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Cataract surgery in patients with cataract and age related
macular degeneration: do the benefits outweigh the risks?

Cataract extraction is of undisputed eYcacy in terms of
improvements in both vision and quality of life. However,
the benefits (and risks) of cataract surgery in patients with
concomitant ocular diseases, such as age related macular
degeneration (ARMD), are uncertain. With rapidly ageing
populations and greater life expectancy, the number of
patients with both cataract and ARMD will inevitably
increase. How do we manage these patients? Is cataract
surgery justified? Are there some who will benefit more
than others? Conversely, does cataract surgery aggravate
ARMD in other patients? Reliable data are lacking, but
these issues are clearly important.

The paper by Armbrecht and colleagues in this issue of
the BJO (p 1343) therefore represents an important and
timely contribution to the literature. In this prospectively
designed study of 187 patients, 90 with ARMD who
underwent cataract surgery and two control groups (one
with ARMD without cataract surgery and another without
ARMD but with cataract surgery), the authors found
significant improvements in both visual function and qual-
ity of life in patients with ARMD who had cataract surgery.
Specifically, patients with mild and moderate ARMD ben-
efited most from cataract surgery, especially if cataract was
of moderate severity. Thus, this study provides data that
suggest cataract surgery should be oVered to selected
patients with moderate cataract and mild/moderate
ARMD, challenging the traditional view that most patients
with ARMD are unlikely to benefit (and may even be
harmed) from the procedure.

In a sense, the relation between cataract surgery and
ARMD has been inconsistent. While some epidemiological
studies have suggested an increased incidence and
progression of ARMD among people who had cataract
surgery, others have not found an association. In the Bea-
ver Dam Eye study, Klein and colleagues found that eyes
that had undergone cataract surgery were more likely to
have a 5 year progression of age related maculopathy (OR
2.7; 95% CI, 1.7–4.4) and to develop signs of late age
related maculopathy (OR 2.8; 95% CI, 1.0–7.6) than were
eyes that were phakic, with the association significant
despite controlling for other ARMD risk factors.1 How-
ever, in other large epidemiological studies, the Blue
Mountains Eye Study and the Rotterdam Eye Study, no
cross sectional association between cataract surgery and
ARMD was observed.2 3

Fears that cataract surgery may be associated with
higher risk of ARMD progression also arose from data
based on clinical studies by Pollack et al,4–6 and from post-
mortem pathological studies by Van der Schaft et al.7

However, as pointed out by Armbrecht and colleagues,
there are important limitations in these studies that suggest
the results were inconclusive, and if anything, warrant fur-
ther research.8 One such study by Shuttleworth and
colleagues showed a clear benefit from cataract surgery in
the majority of patients (more than two thirds) with
ARMD.9 Nevertheless, the study was retrospective in
nature (and subjected to recall and other bias) and the
prevalence of ARMD in that study population was lower
than expected (suggesting selective exclusion of patients
with both ARMD and cataract). Armbrecht and col-
leagues’ contribution in this issue of the BJO is important
in two respects. Firstly, the prospective design, semistand-
ardised grading of both cataract and ARMD, and objective
assessment of visual function and quality of life represents
additional improvements over Shuttleworth et al’s study.
Secondly, the study identified subgroups of patients who
are more likely to benefit from cataract surgery; not unex-
pectedly, these were patients with mild or moderate
ARMD and with moderate (and presumably more severe)
cataract. However, caution is advised for several reasons.
The study is limited by a short follow up period (5
months), inadequate power to detect progression of
ARMD (particularly in the subgroup of patients with
severe ARMD, n=8), possible inconsistencies in ARMD
grading between the two study centres (direct ophthalmos-
copy in Oxford, and photographic grading in Edinburgh),
and selection bias inherent in any non-randomised design.

