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Abstract

Over the past 25 years, vitreoretinal surgery
has undergone considerable change in tech-
nology, techniques, and professional organi-
sation. Many conditions that were considered
untreatable in 1988 are now treated routinely
by vitreoretinal surgeons. Over the same
period, vitreoretinal surgery has become a
separate subspecialty with its own scientific
meetings and professional organisation. This
article describes a noncomprehensive selec-
tion of some of the highlights of the past 25
years, including the establishment and growth
of BEAVRS (British and Eire Association of
Vitreoretinal Surgeons), the revolution in the
management of macular holes, the develop-
ment of submacular surgery, and the
introduction of sutureless vitrectomy.
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Introduction

Twenty-five years ago in 1988 was a remarkable
time in the history of vitreoretinal surgery. It
was a mere 15 years since a young Robert
Machemer had announced his invention of pars
plana vitrectomy.! He had been inspired by the
pioneering operation of David Kasner whom he
had observed removing vitreous using an open
sky approach in a case of amyloidosis.?
Thinking there must be a better way, he devised
a method of removing vitreous in small
quantities, with the goal of extraction without
transmitting traction to the retina. He set up
experiments in his garage, and succeeded in
removing egg white through a small incision in
the shell using a rotary cutter.! This led to the
production of the VISC (Figure 1) that was
effective, but required a large port, and had a
tendency to wind in strands of vitreous.
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The approach was refined by separating the
infusion and cutter functions, and using a
guillotine to cut the vitreous. Thus, three-port,
20-gauge vitrectomy was introduced in 1975.3
Hence, in 1988, the technology was still
relatively new, and applications for it were
being avidly explored. For example, the first use
of vitrectomy in the management of retinal
detachment had been described only 3 years
previously in 1985.4 Ophthalmic surgeons who
did not undertake vitrectomy were often fearful
of it, and associated it with a high risk of serious
complications, a reputation that even then was
not entirely justified. Vitreoretinal surgery was
carried out by a number of enthusiasts, but had
not evolved into a formal subspecialty. After 25
years, vitreoretinal surgery is one of the most
popular subspecialties within ophthalmology,
and has considerably expanded its
armamentarium of treatments and indications.
This article examines some of the most
significant developments in vitreoretinal
surgery over the past 25 years.

BEAVRS

The concept of a British Isles Vitreoretinal
Society was conceived by David MacLeod, Tony
Chignell, and Peter Leaver. It was clear to them
that progress in the subspeciality would be
accelerated by the establishment of a dedicated
society that would organise scientific meetings
solely to discuss vitreoretinal topics. There were
no other practical opportunities to do so at that
time. The Club Jules Gonin and the Retinal
Society held meetings for members and guests,
and the Vail Vitrectomy meeting was (and still
remains) invitation 0nly.5 McLeod, Chignell,
and Leaver (in time-honoured manner) set their
fellows to work (David Wong, Charlie James,
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and Paul Jacobs, respectively), and this group of six are
considered to be the founder members of the society. The
first meeting was held at Keeble College, Oxford, in July
1986. The initial principle for the annual meeting was
that everyone who attended should present, and that
problems would be discussed in an uninhibited manner.
The meeting was also itinerant, being both hosted and
organised locally. BEAVRS (British and Eire Association
of Vitreoretinal Surgeons) is well established, and is
now a significant meeting on the calendar, with a
professional organisation, and attracts more than 200
delegates a year.

