatively, when nanophthalmos presents with

annular ciliochoroidal effusion and ciliary body detachment,
the anterior chamber angle may also be closed by physical
displacement of the peripheral iris by anteriorly rotated cil-
iary processes.

Glaucoma treatment in nanophthalmic eyes involves
peripheral laser iridotomy, gonioplasty, and use of anti-
glaucoma medication, when necessary. Filtering procedures
may be indicated if unsatisfactory IOP control persists
despite maximal tolerated therapy. The prevalence of cataract
may increase with age, so that combined surgical procedures
may become necessary during follow-up.

As described previously, nanophthalmic eyes present a
high lens-eye volume ratio that is involved in the patho-
genesis of angle-closure glaucoma. The incidence of glau-
coma in these eyes is inversely correlated with the axial
length and might increase with age (most cases of angle-
closure glaucoma occur between 30 and 50 years of
age) probably because of thickened lens diameter lead-
ing to flat anterior chamber and increased iridocorneal
apposition.14

When the nanophthalmic patient presents with significant
lens opacity and impaired visual acuity, most ophthalmolo-
gists agree that cataract surgery should be performed. How-
ever, there is continued debate about whether an eye with a
transparent lens should be subjected to an intraocular pro-
cedure and thus be placed at risk for sight-threatening post-
operative complications. Some authors counter that cataract
surgery halts the mechanism of angle closure, as lens removal
deepens the anterior chamber and decreases contact between
the iris periphery and corneal endothelium, and therefore
has added utility in nanophthalmos5,14–16 (see Fig. 19.2a
and b). We believe that despite this argument, there is still
no consensus whether the benefits of transparent lens extrac-
tion may benefit nanophthalmic patients and prevent angle
closure during long-term follow-up. Taking into account the
high rate of complications in nanophthalmic eyes, cataract
surgery should be undertaken with caution. This deci-
sion will depend on the biomicroscopic evaluation and the
level of visual impairment indicated by the patient. Mac-
ular hypoplasia is one of the differential diagnoses of low
vision in nanophthalmic eyes, which should be differenti-
ated from the visual impairment caused by cataract. The use
of PAM (potential acuity meter) may be helpful in these
cases.

Preoperative Considerations

A complete ophthalmic evaluation is strongly recommended
before any type of surgery in nanophthalmic eyes.

A careful evaluation of the eye’s best corrected visual
acuity (BCVA) is advisable before the procedure for both
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a

b

Fig. 19.2 Pentacam images of the anterior chamber of nanophthalmic eye (a) before and (b) after cataract surgery. Figures courtesy of John R.
Grigg, MD, and reprinted by permission from Sharan et al.8 Elsevier

legal purposes and to enable more detailed follow-up.
Biomicroscopic evaluation should include the following: (1)
presence of blepharitis or other potential sources of infec-
tion; (2) evaluation of pupil dilation, if necessary, should be
monitored closely due to the increased risk of developing
acute angle closure following pharmacologic mydriasis; (3)
classification of the lens opacity, which can be difficult due
to its poor response to miosis; (4) anterior chamber depth;
(5) gonioscopy, which should be compared postoperatively;
and (6) fundus evaluation, if possible. Even when appropri-
ate fundus examination is impossible due to media opacities
and/or miosis, ocular ultrasonography and biometry should
be performed. Data regarding the presence of uveal effusion
before surgery, axial length, and lens thickness may help in
planning the procedure. The presence of glaucomatous optic
neuropathy (GON) or high IOP under treatment may help
decide whether combined cataract-glaucoma surgery would
be beneficial.

IOL Choice

Lens power calculation remains a challenge when perform-
ing cataract surgery in nanophthalmic eyes. The maximum
IOL power available may vary among different compa-
nies, most of them ranging between 30 and 40 diopters,
so that placing a single intraocular lens leaving the patient
with residual refractive error versus multiple intraocular lens
(IOL) implantation can be considered. It has been exten-
sively discussed in the literature whether a single high-power
IOL or piggy-back lenses should be used. Cases of glaucoma
have been described following piggy back IOLs, and nanoph-
thalmic eyes may be more prone to this given their anatomy.
Caution should be pursued when using this approach in these
eyes.17–19

We recommend that the IOL power calculation be
performed using the Haigis and Hoffer Q biometric
formulas,20 inserting a single piece acrylic lens in the poster
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chamber.15,21 Also, the Haigis formula seems to be more
accurate for open-loop lenses, whereas the Hoffer Q is more
accurate for plate-haptics design. The most common compli-
cations of piggy-back implantation are interlenticular opaci-
fication, which may cause hyperopic shift and decrease in
vision, and IOL anterior displacement.22

Using a combination of acrylic and silicone IOLs in the
capsular bag may decrease the incidence of opacification
postoperatively. For instance, a hydrophobic acrylic IOL may
be inserted posteriorly in the capsular bag preventing capsu-
lar opacification, while a silicone IOL may be inserted more
anteriorly in the ciliary sulcus. Preferably, the lens power
should be calculated so that a slight hyperopia (+0.50 to
+1.50) will remain postoperatively. Angle closure secondary
to a piggy back IOL has been described as well as pigmen-
tary glaucoma secondary to piggy back acrylic lenses in the
sulcus.23,24

Prophylaxis

The use of oral steroids and intravenous acetazolamide and
mannitol (see Table 20.4) preoperatively has been suggested
to prevent major intraocular complications (uveal effusion,
iris prolapsed, expulsive hemorrhage).25,26

Some drugs used during general anesthesia cause tran-
sient IOP decrease, which may be favorable during the oper-
ation. Moreover, extraconal and intraconal anesthesia may
lead to intraoperative positive vitreous pressure secondary to
orbital volumetric expansion. When general anesthesia is not
an option, care should be taken not to infuse over 3 ml of
local anesthetics intraconal. Some may prefer to use topical
tetracaine or subconjunctival lidocaine with a blunt cannula.
See Chapter 2.

Surgical Procedures to Prevent Uveal Effusion

The pathophysiologic mechanism of uveal effusion is not
completely understood; however, it seems well accepted that
the thickened sclera is part of the problem. It is thought to
induce choroidal effusion by compressing the vortex veins,
impeding normal venous outflow.3,4,13

Based on this theory, Brockhurst27 introduced the vor-
tex vein decompression with lamellar sclera resection, which
reduced high venous pressure in the choriocapillaris, thereby
reducing the leakage of fluids and proteins. He advocated that
the procedure should be performed at the time of cataract
surgery.

Fig. 19.3 Scleral decompression technique modified from Brockhurst

Scleral resection with vortex vein decompression is per-
formed by excising 8 × 8 mm pieces of partial-thickness
sclera between the rectus muscles in each quadrant. The
sclera is dissected posteriorly until the intrascleral portion of
each vortex vein is exposed and decompressed. The edges
of the scleral wound are cauterized by diathermy to pre-
vent adhesion resulting from scarring. This allows the fluid
to be drained from the suprachoroidal space continuously
after surgery. However, this technique was thought to be diffi-
cult and caused considerable bleeding during removal of the
sclera; also, it is often difficult to identify the vortex veins,
which may sometimes be hypoplastic (Fig. 19.3).

Johnson and Gass28 reported in 1990 that uveal effusion
could instead be treated by lamellar sclera resection and scle-
rotomy. Their technique involves the creation of rectangu-
lar 5 × 7 mm, one-half to two-thirds sclerectomies in each
quadrant, centered just anterior to the equator and placed out-
side the meridian of each vortex vein to avoid its intrascleral
course. A linear sclerostomy (approximately 2 mm) is made
in the center of each sclerectomy bed and enlarged with 1- to
2-mm scleral punch. No attempt is made to drain subretinal
fluid28 (Fig. 19.4).

In the same year, Jin and Anderson29 described a
V-shaped full-thickness sclerotomy that is left unsutured to
provide ongoing drainage postoperatively. They suggested
making a conjunctival incision far from the limbus and



19 Nanophthalmos 201

Fig. 19.4 Scleral decompression technique described by Gass

dissecting forward to make the scleral incision far forward,
just behind the limbus. Next, they performed a 5 × 7 mm
two-thirds thick sclerectomy and removed a 1-mm scleral
piece from its bed, which allowed continuous outflow of the
suprachoroidal fluid. It should be done in two quadrants,
in case one sclerectomy seals over. The scleral area above
the pars plana should be avoided, since there is only a thin
layer of uvea separating the vitreous cavity from the orbit
that can rupture and cause vitreous to prolapse through the
ocular wall. Thus, sclerectomy should be performed as ante-
riorly as possible. After creating the scleral hole, it is left
opened, and the conjunctival incision is then closed, accord-
ing to personal communication from Douglas Anderson, MD
(Fig. 19.5).

There are no studies comparing these three techniques in
terms of efficiency in preventing uveal effusion syndrome.
Yet, it is recommended that one of the scleral decompres-
sion procedures should be performed before any intraocular
surgery. The authors prefer the latter one due to its simplicity.

Key Points:

• Cataract surgery should be recommended with caution in
nanophthalmic eyes due to the high rate of intraoperative
and postoperative complications.

• Scleral decompression is advised before surgery.

Fig. 19.5 Scleral decompression as described by Jin and Anderson
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Surgical Technique

Two techniques of cataract surgery are typically performed
in nanophthalmic eyes: (1) extracapsular cataract extraction
(ECCE), and (2) phacoemulsification. Phacoemulsification is
the recommended surgery technique, since it is performed
in a closed system compared to the extracapsular technique,
thereby reducing perioperative complications. In some cases,
lensectomy from a posterior approach in combination with a
pars plana vitrectomy may be undertaken, as in cases when
the anterior chamber is extremely shallow. This procedure
spares the corneal endothelium and may be technically easier
to perform in terms of instrument manipulation.

Extracapsular Cataract Extraction

Detailed ECCE techniques are described in Chapter 7.
Appropriate exposure is a challenge when operating on

nanophthalmic eyes, especially during ECCE. Placement of a
traction suture, preferably in the superior rectus, is advisable.
As described previously, nanophthalmic eyes may present
with poor pupillary dilation, requiring sphincter enlarge-
ment using iris hooks, sphincterotomies, or breaking pos-
terior synechiae with an iris spatula or Kuglen hook. See
Chapter 3.

The ECCE technique allows extraction of the entire lens
nucleus with minimal intraocular manipulation, using either
a corneal or scleral incision. However, a sudden decrease in
IOP may result in uveal effusion, secondary retinal detach-
ment, or suprachoroidal hemorrhage. Moreover, secondary
increased vitreous pressure, due to choroidal expansion, may
lead to iris prolapse, posterior capsule rupture, and vitreous
loss.

Care should be taken in order to avoid sudden IOP
decrease after penetrating the anterior chamber and to avoid
a lengthy intraoperative course.

Phacoemulsification

In 1990, Brockhurst25 described the first case of pha-
coemulsification with IOL implantation in a nanophthalmic
eye. However, the author documented choroidal and retinal
detachments secondary to the procedure.

Faucher et al.15 and later Wu30 suggested that the
improved control and smaller IOP fluctuation achieved
with phacoemulsification and small incision cataract surgery
appeared to lower the risk of uveal effusion. The improved

Table 19.4 Surgical instruments typically used during phacotra-
beculectomy

• 7–0 black silk suture on a semicircular needle (traction suture)
• 10-0 nylon suture
• Westcott scissors
• Conjunctival forceps
• Colibri forceps
• #75 blade
• Scleral pocket knife
• Paracentesis slit knife
• Anterior segment infusion cannula
• Sclerectomy punch
• Sponges
• Mitomycin C
• Burato holder
• Ultrata forceps
• Vannas scissors
• Irrigation-aspiration tips
• Phaco apparatus

IOP control was attributed to the reducing of the anterior
chamber crowding after lens removal.

Despite these results, it should be emphasized that this
surgery is technically difficult in small eyes, which makes
instrument manipulation in the anterior chamber extremely
dangerous. The proximity between the ultrasound waves and
the endothelium may increase the risk of corneal decom-
pensation and postoperative edema. Similarly, the water-
column tension generated by the balanced saline solution
(BSS) height may lead to transitory IOP elevation and, in
turn, stress the zonular bundles. Capsulorhexis should be per-
formed carefully with appropriate size (4–6 mm diameter)
under viscoelastic to avoid extension to periphery. This com-
plication is more likely to occur in nanophthalmic eyes due
to their increased vitreous pressure.

Sutureless corneal incisions may be associated with a pos-
itive Seidel test following the operations, which may result in
sudden IOP lowering during blinking or minor postoperative
activity. This could precipitate choroidal effusion or supra-
choroidal hemorrhage. We also recommend that sclerotomies
should be performed before phacoemulsification as well (see
Table 19.4 for surgical instruments).

Postoperative Care

Postoperative recommendations for general cataract surgery
also apply to intraocular procedures in nanophthalmic eyes.
If the surgery is performed in an ambulatory surgical center,
patients may return home following the procedure but should
avoid Valsalva maneuver, which may predispose to choroidal
effusion or suprachoroidal hemorrhages.
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Antibiotic and steroid eye drops should be used postopera-
tively. Topical antibiotics four times a day should be tapered
within the first week and topical steroids four times a day
or more within the first month, depending on inflammation
and the presence of complications. Careful monitoring of the
anterior chamber depth is mandatory in order to detect aque-
ous misdirection or hemorrhagic suprachoroidal detachment,
both of which usually present as flat anterior chamber in the
presence of high IOP.

If fundoscopic evaluation is impaired by poor pupil dila-
tion and the clinician suspects uveal effusion, complemen-
tary ultrasonography or ultrasound biomicroscopy (UBM)
should be performed and repeated during follow-up.

Outcomes of Cataract Surgery

Most studies that have evaluated the visual outcomes fol-
lowing cataract surgery in nanophthalmic eyes have demon-
strated improvement of the best corrected visual acuity
(range 70–100%).15,16,22,25 Yet, a significant number of
eyes developed mild to serious complications that have
led to visual deterioration and even phthisis bulbi. Jin and
Anderson29 reported good results following ECCE plus
posterior chamber intraocular lens (PC IOL) implantation
in combination with full-thickness sclerostomy. None of
the nine operated eyes developed postoperative choroidal
effusion, retinal detachment, or malignant glaucoma; seven
eyes had improved vision. Juneman et al. reported the
results of cataract surgery on 20 eyes in Germany. These
patients had extracapsular cataract surgery and anterior scle-
rotomy was performed in one eye at the time of surgery.
Initial vision improved in 16 eyes and three patients
had postoperative glaucoma problems including angle clo-
sure, iris bombe, and aqueous misdirection that required
intervention.30

Faucher et al.15 reported a series of six nanophthalmic
patients who underwent phacoemulsification with IOL
implantation. Prophylactic sclerotomies were not performed
in any case. All six eyes maintained or improved their
visual acuity, and five of the six showed stable or improved
IOP control following the procedure. The series from Wu
included 12 eyes and sclerotomies were done if there was
a history of choroidal effusion (2 eyes) or at the surgeon’s
discretion (2 eyes) and one also received mannitol. Their
patients had a mean number of prior procedures of 2.5. None
of the eyes lost vision with the cataract surgery but there were
complications including a case of choroidal hemorrhage and
two of aqueous misdirection.31

Cataract extraction improves the outflow facility, provid-
ing IOP control, and relieving potential glaucoma.15,16,22

Key Points:

• Extracapsular cataract extraction (ECCE) and phacoemul-
sification are often indicated in nanophthalmic eyes with
significant visual impairment due to cataract. Phacoemul-
sification is the preferred technique.

• The surgical technique should be adapted in these eyes to
avoid complications.

• Attention to postoperative complications, particularly
uveal effusion and flat anterior chamber, is advised.

• Visual outcomes are usually satisfactory.

Glaucoma Treatment Versus Cataract Surgery

As described earlier, nanophthalmos is associated with the
development of peripheral anterior synechiae (PAS) and
angle-closure glaucoma. Peripheral laser iridotomy (PLI) is
widely recommended in any case of nanophthalmos regard-
less of the level of glaucomatous damage.14 If apposition per-
sists despite PLI, peripheral iridoplasty may be indicated.

Non-penetrating glaucoma surgery is not indicated in
cases of angle-closure glaucoma. Trabeculectomy may there-
fore be required in patients who continue presenting unsatis-
factory clinical control after PLI or peripheral iridoplasty.

If significant cataract is present at the time trabeculectomy
is considered, the physician may need to choose between
performing a combined procedure (phacotrabeculectomy) or
trabeculectomy followed by cataract extraction at a future
date. The severity of the glaucoma and cataract, as well as
the potential improved IOP control after lens removal as
described previously should be weighed carefully against the
risk of increased bleb failure and complications when per-
forming phacotrabeculectomy.

We recommend that whenever significant cataract exists
and trabeculectomy is indicated, that a combined procedure
should be performed. In cases of severe glaucomatous optic
neuropathy (GON), we prefer to perform the trabeculec-
tomy first and, when the bleb is mature, to perform pha-
coemulsification. As a routine, we inject daily subconjunc-
tival 5-fluorouracil (5-FU; 0.2 ml of a 50 mg/ml solution) or
mitomycin-C (MMC; 0.1 ml of a 0.3 mg/ml solution) postop-
eratively for 4–7 days to reduce the possibility of bleb failure,
which may occur in this situation, and to increase efficacy of
the bleb.32

ECCE-Trabeculectomy

Although most surgeons prefer a combined phacoemulsifi-
cation and trabeculectomy, a combined ECCE and filtration
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procedure can be a safe and effective alternative. A brief
description of the technique follows.

After the preoperative IOP reduction has been performed,
a superior rectus bridle suture should be placed. The decom-
pression sclerostomies should be performed inferiorly to
avoid overlapping with the superior scleral incisions. A supe-
rior conjunctival flap is then developed, followed by cauteri-
zation of the filtration site. The scleral sulcus is grooved and
the paracentesis track made. The anterior chamber should be
filled with sodium hyaluronate to avoid an intraoperative flat
chamber. The further steps of a conventional ECCE should
be performed. After IOL implantation, sclerectomy and a
peripheral iridectomy are performed, and then the sclera is
closed completely with 10-0 nylon sutures except in the area
where the trabeculectomy flap is placed. Test filtration and
adjust the trabeculectomy flap sutures as necessary. The con-
junctiva is then closed with 10-0 nylon suture and should be
water-tight. A subconjunctival injection of steroids and topi-
cal atropine are recommended.

Phacotrabeculectomy

The technique that will be discussed here is the two-site
fornix-based phacotrabeculectomy, which is preferred by the
authors. Before combined cataract and glaucoma surgery,
some considerations should be addressed. The preoperative
recommendations described herein should be remembered.
Hyperosmotic agents 30 minutes before surgery followed by
prophylactic sclerotomies are mandatory. These should be
made inferiorly between the rectus muscles in order to spare
the superior conjunctiva for the trabeculectomy. After scleral
decompression, the eye may become hypotonic, which may
cause difficulty for creating the surgical incisions. This prob-
lem may be overcome by injecting viscoelastic solution into
the anterior chamber.