Where then do we go from here? There are several
options. Firstly, an obvious “next step” is to consider a
randomised clinical trial. This is not feasible as there will
be ethical issues (for example, patients with mild cataract
and moderate ARMD) and problems related to randomi-
sation, masking, and objective assessment of benefits
versus risks. If a clinical trial is not feasible, further
prospective studies will provide much needed supporting
evidence. These studies should preferably be multicentred
and involve well defined prospective cohorts. They should
be of suYcient power to detect significant diVerence in
benefits and risks in diVerent subgroups (combinations of
mild/moderate/severe cataract and ARMD). These studies
should have objective and standardised documentation of
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both cataract and ARMD severity, as well as preoperative
and postoperative assessment of visual and quality of life
outcomes. Some form of masking of the observers is criti-
cal. Finally, we have to adhere to the basic ethical principle
of medicine: first do no harm, and remember that cataract
surgery may, in some cases, subject patients to higher risk
of blindness as a result of complications, such as
progression of ARMD. Thus, certain high risk groups
should be omitted from such a study.

Armbrecht et al’s article has clearly started the ball roll-
ing again on this very important problem. In the context of
the data from this paper it appears that cataract surgery in
patients with mild ARMD and moderate to severe cataract
may be beneficial, but we should probably still be
conservative in our management of patients with more
severe ARMD and with mild cataracts. We await eagerly
further studies to provide a consistent, reliable, and
accurate answer to a question posed commonly by our
patients with cataract and ARMD, “what are my chances
of seeing better after a cataract operation?”
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Bleb related ocular infection: a feature of the HELP syndrome

Glaucoma is a progressive optic neuropathy which
represents the final common pathway of a number of
diVerent disorders which aVect the eye. Most, but not all,
of these are associated with elevated intraocular pressure
(IOP), which is the most important known risk factor for
optic nerve damage, but is still only a risk factor and not
the disease itself. The progressive loss of retinal ganglion
cells and their axons leads to a characteristic clinical
pattern of optic nerve head and corresponding visual field
damage. Non-IOP independent mechanisms of glaucoma-
tous damage are not confined to “normal tension”
glaucoma, but can be operative in any patient, although
they predominate when glaucomatous damage occurs at
the lower end of the pressure spectrum. The goal of glau-
coma filtering surgery is to reduce or eliminate the
pressure dependent component of the disease process.

Filtration surgery to lower IOP has been in use for over
a century. Limbal trephination, described by Elliot in
1909,1 became the most popular operation until the 1940s,
when it fell out of favour because the very thin conjuncti-
val bleb predisposed to late endophthalmitis. Thermal
cautery combined with peripheral iridectomy,2 and poste-
rior lip sclerectomy,3 became the most widely used opera-
tions until guarded filtration procedures were developed.
All of these full thickness procedures, however, were com-
plicated by frequent flat anterior chambers, ciliochoroidal
detachments, occasional choroidal haemorrhages, and a
high incidence of subsequent cataract formation. Late
endophthalmitis was common.

Improvements in microsurgical instrumentation and
fewer postoperative complications led to the rapid accept-
ance of guarded filtration techniques following the
introduction of trabeculectomy by Cairns in 1968.4

Although the incidence of late endophthalmitis was signifi-
cantly reduced, the IOP was not lowered to as great an

extent and certain subsets of patients, such as those with
neovascular glaucoma, uveitis, and previous surgery had
high rates of failure. The introduction of 5-fluorouracil
(5-FU) and mitomycin C (MMC) markedly improved the
surgical success rates not only in these eyes, but also in
routine filtration surgery, so much so that most glaucoma
surgeons use antifibrosis agents for virtually all cases, in an
attempt to provide the pressure lowering eVect of full
thickness surgery with the safety of trabeculectomy. Com-
bined with postoperative laser suture lysis, allowing tighter
scleral flap closure, and earlier postoperative manipulation
to encourage bleb formation, complications such as flat
anterior chamber have been markedly reduced. However,
the thin, avascular, cavitated blebs produced, particularly
with MMC, have led to a resurgence of chronic hypotony,
bleb leaks, bleb infections, and endophthalmitis. Many of
these patients also complain of ocular pain or discomfort
related to the presence of a large or elevated bleb, a condi-
tion known as bleb dysethesia. We have termed the postop-
erative constellation of complications associated with anti-
fibrosis agents the HELP syndrome (hypotony,
endophthalmitis, leak, pain).

In this issue of the BJO (p 1349), Lehmann and
colleagues have assessed risk factors for the development of
late endophthalmitis following glaucoma filtering surgery.
In a well designed, retrospective, case-controlled series,
they report that bleb infection, diabetes mellitus, and use
of antifibrosis agents increase the risk of developing late
endophthalmitis. Patients receiving antifibrosis agents
tended to develop infection considerably earlier than those
individuals who did not receive them. They attribute this
increased risk of infection to the altered bleb morphology
(thin walls, denuded epithelium, abnormal stroma, leak-
age, avascularity) characteristic of 5-FU and MMC filter-
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ing blebs. Endophthalmitis led to a significant loss of vision
and bleb function in a large proportion of eyes.

This article is important for several reasons. Firstly, it
supports the findings of others. Since our initial report of
late bleb related ocular infection following 5-FU trab-
eculectomy5 and the coining of the term “blebitis”,6 we
have treated many patients with late bleb related complica-
tions and infections. These reports have included chil-
dren,7 recurrence in previously infected eyes,8 and
institution-wide surveillance documenting 49 episodes (42
patients) over a 10 year period,9 with bleb leakage being a
common predisposing condition to both infection and
associated with antifibrosis use.10 11 Secondly, the article by
Lehmann and colleagues documents that this problem is
worldwide in scope. Late bleb related ocular infection
involves all ethnic and racial groups, although the infecting
organisms may vary geographically. Thirdly, bleb related
infection can be a serious cause of permanent vision loss
and may interfere with bleb function. An association with
diabetes may reflect the greater predisposition of such
patients to infection in general, and might give us pause to
consider in which subsets of patients it might be advisable
to exercise greater caution in deciding whether or not to
use MMC. Finally, the article confers renewed attention
on this important aspect of the HELP syndrome and on
our need to rethink the use of these potent compounds.

The morbidity associated with HELP syndrome should
cause us to reflect on the widespread, often indiscriminate,
use of antifibrosis agents. Although the rate of progressive
glaucoma damage is lower the lower the postoperative IOP,
not every patient requires an IOP in the single digits or low
teens to prevent further significant injury. Most patients
would be able to retain useful vision for the duration of their
lives with somewhat higher pressures and we should tailor
our therapeutic intervention to the particular needs of the
individual patient, rather than reach, often reflexively and
without thought, for the application of MMC. The literature
comparing the eYcacy of adjunctive 5-FU with MMC for
uncomplicated, previously unoperated eyes is surprisingly
scant, and a recent report by Singh and colleagues suggests
that the pressure lowering eVect is similar for these two
drugs in this group of patients.12 Some might argue that
MMC be reserved primarily for eyes with extremely
advanced damage, reoperation, or complicated or combina-
tion surgeries. Each individual surgeon needs to reassess his
or her use of these medications based upon personal experi-
ence, patient population, and spectrum of patient disease
severity, and make a thoughtful decision regarding the
appropriate, judicious use of these medications.