A fornix-based flap of conjunctiva and Tenon’s capsule is
created superiorly. After homeostasis of the episcleral blood
vessels with wet-field cautery, a one-half thickness rectan-
gular (4.0 × 2.0 mm) scleral flap (1.5 mm from the lim-
bus) is outlined and dissected anteriorly without entry into
the anterior chamber. Surgical sponges (typically three) mea-
suring about 2.0 mm × 2.0 mm are soaked in a solution
of 0.5 mg/ml MMC. The sponges are placed over the dis-
sected bed; the superficial scleral flap and the conjunctiva-
Tenon layer are then draped over the MMC-soaked sponges
so that only those ocular tissues in contact with the sponge
are directly exposed to MMC. After 3 minutes, the sponges
are removed and MMC is irrigated away thoroughly with
20 ml balanced salt solution (BSS). A 2 × 1-mm-deep tra-
becular block is then removed and a peripheral iridectomy
performed.

The scleral flap is closed with three interrupted 10-0 nylon
sutures. The conjunctivo-Tenon’s flap is closed at the lim-
bus using two interrupted 10-0 nylon sutures with one in
each side of the flap, involving the corneal limbus–Tenon–
conjunctiva. After the closure, the conjunctiva should be
watertight.

After the completion of the trabeculectomy, the temporal
corneal incision and subsequent steps of phacoemulsification
should be performed.

After IOL implantation, it is recommended to leave the
viscoelastic solution in the anterior chamber. This technique
aims to prevent shallowing of the anterior chamber and
hyperfiltration postoperatively. The conjunctival wound can
be checked with fluorescein to ensure it is watertight.

Postoperative Care and Complications

Typical postoperative care following cataract surgery also
applies to any combined procedure. In addition, atropine 1%
eye drops twice a day are advised during the first month of
follow-up. Despite these precautions, the mere presence of a
fistula may increase the risk of uveal effusion and other com-
plications.

Intense IOP reduction in the first postoperative days
should be avoided. Rather, it is recommended to maintain
IOP between 15 and 20 mmHg during the first 3 days, and
perform suture lysis later depending on the bleb appearance,
and the ease of obtaining bleb elevation and IOP reduction
with compression of the posterior lip of the wound with a
cotton tip (see Fig. 9.6). Adjunctive MMC or 5-FU subcon-
junctival injection may be necessary within the first week
since these eyes tend to show intense conjunctival scarring
and fibrosis.

A diagram of a decision tree for detecting complications
is described in Fig. 19.6. Most importantly, the physician
should pay attention to the depth of the anterior chamber and
the IOP. A brief description of the most common complica-
tions and treatment will follow and many issues related to the
bleb are discussed in Chapter 9. Review of specific literature
is encouraged.

Deep Anterior Chamber and Low IOP

Hyperfiltration: will be suggested by bleb appearance. Large
elevated blebs are likely to present with this. Observation and
tapering of the steroids are usually effective. Further inter-
vention may be necessary, such as sutures or scleral shell.

Reduced aqueous production: this complication may be
a result of subclinical ciliary body detachment or inflamma-
tion. Spontaneous remission usually occurs within days.
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Fig. 19.6 Diagram of the differential diagnosis of complications fol-
lowing phacotrabeculectomy in nanophthalmos

Uveal effusion: fundus examination or ultrasonography
may confirm the diagnosis. Topical and systemic steroids
should be augmented or initiated and tapered slowly. Com-
plete remission may take as long as 6 weeks.

Bleb leak: confirmed by positive Seidel test. Treatment
may involve using bandage contact lenses or suture. A Palm-
berg mattress suture is very effective when the leakage
occurs in the limbus.33 Surgical re-interventions may also
involve using amniotic membrane or performing conjunctiva
advancement.

Flat Anterior Chamber and Low IOP

The same causative agents may be applied here. If signifi-
cant flat anterior chamber (grade IV – corneal-lenticular con-
tact) is present, prompt surgical intervention and treatment of
causative agents is required.

Deep Anterior Chamber and High IOP

Hypofiltration: eye massage or suture lysis is recommended.
Obstruction of the trabeculectomy: Blood clot or iris frag-

ments may be obstructing the aqueous humor outflow, which
can be diagnosed during gonioscopy. Treatment may demand
observation or applying laser to the internal ostium.

Flat Anterior Chamber and High IOP

Malignant glaucoma (aqueous misdirection): The pres-
ence of a patent iridectomy and normal fundus/echographic
appearance may confirm the diagnosis. Initial treatment
involves intravenous hyperosmotic agents, and topical and
oral anti-glaucoma medication. YAG laser hyaloidectomy

Fig. 19.7 Nanophthalmic patient presented with shallow anterior
chamber (A) on the third postoperative day. The IOP was 43, the bleb
was flat, and no choroidal detachment was noted on ocular ultrasonog-
raphy. The patient was diagnosed with malignant glaucoma and was
submitted to pars plana vitrectomy due to unresponsiveness to clinical
treatment

may be successful. If the anterior chamber is significantly
shallow (grade IV) for more than 5 days consider pars plana
vitrectomy (see Fig. 19.7).

Suprachoroidal hemorrhage: The patient may complain of
sudden severe pain and the fundus examination may reveal
red/brownish choroidal detachment. If grade IV atalamia
(Greek for shallow anterior chamber) is present, consider
immediate drainage. If not, observe with daily ultrasonogra-
phy until the blood becomes more fluid (which takes approx-
imately 7 days), and then consider drainage (see Chapter 12).

Other Postoperative Complications

Tenon capsule’s cysts: may be prevented by using subcon-
junctival injections of MMC and 5-FU as described previ-
ously. It may require Tenon’s conjunctival needle revision
(TCNR), which can also precipitate aqueous misdirection if
IOP decreases by a large amount and, thus, should be per-
formed cautiously.

Infectious complications (blebitis, endophthalmitis):
urgent treatment is necessary. Large spectrum topi-
cal antibiotic (fourth-generation quinolones or fortified
cephalosporins + gentamicin) should be initiated promptly.
Intravitreous injections (ceftazidime and vancomycin) and
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pars plan vitrectomy may be considered. Consultation with
a retina specialist is optimal.

Key Points:

• When significant cataract and uncontrolled glaucoma
coexist, combined procedures may be indicated.

• Specific measures to avoid intraoperative complications
are also warranted.

• Attention to the anterior chamber depth, bleb appearance,
and IOP. This information is fundamental to detect the
cause of the complication and to take appropriate actions.

Summary

Nanophthalmos is a rare eye developmental anomaly with
a high risk of sight-threatening complications. Any type of
surgical intervention should be undertaken with particular
attention to these potential risks. Cataract extraction may
result in good visual outcomes and IOP reduction if specific
prophylactic procedures are employed. Nonetheless, these
patients continue to have a risk for developing glaucoma
after surgery, so ophthalmologists should routinely include
a complete evaluation for glaucoma, especially gonioscopy,
during patient follow-up. Referral to a glaucoma specialist is
advised once glaucoma is diagnosed and/or the patient needs
further surgical intervention.
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Chapter 20

Cataract Induced Glaucoma: Phacolytic/Phacomorphic

Sandra M. Johnson

Introduction

Lens-related glaucoma arises from a variety of pathophys-
iologic mechanisms. These are listed in Table 20.1 and
include phacolytic glaucoma, phacomorphic glaucoma, pha-
coanaphylaxis, and lens particle glaucoma. Phacomorphic
glaucoma and lens dislocation involve an angle-closure
mechanism while the other forms are secondary open angle
glaucomas. While the clinical presentations of each disorder
may overlap, the choice of appropriate therapy is aided by
accurate diagnosis. Both phacolytic and phacomorphic glau-
coma are secondary to mature cataracts and these diseases
present typically in patients in their sixth decade or older.
A prospective study at an eye hospital in Nepal found that
1.5% of cataracts that presented in 1998 had phacolytic or
phacomorphic glaucoma with 72% phacomorphic and 28%
phacolytic glaucoma.1

Table 20.1 Types of lens-related glaucoma

Types of lens-related glaucoma
1. Phacolytic glaucoma
2. Phacomorphic glaucoma
3. Phacoanaphylaxis
4. Lens particle glaucoma
5. Dislocated lens

Part I: Phacolytic Glaucoma

Pathogenesis

Phacolytic glaucoma develops as lens proteins leaking
from mature cataracts obstruct the trabecular meshwork
and prevent aqueous humor outflow. With age and cataract
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progression, the amount of high molecular weight protein
in the lens increases. In immature cataracts, these proteins
are found in the nucleus of the lens. With cataract matura-
tion and protein accumulation, increasing amounts of high-
molecular-weight protein are found in the liquid cortex of
the lens. Eventually, additional cataract changes in the lens
capsule allow release of the proteins into the aqueous humor.
This damage to the lens is microscopic in nature, as the lens
capsule appears grossly intact on clinical examination. The
increased concentrations of high-molecular-weight protein in
the aqueous humor results in obstruction of the trabecular
meshwork and diminished aqueous humor outflow. In addi-
tion, the presence of lens proteins in the anterior chamber
leads to inflammation and a macrophage response. It was pre-
viously believed that the accumulation of large macrophages
swollen by engulfed lens proteins was the primary cause
of trabecular meshwork obstruction. However, it has been
experimentally determined that released lens proteins alone
are sufficient to cause obstruction2–4 (Fig. 20.1). The role of

Fig. 20.1 Elderly female with a history of light perception and mature
cataract in this eye presented with pain and an intraocular pres-
sure of 69 mmHg. Slit-lamp exam revealed a morgagnian cataract.
There appears to be aggregation of macrophages and/or lens pro-
teins on the anterior surface of the lens (arrow). Photograph cour-
tesy of Jared Watson, COT, University of Virginia, Department of
Ophthalmology
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heavy molecular weight proteins in pathogenesis is further
confirmed as children and young patients with cataracts do
not have such proteins, and subsequently do not experience
phacolytic glaucoma.

Clinical Presentation

The acute intraocular pressure (IOP) elevation of phacolytic
glaucoma is a medical emergency and must be quickly differ-
entiated from other ocular conditions. The differential diag-
noses of acute IOP elevation are listed in Table 20.2. The
diagnostic evaluation of suspected phacolytic glaucoma is
shown in Table 20.3.

Table 20.2 Differential diagnosis of acute IOP elevation

• Acute angle-closure glaucoma
• Pupillary block glaucoma
• Phacomorphic glaucoma
• Lens-particle glaucoma
• Neovascular glaucoma
• Uveitic glaucoma
• Glaucoma secondary to trauma

Table 20.3 Diagnostic evaluation of phacolytic glaucoma

Diagnostic evaluation of phacolytic glaucoma
1. History of cataract and other ocular diseases
2. Slit-lamp examination
3. Gonioscopy
4. Posterior segment evaluation
5. Diagnostic paracentesis
6. Phase-contrast microscopy and Millipore filter technique

The typical clinical presentation of phacolytic glaucoma
involves an acute onset of monocular pain, redness, and
decreased visual acuity in a patient with a history of gradual
visual loss over months or years. The symptoms are due to an
acute elevation of intraocular pressure, and thus may closely
mimic acute angle-closure glaucoma. For this reason, a his-
tory of gradual vision loss secondary to progressing cataract,
prior to the acute onset of symptoms, offers a vital clue to
correct diagnosis. The vision is likely to be hand motions or
worse.1

Slit-lamp examination usually reveals corneal epithelial
edema. If particularly edematous, topical glycerin may aid
in slit-lamp and gonioscopic examination. Oftentimes, ante-
rior chamber flare is visible. Such flare is thought to be
due to soluble lens proteins, but may also include cal-
cium oxalate and cholesterol crystals.5 White aggregates
of particles are frequently visible in the aqueous humor
and anterior lens surface. These clumps consist of scattered
cells, precipitated lens proteins, and other lens materials

(Fig. 20.1). The majority of cells visible on slit-lamp exam-
ination are swollen macrophages, which appear larger and
more translucent than leukocytes. Mild to modest cellular
reaction is prevalent in the anterior chamber, with only very
rare instances of hypopyon. There may be keratic precipi-
tates but, unlike uveitic glaucoma, are typically not present.
Finally, in nearly all cases of phacolytic glaucoma, a mature
cataract will be evident. Immature cataracts rarely lead to this
disease.

Gonioscopic examination of suspected phacolytic glau-
coma is a necessary step in diagnosis. Examination will
reveal an open iridocorneal angle. Angle recession may
sometimes be seen related to a mature traumatic cataract, but
oftentimes, no abnormalities are visible.

Posterior segment evaluation may also reveal abnormali-
ties in phacolytic glaucoma. Leaking lens proteins have been
reported to cause retinal perivasculitis. A mature cataract
may also dislocate into the vitreous. In such cases, the other
clinical signs of phacolytic glaucoma including ocular red-
ness may be less apparent, making diagnosis more difficult.
These rare occasions may produce a subacute type of pha-
colytic glaucoma due to the intermittent leakage of protein.6

It may be necessary to evaluate the posterior segment with
B-scan ultrasound if the mature cataract prohibits an exam.

While the clinical diagnosis of phacolytic glaucoma
should not be missed, diagnostic paracentesis may help in
questionable cases. Phase contrast microscopy examination
of aqueous fluid typically shows engorged macrophages.
Quantitative analysis of macrophages in anterior chamber
fluid is not known to correlate with disease severity. Phase
contrast microscopy and millipore filter technique may aid
examination of aqueous fluid and identification of cells.7

Biochemical analysis of aspirated fluid for heavy-molecular
weight lens proteins has become an accepted practice, but,
while diagnostic paracentesis may help to confirm the diag-
nosis, a diagnosis based on clinical evidence alone is made
in most cases.

Management

Initial management of suspected phacolytic glaucoma
involves an attempt to medically control intraocular pressure.
Medical treatments to lower intraocular pressure include
hyperosmotic agents, carbonic anhydrase inhibitors, topical
beta-adrenergic antagonists, or alpha-adrenergic agents. In
an inflamed cataractous eye with elevated intraocular pres-
sures, a trial of topical steroids may be helpful. In pha-
colytic glaucoma, a temporary reduction of IOP may be
achieved, but there is no long-term improvement with anti-
inflammatory treatment. Thus, a diagnostic steroid trial may
be useful in differentiating the elevated IOP of phacolytic
glaucoma from uveitic glaucoma.
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Despite the previously mentioned medical therapies, long-
term IOP control is difficult to obtain without surgery. Thus,
a presumed diagnosis of phacolytic glaucoma necessitates
cataract extraction. In cases of dangerously elevated IOP not
responding to initial medical treatment, emergent surgery
may be required.

Preoperative Care

All attempts should be made to reduce IOP and inflamma-
tion prior to initiating surgery, as listed previously. Prior to
surgery of the globe, it is very important to measure IOP.
If a patient does not have medical contraindications, manni-
tol 20% can be administered intravenously preceding surgery
(Table 20.4). Doctors prescribing mannitol should be edu-
cated on the use of this potent systemic medication. Digital
massage, Super Pinky, or Honan balloon may be employed to
help reduce IOP following a block. It has been suggested that
retrobulbar or peribulbar anesthesia with epinephrine is pre-
ferred to topical or can be combined with general anesthesia
in order to decrease orbital vascular congestion.8

Table 20.4 Mannitol

Mannitol
Dose is 1–2 g/kg infused intravenously over 30 minutes
Onset in 60 minutes, duration of effect 4–8 h
Avoid in severe renal impairment, heart failure,

dehydration, intracranial bleeding, pulmonary edema,
and concurrent use
of diuretics or cardiac glycosides

Side effects include hypokalemia, acidosis, and
hyponatremia

Further information: www.mdconsult.com

Operative Technique

For IOP that remains elevated prior to surgery, the anterior
chamber should be entered by a paracentesis initially to pre-
vent rapid decompression of the eye. Extracapsular extrac-
tion has become the primary surgical technique in phacolytic
glaucoma, although severe corneal edema may make such a
procedure more difficult. Microcystic edema may improve
as the IOP decreases. Nevertheless, extracapsular extrac-
tion with posterior chamber intraocular lens (PC IOL) has
achieved good results. McKibbin presented a series of nine
eyes in which only traditional extracapsular cataract extrac-
tion was used, due to concern over phacoemulsification in
eyes with a poor view due to corneal edema or inflamma-
tion.9 The capsulotomy may prove difficult, due to a white
lens, and capsular staining with trypan blue can facilitate

Table 20.5 Use of trypan blue

Use of trypan blue (Vision Blue; Dutch Ophthalmic, USA)
• Complete initial incisions
• Inject an air bubble into the anterior chamber or replace aqueous

with viscoelastic
• Apply trypan blue 0.06% sterile solution over the anterior capsule
• Irrigate the dye from the eye, apply viscoelastic, and perform

capsulotomy or capsulorhexis

capsulotomy or capsulorhexis (Table 20.5, Fig. 18.5).10 If
the nucleus is morgagnian (Fig. 20.1), it may be delivered
through a large capsulorhexis and 6 mm wound. The use
of such manual small incision cataract surgery has been
reported by Venkatesh et al. in 33 patients.11 The use of con-
tinuous curvilinear capsulorhexis for planned extracapsular
cataract extraction has also been reported.12 In the setting
of liquefied cortex, hydrodissection is not necessary. If the
liquefied cortex is under pressure then the capsule is prone
to tears with the initial puncture for continuous curvilinear
capsulorhexis (CCC), and the capsule could be fibrotic as
well.13,14 Venkatesh et al. have suggested filling the capsular
bag with viscoelastic after the initial puncture of the ante-
rior capsule and aspiration of liquid cortex, then continuing
with capsulorhexis. See further discussion under phacomor-
phic glaucoma.10

Many surgeons employ phacoemulsification techniques
even in mature cataracts. Chakrabarti reported on 212 white
cataracts where 208 had successful phacoemulsification,
although none had progressed to glaucoma.14 Two eyes had
nuclei deemed too hard for phacoemulsification. The series
included 12 patients with postoperative corneal edema and
this could be higher in a population with elevated IOP, since
elevated IOP contributes to corneal endothelial cell loss as
noted in acute angle-closure glaucoma.15 Ermis has reported
on a similar group of 82 patients with white cataracts who
underwent phacoemulsification.16 This report noted 20.7%
of the eyes of the mature cataract cohort to have corneal
edema versus 3.7% in the eyes that underwent phacoemul-
sification for a non-white cataract. No reports are known
to the author on phacoemulsification employed in an eye
with white cataract and phacolytic glaucoma. For phacolytic
glaucoma secondary to a dislocated cataract in the vitreous
cavity, referral for pars plana vitrectomy is the approach of
choice.

Postoperative Care

Postoperative topical antibiotics and steroids are used as in
standard cases of cataract surgery. Patients with phacolytic
glaucoma may require topical glaucoma medications until
the inflammatory response has subsided.9
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Complications

Due to increased lens capsule fragility, capsule rupture is a
potential complication of surgery for phacolytic or phaco-
morphic glaucoma.9 In such an event, any remnant protein
and lens material should be removed with sufficient irrigation
of the anterior chamber and anterior vitrectomy as needed.
As mentioned previously, capsulorhexis may be complicated
in eyes with mature cataracts. In a series of cases reported
by Prajna et al., 2 of 44 patients experienced postopera-
tive persistent inflammation and cystoid macular edema with
decreased vision.17 Vitreous opacities, which may be related
to the inflammation of this condition, may be seen postoper-
ative and resolve.18

Results/Outcome

Cataract extraction for phacolytic glaucoma has shown
excellent results, with IOP quickly returning to normal and
significant improvements in postoperative visual acuity. One
report from India on 45 eyes indicated IOP control in all
patients with a follow-up ranging from 1 to 5 years. Their
patients were treated with extracapsular cataract extrac-
tion (ECCE) with no IOL in 28 eyes due to contralateral
aphakia.19 Of note, only three patients demonstrated corneal
clearing, after treatment with glaucoma medications. There
were no differences in outcome with or without an IOL
placed. A retrospective analysis of another Indian cohort of
135 eyes showed no difference at 6 months in IOP control
in cataract extraction alone versus cataract extraction com-
bined with trabeculectomy.20 In the case series by Prajna
et al., patients with delay in treatment were more likely
to experience poor postoperative vision, and 4 of their 44
patients had compromised optic nerves.17

Part II: Phacomorphic Glaucoma

Pathogenesis, Clinical Presentation, and
Management

Phacomorphic glaucoma is an angle-closure glaucoma sec-
ondary to an intumescent cataract, in an eye not predisposed
to angle closure. These patients present much the same as
those with phacolytic glaucoma with likely hand motion or
worse vision. The IOP is very elevated; the eye is red and
painful with corneal edema and a mature cataract. How-
ever, as in an eye presenting with acute angle closure, the

Fig. 20.2 Elderly patient with an eye with a patent iridotomy that
developed angle closure. The patient presented the same day and the
glaucoma was stabilized with gonioplasty and medications prior to
phaco/IOL. The vision improved to 20/20 and glaucoma medications
were greatly reduced. This case illustrates the overlap of classic pha-
comorphic glaucoma and angle closure relieved with cataract surgery.
Photo courtesy of Tom Monego at Dartmouth Hitchcock Medical Cen-
ter (DHMC), Lebanon, NH

pupil will be fixed and dilated and the anterior chamber
shallow with the angle closed on gonioscopy. Glycerin and
IOP-lowering medications may be required to decrease the
corneal edema prior to gonioscopy. As in acute angle clo-
sure, this glaucoma is likely more common in females versus
males due to the naturally shallower anterior chamber. There
may be an element of pupillary block present in these patients
and iridotomy may be beneficial, as well as iridoplasty, in
aiding in IOP control21–23 (Fig. 20.2). Medical management
is much the same as for phacolytic glaucoma, with the ini-
tiation of glaucoma medications and topical steroids preop-
eratively. Miotics are not likely to be beneficial due to their
effect on the lens iris diaphragm, and their use may cause
further shallowing of the anterior chamber, although limited
evidence exists regarding actual clinical results.9 Patients are
treated with topical steroids preoperatively, and surgery is
scheduled promptly to avoid the development of permanent
peripheral anterior synechiae.

Operative Techniques

As in phacolytic glaucoma, preoperative intravenous manni-
tol 20% (1 gm/kg) if tolerated may help dehydrate the vitre-
ous, lower the intraocular pressure, and additionally allow
the anterior chamber to deepen (Table 20.4). Ocular mas-
sage, Honan balloon, or Super-Pinky following the block
may help decompress the eye. Gentle depression of the eye at
the limbus with a 19-ga cannula, muscle hook, or other simi-
lar blunt instrument at the start of surgery may aid in pushing
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aqueous from the posterior into the anterior chamber to
deepen it. Vitreous tap or small gauge vitrectomy may be
used as an adjunct to cataract surgery to deepen the ante-
rior chamber.24,25 Due to the limited view in performing
a pars plana vitrectomy, retinal detachment may be more
likely. A rare patient may require pars plana lensectomy for
cataract removal. A two-plane valved incision is helpful for
avoiding iris prolapse in these eyes with a shallow ante-
rior chamber and is an advantage of a phacoemulsification
approach. Generous use of viscoelastic is recommended to
protect the corneal endothelium, especially if phacoemulsi-
fication is employed. A dispersive viscoelastic is preferred.

As noted previously, capsulorhexis can be challenging in
a white intumescent cataract, which is more common in pha-
comorphic than phacolytic glaucoma as the intumescence
and intralenticular swelling contributes to the shallow ante-
rior chamber, through the increased convexity of the lens13

(Fig. 20.3). As mentioned above, the capsule in intumescent
lenses is under pressure, which makes it prone to radial tears
during initiation of capsulotomy or CCC. A needle puncture
of the capsule with aspiration of liquid cortex under counter
pressure of adhesive viscoelastic such as Healon V (AMO,
Santa Ana, CA) or Viscoat (Alcon, Fort Worth, TX) may
prevent a tear in the anterior capsule, which is under pres-
sure.26 Rao recommends this maneuver with entry of the nee-
dle through the limbus and not the wound to avoid loss of
viscoelastic, until the lens has been decompressed. He sug-
gests further removal of liquid cortex with a cannula. Bhat-
tacharjee has reported a similar type of approach with the
use of an endoilluminator to complete the capsulorhexis once
the liquid cortex has been removed. Liquid cortex may fur-
ther obstruct the view and require irrigation of the anterior
chamber and replacement of the viscoelastic. He described
a success rate over 96% of 84 eyes.27 Chan described using
a bent needle attached to a syringe of balanced salt solution
(BSS) introduced through a partial thickness paracentesis to

Shallow
anterior chamber

Shallow anterior
chamber

Increased convexity of
anterior capsule

High intralenticular
pressure

Vitreous upthrust

Fig. 20.3 Intralenticular pressure and shallow anterior chamber are
two of the challenges in cataract extraction for phacomorphic glaucoma

perform a CCC. The BSS is used to maintain the pressure in
the anterior chamber and dilute liquid cortex, as needed. He
reported success in 94 cases.28

Results

In the case series by McKibben, five patients had phaco-
morphic glaucoma and had surgery within 2 days of pre-
sentation with good control of IOP postoperatively.9 Prajna
presented 49 cases of phacomorphic glaucoma from India.
His cohort underwent extracapsular cataract extraction, with
44% receiving a PC IOL, and five of the patients had perma-
nently reduced vision due to glaucomatous optic neuropathy
(Fig. 20.4). The report did not address IOP control.17

Fig. 20.4 Elderly patient with a dense cataract and a picture of angle
closure who waited a week to present. There was no effect from an
iridotomy and the patient underwent ECCE due to the corneal edema
and very shallow anterior chamber. The glaucoma stabilized but vision
remained poor. Photo courtesy of University of North Carolina oph-
thalmic photography, Chapel Hill, NC

Angra et al. reported on 40 cases of phacomorphic glau-
coma randomized to intracapsular cataract extraction ver-
sus intracapsular cataract surgery combined with trabeculec-
tomy in a cohort of Indian patients.29 They achieved IOP
in the normal range in 90% of patients with a combined
surgical approach versus 75% with cataract surgery alone
with a follow-up of 3 months. They suggested that patients
with a longer duration of the glaucoma attack were more
likely to develop permanent posterior anterior synechiae
(PAS) and were more likely to benefit with the addition of
the trabeculectomy. Chandra et al. implanted Ahmed valves
(New World Medical, Rancho Cucamonga, CA) at the time
of cataract surgery with PC IOL due to concern over tra-
beculectomy failure in inflamed eyes with phacomorphic
glaucoma.30 The report is on 15 patients with nearly 360◦
of preoperative PAS. The patients presented 7–15 days after
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the start of their glaucoma attacks, and all received systemic
steroids in addition to IOP-lowering medications. Patients
had normalization of IOP in the teens with follow-up of 6–46
months. Unfortunately, they did not have a control group.

Summary

Mature cataracts can result in both open and closed angle
glaucoma. Due to the severity of the intraocular pressure ele-
vation, cataract surgery should be pursued as soon as it is
feasible to avoid vision loss from optic atrophy or vascu-
lar occlusions. The initiation of medical therapy including
glaucoma medications and topical steroids can be helpful but
not definitive treatment. Phacomorphic angle closure may
benefit from iridotomy and/or iridoplasty prior to cataract
surgery. The most challenging aspect of the surgery is likely
the capsulorhexis. Patients with phacomorphic glaucoma
may require concomitant or sequential glaucoma surgery for
chronic glaucoma, especially if there is a delay in presenta-
tion and the development of synechial angle closure.
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Chapter 21

Glaucoma Related to Pseudophakia

Junping Li and Jason Much

Introduction

The term pseudophakic glaucoma is often used to refer to any
secondary glaucoma following cataract extraction. However,
elevation of intraocular pressure and glaucoma after cataract
surgery may occur by a wide variety of mechanisms each
with a different natural history and time course. Therefore, in
describing this complex condition, it has been suggested that
the general term of glaucoma in pseudophakia be adopted
to replace pseudophakic glaucoma, which implies a single
entity and mechanism.1,2

Glaucoma in pseudophakia should be distinguished from
preexisting glaucoma recognized postoperatively. For exam-
ple, routine postsurgical inflammation is often of little con-
sequence in normal eyes, but may cause elevated intraoc-
ular pressure in eyes with preexisting primary open angle
glaucoma with compromised aqueous outflow. Other causes
of transient increased intraocular pressure in the immediate
postoperative period include angle distortion or trabecular
edema, early hyphema, and retained viscoelastic material. In
most cases, the intraocular pressure returns to normal levels
after 24 h. However, some eyes progress to a chronic glau-
coma, and it is important to identify these cases early to pre-
vent optic nerve damage.3

The incidence of glaucoma after cataract surgery has
declined with the advent of modern extracapsular cataract
surgery (ECCE). In one review of 166 cases, 71 eyes received
posterior chamber intraocular lenses, 91 eyes received iris
clip lenses, and 4 eyes received anterior chamber lenses.4 See
Fig. 21.1. The authors reported persistent ocular hyperten-
sion (IOP > 22 mmHg for over a month) in 15 eyes (9%), and
5 eyes (3%) required treatment. More recent studies report
an incidence of secondary glaucoma after ECCE between 0
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Fig. 21.1 Uveitis-glaucoma-hyphema syndrome in an 83-year-old
Caucasian man 4 years after extracapsular cataract extraction with
insertion of a Binkhorst iris-clip design anterior chamber intraocular
lens

and 9.8%, with the rate being higher for anterior chamber
lens implantation than for posterior chamber lenses.5 Nowa-
days, it is generally more likely for intraocular pressure to fall
by 1 or 2 mmHg or more following uncomplicated cataract
surgery. See Chapter 4.

As previously mentioned, glaucoma in pseudophakia has
many causes, which we have listed by time of onset in
Table 21.1. These may also be classified into two broad cat-
egories based on the status of the anterior chamber angle,
as shown in Table 21.2. This chapter will focus on those
mechanisms of glaucoma specifically related to the intraoc-
ular lens (IOL) including the uveitis-glaucoma-hyphema
(UGH) syndrome, pigment dispersion syndrome and glau-
coma (PDS/PDG), and pseudophakic pupillary block.

213S.M. Johnson (ed.), Cataract Surgery in the Glaucoma Patient, DOI 10.1007/978-0-387-09408-3_21,
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Table 21.1 Differential diagnosis of increased intraocular pressure
following cataract surgery based on time of onset

Early Postoperative Period (1–7 days)
Preexisting open-angle glaucoma
Retained viscoelastic
Trabecular edema or angle distortion
Surgical hyphema
Pigment dispersion
Inflammation
Pupillary block
Aqueous misdirection
Choroidal hemorrhage or effusion
Intermediate Postoperative Period (1–7 weeks)
Preexisting open-angle glaucoma
Vitreous in the anterior chamber
Steroid-induced glaucoma
Ghost cell glaucoma
Lens particle glaucoma
Neovascular glaucoma
Late Postoperative Period (after 2 months)
Preexisting open-angle glaucoma
Ghost cell glaucoma
Uveitis-glaucoma-hyphema syndrome
Pigment dispersion
Chronic uveitis
Epithelial downgrowth or fibrous ingrowth
Pupillary block

Table 21.2 Differential diagnosis of increased intraocular pres-
sure following cataract surgery based on status of anterior chamber
angle

Open-angle glaucomas
Preexisting primary open-angle glaucoma
Retained viscoelastic
Trabecular edema or angle distortion
Surgical hyphema/Ghost cell glaucoma
Lens particle glaucoma
Steroid-induced glaucoma
Inflammation/Uveitis
Pigment dispersion
Uveitis-glaucoma-hyphema syndrome
Angle-closure glaucomas
Preexisting angle-closure glaucoma
Pupillary block
Aqueous misdirection
Choroidal hemorrhage or effusion
Neovascular glaucoma
Epithelial downgrowth or fibrous ingrowth

Uveitis-Glaucoma-Hyphema Syndrome

The uveitis-glaucoma-hyphema (UGH) syndrome was orig-
inally described by Ellingson in the late 1970s following
the implantation of poorly manufactured anterior chamber
intraocular lenses such as the Mark VIII designed by Peter
Choyce.6,7 The rough haptic edges, which were produced

by mold injection (rather than lathe cut), caused mechanical
irritation of the iris and angle structures leading to the clas-
sic triad of inflammation, hyphema, and elevated intraocular
pressure. Poor fit and excessive mobility also contribute to
the pathogenesis.8–12

Though seen much less frequently today, UGH syndrome
has been reported with modern, flexible open-loop anterior
chamber lenses as well as with posterior chamber lenses even
when both haptics are in the capsular bag.13–15 The mechan-
ical etiology has been supported by several studies.16–18

Asaria et al.16 used electron microscopy to demonstrate
melanosomes on the haptic surface, presumably derived from
the iris pigment epithelium. Piette et al.17 confirmed poste-
rior iris chafing in nine cases of UGH syndrome using ultra-
sound biomicroscopy.

The clinical appearance of UGH syndrome is variable
and may occur as only part of the triad.19 See Fig. 21.1.
Symptoms usually begin in the late postoperative period
but may be delayed for many years after surgery. Patients
often complain of blurry vision, redness, and photophobia,
but pain may or may not be present. Several cases have
been reported where the UGH syndrome simulated amau-
rosis fugax with transient white-out of vision due to recur-
rent hyphema.20–23The patients, however, described a slower
onset and resolution of visual obscuration than is typical
of amaurosis, and none reported no light perception. It is
important to distinguish UGH syndrome from other causes of
postoperative recurrent hyphema such as wound vasculariza-
tion, suture trauma, and ingrowth of episcleral vessels.24,25

Gonioscopy is key for diagnosis and may help rule out other
similar causes of open angle glaucoma such as ghost cell or
uveitic glaucoma.26

Treatment for UGH syndrome depends on its severity.
Topical mydriatics or miotics are used to prevent movement
of the pupil against the intraocular lens. Topical steroids con-
trol inflammation, and placement of an eye shield is bene-
ficial to prevent eye trauma at night.27 Temporary discon-
tinuation of systemic anticoagulation such as warfarin may
decrease the risk of persistent hyphema, provided this is
safe for the patient.28 In rare cases, medical management
of the glaucoma may be adequate, and the syndrome can
“burn out” when no further iris erosion occurs. More com-
monly, however, additional treatment is necessary, and sev-
eral approaches have been described in the literature.29,30

Nicholson29 used fluorescein iris angiography to identify
leaking vessels at the sites of haptic irritation. Argon laser
photocoagulation (50-micron spots of 400 mW power and
0.2 s duration) was used to successfully ablate these vessels.
John et al.30 reported three cases of UGH syndrome success-
fully treated by rotation of the posterior chamber intraocu-
lar lens as an alternative to lens explantation. They made
two paracenteses 180◦ apart perpendicular to the orienta-
tion of the lens haptics, injected viscoelastic into the anterior
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Fig. 21.2 Soft IOLs can be cut with special scissors such as (a) the Katena soft IOL cutter (b) shown cutting a lens. Figures courtesy of Katena
Products, Denville, NJ. (c) The Storz ET-1306 Osher IOL scissors. Image courtesy of Bausch & Lomb, Rochester, NY

chamber, and rotated the intraocular lens 90◦.30 The vis-
coelastic was then removed from the anterior chamber with
irrigation and aspiration, and acetylcholine was used to con-
strict the pupil.30

Explantation of the intraocular lens is the definitive treat-
ment for many cases of UGH syndrome and is required
for persistent cases, particularly those complicated by cys-
toid macular edema and/or refractory glaucoma. UGH syn-
drome has been a common indication for lens explanta-
tion in several reviews along with lens dislocation, pseu-
dophakic bullous keratopathy, and incorrect lens power.31–34

Surgical technique varies with the clinical scenario but
removal of the haptics alone may be sufficient for pos-
terior chamber lenses when the optic is fixed by the
capsule.

Preoperative Preparation

It is imperative to know the style and characteristics of the
IOL to be explanted, the status of the capsular support, and
the original lens calculation and postoperative refraction. The
type and location of placement for the new IOL should be
planned in advance. Gonioscopy should be performed on
every patient. If significant peripheral anterior synechiae are
present, IOL explantation alone may not be enough to con-
trol the intraocular pressure. Trabeculectomy or glaucoma
drainage tube may be required. In cases of UGH with non-
resolving vitreous hemorrhage, concurrent vitrectomy by a
retinal specialist should be coordinated. Preoperative treat-
ment with a non-steroidal anti-inflammatory drug (NSAID)
may improve patient comfort and prevent postoperative mac-
ular edema.

Instruments

Depending on the type of IOL to be explanted, different
surgical instruments, equipment and supplies are needed. In
general, the following should be available to the surgeon:
a variety of microhooks, scissors including lens cutters, a
vitrector, and ophthalmic viscosurgical devices (OVDs). See
Figs. 21.2a–c and 21.3.

Operative Techniques

The lens style and location will dictate the technique of IOL
removal. If the lens is in the sulcus or the capsular bag,
viscodissection may be used to gently free the IOL from the
anterior and/or posterior capsule. Oftentimes, space can be
created at the haptic-optic junction using a dispersive OVD.
When the IOL can be rotated easily in the bag or sulcus,
it is prolapsed into the anterior chamber using a bimanual
approach. Care must be taken to protect the corneal endothe-
lium.