Looking to the future, is it possible to achieve our IOP
reduction goals without the severe alteration of bleb mor-
phology present following the use of 5-FU or MMC? The

Moorfields group has been at the forefront of the search for
safer, more eVective, and more physiological means of
wound healing modification. An excellent review of the
topic of potential avenues for immune modification in
wound healing has recently been published.13

Transforming growth factor â (TGFâ) is a potent
stimulator of human Tenon’s capsule fibroblast activity,
suggesting its stimulatory role in the conjunctival scarring
response.14–16 The use of antihuman TGFâ antibody in
reducing conjunctival wound healing is one such innova-
tive avenue.17 We look forward to seeing the results of
human clinical trials currently under way.
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New techniques in glaucoma surgery

Recently, new techniques have been introduced for
performing glaucoma surgery without opening into the
anterior chamber, thus avoiding the complications which
are commonly associated with penetrating glaucoma
surgery. These methods involve exposure of the canal of
Schlemm under a deep scleral flap without actually enter-
ing the anterior chamber and sometimes insertion of a col-
lagen sponge under the scleral flap.1–4

Essentially these methods stem from the seminal work of
Grant who demonstrated that in normal enucleated
human eyes 75% of the resistance to aqueous outflow was
located in the trabecular meshwork.5 Following Grant’s
work, various attempts were made to redesign glaucoma
surgery to remove resistance at the trabecular meshwork
thus lowering intraocular pressure. It is instructive now to
reappraise these attempts.
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Redmond Smith6 introduced the concept of trabec-
ulotomy as surgery for open angle glaucoma and this was
further developed by Harms and Dannheim.7 Soon after
Grant’s work Dvorak-Theobald and Kirk8 pointed out that
some cases of open angle glaucoma were due to
obstruction of the scleral collectors and Krasnov intro-
duced sinusotomy for use in glaucoma when trabecular
function appeared adequate.9 Sinusotomy and trabec-
ulotomy were even combined to produced a filtering bleb
with an intact anterior chamber.10

In 1968 John Cairns introduced trabeculectomy having
noted the lack of acceptance of trabeculotomy.11 Essen-
tially this functions as a guarded full thickness sclerectomy,
although Cairns originally postulated that removal of
trabecular meshwork would allow free flow of fluid into the
open lumen of the canal of Schlemm bypassing trabecular
resistance. There is now little doubt that trabeculectomy
has supplanted all other forms of glaucoma surgery.

This early experience is probably relevant to the recent
innovations. The lack of randomised, prospective, case-
control trials with adequate follow up for the new
procedures has recently been criticised.12 13 This was rem-
edied in the BJO last year for cases with a collagen
implant14 although various criticisms have remained,
including the risk of perforation of the trabecular
meshwork and the frequent need for YAG laser trabecular
puncture postoperatively. The criteria of success include a
pressure of less than 21 mm Hg, hardly acceptable to most
current workers in glaucoma for advanced cases and topi-
cal medication is often needed to achieve this.

In the light of the complexity of the procedures
proposed, the lack of careful study of the trabecular mesh-
work is notable although some early studies have been
reported. In the current issue of the BJO (p 1354), a care-
ful study of the trabecular meshwork in glaucoma is

presented stressing the variability of the tissue and that the
anterior meshwork is extremely thin in older patients. This
makes perforation of the mesh at operation likely even for
experienced surgeons.

In view of these findings and remembering our previous
experience with surgery of the trabecular mesh, it seems
wise to withhold judgment on deep sclerectomy and visco-
canalostomy until more extensive clinical appraisal is avail-
able.
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Cover illustration: The pinhole camera

This primitive species of mollusc, the Nautilus is
probably over 150 million years old. The invertebrate
has changed little over that time and still has a primitive
eye, illustrating its successful visual adaptation to its
environment. The eye is located behind the tentacles
and a pinhole opening is its only external sign.
Curiously, there is no lens, no cornea and, in fact, no
dioptric element whatsoever. Furthermore, there is no
obstruction to the incursion by seawater, thus allowing
for a continual exchange with the external pelagic envi-
ronment. There may be a mucous or gelatinous
substance filling the cavity of the eye in life, although its
composition is not known nor its presence even
confirmed. It probably resembles a vitreous body, but
surely must contain an admixture of seawater because
of the open fistula.