Once the lens is in the anterior chamber, there are a num-
ber of options for its removal depending on the IOL material
and the desired wound size. If an anterior chamber intraocu-
lar lens (ACIOL) is to be implanted, the incision is enlarged,
allowing direct removal of the posterior chamber intraocu-
lar lens (PCIOL). If a 3 mm or less incision is desired, the
IOL can be cut into two or three pieces with a lens cutter
or scissors35(Figs. 21.2a, b, c and 21.3). Many acrylic PCI-
OLs can be refolded and removed directly through a small
corneal wound. Cutting the foldable lens two-thirds across
the optic usually allows its removal by subsequent gentle
pulling on one haptic to lead it out of the small incision; this
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Fig. 21.3 Packer-Change 19G IOL cutter. Figure courtesy of Micro-
surgical Technologies, Redmond, WA

type of technique has also been described with silicone plate
lenses.36

Most ACIOLs are easily explanted through a large cor-
neoscleral incision. Closed-loop ACIOLs are more difficult
to remove because of fibrosis around the loops in the anterior
chamber angle. In such cases, the loops should be amputated
from the optic, rotated back through the fibrous capsule, and
then removed from the eye.31,33

Postoperative Care

Because of additional surgery and intraocular manipulation
in an already compromised eye, it is recommended that a
potent fourth-generation topical fluoroquinolone be used to
prevent infection. Postoperative topical steroids and NSAIDs
should be used for a longer period of time than after routine
cataract surgery. Close monitoring of intraocular pressure is
essential.

Outcomes

As mentioned previously, UGH is one of the most common
indications for IOL explantation. In a series of 102 cases

reported by Mamalis et al., UGH was the second most fre-
quent reason for explantation in patients with ACIOLs as
well as in those with iris-fixated IOLs.31 Of ten patients
who received an ACIOL exchange, seven had an improve-
ment in their clinical condition, two stabilized, and one
worsened.

Secondary Pigmentary Glaucoma

Pigment dispersion following cataract surgery can obstruct
the trabecular meshwork causing increased intraocular pres-
sure and secondary pigmentary glaucoma.37–40 The mechan-
ical etiology is similar to that seen in the UGH syndrome.41

However, secondary pigmentary glaucoma is more com-
mon with sulcus-placed posterior chamber intraocular lenses
than with anterior chamber lenses. One study reported that
the incidence of pigment dispersion following sulcus-based
intraocular lens implantation may be as high as 16%.42 Hap-
tics placed in the ciliary sulcus can erode into the iris pigment
epithelium, liberating pigment granules for many months
after surgery. Any single-piece intraocular lens with broad,
square-edged haptics such as the AcrySof (Alcon Laborato-
ries, Inc., Fort Worth, TX) is contraindicated for sulcus place-
ment.43–46

Secondary pigmentary glaucoma should be distinguished
from primary pigmentary glaucoma, which is often diag-
nosed in young, myopic males with iridozonular friction,
though they share many of the same clinical signs. A pig-
ment spindle on the corneal endothelium, iris transillumina-
tion defects, and excess pigment on the iris and trabecular
meshwork may be seen in both conditions. Unlike primary
pigmentary glaucoma, however, secondary pigmentary glau-
coma is only seen in eyes after intraocular lens implantation.
In addition, iris transillumination defects appear in areas of
contact between the intraocular lens and the posterior iris and
not in a midperipheral radial pattern. As with the UGH syn-
drome, gonioscopy aids in the diagnosis. Angulated haptics
and lens decentration may aggravate pigment dispersion. See
Figs. 21.4 and 21.5a, b.

Most cases of secondary pigmentary glaucoma can be
managed medically. If this fails, laser trabeculoplasty or tra-
beculectomy may be indicated. Lens explantation is rarely
required47(Figs. 21.6 and 21.7).

Pseudophakic Pupillary Block

Pseudophakic pupillary block is another important cause
of intraocular lens-related glaucoma following cataract
surgery.48–50 Most cases present in the early postoperative
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Fig. 21.4 Secondary pigmentary glaucoma in a 51-year-old Caucasian
man 3 years after uncomplicated phacoemulsification and insertion of a
one-piece intraocular lens in the sulcus. He had intervening pneumatic
retinopexy and retinal surgery. Note the iris transillumination defect
over the haptic nasally

period, and patients will have pain, blurry vision, and corneal
edema. The pupillary space may be occluded by any sur-
face in front of or behind the iris, including the vitreous
face, capsule, or the optic of either an anterior or poste-
rior chamber intraocular lens.51 When an anterior chamber
lens or iris-fixated lens is used, it is essential to perform a
prophylactic peripheral iridectomy, otherwise the incidence
of pupillary block is very high. With modern microsurgical
phacoemulsification and posterior chamber intraocular lens
implantation, the incidence of pupillary block is so low that a
routine intraoperative peripheral iridectomy is no longer per-
formed. However, pupillary block is still possible in this set-
ting, especially in diabetic patients who may have increased
thickness of the iris and ciliary body and possibly intense
postoperative inflammation.52,53 A prophylactic peripheral
iridectomy should also be considered for cases of posterior

Fig. 21.6 Slit-lamp photo of an eye with PDG secondary to an Acrysof
IOL in the sulcus. Note the decentration of the IOL. The glaucoma was
controlled medically

capsular rent or zonular dehiscence where vitreous prolapse
may occlude the pupil.

Gonioscopy will confirm the closed angle with iris bombé
and help distinguish pupillary block from other causes of
a flat anterior chamber postoperatively, such as aqueous
misdirection or choroidal hemorrhage. Ultrasound biomi-
croscopy and more recently optical coherence tomography
(OCT; Carl Zeiss Meditec, Jena, Germany) and the Pentacam
(Oculus, Lynnwood, MA) have provided valuable diagnostic
imaging.54–57

Urgent medical and laser therapy for any form of pupil-
lary block glaucoma will help prevent permanent peripheral
anterior synechiae, which may require goniosynchialysis.58

YAG capsulotomy is effective for capsular block as well as

a b

Fig. 21.5 Slit-lamp photos of a patient with PDG secondary to a piggy
back IOL over an Alcon Restore IOL (Fort Worth, TX). In (a), note the
decentration of the IOL and the TIDs at the pupillary margin. In (b),

note the pigment deposition on the IOL at the area of the pupillary mar-
gin seen when the pupil is dilated. Photographs courtesy of Alan Lyon,
Ophthalmic Photographer, University of Virginia, Charlottesville, VA
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Fig. 21.7 Slit-lamp photo of patient with PDG and microhyphemas
secondary to an Acrysof PC IOL (Alcon, Fort Worth, TX) in the ciliary
sulcus. Note the elevation of the nasal aspect of the IOL and the iris
TIDs. The patient underwent IOL exchange with resolution of hyphe-
mas and much improved glaucoma control.65 Photograph courtesy of
Tom Monego, Ophthalmic Photographer at Dartmouth Hitchcock Med-
ical Center, Lebanon, NH

for disruption of the anterior hyaloid face through a patent
iridotomy.59,60 If these steps fail, trabeculectomy may be
indicated.

Summary

The three main mechanisms of intraocular lens-related glau-
coma discussed here should be considered in all cases of
glaucoma after cataract extraction and lens implantation.
Reports of pigmentary glaucoma or pupillary block follow-
ing insertion of posterior chamber phakic refractive lenses
have already appeared in the literature.61–64 See Fig. 21.5a,
b. The consequences of persistent increased intraocular pres-
sure postoperatively are greater for those patients with preex-
isting glaucoma, and early diagnosis and treatment are essen-
tial to prevent permanent vision loss.
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Chapter 22

Cataract and Glaucoma in Retinopathy of Prematurity

Anthony J. Anfuso and M. Edward Wilson

Introduction

Effective treatment is now available for retinopathy of pre-
maturity (ROP) using peripheral laser ablation and cryother-
apy, as well as scleral buckling and/or vitrectomy for severe
ROP with retinal detachment. However, with the continued
improvement in survival of low birth weight and early gesta-
tional age infants, ROP remains a significant cause of child-
hood blindness.1 While ROP is well known for damaging
the posterior eye structures such as the retina and vitreous,
ROP and its treatment can also predispose patients to develop
anterior segment conditions, including cataract2 and glau-
coma3 (Table 22.1 4). In fact, patients with stage V ROP
have been reported to have a 30% risk of developing sec-
ondary angle-closure glaucoma5–7 and a 50% risk of devel-
oping cataracts.8

Glaucoma

As traditionally described in the literature, angle-closure
glaucoma associated with ROP occurs in infants and young
children, corresponding with the cicatricial phase of ROP,
which usually has its onset at the age of 3–6 months9,10

(Table 22.2). Kushner suggested another possible and rare
etiology when he described three cases of ciliary block glau-
coma.11 Rubeosis iridis or neovascularization of the iris
commonly occurs with chronic retinal detachment due to
ROP and can also lead to angle-closure glaucoma.12 Angle-
closure glaucoma has been reported after scleral buckling
and after laser treatment for ROP.13–15 Finally, angle-closure
glaucoma related to pupillary block may occur later in
childhood and even into adulthood in patients born with
ROP.16–19
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Table 22.1 Staging of ROP using the international classification4

Stage 1 – Demarcation line
Thin structure that separates avascular retina anteriorly from the

vascularized retina posteriorly
Stage 2 – Ridge

Ridge – thickening and elevation of the retina around the
demarcation line

Stage 3 – Extraretinal fibrovascular proliferation
Extraretinal fibrovascular proliferation or neovascularization

extends from the ridge into the vitreous (ridge/stage 2 ROP with
extraretinal fibrovascular proliferation)

Stage 4 – Partial retinal detachment
Stage 4A – Partial extrafoveal retinal detachment
Stage 4B – Partial foveal retinal detachment
Stage 5 – Total retinal detachment

In its most severe form, stage 5 shows a retina that is totally
detached and drawn up into a fibrous mass behind the lens

Table 22.2 Cicatricial phase of ROP

Cicatricial phase of ROP
When the acute phase ends and the regression or scarring phase

begins
The fairly characteristic findings of the cicatricial phase are

• Retinal folds
• Dragged disk
• Retinal pigment epithelium proliferation
• Vitreous membranes
• Intraretinal or subretinal exudation
• Retinal neovascularization
• Retinal holes
• Retinal detachment

Hittner postulated that angle-closure glaucoma is becom-
ing a more significant aspect of the ROP sequelae in his
older ROP population. This is not only due to the increased
survival of patients now reaching ages where progressive
anterior segment complications may occur more frequently
but also because advances in surgical technique have led
to improved vision, despite initial severe retinal pathology.
Thus glaucoma can be a vision-limiting factor in this popu-
lation.3

221S.M. Johnson (ed.), Cataract Surgery in the Glaucoma Patient, DOI 10.1007/978-0-387-09408-3_22,
© Springer Science+Business Media, LLC 2009



222 A.J. Anfuso and M. Edward Wilson

Smith and Tasman reviewed 86 adult eyes with a history
of ROP and found that 16% had glaucoma; 7% had narrow
angle treated with iridotomy, open angle was diagnosed in
nearly 6%, and the remaining 3.5% had neovascular.20

Smith and Shivitz presented three cases of adults with a
history of ROP who presented with pupillary block glau-
coma17 and Michael presented ten eyes aged 12–45 years
with a history of ROP who presented with angle-closure
glaucoma.21 In the series by Michael, two had neovascu-
larization and the other eight had pupillary block. Ueda and
Ogino reported a case of pupillary block glaucoma in a 22-
year-old with a history of ROP who responded to irido-
tomy.18

Mechanism of Glaucoma

The angle-closure glaucoma in ROP patients has multiple
proposed mechanisms. In infants and children with stage V
ROP, the mechanism considered most likely to cause sec-
ondary angle-closure glaucoma is contraction of the retrolen-
tal membrane, during the cicatricial or scarring phase of ROP,
causing anterior displacement of the lens-iris diaphragm
and subsequent closure of the chamber angle3,5,21. Suzuki
demonstrated this mechanism with high resolution ultra-
sonography in three cases.19 Inflammation causing poste-
rior synechiae formation and the subsequent development of
pupillary block glaucoma can lead to angle closure in ROP
eyes.7,11 A thickened lens and shallow anterior chamber are
malformations commonly noted in ROP and could also lead
to pupillary block as well as account for the high degree of

Table 22.3 Non-retinal sequelae to ROP

• Rubeosis
• Thick lens
• Shallow anterior chamber
• Myopia
• Cataract
• Glaucoma

myopia often seen in children with ROP.7,22–24 (Table 22.3).
In a small cohort of children, McLoone used biometry with
the IOL Master (Zeiss Meditec, Dublin, CA) to verify that
eyes with a history of prior ROP had myopia associated with
steeper corneas and shallower anterior chambers compared
to control eyes with no history of ROP.25

Whatever the exact mechanism, there often is a reduced
passage of aqueous humor from the posterior chamber to
the anterior chamber, as iridectomy/iridotomy has frequently
been successful in curing the glaucoma episode16,17,19–21,26

(Fig.22.1a, b).

Initial Management

As mentioned previously, pupillary block is commonly the
cause of glaucoma in ROP patients, and therefore iridec-
tomy/iridotomy should be considered an initial treatment.
In the three cases of babies, who had had prior treatment
for ROP as infants, reported by Suzuki, the ultrasound was
able to show opening of the angle following the iridec-
tomy.19 Additionally, Walton recommended prophylactic iri-
dectomy when signs of cicatrization and shallowing of the

a b

Fig. 22.1 (a) Eye of an 8-year-old adopted child followed for sus-
pected ROP with retinopathy with macular dragging, high myopia in
this eye, and angle-closure glaucoma following a dilated exam. A
peripheral iridectomy was done, due to her age and nystagmus with
good control of the IOP. Cataract surgery will be done when her angle

further narrows, PAS develops, or elevated IOP ensues. (b) Note her
shallow anterior chamber, despite iridectomy thought secondary to
a large lens secondary to ROP. Photographs courtesy of Tom Mon-
ego, ophthalmic photographer, Dartmouth Hitchcock Medical Center,
Lebanon, NH
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Table 22.4 Cycloplegia in treating ciliary block glaucoma

Cycloplegia in treating ciliary block glaucoma
• Relax the ciliary muscle, which increases zonular tension and

pulls the lens-iris diaphragm posteriorly
• May be required indefinitely, due to the anterior rotation of the

ciliary body
• Miotics are contraindicated in ciliary block glaucoma as they

have the opposite effect of cycloplegia

anterior chamber are seen and are progressing, even when
no signs of glaucoma are present.1,12 Walton found that in
some patients, following peripheral iridectomy, continued
shallowing of the anterior chamber produced apposition of
the coloboma in the iris against the peripheral cornea leading
to ineffectiveness of the iridectomy. To avoid this complica-
tion, he therefore recommended a sector iridectomy.

However, iridotomy/iridectomy has not been universally
beneficial, suggesting that pupillary block is not the sole form
of glaucoma in ROP.16,27

Corticosteroids and cycloplegics have had some degree of
success in treating glaucoma in ROP eyes11,27 (Table 22.4).
Corticosteroids were shown often to be successful at con-
trolling IOP and eliminating ocular discomfort. However,
patients often experienced a rebound effect when attempting
to discontinue corticosteroids, leading Pollard to conclude
that they cannot be considered a definitive treatment16 and
cycloplegics are sometimes unsuccessful in treating pupil-
lary block, due to posterior synechiae formation, during the
cicatricial phase of ROP, which inhibits pupil dilation.16

After reporting ciliary block glaucoma in ROP eyes,
Kushner made two recommendations: (1) If after dilation
of ROP eyes there is noticeable deepening of the anterior
chamber, suspect ciliary block glaucoma, and (2) if ROP
eyes in acute angle glaucoma are unresponsive to miotic ther-
apy, consider treating with a cycloplegic.27 So while medical
treatments such as steroids and cycloplegics may not always
provide the definitive treatment, they should be explored
prior to surgery. Kushner argues that medical treatment as
opposed to surgery may be less costly, and provide less risk
to the patient, as well as less emotional trauma to the parents,
especially where there may be very limited visual potential.

Surgical Management

When iridectomy and medical management fail, surgical
management including lensectomy, tube shunt implantation,
cyclo-destructive procedures, or trabeculectomy is the next
step in management8 (Fig.22.2a, b). In cases of rubeotic
glaucoma, management is often difficult, but includes shunt
implantation in eyes with vision and cyclodestructive proce-
dures in blind eyes.8

Indications for Surgery

Lensectomy, which can effectively treat both pupillary and
ciliary block glaucoma by lessening the anterior displace-
ment of the iris and reducing angle closure, remains an effec-
tive means of controlling acute angle glaucoma in ROP.8 Pol-
lard reported that lensectomy was universally successful in
controlling pain and lowering IOP in eyes with a history
of ROP, although visual outcome was poor, due to retinal
detachment and cicatricial changes1,16,24,28 Because lensec-
tomy can keep the eye in a pain-free state, it is a preferred
alternative to enucleation in a young infant, as early enu-
cleation can lead to decreased growth of the bony orbit and
facial asymmetry.29 This disfiguring asymmetry, as well as
the possible problems and fitting of a prosthesis are thus
avoided According to Hittner, the most successful treatment
in stage V ROP is lens aspiration.2 Intraocular surgery on a
blind eye was deemed indicated in these cases to avoid enu-
cleation. However, efforts to reattach the retina are result-
ing in improved vision in some cases.1,9,30–32 Rarely, only
one eye develops severe cicatricial changes with angle clo-
sure, while the other eye is relatively free of ROP malforma-
tions. In this situation, Pollard recommends considering the
alternatives to lensectomy – including enucleation, retrob-
ulbar alcohol, or cyclocryotherapy – in order to avoid the
rare development of sympathetic ophthalmia in the good
eye.16

Cataract

Cataracts occur more commonly in ROP patients as com-
pared to general population. Low birth weight and prema-
turity are risk factors for both ROP and cataracts.33,34Like
glaucoma, cataracts also occur at a greater frequency
over time, now that treatment modalities have preserved
vision in eyes that would have otherwise been lost.
Transpupillary laser photocoagulation is now the stan-
dard treatment for threshold ROP. Compared to cryother-
apy, laser photocoagulation results in better structural and
functional outcomes. However, laser-treated eyes have a
higher incidence of secondary cataracts than cryo-treated
eyes.35–37 In 1997, Gold reported 68 cataracts in associa-
tion with ROP treatment.38 Sixty-two percent were associ-
ated with argon laser, 31% with diode laser, and 7% with
cryotherapy.

Lens opacities associated with ROP comes in three types.
First, focal punctuate or vacuolated opacities may occur
at the subcapsular level. These are usually transient and
visually insignificant.39,40 Second, progressive lens opacities
may occur in patients without retinal detachment. Most of
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a b

Fig. 22.2 (a) Slit and (b) fundus photo of a 23-year-old patient with a history of prematurity, high myopia, shallow anterior chamber, and angle
closure. Cataract surgery was pursued. Photographs courtesy of Dr. Elizabeth Sharpe, Charleston, SC

Fig. 22.3 Preoperative appearance of an infant eye status post treat-
ment for ROP to undergo cataract removal. Photo courtesy of Dr. M.
Edward Wilson, Storm Eye Institute, Charleston, SC

these eyes have had transpupillary laser treatment or “lens-
sparing” vitrectomy. These cataracts may progress rapidly
or much more slowly, but they almost always eventually
obstruct the entire visual axis and require surgery (Fig.22.3).
One study reported a median interval of 3 weeks for diagno-
sis of cataract after laser photocoagulation.41 These patients
may also develop glaucoma. The third type of cataract is
one that develops as a result of cicatricial ROP with reti-
nal detachment, which is also associated with glaucoma as
discussed previously. In one series,8 54.6% (17/31) of eyes
treated for advanced ROP had cataracts. In the series reported
by Smith and Tasman, 83.7% of the 86 adult eyes aged
45–56 years with a history of ROP had cataract or cataract
surgery.20

Operative Techniques

The two approaches to lensectomy in grade V ROP are pars
plana lensectomy versus lensectomy via the limbal approach.
A pars plana lensectomy can be combined with an attempt
at retinal repair. Pars plan lensectomy with anterior vitrec-
tomy was used successfully by Pollard for five eyes reported
with angle closure, after the age of 2.28 The limbal approach
is easier and more consistent, as the pars plana entry may
be difficult in these immature eyes with retinal detachment.
Even when the anterior chamber is extremely shallow, an
anterior corneal entry can usually be made with the assis-
tance of a viscous ophthalmic viscosurgical device (OVD).

A visually significant cataract after laser treatment or
vitrectomy for ROP is approached much like childhood
cataracts in children without ROP.2 At times the anterior cap-
sule can be fibrotic, but a vitrectorhexis can still be easily
performed.2 IOL (intraocular lens) calculations can be per-
formed using an immersion A-scan ultrasound unit and a
portable keratometer in the operating room, after the child
is under general anesthesia for cataract surgery. IOLs are
implanted routinely, unless the child is in the early months of
life and has microphthalmia. Most commonly, a single-piece
hydrophobic acrylic IOL is implanted in children. In antici-
pation of myopic shift of refraction, the IOL power for a child
undergoing cataract surgery should be customized based on
many characteristics – especially age, laterality (one eye or
both), amblyopia status (dense or mild), likely compliance
with glasses, and family history of myopia. For a child with
ROP and cataract, slightly higher hypermetropia may be con-
sidered in anticipation of developing more myopia, espe-
cially if treated with cryotherapy.42

A primary posterior capsulectomy and anterior vitrectomy
is performed for children who are younger than 6 years of
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age. If previous vitrectomy has been performed as part of the
ROP treatment, the surgeon must be aware that the posterior
capsule may have been violated during the previous surgery.
Lens surgery and glaucoma surgery can be done together
when necessary in eyes with previous treatment for ROP. The
vitrector handpiece is often used to create a peripheral iri-
dectomy, since in young children it is also used to perform
the capsulotomy, lens aspiration, posterior capsulotomy, and
anterior vitrectomy.

Outcomes

In all 15 patients in a report by Pollard,16 lensectomy cured
the glaucoma. Eight patients presented with acute angle-
closure glaucoma and the other seven had a chronic glau-
coma. All vision remained extremely poor in the range of
light perception to hand motion due to the prior ROP, but
all eyes remained pain-free and had resolution of their glau-
coma. This was a similar outcome to his cohort of five
patients with a history of ROP who presented with glau-
coma and were treated with pars plana lensectomy with ante-
rior vitrectomy.28 Thus, Pollard suggested lensectomy via the
limbal/corneal approach be considered in infants with grade
V ROP and secondary angle-closure glaucoma. Blodi warned
of potentially disastrous complications in opening an eye in
such patients.5 At times, the lensectomy is merely a precur-
sor to the inevitable enucleation. Lambert and coauthors41

reported a high rate of progression to total retinal detachment
and phthisis after cataract surgery in patients with a history of
transpupillary laser photocoagulation, even when the retina is
attached at the time of cataract surgery.

Other reports show a more encouraging surgical outcome
for cataract surgery with posterior chamber IOL implanta-
tion in children and adults with a past history of ROP.43–45

Yu reported on eight eyes with a history of ROP with cataract
treated with lensectomy, posterior capsulectomy, and anterior
vitrectomy with posterior chamber IOL.43 All the patients
were under the age of 2. Two eyes of the same patient
required cryotherapy and scleral buckle at the time of the
lensectomy. Two eyes were able to have vision measured at
20/60 at the last follow-up and the others were central steady
maintained fixation at the last recorded follow-up. These
eyes did not have glaucoma. Krolicki reported on cataract
surgery in ten adults with a history of ROP.44 Eight eyes
had improved vision. Six of the eyes had coexisting glau-
coma and the control improved following cataract surgery.
One eye developed a retinal detachment. Farr reported on 21
adult eyes with a history of ROP who underwent cataract
surgery.45 Eight eyes had narrow angle glaucoma and five
with open angle. Two eyes had angle closure treated with
iridectomy and one eye had phacomorphic glaucoma that

resolved with the cataract extraction, otherwise in their
series, the glaucoma control did not improve. No patient lost
vision with the surgery and 18 had improved vision.

Summary

In summary, ROP remains a leading cause of vision impair-
ment in children. Glaucoma and cataract can result from
the ROP or from the treatment needed to control the ROP.
Stage V ROP has a very high association with glaucoma and
cataract. However, glaucoma and cataract can also occur in
infants, children, and young adults after successful treatment
for ROP with preservation of vision. General principles of
pediatric anterior segment surgery should be followed for
cataract surgery in children. A history of prematurity should
be sought in patients with angle closure and other findings of
ROP, such as high myopia and evidence of prior retinopathy.
Cataract surgery should be considered in the treatment of the
angle-closure glaucoma in these eyes. Based on the report by
Farr, open angle glaucoma associated with a history or ROP
and concurrent cataract are unlikely to experience improved
glaucoma control with cataract surgery.45 The risk of retinal
detachment needs to be discussed with the patients and the
posterior segments monitored.
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Chapter 23

Cataract Surgery in the Hypotonous Eye

Devon Ghodasra and Sandra M. Johnson

Introduction

Hypotony refers to low intraocular pressure (IOP) and
is statistically defined in many sources as IOP less than
6.5 mmHg.1 Because visual sequelae are variable and often
absent below such a statistical definition for hypotony, this
chapter primarily refers to hypotony as low IOP causing clin-
ically significant complications.

Pathophysiology

In general, hypotony can be the result of two processes:
increased outflow of aqueous humor and/or decreased aque-
ous humor production or inflow from the ciliary body.
Table 23.1 lists the causes of hypotony.

Table 23.1 Causes of hypotony

• Ocular surgery or trauma
• Ciliochoroidal detachment
• Ciliary effusion
• Rhegmatogenous retinal detachment
• Cyclodialysis cleft
• Iridocyclitis
• Ocular ischemia
• Traction ciliary body detachment
• Pharmacologic aqueous suppressants
• Chemical from antimetabolites
• Laser or cryo cyclodestruction
• Systemic hypertonicity or acidosis

D. Ghodasra (�)
School of Medicine, Medical College of Georgia, Augusta,
GA 30912, USA
e-mail: devonghodasra@gmail.com

Hypotony Due to Inadequate Inflow
of Aqueous

One general etiology of hypotony involves inadequate aque-
ous humor production by the ciliary body. Inadequate aque-
ous humor production is usually considered after structural
processes have been ruled out. Such cases include irido-
cyclitis, ocular ischemia, traction ciliary body detachment,
aqueous suppressants; chemical toxicity from antimetabo-
lites, laser or cryo-cyclodestruction; systemic hypertonic-
ity, or acidosis.2–4 Iridocyclitis is a known etiology of
hypotony. Inflammation increases the permeability of the
blood-aqueous barrier, which decreases aqueous humor pro-
duction and disrupts the transport processes of the ciliary
body epithelium.5,6 This in turn leads to ciliary edema.
A self-perpetuating cycle may develop as low IOP is known
to increase choroidal effusions and contribute to the devel-
opment of ciliochoroidal detachment associated with low
IOP.7 In advanced cases of ocular inflammation, ciliary body
vasculitis may result in diminished blood flow and further
decrease ciliary body production of aqueous humor.

Hypotony Due to Increased Outflow

Because each of the causes of hypotony may be managed
differently, a thorough investigation of the cause should be
undertaken in order to initiate appropriate treatment. Evalua-
tion usually begins with a history of any procedures, trauma
and other ocular history, and an ocular examination to seek
structural causes that may lead to the increased outflow of
aqueous humor. These include wound leak secondary to
ocular surgery or trauma, ciliochoroidal detachment, rheg-
matogenous retinal detachment, and cyclodialysis cleft.

Among the causes of postoperative hypotony, overfiltra-
tion related to trabeculectomy is likely the most common
cause of chronic hypotony and is the focus of this chap-
ter. Although post-trabeculectomy hypotony is usually self-
limited, the likelihood of visual complications increases with
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Fig. 23.1 Thin avascular bleb after a trabeculectomy with MMC in
a patient with chronic hypotony with IOP maximum of 6 mmHg and
6–9 mmHg following cataract surgery. Photo courtesy of Michael
Stanley, ophthalmic photographer, Medical College of Georgia,
Augusta

the use of antimetabolites such as mitomycin-C (MMC) and
5-fluorouracil (5-FU) at the time of surgery and longer dura-
tion of hypotony.8,9 Blebs that are very thin and avascular are
more commonly associated with increased filtration leading
to clinically significant hypotony (Fig. 23.1). Other risk fac-
tors for hypotony following filtration surgery include myopia
and young age as well as male gender.10

Suspected sites of wound leakage can be evaluated with a
Seidel test, in which fluorescein stain is painted on a bleb
or wound and observed with a cobalt blue light, watch-
ing for confirmatory dilution by leaking aqueous (Fig. 9.4).
Ciliochoroidal detachment and the resulting choroidal effu-
sion lead to increased uveoscleral outflow. These processes
may also be associated with reduced aqueous humor pro-
duction. Rhegmatogenous retinal detachment may also lead
to hypotony as posterior chamber aqueous fluid is shunted
from the posterior segment through the retinal break.11,12

In addition, iridocyclitis associated with retinal detachment
may decrease aqueous humor production as discussed above.
Finally, cyclodialysis clefts seen after ocular trauma or
surgery are associated with hypotony. The separation of the
ciliary body from the scleral spur increases uveoscleral out-
flow as aqueous humor flows into the supracilliary space.13

The search for the cause of hypotony is as important as
the diagnosis of hypotony, and the diagnostic evaluation of
hypotony is summarized in Table 23.214 (Fig. 23.2). A treat-
ment plan can be formulated once the etiology is eluci-
dated.15

Clinical Manifestations

Chronic hypotony may result in several structural changes
that can subsequently lead to a variety of visual symptoms.

Table 23.2 Diagnostic evaluation of hypotony

1. History of visual complaints
2. History of past eye disease, surgery, or trauma
3. History of systemic and ocular medications
4. Central corneal thickness
5. Gonioscopy for cyclodialysis cleft
6. Seidel’s test
7. Ultrasonic biomicroscopy for cyclodialysis cleft
8. Ophthalmoscopy for retinal or choroidal detachment
9. Ultrasonography for posterior segment evaluation

10. Optical coherence tomography
11. Exploratory surgery

Fig. 23.2 Image of a B-scan ultrasound demonstrating a low-lying
choroidal effusion that can be associated with hypotony

The IOP level at which structural and visual complica-
tions arise are variable between individuals. Individuals with
reduced central corneal thickness may be less likely to
develop hypotony maculopathy.16 Increased cataract pro-
gression is often seen in chronic hypotony.17–19 A shal-
low anterior chamber is associated with hypotony and may
increase the rate of cataract formation through posterior
synechiae. Also, abnormal lens metabolism during hypotony,
with reduced aqueous, is also thought to contribute to tran-
sient lenticular opacification20 and may contribute to a more
gradual development of cataract. Several other factors may
increase the likelihood of cataract progression, including pre-
existing cataract and administration of topical and systemic
corticosteroids to treat the hypotony. In general, cataract mat-
uration has been noted following glaucoma filtration surg-
eries and reported in several major clinical trials, which
included trabeculectomy treatment.21,22 The reported inci-
dence of cataract formation varies. In older studies, it has
been suggested that as many as half of patients have signif-
icant visual complications secondary to cataract 6–12 years
after trabeculectomy.23,24 Additionally, there may be rapid
development of cataracts in lenses that are injured during a
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glaucoma procedure, such as by a forceps during iridectomy
or a cannula during anterior chamber reformation.25 Addi-
tional structural changes secondary to chronic hypotony are
listed in Table 23.3.

Table 23.3 Ocular complications of hypotony

• Cataract progression
• Corneal edema and folds
• Corneal astigmatism
• Posterior synechiae
• Anterior synechiae
• Macular edema
• Chorioretinal folds
• Maculopathy

A variety of visual sequelae may arise from the struc-
tural changes associated with hypotony.7 Reduction in visual
acuity may be due to several of the structural changes.
Changing corneal astigmatism and its effect on refraction
is a common reason for worsening visual acuity. Corneal
and macular edema in addition to chorioretinal folds may
lead to a hyperopic shift. A myopic shift may result from
shallowing of the anterior chamber. Cataract progression and
hypotonous maculopathy can also contribute to deteriorat-
ing visual acuity26 (Fig. 23.3). Ocular pain and discomfort
are additional complaints in hypotonous patients, and these
symptoms may arise from iridocyclitis that is associated with
the alterations of the blood-aqueous barrier.7 As noted previ-
ously, the appearance of symptoms does not exactly corre-
late with particular IOP levels, and the presence or absence
of symptoms is variable between patients.

Fig. 23.3 Macular striae in a patient with IOP below 7 mmHg and
blurred vision following a trabeculectomy with MMC. Photo courtesy
of Michael Stanley, ophthalmic photographer, Medical College of Geor-
gia, Augusta

Management

Because IOP levels do not always parallel clinically signif-
icant symptoms, there is no simple pressure value at which
therapy is suggested. Instead, the primary reason for initiat-
ing therapy for hypotony is deterioration in vision that sig-
nificantly affects the patient’s lifestyle. Other considerations
include a persistent wound or bleb leak that increases the
chance for infection, especially if there is a history of prior
ocular infections or poor patient hygiene. There is a range
of medical and surgical techniques in the management of
hypotony that are beyond the scope of this chapter; these are
listed in Table 23.4.27–34

Table 23.4 Treatment options for hypotony27,28

Wound leak
Cyanoacrylate glue
Aqueous suppressant
Therapeutic/bandage contact lens
Collagen shield
Surgical revision
Torpedo patch

Overfiltration
Bandage contact lens
Simmons shell tamponade
Symblepharon ring
Trichloracetic acid to bleb
Autologous blood injection
External conjunctival cryopexy
Laser grid technique to bleb
Compression sutures
Surgical revision
Cataract extraction

Chronic choroidal effusion
Drainage of choroidal fluid (Chapter 12)

Cyclodialysis cleft 27

Topical atropine drops
Argon laser
Surgical repair

Cataract Surgery

While not primarily intended as a therapy to increase intraoc-
ular pressure in hypotony related to overfiltration, cataract
extraction in the setting of preexisting hypotony has shown
some therapeutic potential in alleviating hypotony. The
theory is that the inflammation secondary to the cataract
procedure will impair some of the bleb function.35–38

The initial study on two patients with post-filtration post
trabeculectomy showed that hypotony resolved following
large-incision extracapsular or intracapsular cataract extrac-
tion.39 In 1980, Mackool reported three patients with three
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etiologies of hypotony and three methods of cataract extrac-
tion where all three patients had reversal of the low IOP and
improved vision for 16 months or more postoperatively.40

Sibayan et al. reported on two patients in 1997 who under-
went clear cornea phacoemulsification with posterior cham-
ber IOL who showed improvement in vision and hypotony
but with persistent IOP control and filtration through their
prior trabeculectomy.41 The authors suggested that the post-
operative rise in IOP was most likely the result of inflamma-
tory compromise of the filtering bleb. Chen et al. reported
improved vision in 18 of 19 patients with hypotony who
underwent cataract surgery. Thirteen had phacoemulsifica-
tion and the others had traditional extracapsular cataract
extraction (ECCE). Three required further intervention for
hypotony and two eyes underwent bleb needling.42 Doyle
and Smith have further suggested that maximizing viscoelas-
tic use and minimizing anti-inflammatory medication may
lead to even better outcomes in hypotony patients post-
phacoemulsification.43 They propose that leaving viscoelas-
tic in eyes at the end of surgery leads to decreased aqueous
flow through overfiltering blebs, while the increased inflam-
mation secondary to limiting anti-inflammatory medications
leads to decreased bleb size and function. In all of the preced-
ing trials, cataract extraction in hypotony patients also led to
marked improvements in visual acuity. Thus, it can be con-
cluded from the limited current data that phacoemulsifica-
tion and extracapsular extraction are effective techniques in
improving vision and simultaneously elevating IOP in post-
filtration eyes with hypotony.

Preoperative Care

Due to the additional concern of low IOP in patients with
hypotony, a thorough preoperative examination is vital prior
to cataract extraction. As discussed previously, the etiol-
ogy of the hypotony needs to be confirmed. An extensive
history including comorbid medical problems, medications,
allergies, and previous eye disease or surgeries should be
elicited. Physical exam begins with evaluation of refrac-
tion and visual acuity in addition to potential acuity test-
ing. Anterior segment evaluation should include both slit
lamp and gonioscopic examination. Dilated examination of
the fundus is required, and B-scan ultrasonography may be
needed in the presence of mature opaque cataracts. Optical
coherence tomography (OCT, Zeiss Meditec, Dublin, CA)
may be helpful in diagnosing hypotony maculopathy and
macular folds.44 Preoperative measurement of IOP is cru-
cial and baseline central corneal thickness may be helpful.
A history of vision loss coincident with hypotony can assist
in confirming the etiology of the vision loss. Counseling
about unknown visual recovery should be done as chronic
hypotony maculopathy can cause permanent visual changes.

The patient also needs to be counseled about the difficulty
in accurately predicting refractive outcome. The axial length
has been shown to be reduced following trabeculectomy.45,46

If a surgeon expects to correct the hypotony, then it would be
reasonable to use pre-trabeculectomy measurements for IOL
calculation47 (Table 23.5).

Table 23.5 Preoperative measurements for IOL calculation for an
eye with hypotony undergoing cataract surgery. Note the unpredictable
nature of the predictions

Study of IOL calculations in a hypotonous right eye (OD)
1. Preoperative refraction +1.00 + 0.75 × 80 OD

–1.00 left eye (OS)
2. History of cataract surgery OS with a 19.5D IOL placed with a goal

of –2.7D
OD was myopic at that time, OS was not hypotonous but post

trabeculectomy:
A hyperopic shift was obtained of +1.7
IOL calculations suggested a 15.5D lens for plano OD
IOL Master Used (Carl Zeiss, Dublin, CA)

3. Repeated measurements pre-op surgery OD with IOL master:
Axial length: OD 23.84 mmOS 25.18 mm
Keratometry: K1 42.35 K1 43.38

K2 43.83 K2 43.89
IOL calculations suggest 20.5D lens for plano OD and now 15.5D lens

for plano OS
17D predicts –0.92 OS

4. 17.5D IOL chosen in attempt to avoid anisometropia
• Approximately minus 1D outcome if the axial length

normalized and an effective hyperopic shift occurred as
suspected OS

OR
• Approximately plus 2D if the axial length did not change

5. Outcome +1.25 + 1.25 × 90, which reflected minimal myopic shift
and increase in the axial length despite the improved IOP and no
anisometropia

Operative Technique

As with all ocular surgeries, there are additional potential
challenges to consider in patients who have previously under-
gone surgery. The operative technique of phacoemulsifica-
tion used by Doyle and Smith involved a clear corneal inci-
sion, although a temporal scleral tunnel technique could aid
in inducing scarring of a bleb extending temporally. Meticu-
lous wound closure would be necessary to avoid postopera-
tive bleb or wound leak. Post-trabeculectomy patients under-
going cataract extract may have more conjunctival scarring
than a patient naïve to ocular surgery. Such scarring may
make dissection more difficult and increases the risk of con-
junctival tears. The bleb should be assessed for leaks at the
end of the surgery and any injury repaired.