The eyecup is approximately round with a pupil
which has some contractile features to it and with a
known pupillary diameter range of at least 0.7–2.25
mm. The weakly contractile pinhole leads into a
surprisingly large cavity lined nearly 360° with cells,
individually called retinula, each of which includes a
rhabdom at its distal end. These cells are primitive pho-
toreceptors. Other cells in the retina are supporting cells
that are directly interspersed between the retinulae,
sending processes distally that extend between the
rhabdoms. Both types of cells contain pigment granules
that can migrate within the cell and are probably used to
control light stimulus to the retinula. The axons lead
away from the proximal base of the retinula directly to
the optic nerve without synapse. Anteriorly, near the
pupil, there are pigmented cells without rhabdoms and
mucous cells that probably secrete the mucoid-like con-
tents of the chamber. Morphologically resembling an
arrogant pugilist, the retinulae lead with their chins by
extending the rhabdomal portion of the cell towards the
inner cavity, allowing direct seawater contact with the
photoreceptive element. In an evolutionary sense, this is
a photoreceptive eyespot that has invaginated and
developed supporting elements.

Such an eye is not subject to chromatic or spherical
aberration, as there is no lens or cornea, but is subject to
diVraction limitations of a small opening. Additionally,
adequate sensitivity and resolution cannot be obtained
simultaneously. As the pupil size becomes smaller the
resolution improves up to the point of pupillary diVrac-
tion, but the sensitivity decreases dramatically. Not sur-
prisingly, investigators believe the Nautilus actually pre-
fers the light (sensitivity, as they seem to go towards the
brighter of two light stimuli in experimental work) con-
firming that the visual system retains adequate sensitiv-
ity even at the expense of resolution.

The Nautilus lives in the Pacific ocean at depths of
150–600 metres along steep underwater cliVs where
bioluminescence is a primary source of light. Maximum
light transmission at that depth peaks at about 475 nm
corresponding to the absorption spectrum of its visual
pigment. Spectral sensitivity, as determined by the
absorption spectrum of the extractable visual pigment
found in the retina, has been determined to be maximal
at about 470 nm.

Although Nautilus shows diurnal activity, they are
most active as crepuscular or nocturnal creatures with
circadian vertical migrations. These animals are benthic
in habit and, given the dark sloping substrate on which
they live, they may not know which direction is up. The
animals are blessed with statocysts providing infor-
mation on the direction of gravity as well as the depth,
since they would probably implode due to the pressure
of seawater when at depths over 800 metres. Strong
currents characterise their environment and probably
cause these animals to drift long distances, requiring
vertical localisation skills.

Bioluminescence is important at these depths, and
the fish and other animals found here can be considered
point sources. Decaying food matter is the principal diet
of the Nautilus and is often associated with biolumines-
cence. Other animals such as species of shrimp are also
attracted to the decaying food matter and many of these
shrimp also have bioluminescent characteristics that
will attract the Nautilus to its food sources. Nautilus feed
slowly and distance vision beyond a few metres is prob-
ably of little interest to the animal; they probably do not
rely upon vision for protection either since they are
encased in a hard outer shell.

Their primitive eye probably has not changed during
the 150 million years they have been on earth and this
helps us understand how visual systems have evolved.
The vertebrates that inhabit the same environment have
eyes that are at least superficially similar since both are
“camera”-type eyes in contrast with the compound eyes
of many other invertebrates, including insects and crus-
taceans. The “camera”-type eye is also seen in other
cephalopods such as the octopus and squid, which are
related to the Nautilus. These other cephalopods do
have a lens and cornea as the eye has evolved to improve
the focus of the image. These cephalopod “camera”-
type eyes also show convergent evolution since no com-
mon ancestor to these invertebrates and vertebrates
exist. They have achieved similar results for ocular mor-
phology, but by very diVerent mechanisms, and
represent convergent evolution.—IVAN R SCHWAB, UC
Davis Department of Ophthalmology, Sacramento, CA,
USA (irschwab@ucdavis.edu).
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