Doyle and Smith used Viscoat (Alcon, Fort Worth, TX)
and implanted foldable silicone intraocular lenses, which
may be more reactive than acrylic ones.43,48 Their operative
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procedure was reported as unchanged from accepted clini-
cal practices except for three modifications: (1) preoperative
anti-inflammatory eye drops were withheld, (2) viscoelastic
was not removed at the end of the case, and (3) postoperative
anti-inflammatory eye drop use was minimized.

However, wound construction is not as easy in an eye with
low IOP, and an initial paracentesis with injection of vis-
coelastic, to deepen the anterior chamber, helps to create a
normotensive eye for a controlled cataract incision. Posterior
synechiae, which may be responsible for the cataract pro-
gression and associated with hypotony, often makes visual-
ization for capsulotomy or capsulorhexis more difficult and
if present need to be lysed. In hypotonous eyes, the anterior
chamber may be shallower than normal; during the proce-
dure the bottle of irrigation solution may need to be raised
to ensure an adequate working space to avoid injuring the
corneal endothelium and viscoelastics used generously to
cover the corneal endothelium. There may be an excess of
fluid exiting through a preexisting bleb, resulting in pool-
ing of fluid on the cornea and obscuration of the surgeon’s
view. A small conjunctival incision can be made in an inferior
quadrant, away from the bleb, to allow escape of the excess
subconjunctival fluid. Anterior synechiae, which should be
noted on preoperative gonioscopic examination, may hinder
implantation of an anterior chamber lens.

Cantor and coauthors combined cataract extraction with
drainage of choroidal fluid in 5 of 63 reported cases who
had drainage of choroidal effusions. In all five, the effu-
sions resolved by 7 weeks postoperative. An additional five
patients in their report underwent cataract surgery at the time
of a second drainage procedure and effusions resolved by
8 weeks postoperative.30 It is likely that the hypotony con-
tributed to the cataracts and that the cataract extraction con-
tributed to improvement of the hypotony.

Complications

Complications were not highly prevalent in previous studies
of hypotony patients undergoing cataract extraction. In their
technique of phacoemulsification, Doyle and Smith observed
a serious postoperative IOP spike in one of nine patients that
was treated with needling.43 They propose this was most
likely secondary to leaving viscoelastic in the eye at the con-
clusion of the case and minimizing use of anti-inflammatory
medications, which were intended to elevate the IOP but not
as high. Inadequate titration could be a problem in patients
with advanced glaucoma at risk for “snuff out” where a high
IOP, even for a short time, could be deleterious. The authors
did not note any additional complications in their other eight
patients. Chen et al. note the need for glaucoma medications
in two of their patients postoperatively and need for bleb

needling in two others.42 A higher risk of phthisis with addi-
tional ocular surgery is likely in eyes where hypotony is pri-
marily due to a decreased aqueous production, which could
coexist with a filtering bleb in uveitic or ischemic eyes, for
example.

Postoperative Care

As suggested by Doyle and Smith, minimal use of anti-
inflammatory eye drops after surgery may aid in raising
and maintaining pressures.43 In their study, dexamethasone
was limited to twice daily for 1–2 weeks. In patients with
hypotony undergoing cataract extraction, follow-up should
also be pursued more frequently than traditionally recom-
mended. It is important to vigilantly monitor IOP, inflam-
mation, and bleb height during follow-up. The ophthalmol-
ogist must also watch for under filtration and injurious rise
of IOP, especially if the post-trabeculectomy patient had
undergone successful treatment of hypotony by some other
method (Table 23.4) prior to cataract extraction. Other com-
plications related to decreased anti-inflammatory drops may
occur, such as macular edema, and should be monitored
for. If hypotony persists, other methods to reverse it can be
employed as in the Chen series.42

Summary

In general, cataract extraction for hypotony has a good over-
all prognosis and low risk of complication when overfil-
tration or increased aqueous outflow is the mechanism of
hypotony. It would not prohibit further intervention for the
bleb postoperatively if the desired outcome was not achieved.
The major complication is elevated IOP, and the IOP should
be closely monitored to avoid further glaucomatous damage.
The intraocular lens calculation and choice can be a chal-
lenge in eyes with hypotony. These eyes usually measure
a shorter axial length, which may increase if their IOP ele-
vates. Pre-trabeculectomy measurements should be reviewed
if available and measurements of the other eye, as well as the
refractive status of the contralateral eye.
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Appendix: Index of Major Figures and Tables

Clinical Figures and Tables

Fig. 1.1 Bullous keratopathy showing irregular ocular sur-
face and stromal edema

Fig. 1.2 Iridocorneal (ICE) Syndrome showing polycoria,
corectopia, ectropian uveae, iris nodules, and iris stromal
atrophy

Fig. 1.3 Keratic precipitates in uveitic glaucoma

Fig. 1.4 (a) Gonioscopic view of superior angle pre-cataract
extraction in angle closure glaucoma. (b) Gonioscopic view
of superior angle post-cataract extraction in angle closure
glaucoma

Fig. 1.5 Gonioscopic view showing peripheral anterior
synechiae following cataract extraction

Fig. 1.6 (a) Retroillumination of the iris demonstrating tran-
sillumination defects in pigment dispersion syndrome.
(b) Gonioscopic view of increased pigmentation of the pos-
terior trabecular meshwork in pigment dispersion syndrome

Fig. 1.7 Pseudoexfoliation (PXF) syndrome with material
deposited on anterior lens capsule and pupil margin

Fig. 1.8 Shunt vessels at the disc following branch retinal
vein occlusion

Fig. 1.9 Disc hemorrhage at 7 o’clock at the disc rim

Fig. 1.10 Ultrasound of eye filled with silicone oil. The sili-
cone oil artifactually “elongates” the axial length of the globe

Fig. 1.11 Silicone oil droplets in anterior chamber of apha-
kic eye

Fig. 1.12 (a) Humphrey Field Analysis (Central 24.2)
demonstrating glaucomatous field loss in the presence of
dense nuclear sclerosis. (b) Humphrey Field Analysis (Cen-
tral 24.2) demonstrating improvement in MD and to a lesser
extent the PSD following cataract surgery

Fig. 1.13 (a) Narrowing of the anterior chamber pre-cataract
surgery. (b) Widening of the anterior chamber post-cataract
surgery

Fig. 1.14 (a) Anomalous cupping at the disc in a healthy
patient. (b) OCT scan confirming normal nerve fiber layer

Fig. 1.15 (a) Visante anterior segment image of
angle-closure glaucoma demonstrating closing of angle
and shallow anterior chamber. (b) Visante anterior segment
image of angle-closure glaucoma demonstrating angle
opening following cataract removal

Fig. 2.1 A drop of topical anesthetic (proparacaine) is
instilled in the eye

Fig. 2.2 Xylocaine (lidocaine) 2% Jelly (Astra Zeneca) is
placed in the eye in the preoperative area and allowed to
remain in place for about 5 minutes before the patient is
prepped and draped in the operating room

Fig. 2.3 (a) 1% non-preserved lidocaine (Xylocaine) is (b)
introduced into the anterior chamber via a paracentesis with
a 27-gauge cannula

Fig. 3.1 Eye with small pupil, chronic angle closure, and
posterior synechiae

Fig. 3.2 (b) bimanual iris stretching technique, using
Kuglen hooks

Fig. 3.4 (a) Iris retractors in place

Fig. 4.1 Aqueous vein (70 long) with various degrees of
compression against Schlemm’s canal (SC) external wall
(EW) by trabecular meshwork (TM) at IOP of 25 mmHg.
White arrows designate areas of compression. Minimal com-
pression (a,b). Marked compression with lumen closure (c,d)

Fig. 4.2 In vivo composite image showing a 49-year-old
(left) and a 25-year-old (right); lens growth displaces the
uveal tract anteriorly with age

Fig. 4.3 In vivo composite image showing both eyes of a
74-year-old patient with a monocular implantation of the

233S.M. Johnson (ed.), Cataract Surgery in the Glaucoma Patient, DOI 10.1007/978-0-387-09408-3,
© Springer Science+Business Media, LLC 2009



234 Appendix: Index of Major Figures and Tables

Alcon Acrysof; the uveal tract returns to an anterioposterior
position of relative youth with IOL implantation

Fig. 4.4 These slit lamp photos are from the same patient.
(a) Shows the anterior chamber preoperatively; (b) shows the
deeper anterior chamber post-cataract surgery. The patient
also reduced topical glaucoma medications

Fig. 6.1 Fundus photo demonstrating a disc with advanced
glaucomatous damage

Fig. 6.2 (a) Visual field grayscale image of a left eye with a
dense inferior nasal step and field loss superior near fixation.
(b) A 10 degree visual field demonstrating advanced visual
field loss

Fig. 6.3 Retinal nerve fiber (RNFL) assessment by ocular
coherence tomorgraphy (Zeiss Meditec, Dublin, CA). Note
the decreased RNFL in one eye versus the other consistent
with a more advanced glaucoma status

Fig. 6.14 (a) Slit lamp photograph of a diffuse bleb follow-
ing a combined procedure. At 1 year of follow-up, IOP
remained 10–12 mmHg without medications. (b) Close-up
of the low lying bleb. (c) Fundus photo of the disc of the
patient

Fig. 8.4 A diffuse bleb that is neither avascular nor focal

Fig. 9.1 Slit-lamp photo of a failing bleb with increased vas-
cularity

Fig. 9.2 Slit-lamp photo of a normal healthy bleb

Fig. 9.3 Slit-lamp photo of an encysted bleb. Note the tense
surface

Fig. 11.1 A slit lamp photograph of an eye 1 day following
a combined AGV and a cataract surgery with PC IOL. Note
the well-formed anterior chamber with no bleeding due to
retained viscoelastic. The AGV tube is behind the iris and
over the PC IOL

Fig. 11.2 Slit lamp photo of a patient with uveitis who
underwent implantation of an AGV, lysis of posterior
synechiae, superior scleral tunnel cataract extraction by
phacoemulsification with implantation of PC IOL, and
peripheral iridectomy due to the granulomatous nature
of her disease. A capsulotomy was done several months
postoperatively

Fig. 11.8 The final appearance of the eye after cataract
surgery and before implantation of a GDD

Fig. 11.10 A 7-0 Vicryl suture is placed through the
12 o’clock limbus to help position the eye inferiorly and
obtain adequate exposure of the superior conjunctiva

Fig. 12.1 B-scan ultrasound image that illustrates supra-
choroidal hemorrhage with clot contraction and liquefaction

Fig. 12.3 (a, b) These fundus photographs illustrate the near
resolution of a low-lying serous choroidal effusion

Fig. 12.4 This fundus photograph shows resolving hemor-
rhagic choroidal detachment. Note the wrinkling of the retina
on the domed surface

Fig. 12.5 Illustration of a choroidal tap. The conjunctiva has
been opened 5 mm from the limbus in the quadrant. A blade
is being used to scratch down through the sclera to the level
of the suprachoroidal space to allow exit of the fluid

Fig. 13.4 Treated ciliary processes

Fig. 14.3 The conjunctival peritomy. Note the anterior tag
of conjunctiva at the limbus left behind to facilitate closure
at the conclusion of the case

Fig. 14.5 Under the scleral flap, the white hue of the scleral
spur is visible in between corneal tissue anteriorly and the
sclera posteriorly

Fig. 14.9 The sutures placed into the scleral flap and surgical
sponges evaluating flow out of the site. Note that the Ex-
PRESS shunt footplate can be seen through the scleral flap
as well as in the anterior chamber

Fig. 14.10 The conjunctiva is closed with 10-0 Vicryl in a
running horizontal mattress suture and a slipknot at the end
to ensure watertight closure

Fig. 14.13 An anterior segment OCT image of the canal,
which is distended and expanded by the presence of the intra-
canalicular suture

Fig. 14.17 The trabeculodescemet window is fashioned. A
slow percolation of aqueous humor through Descemet’s
membrane is commonly seen. In this figure, pigmentation is
visible centrally where the inner wall of Schlemm’s canal
and trabecular meshwork remain

Fig. 14.24 In this case, a perforation of the fine trabecu-
lodescemet window occurred during the dissection of the
deep scleral flap. A separate entry is made into the anterior
chamber through the deep flap (which is not excised) and
an Ex-PRESS shunt inserted. Here the footplate can be seen
through the deep scleral flap as well as in the anterior cham-
ber

Fig. 14.28 A gonioscopic view of the iStent approaching the
angle mounted on the injector shaft

Fig. 14.29 The iStent seen engaging the trabecular mesh-
work during insertion

Fig. 14.30 The iStent is released from the injector once it is
seated in the canal

Fig. 14.31 High magnification viewing under the micro-
scope with a gonioprism confirms that the stent is satisfac-
torily seated in the canal
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Fig. 14.33 The Trabectome tip incising the trabecular mesh-
work

Fig. 14.34 After incision into the canal, reflux of heme is
commonly seen

Fig. 14.35 The trabectome actively ablating trabecular tis-
sue and inner wall of Schlemm’s canal

Fig. 15.1 A slit lamp photo of a dilated pupil revealing the
lens with the zones associated with pseudoexfoliation syn-
drome

Table 15.1 Clinical manifestations of Pseudoexfoliation

Table 15.2 Signs of weak zonules

Fig. 16.1 A low, moderately vascular bleb in the presence of
a nuclear sclerotic cataract and pseudoexfoliation syndrome

Fig. 16.2 The blue haptic of a three-piece IOL prolapsing
through a surgical peripheral iridectomy

Fig. 18.1 Chronic angle-closure glaucoma eye with cataract
showing a distorted pupil due to iris atrophy, posterior
synechiae

Fig. 18.2 Chronic angle-closure glaucoma eye with cataract
showing extensive posterior synechiae with a small pupil

Fig. 18.3 Chronic angle-closure glaucoma eye with cataract
that has undergone trabeculectomy showing the presence of
a cystic bleb in the superior quadrant

Fig. 18.4 Small pupil before the use of iris hooks

Fig. 18.5 The use of iris hooks to enlarge the pupil and cap-
sule stain during phacoemulsification

Fig. 18.7 Ultrasound biomicroscope (UBM) image of the
angle before goniosynechialysis

Fig. 18.8 Ultrasound biomicroscope (UBM) image of the
angle after goniosynechialysis

Fig. 19.2 Pentacam images of the anterior chamber of
nanophthalmic eye (a) before and (b) after cataract surgery

Fig. 19.7 Nanophthalmic patient presented with shallow
anterior chamber (a) on the third postoperative day. The IOP
was 43, the bleb was flat, and no choroidal detachment was
noted on ocular ultrasonography. The patient was diagnosed
with malignant glaucoma and was submitted to pars plana
vitrectomy due to unresponsiveness to clinical treatment

Fig. 20.1 Elderly female with a history of light perception
and mature cataract in this eye presented with pain and an
intraocular pressure of 69 mmHg. Slit lamp exam revealed
a morgagnian cataract. There appears to be aggregation of
macrophages and/or lens proteins on the anterior surface of
the lens (arrow)

Fig. 20.3 Intralenticular pressure and shallow anterior
chamber are two of the challenges in cataract extraction for
phacomorphic glaucoma

Fig. 20.4 Elderly patient with a dense cataract and a picture
of angle closure who waited a week to present. There was no
effect from an iridotomy and the patient underwent ECCE,
due to the corneal edema and very shallow anterior chamber.
The glaucoma stabilized but vision remained poor

Fig. 21.1 Uveitis-glaucoma-hyphema syndrome in an
83-year-old Caucasian man 4 years after extracapsular
cataract extraction with insertion of a Binkhorst iris-clip
design anterior chamber intraocular lens

Fig. 21.4 Secondary pigmentary glaucoma in a 51-year-old
Caucasian man 3 years after uncomplicated phacoemulsifi-
cation and insertion of a one-piece intraocular lens in the
sulcus. He had intervening pneumatic retinopexy and retinal
surgery. Note the iris transillumination defect over the haptic
nasally

Fig. 21.5 Slit lamp photos of a patient with PDG secondary
to a piggy back IOL over an Alcon Restore IOL (Fort Worth,
TX). (a) Note the decentration of the IOL and the TIDs at
the pupillary margin. (b) Note the pigment deposition on the
IOL at the area of the pupillary margin seen when the pupil
is dilated

Fig. 21.6 Slit lamp photo of an eye with PDG secondary to
an Acrysof IOL in the sulcus. Note the decentration of the
IOL. The glaucoma was controlled medically

Fig. 22.1 (a) Eye of an 8-year-old adopted child followed
for suspected ROP with retinopathy with macular dragging,
high myopia in this eye, and angle closure glaucoma follow-
ing a dilated exam. A peripheral iridectomy was done, due to
her age and nystagmus with good control of the IOP. Cataract
surgery will be done when her angle further narrows, PAS
develops, or elevated IOP ensues. (b) Note her shallow ante-
rior chamber, despite iridectomy thought secondary to a large
lens secondary to ROP

Fig. 22.2 (a) Slit and (b) fundus photo of a 23-year old
patient with a history of prematurity, high myopia, shallow
anterior chamber, and angle closure. Cataract surgery was
pursued

Fig. 22.3 Preoperative appearance of an infant eye status
post treatment for ROP to undergo cataract removal

Fig. 23.1 Thin avascular bleb after a trabeculectomy with
MMC in a patient with chronic hypotony with IOP maxi-
mum of 6 mmHg and 6–9 mmHg following cataract surgery

Fig. 23.2 Image of a B-scan ultrasound demonstrating a
low-lying choroidal effusion that can be associated with
hypotony
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Fig. 23.3 Macular striae in a patient with IOP below
7 mmHg and blurred vision following a trabeculectomy with
MMC

Instructional Tables and Figures

Fig. 3.1 Eye with small pupil, chronic angle closure, and
posterior synechiae

Fig. 3.2 (a) Kuglen iris manipulator tip. (b) bimanual iris
stretching technique, using Kuglen hooks

Table 4.5 Mean IOP changes with iridectomies, irido-
tomies, or trabeculectomies

Table 4.6 Eyes with trabeculectomies before Phaco/IOL

Fig. 4.8 Pre-surgical and Final Mean IOP from other studies
and the authors’ P/L/S study

Fig. 4.11 IOP changes for the same glaucoma eyes at one
year, and 6 through 10 years following surgery

Fig. 4.12 One year and final IOP changes for glaucoma eyes
for patients (a) 80 years and older, (b) 70–79 years, (c)
younger than 70 years

Fig. 4.13 Comparison of the benefits of phaco/IOL alone
versus glaucoma drops for eyes with OHT or glaucoma

Fig. 4.14 Comparison of the benefits of phaco/IOL versus
trabeculectomy for glaucoma eyes

Table 5.1 Medications to lower postoperative IOP

Table 5.2 Anterior chamber decompression

Fig. 5.1 The bevel up needle is used to depress the posterior
lip of the paracentesis

Table 6.1 Disadvantages of combined surgery versus
cataract surgery alone

Table 6.2 Preoperative ocular assessment

Table 6.3 Complications associated with glaucoma triple
procedure with MMC

Table 6.4 Common minor procedures post trabeculectomy

Table 7.1 Methods of nucleus extraction in MSICS

Fig. 7.5 Trypan blue assisted continuous curvilinear capsu-
lorhexis in a mature white cataract

Table 8.1 Moorfields eye hospital (more flow) regimen

Fig. 8.1 Graph showing anterior chamber flare following
trabeculectomy alone (black line) and phacoemulsification
(dotted line). Although there is a higher peak with tra-
beculectomy, the flare following cataract surgery persists for
a much longer period despite the eye being clinically quiet

Fig. 8.3 Strategies in antimetabolite delivery and associated
surgical techniques that increase safety and improve bleb
appearance dramatically

Table 9.1 Risk factors for bleb failure

Table 9.2 Secondary glaucomas

Table 9.3 The most common complications for trabeculec-
tomy in the TVT

Table 9.4 Clinical signs suggesting a high likelihood of bleb
failure

Table 9.5 Causes of sclerostomy obstruction

Table 9.6 Bleb evaluation in the immediate postoperative
period

Table 9.7 Bleb needling

Fig. 9.4 Slit lamp photo of a bleb painted with fluorescein
(Siedel test), which demonstrates an area of aqueous dilution
corresponding with a bleb leak

Fig. 9.5 Digital massage throughout the lower lid to push
aqueous up through a scarring scleral flap

Fig. 9.6 Carlos traverso maneuver. The cotton tip applicator
soaked in topical anesthetic is used to depress the edge of
the scleral flap to encourage flow. This is done with topical
anesthetic drops administered beforehand

Fig. 9.7 Bleb needling. In (a) the needle enters the conjunc-
tiva away from the bleb. (b) The needle is used to lyse adhe-
sions restricting bleb formation

Table 10.1 Lenses for laser suture lysis

Table 11.1 Indications for glaucoma tube implant

Table 12.1 Clinical settings in which choroidal detachment
may occur

Table 12.2 Risk factors for SCH

Table 12.3 Prophylactic measures to avoid choroidal effu-
sions

Table 12.4 Consequences of prolonged absence of the ante-
rior chamber

Table 13.1 Tips for ECP success

Table 14.1 Short- and long-term risks of traditional filtration
surgery

Table 14.2 Possible complications unique to tube shunts

Fig. 14.12 A graph indicating the increase in trans-inner
wall flow of aqueous humor when a suture in Schlemm’s
canal is placed on tension
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Fig. 14.44 The current treatment landscape in glaucoma
with IOP lowering plotted versus risk to the patient

Table 16.1 Intracameral tissue plasminogen activator (TPA)
for anterior chamber fibrinolysis (off-label use)

Table 16.2 Visualizing anterior chamber vitreous

Table 16.3 Steroids for post-surgical inflammation control

Table 16.4 Summary of reports on the effect of cataract
removal on IOP

Fig. 16.3 Ab interno bleb revision. (a) A goniolens can be
used intraoperatively to view the sclerostomy. (b) A cyclo-
dialysis spatula or iris sweep can be used to probe the scle-
rectomy and raise the scleral flap from an internal approach

Fig. 16.4 Ab externo bleb revision. A 25- or 27-gauge needle
enters under the conjunctiva about 5 mm from the avascular
bleb and lyses subconjunctival adhesions with small sweep-
ing motions

Table 17.1 MMC before bleb revision (off-label use)

Table 19.1 Features of nanophthalmos

Table 19.2 Posterior segment findings in nanophthalmos

Table 19.3 Complications associated with nanophthalmos

Fig. 19.1 The mechanism of uveal effusion in nanophthal-
mous described by Gass. (a) Normal eye with focal vascu-
lar leak. (b) Aphakic eye with transient postoperative cil-
iochoroidal detachment that usually resolves spontaneously
within days. (c) Uveal effusion syndrome with increased
resistance to protein outflow and uveal venous outflow
caused by abnormally thick sclera

Fig. 19.3 Scleral decompression technique modified from
Brockhurst

Fig. 19.4 Scleral decompression technique described by
Gass

Fig. 19.5 Scleral decompression as described by Jin and
Anderson

Fig. 19.6 Diagram of the differential diagnosis of complica-
tions following phacotrabeculectomy in nanophthalmos

Table 20.1 Types of lens-related glaucoma

Table 20.2 Differential diagnosis of acute IOP elevation

Table 20.3 Diagnostic evaluation of phacolytic glaucoma

Table 20.4 Mannitol

Table 20.5 Use of trypan blue

Fig. 20.2 Elderly patient with an eye with a patent irido-
tomy that developed angle closure. The patient presented the
same day and the glaucoma was stabilized with gonioplasty

and medications prior to phaco/IOL. The vision improved to
20/20 and glaucoma medications were greatly reduced. This
case illustrates the overlap of classic phacomorphic glau-
coma and angle closure relieved with cataract surgery

Table 21.1 Differential diagnosis of increased intraocular
pressure following cataract surgery based on time of onset

Table 21.2 Differential diagnosis of increased intraocular
pressure following cataract surgery based on status of ante-
rior chamber angle

Table 22.1 Staging of ROP using the international classifi-
cation

Table 22.2 Cicatricial phase of ROP

Table 22.3 Non-retinal sequelae to ROP

Fig. 22.1 Stage V ROP

Table 23.1 Causes of hypotony

Table 23.2 Diagnostic evaluation of hypotony

Table 23.3 Ocular complications of hypotony

Table 23.4 Treatment options for hypotony

Instruments

Fig. 2.4 (a) Steven’s sub-Tenon cannula. (b) A close-up of
the tip

Fig. 2.5 E4999 Connor Anesthesia Cannula

Fig. 3.2 (a) Kuglen iris manipulator tip

Fig. 3.3 Beehler pupil dilator device

Fig. 3.4 (b) The appearance of iris retractors

Fig. 3.5 (a) Morcher 5S pupil dilator (b) Geuder pupil dila-
tor injector

Fig. 3.6 (a) Graether 2000 pupil expander and (b) injector

Fig. 3.7 (a) Perfect pupil device and (b) injector

Fig. 3.8 (a) Malyugin ring and (b) inserted ring

Fig. 6.4 Conjunctival forceps designed not to tear the del-
icate conjuctival tissue. (a) Duckworth and Kent DK 2-100
forceps. (b) Fechtner K5-1820 conjunctival forceps (c) close-
up of Fechtner forceps

Fig. 6.10 (a) Kelly Descemet’s Punch. (b) The punch is used
to create the sclerostomy

Fig. 6.13 Storz EO390 Tooke knife

Fig. 8.2 (a) T Clamp made by Duckworth-and-Kent. (b)
T-clamp No 2-686
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Fig. 8.5 Sutures being adjusted through the conjunctiva with
specialized forceps to ensure gradual lowering of intraocular
pressure after antimetabolite use

Fig. 10.1 Hoskins lens

Fig. 10.2 Ritch lens

Fig. 10.3 The view of a 10-0 nylon suture after placement of
a Hoskins lens

Fig. 11.3 Collar button manipulator, which is useful for lysis
of posterior synechiae and pupil stretching

Fig. 11.12 Ahmed glaucoma valve is primed with balanced
salt solution (BSS) with a 27-gauge cannula

Fig. 11.15 Baerveldt glaucoma implants (BGI). (a)
Baerveldt 250 (b) Baerveldt 350

Fig. 13.1 ECP probe

Fig. 13.2 ECP console

Fig. 13.3 ECP surgical set-up

Fig. 14.1 Schematic diagram of the Ex-PRESS shunt mod-
els and their specifications

Fig. 14.8 The handle of the Ex-PRESS shunt injector reveal-
ing the central metal wire that will be displaced upon com-
pression of the surgeon’s index finger on the plastic bridge

Fig. 14.11 A schematic diagram of the microcatheter used
to cannulate Schlemm’s canal. The catheter consists of a bul-
bous atraumatic tip, a true lumen, a central support wire to
add rigidity to the catheter, and an optical fiber to transmit
light to the tip

Fig. 14.26 Photograph of the Glaukos iStent

Fig. 14.27 A blunt 27-gauge cannula is used to stroke the iris
gently with the injection of a very small amount of acetyl-
choline to induce miosis in the area of angle surgery

Fig. 14.32 A schematic diagram of the Trabectome hand-
piece and tip

Fig. 14.36 A photograph of the SOLX gold microshunt

Fig. 14.37 A schematic diagram of the interior of the shunt
with the two plates separated

Fig. 14.40 The gold microshunt is handled with care at the
wings posteriorly with a non-toothed forceps

Fig. 15.2 Hooks designed to stabilize the capsule. (a, b)
Mackool Cataract Support System MH-105

Fig. 15.3 Photo of a Morscher MR 1400 capsular tension
ring

Fig. 15.4 Modified capsular tension rings: Cionni rings (a)
MRiL (b) M2L

Fig. 18.5 The use of iris hooks to enlarge the pupil and cap-
sule stain during phacoemulsification

Table 19.4 Surgical instruments typically used during pha-
cotrabeculectomy

Fig. 21.2 Soft IOLs can be cut with special scissors such as
(a) the Katena soft IOL cutter (b) shown cutting a lens. (c)
and the Storz ET-1306 Osher IOL scissors

Fig. 21.3 Packer-Change 19G IOL cutter
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CACG, see Chronic angle-closure glaucoma
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Capsulorhexis, in white intumescent cataract, 211
See also Cataract induced glaucoma

Capsulorrhexis (CCC), 165
Capsulotomy, in cataract and glaucoma management, 76
Cataract and glaucoma management, MSICS-Trab in

cataract surgery
capsulotomy, 76
conjunctival flap and scleral dissection, 74–76
epinucleus removal, cortex aspiration, and IOL

implantation, 80
hydrodissection, 76–77
nucleus extraction, 78–80
nucleus prolapse into anterior chamber, 77–78
surgical outcomes, 82
trabeculectomy, 80–82

methodology for, 74
Cataract extraction and GDD implantation

outcomes, 187
surgical technique in, 187

Cataract extraction, glaucoma devices, 135–136
Ex-PRESS shunt

data related to combined surgery, 140–141
indications for surgery, 136–137
instrumentation and operative technique, 137–139
postoperative concern and complications, 139–140

non-penetrating schlemm’s canaloplasty
indications for surgery, 141–142
instrumentation and operative technique, 142–146
outcomes, 147–148
postoperative concern and complications, 146–147

suprachoroidal goldmicro-shunt
indications for surgery, 153–154
instrumentation and operative technique, 154–156
postoperative concerns and complications, 156

trabecular micro-bypass stent
indications for surgery, 148–149
instrumentation and operative technique, 149–150
postoperative care and complications, 151

trabecular micro-electrocautery
indications for surgery, 151–152
instrumentation and operative surgery, 152
postoperative concerns and complications, 152–153

Cataract induced glaucoma
phacolytic glaucoma

clinical presentation, 208
complications, 210
management, 208–209
operative technique, 209
outcomes, 210
pathogenesis, 207–208
postoperative care, 209
preoperative care, 209

phacomorphic glaucoma

clinical features, 210
operative techniques, 210–211
outcomes, 211–212

Cataract-induced visual loss, 3
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operative techniques, 224–225
outcomes, 225
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clinical manifestations, 228–229
complications, 231
management, 229
operative technique, 230–231
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postoperative care, 231
preoperative care, 230

IOP diagnosis in, 214
in nanophthalmos, 203

See also Nanophthalmos
trabeculectomy bleb in

complications, 182
indications for surgery, 177–178
instrumentation and operative techniques, 178–181
outcomes, 181–182
postoperative care, 181

Cataract surgery, in glaucoma patients
antimetabolite trabeculectomy and cataract extraction

complications, 88–89
instrumentation, 85
operative techniques, 85–87
postoperative care, 87
for surgery, 83–85
surgical outcomes, 87–88

clinical history, 3
consent process for, 8–10
in developing countries, MSICS-Trab in, 73–74
effect on IOP and anatomy, 37
examination

anterior segment imaging, 8
field analysis, 5–6
nerve fiber layer imaging, 8
specular microscopy, 7–8
ultrasonic biometry, 6–7

glaucoma drainage devices
indications for surgery, 109
operative techniques, 109–114
postoperative care, 114–116
surgical outcomes, 116–117

intraocular pressure elevation after, 51
clinical presentation, 52
etiology, 51
in glaucoma, 52
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guidelines, 54
medical treatment, 52–54
OVDs role in, 51–52

local anesthesia
general anesthesia, 20–21
monitoring, 20
preoperative assessment and preparation, 17
present status, 21
retrobulbar and peribulbar techniques, 20
sub-Tenon’s anesthesia, 18–19
topical ocular anesthesia, 17–18

preoperative assessment, 10–11
cornea, 3–4
gonioscopic assessment, 4
optic nerve rim thinning, 4–5
silicone oil retinal tamponade, 5

surgical approach
for cataract, 11–12
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drainage surgery, 12–13
for glaucoma and cataract, 12

and trabeculectomy surgery, 59–61
approach, 63–64
disadvantages, 62
presurgical assessment, 59–61
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techniques, 64–67
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clinical implications of, 161–163
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CCS, 171
combined cataract and glaucoma surgery in, 172
corneal changes in, 170
ECCE, 168
intraoperative complications in, 168–170
IOL, 171
PCO, 172
postoperative care and complications, 173
postoperative complications, 170–171
preoperative evaluation, 168
surgical techniques in, 172–173

intraocular pressure changes, 163–164
operative techniques in eyes

management of zonular weakness in, 166–167
preoperative examination, 164
small pupil management, 164–165
zonular weakness in, 165–166

Cataract, surgical procedures, 11–12
Cataract treatment

complications, 133
indications for surgery, 129–130
instrumentation, 130–131

operative technique, 131–132
outcomes, 132–133
postoperative care, 132

CCC, see Continuous curvilinear capsulorhexis
CCS, see Capsule contraction syndrome
Central retinal apposition, 125–126
Choroidal detachment

definition, 119
medical management, 122–123
outcomes, 126
serous, 119–120

SCH, 120–121
ultrasound in SCH, 121–122

surgical management of, 124–126
Choroidal tap, procedure, 124
Chronic angle-closure glaucoma, 41, 189
CIGITS, see Collaborative Initial Glaucoma Treatment

Study
Clot lysis time, for suprachoroidal hemorrhage, 126
CME, see Cystoid macular edema
Collaborative Initial Glaucoma Treatment Study, 67, 94
Collaborative Initial Glaucoma Treatment Trial, 6
Conjunctival flap and scleral dissection, in cataract surgery,

74–76
Continuous curvilinear capsulorhexis, 76, 209
Corneal changes, in XFS, 170

See also Exfoliation syndrome
Cortical cataract and glaucoma, difference, 3
Corticosteroids, role, 223

See also Retinopathy of prematurity
Corticosteroids, usage, 181
CTR, see Capsular tension ring
Cyclophotocoagulation and phacoemulsification, in

glaucoma and cataract surgery, 13
Cycloplegia, in ciliary block glaucoma treatment, 223
Cystoid macular edema, 33

D
Decision tree for phaco/IOL, for OHT treatment, 45–46
Dexamethasone drug, application, 122–123
Dispersive viscoelastics, for cataract surgery, 28
Dorzolamide, for IOP treatment, 53

E
ECCE, see Extracapsular cataract extraction
ECCE-trabeculectomy, 203–204
Echothiophate, application, 21
ECP, see Endoscopic cyclophotocoagulation
Endoscopic cyclophotocoagulation, 129

advantages, 132
cataract extraction, 130
ciliary processes and, 131
outcomes, 132–133
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Endoscopic cyclophotocoagulation (cont.)
phacoemulsification and intraocular lens implantation

with, 133
postoperative management, 132
tips for, 132

Exfoliation syndrome, 161
cataract surgery for eyes with

ACP, 172
CCS, 171
combined cataract and glaucoma surgery, 172
corneal changes, 170
ECCE, 168
intraoperative complications, 168–170
IOL, 171
PCO, 172
postoperative care and complications, 173
postoperative complications, 170–171
preoperative evaluation, 168
surgical techniques, 172–173

clinical implications, 161–163
intraocular pressure changes, 163–164
operative techniques

management of zonular weakness in, 166–167
preoperative examination, 164
small pupil management in, 164–165
zonular weakness in, 165–166

pathophysiology, 161
Exfoliative glaucoma, 161, 172
Ex-PRESS mini glaucoma shunt, in cataract extraction

data related to combined surgery, 140–141
indications for surgery, 136–137
instrumentation and operative technique, 137–139
postoperative concern and complications, 139–140
See also Cataract extraction, glaucoma devices

Extracapsular cataract extraction, 59, 74, 168, 181, 202, 210
Extracapsular extraction technique, in phacolytic glaucoma,

209

F
FFSS, see Fluorouracil Filtering Surgery Study
Fish hook technique, for cataract surgery, 80
5-Fluorouracil, 12, 86
Fluorouracil Filtering Surgery Study, 91
Fornix-based flaps, advantage, 94
5-FU, see 5-fluorouracil

G
Gauge vitrectomy, in cataract surgery, 211

See also Cataract induced glaucoma
GDD, see Glaucoma drainage device
Glaucoma and cataract patients, surgical approach for, 12
Glaucoma devices, in cataract extraction, 135–136

Ex-PRESS shunt

data related to combined surgery, 140–141
indications for surgery, 136–137
instrumentation and operative technique, 137–139
postoperative complications, 139–140

non-penetrating schlemm’s canaloplasty
indications for surgery, 141–142
instrumentation and operative technique, 142–146
outcomes, 147–148
postoperative complications, 146–147

suprachoroidal goldmicro-shunt
indications for surgery, 153–154
instrumentation and operative technique, 154–156
postoperative complications, 156

trabecular micro-bypass stent
indications for surgery, 148–149
instrumentation and operative technique, 149–150
postoperative care and complications, 151

trabecular micro-electrocautery
indications for surgery, 151–152
instrumentation and operative surgery, 152
postoperative complications, 152–153

Glaucoma drainage device, 187
implantation and cataract extraction

outcomes, 187
surgical technique, 187

indications for surgery, 109
operative techniques, 109–114
postoperative care, 114–116
surgical outcomes, 116–117

Glaucoma, in ROP, 221–222
cause, 222
corticosteroids, 223
initial management, 222–223
mechanism, 222
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Glaucoma medications, after cataract surgery, 37
Glaucoma patients, cataract surgery

antimetabolite trabeculectomy and cataract extraction
complications, 88–89
instrumentation, 85
operative techniques, 85–87
postoperative care, 87
for surgery, 83–85
surgical outcomes, 87–88

clinical history, 3
consent process, 8–10
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examination
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field analysis, 5–6
nerve fiber layer imaging, 8
specular microscopy, 7–8
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ultrasonic biometry, 6–7
glaucoma drainage devices

indications for surgery, 109
operative techniques, 109–114
postoperative care, 114–116
surgical outcomes, 116–117

intraocular pressure elevation after, 51
clinical presentation, 52
etiology, 51
in glaucoma, 52
guidelines, 54
medical treatment, 52–54
OVDs role in, 51–52

local anesthesia
general anesthesia, 20–21
monitoring, 20
preoperative assessment and preparation, 17
present status, 21
retrobulbar and peribulbar techniques, 20
sub-Tenon’s anesthesia, 18–19
topical ocular anesthesia, 17–18

preoperative assessment
cornea, 3–4
gonioscopic assessment, 4
optic nerve rim thinning, 4–5
silicone oil retinal tamponade, 5

preoperative preparation, 10–11
surgical approach

for cataract, 11–12
combined surgery, 13–14
drainage surgery, 12–13
for glaucoma and cataract, 12

and trabeculectomy surgery, 59–61
approach, 62–64
disadvantages, 62
presurgical assessment, 59–61
surgical outcomes, 67–70
techniques, 64–67

Glaucomatous optic neuropathy, 199, 203
Glaucoma treatment

and cataract surgery, 203
ECCE-trabeculectomy, 203–204
phacotrabeculectomy, 204
postoperative care and complications, 204–206

complications, 133
indications for surgery, 129–130
instrumentation in, 130–131
in nanophthalmic eyes, 198

See also Nanophthalmos
operative technique, 131–132
outcomes in, 132–133
postoperative care, 132
See also Cataract induced glaucoma

GON, see Glaucomatous optic neuropathy
Gonioscopic assessment, for glaucoma patients, 4
Goniosynechialysis (GSL), 194

H
Haigis formula, usage, 200

See also Nanophthalmos
Healon 5 OVDs, 52
Healon5, role, 131
Hoffer Q formula, usage, 200

See also Nanophthalmos
HPMC, see Hydroxyl propyl methyl cellulose
Human lens, developmental stages, 35
Hydrodissection, in cataract and glaucoma management,

76–77
Hydroxyl propyl methyl cellulose, 75
Hypotonous eye

cataract surgery in, 229–230
complications, 231
operative technique, 230–231
postoperative care, 231
preoperative care, 230

causes, 227
clinical manifestations, 228–229
diagnostic evaluation, 228
management, 229
ocular complications, 229
pathophysiology, 227–228
treatment options, 229

Hypotony
definition, 227
and suprachoroidal hemorrhage, 120

See also Suprachoroidal hemorrhage

I
ICC, see Intraclass correlation coefficient
ICE syndrome, see Iridocorneal endothelial syndrome
IFIS, see Intraoperative floppy iris syndrome
Indiana Bleb Appearance Grading Scale, for bleb, 95
Intracameral carbachol intraocular solution, for IOP

treatment, 53
Intracameral injection of local anesthetics, role, 18
Intracameral trypan blue, role, 181
Intraclass correlation coefficient, 95
Intraocular lens, 5, 137, 171
Intraocular lens-related glaucoma, cause, 216

See also Pseudophakia and glaucoma
Intraocular pressure, 3, 19, 119, 129, 135

age effect on controling, 45
cataract removal on, 182
cataract surgery effect on, 190
corneal phacoemulsification on, 187
diagnosis of, 208, 214
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Intraocular pressure (cont.)
effect of cataract surgery on, 37, 43–45
elevation after cataract surgery, 51

clinical presentation, 52
etiology, 51
in glaucoma, 52
guidelines, 54
medical treatment, 52–54
OVDs role, 51–52

and microcystic edema, 209
and phacolytic glaucoma, 208
in phacomorphic glaucoma, 210
reduction, 209

laser suture lysis, 105–106
non-glaucoma and glaucoma eyes, 37–43
releasable suture technique, 106–107

spikes, role, 130
XFS, 163–164
See also Glaucoma patients, cataract surgery;

Trabeculectomy
Intraocular surgery and suprachoroidal hemorrhage

development, 120
See also Suprachoroidal hemorrhage

Intraoperative floppy iris syndrome, 24, 178
Intraoperative gonioscopy

role, 180
usage, 155

IOL, see Intraocular lens
IOP, see Intraocular pressure
Iridocorneal endothelial syndrome, 3, 27
Iris expansion retractors, for small pupil, 29–30
Iris prolapse, 31–33

See also Pupil, small
Irrigating vectis technique, for cataract surgery, 78
iScience device, usage, 141
iScience microcatheter, role, 145

K
Kaplan–Meier survival curve analysis, advantage, 133

See also Cataract treatment
Kelly’s Descemet’s membrane punch, usage, 80
Kissing choroidals, see Central retinal apposition
Kissing suprachoroidal hemorrhage, characteristics, 120

L
Laser endoscope, usage, 130
Laser suture lysis

complications and outcomes, 106
techniques, 105–106
See also Trabeculectomy

Latanoprost, for IOP treatment, 53
Lensectomy, application, 223

See also Retinopathy of prematurity

Lens-related glaucoma, types, 207
Limbus-based flaps, advantage, 94
LOXL1, see Lysyl oxidase-like protein 1
LSL, see Laser suture lysis
Lysyl oxidase-like protein 1, 161

M
Magnetic resonance imaging, 36
Mannitol, application, 209
Manual Small Incision Cataract Surgery, 74
Manual Small Incision Cataract Surgery Combined with

Trabeculectomy
in cataract and glaucoma management

capsulotomy, 76
conjunctival flap and scleral dissection, 74–76
epinucleus removal, cortex aspiration, and IOL

implantation, 80
hydrodissection, 76–77
methodology, 74
nucleus extraction, 78–80
surgical outcomes, 82
trabeculectomy, 80–82

Manual technique, for pupil expansion, 28
Marfan’s patients, cataract, 21
Medical management, of choroidal detachment, 122–123

See also Choroidal detachment
Merocel, role, 144
Microincision bimanual phacotrabeculectomy, 13
Miochol R©-E, role, 149

See also Trabecular micro-bypass stent
Mitomycin-C, 83, 106, 138, 187
Mitomycin C augmented trabeculectomy, 63
MMC, see Mitomycin-C
Modified blumenthal technique, for cataract surgery, 79–80
Moorfields Bleb Grading System, for bleb, 95
Moorfields Florida “More Flow” regime, usage, 84
Moorfield’s safe surgery technique, 65–66
MRI, see Magnetic resonance imaging
MSICS, see Manual Small Incision Cataract Surgery
MSICS-Trab, see Manual Small Incision Cataract Surgery

Combined with Trabeculectomy
Myotonic dystrophy patients, cataract, 21

N
NAG, see Narrow angle glaucoma
Nanophthalmos

characteristics, 197
complications, 198
definition, 197
glaucoma treatment versus cataract surgery, 203

ECCE-trabeculectomy, 203–204
phacotrabeculectomy, 204
postoperative care and complications, 204–206
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indications for surgery, 198–199
IOL choice, 199–200
outcomes of cataract surgery, 203
posterior segment findings, 197
surgical technique, 202

ECCE techniques, 202
phacoemulsification, 202
postoperative care, 202–203

uveal effusion, 198
uveal effusion prevention, 200–201

Narrow angle glaucoma, 40
Neodymium:YAG laser, usage, 151

See also Trabecular micro-bypass stent
Nerve fiber layer, imaging, 8

See also Glaucoma patients, cataract surgery
Non-penetrating schlemm’s canaloplasty

indications for surgery, 141–142
instrumentation and operative technique, 142–146
outcomes, 147–148
postoperative concern and complications, 146–147
See also Cataract extraction, glaucoma devices

Non-steroidal anti-inflammatory drops, 24
Non-steroidal anti-inflammatory drug, 168, 215
NSAIDs, see Non-steroidal anti-inflammatory drops;

Non-steroidal anti-inflammatory drug

O
OAG, see Open angle glaucoma
OCT, see Optical coherence tomography
Ocular hypertensive, 38
OHT, see Ocular hypertensive
Open angle glaucoma, 14, 40
Ophthalmic viscosurgical devices, 51–52, 140, 193, 215,

224
Optical coherence tomography, 8, 230
Optic nerve rim thinning, in glaucoma patients, 4–5
OVDs, see Ophthalmic viscosurgical devices

P
PACG, see Primary angle-closure glaucoma
Pachymetry, see Specular microscopy, for cataract

measurement
PAM, see Potential acuity meters
Parasympathomimetics, effects, 23
Pars plana lensectomy, role, 211

See also Cataract induced glaucoma
PAS, see Peripheral anterior synechiae; Posterior anterior

synechiae
Pattern standard deviation, 5
PCIOL, see Posterior chamber intraocular lens
PCO, see Posterior capsular opacification
PDS/PDG, see Pigment dispersion syndrome and glaucoma
Peribulbar anesthesia, glaucoma patients, 20

Peripheral anterior synechiae, 147, 198, 203
Peripheral iridotomy, for glaucoma patients, 11
Peripheral laser iridotomy, 203
Phacoemulsification

and Ahmed valve implantation, 13
and cataract extraction, 190
in nanophthalmos, 202

See also Nanophthalmos
in PACG eyes, 194–195

See also Primary angle-closure glaucoma (PACG)
patient, cataract surgery

techniques, in cataracts, 209
See also Cataract induced glaucoma

usage, 74
Phaco/IOL versus glaucoma drops, advantages, 47
Phacolytic glaucoma

clinical presentation, 208
complications, 210
diagnostic evaluation, 208
management, 208–209
operative technique, 209
outcomes, 210
pathogenesis in, 207–208
post/pre-operative care, 209

Phacomorphic glaucoma, 37
challenges in cataract extraction, 211
clinical features, 210
operative techniques, 210–211
outcomes, 211–212

Phacosandwich technique, for cataract surgery, 78–79
Phacotrabeculectomy, role, 190

See also Primary angle-closure glaucoma (PACG)
patient, cataract surgery

Phacotrabeculectomy technique, 204
See also Glaucoma treatment

Phacotrabeculectomy with mitomycin-C (phacotrabMMC),
13

Pigment dispersion syndrome and glaucoma, 213
Pilocarpine drug, application, 192
Pilocarpine, effects, 23
PLI, see Peripheral laser iridotomy
PMMA, see Polymethyl methacrylate
POAG, see Primary open angle glaucoma
Polymethyl methacrylate, 123, 164, 179
Polyvinyl alcohol sponges, 85
Posterior anterior synechiae, 67, 211
Posterior capsular opacification, 172
Posterior chamber intraocular lens, 62–63, 203, 209, 215
Postoperative intraocular pressure spike, 193–194

See also Primary angle-closure glaucoma (PACG)
patient, cataract surgery

Postoperative suprachoroidal hemorrhage, definition, 120
Potential acuity meters, 177, 198
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Prednisone drug, application, 123
Primary angle-closure glaucoma (PACG) patient, cataract

surgery, 189–190
angle structure, 190
definition, 189
indications for surgery, 190–191

operative procedures, 192–193
postoperative assessment and medications, 193
preoperative assessment and medications,

191–192
IOP, 190
phacotrabeculectomy in, 190
postoperative complications, 193–194

GSL role, 194
phacoemulsification, 194–195

Primary open angle glaucoma, 8
Prophylactic measures and choroidal effusions avoidance,

121
Protein accumulation, in lens nucleus, 207

See also Cataract induced glaucoma
PSD, see Pattern standard deviation
Pseudoexfoliation syndrome, 26, 37
Pseudoexfoliative material, 4
Pseudophakia and glaucoma, 213–214

pseudophakic pupillary block, 216–218
secondary pigmentary glaucoma, 216
UGH syndrome, 214–215

instruments, 215
operative techniques, 215–216
outcomes, 216
postoperative care, 216
preoperative preparation, 215

Pseudophakic glaucoma, definition, 213
Pseudophakic patients and ECP, 131
Pseudophakic pupillary block, 216–218

See also Pseudophakia and glaucoma
Pupil, small

altered pupil, 27
bimanual technique, 28–29
and chronic uveitis, 26–27
definition, 23
etiology, 23
expansion rings, 30–31
intraoperative challenges in eyes with, 31–33
intraoperative iris expansion, 28
iris expansion retractors for, 29–30
medication causing

parasympathomimetics, 23
surgical techniques, 24–25
systemic alpha-1 blockers, 24

with narrow angle glaucomas, 25
with prior intraocular glaucoma surgery,

25–26

and pseudoexfoliation syndrome, 26
pupil expansion rings for, 30–31
surgical planning for, 27
surgical techniques, 27–28
See also Glaucoma patients, cataract surgery

Pupillary block and angle closure glaucoma, 189
See also Primary angle-closure glaucoma (PACG)

patient, cataract surgery
PVA sponges, see Polyvinyl alcohol sponges
PXF material, see Pseudoexfoliative material
PXF syndrome, see Pseudoexfoliation syndrome

R
Randomized control trials (RCT), 88
Releasable suture technique, 106–107

See also Trabeculectomy
Retinal nerve fiber layer, 8
Retinal perivasculitis, cause, 208

See also Cataract induced glaucoma
Retinopathy of prematurity, 221

cataract in, 223–224
operative techniques, 224–225
outcomes, 225

cicatricial phase, 221
glaucoma, 221–222

initial management, 222–223
mechanism, 222

non-retinal sequelae, 222
staging, 221
surgical management, 223

Retrobulbar anesthesia
for glaucoma patients, 20
usage, 110

Rhegmatogenous retinal detachments, 125
RNFL, see Retinal nerve fiber layer
ROP, see Retinopathy of prematurity

S
SCH, see Suprachoroidal hemorrhage
Schlemm’s canal, in glaucoma patients,

141–142
Scleral decompression technique, 200–201

See also Nanophthalmos
Scleral flap dissection, for Ex-PRESS shunt, 138
Scleral lake, role, 146

See also Cataract extraction, glaucoma devices
Scleral tunnel incisions, in cataract surgery, 131
Scleratome blade, usage, 64
Secondary cataract (SC), 172
Secondary pigmentary glaucoma, 216

See also Pseudophakia and glaucoma
Sedation, in cataract surgery, 20
Serous choroidal detachment, 119–120
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Short wavelength automated perimetry, 179
Sinskey hook, usage, 77
Small incision cataract surgery and glaucoma

pathogenesis, 35–37
surgical technique, 37

Snuff syndrome, see Wipe-out, in glaucoma patients
Sodium hyaluronate, role, 131
Specular microscopy, for cataract measurement, 7–8

See also Glaucoma patients, cataract surgery
Steroids, for post-surgical inflammation control, 181

See also Trabeculectomy
Sub-Tenon’s anesthesia, for glaucoma patients, 18–19
Suprachoroidal goldmicro-shunt, in cataract extraction

indications for surgery, 153–154
instrumentation and operative technique, 154–156
postoperative concerns and complications, 156
See also Cataract extraction, glaucoma devices

Suprachoroidal hemorrhage, 120–122
Surgical goniosynechialysis, usage, 181
Surgical management, of choroidal detachment,

124–126
See also Choroidal detachment

Surgical technique
ECCE techniques, 202
in GDD implantation and cataract extraction, 187
in nanophthalmos, 202
phacoemulsification, 202
postoperative care, 202–203
See also Cataract extraction and GDD implantation;

Nanophthalmos
SWAP, see Short wavelength automated perimetry

T
TCC, see Temporal clear corneal
TCNR, see Tenon’s conjunctival needle revision
TCPD, see Trabecular-ciliary process distance
TDW, see TrabeculoDescemet window
Temporal clear corneal, 178
Tenon’s conjunctival needle revision, 205
Tetracaine, effects, 18
Timolol, for IOP treatment, 53
Tissue plasminogen activator, 97, 116, 178
Topical epinephrine, usage, 21
Topical ocular anesthesia, for glaucoma patients,

17–18
TPA, see Tissue plasminogen activator
Trabecular aspiration (TA), 163
Trabecular-ciliary process distance, 12
Trabecular meshwork (TM) stiffening, 35
Trabecular micro-bypass stent

indications for surgery, 148–149
instrumentation and operative technique, 149–150
postoperative care and complications, 151

See also Cataract extraction, glaucoma devices
Trabecular micro-electrocautery

indications for surgery, 151–152
instrumentation and operative surgery, 152
postoperative concerns and complications, 152–153
See also Cataract extraction, glaucoma devices

Trabeculectomy
bleb, in cataract surgery

complications, 182
indications for surgery, 177–178
instrumentation and operative techniques, 178–181
outcomes, 181–182
postoperative care, 181

and cataract surgery
approach, 63–64
disadvantages, 62
presurgical assessment, 59–61
surgical outcomes, 67–70
techniques for, 64–67

in glaucoma and cataract management, 80–82
See also Antimetabolite trabeculectomy and cataract

extraction
Trabeculectomy with mitomycin-C, 13
TrabeculoDescemet window, 142
Trabeculoplasty, usage, 46
trabMMC, see Trabeculectomy with mitomycin-C
Traction retinal detachments, 125
Travoprost, for IOP treatment, 53
Trypan blue, usage, 209
Tube shunts, complications, 135
Tube vs. Trab study, 94
TVT study, see Tube vs. Trab study

U
UBM, see Ultrasound biomicroscopy
UGH syndrome, see Uveitis-glaucoma-hyphema
Ultrasonic biometry, for cataract measurement, 6–7

See also Glaucoma patients, cataract surgery
Ultrasound biomicroscopy, 12, 197, 203, 217
Ultrasound, in SCH, 121–122

See also Suprachoroidal hemorrhage
Utrata’s capsule-holding forceps, usage, 80
Uveal effusion prevention, surgical procedures in,

200–201
See also Nanophthalmos

Uveal effusion syndrome, characteristics, 120
Uveitis and small pupil, 26–27
Uveitis-glaucoma-hyphema syndrome, 213–215

instruments, 215
operative techniques, 215–216
outcomes, 216
postoperative care, 216
preoperative preparation, 215
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V
Visante anterior segment imaging, 8, 10
Viscocanalostomy, procedure, 141

See also Cataract extraction, glaucoma devices
Vitrectomy techniques, in choroidal detachment, 125

See also Choroidal detachment
Vitreoretinal surgery, in suprachoroidal

hemorrhages, 126

W
Wipe-out, in glaucoma patients, 21
Wound-healing modulators, usage, 74

X
XFG, see Exfoliative glaucoma
XFS, see Exfoliation syndrome

Y
YAG capsulotomy, usage, 217–218

See also Pseudophakia and glaucoma
YAG laser, role, 148

Z
Zonular weakness management, in XFS, 166–167

See also Cataract surgery and XFS