Macular hole

Before 1988, the condition of macular hole was
considered to be a curiosity and received very little
interest from clinicians and researchers, achieving only
six lines in Duke Elder’s textbook.® He considered it to be
a result of ‘microcystoid degeneration’, but deeper
understanding had to await the attention of Don Gass.”
Gass” was an astute observer who had a deep
understanding of pathology, having spent a year
studying at the Armed Forces Institute of Pathology
before becoming a founder faculty member of the
Bascom Palmer Eye Institute. Therefore, he brought a
pathologist’s eye to the condition, and came up with a
rational hypothesis for the pathogenesis,7 in which
vitreous traction was strongly implicated. Horizontal
traction at the fovea resulted in elevation of the retina,
followed by tearing of a circular operculum of retinal
tissue, with associated loss of vision. In that
groundbreaking paper, he suggested that a vitrectomy in
stage 1 holes might reduce the risk of progression. This
resulted in a large-scale trial of vitrectomy in the
prevention of macular holes.8 However, before this trial
could be completed, two pioneering surgeons in the
United States tried vitrectomy in established holes.
Peeling the posterior hyaloid and putting a bubble of gas
in the eye resulted in closure of the hole, and remarkably
improvement of vision in ~50% of cases.” Their results
were met with some incredulity in the ophthalmic
establishment, ! but the technique was taken up
enthusiastically by others, and subsequent trials
confirmed the benefit of surgery.!! In many cases,
patients with closed holes experienced improvements
in visual acuity to 6/9 or better. It was the excellent
visual results achieved by surgery that led Gass to
question his initial theory of pathogenesis, as the good
vision was not compatible with the loss of foveal tissue
as an operculum. Studies of removed opercula showed
that many did not contain photoreceptors,'> and he
later revised his theory to suggest that the hole is a
horizontal separation of the fovea without loss of
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Figure 1 Dye-assisted pealing during vitrectomy surgery for a
full-thickness macular hole.

tissue.!® The good results from surgery also meant that
the original idea of using vitrectomy for prevention
proved untenable.? The changes in techniques since
then include the introduction of ILM peeling, the use
of vital dyes!® (Figure 1), and variation in posturing
regimes.!® Macular hole surgery is now an established
part of the vitreoretinal surgeon’s portfolio, with
closure rates above the 90% mark.

Retinal detachment

Vitrectomy was first reported for retinal detachment in
1985,% and in many centres has grown in popularity, so
that in the United Kingdom it is the preferred primary
treatment for the majority of cases.!” Results seem similar
to other techniques, but comparison has been difficult
between published case series because of differences in
case mix, and this is one of the many areas that has
suffered from a lack of high standard evidence from
prospective randomised clinical trials. The most
significant contribution to the literature in this area over
the past 25 years has been the Scleral Buckling vs Primary
Vitrectomy in Rhegmatogenous Retinal Detachments
Study (SPR study).!®!” The study consisted of two trials
examining phakic and aphakic/pseudophakic patients.
It was a multicentre trial including 45 surgeons from 25
centres in Europe, and compared pars plana vitrectomy
(see Figure 2) and gas to scleral buckling. There were 416
patients in the phakic group and 265 patients in the
aphakic/pseudophakic group. The key results are
summarised in Tables 1 and 2. A higher primary success
rate was found for vitrectomy in the pseudophakic/
aphakic group, whereas an improved visual outcome
was found with scleral buckling in the phakic group.
However, the trial has not been without criticism. For
example, in the vitrectomy group, surgeons were



Figure 2 Treatment of a retinal detachment of the type
enrolled into the SPR study with vitrectomy showing a fluid—
air exchange.

Table 1 Results of SPR study (best corrected visual acuity)

Group Scleral buckle  Vitrectomy — P-value
Phakic 0.33 0.48 0.0005
Pseudophakic/aphakic 0.46 0.38 0.1033

Table 2 Results of SPR study (primary anatomical success rate)

Group Scleral buckle Vitrectomy P-value
Phakic 133/209 (63.6%) 132/207 (63.8%) 0.97
Pseudophakic/aphakic  71/133 (53.4%) 95/132 (72.0%)  0.002

allowed to place supplementary scleral buckles at their
discretion, and this resulted in a high proportion of
patients having supplementary buckles (67% in the
pseudophakic/aphakic group and 51% in the phakic
group). In addition, the overall primary success rate was
lower than some similar nonrandomised series. One
contributing factor may have been the fact that many of
the participating surgeons already had a preference for
one of the two procedures, and this may have been
associated with a higher success rate. This factor needs to
be taken into account when interpreting all surgical
trials, but particularly those with single surgeons.?’
The importance of this ‘surgeon factor’ is increasingly
recognised and there is now a move towards conducting
‘expertise-based’ trials,?! where the patient is
randomised to an operation that is then carried out by a
surgeon who is tied to that operation. These sorts of trials
would certainly eliminate the ‘surgeon factor’, but have
significant logistic difficulties in their organisation.
There have been many other areas of debate within
vitreoretinal surgery for retinal detachment over the
period in question. Among surgeons who favour scleral
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buckling, there is a wide range of variation in the
techniques used (encircling vs segmental, radial vs
circumferential and so on). The controversy surrounding
pneumatic retinopexy is a case in point. Randomised
trials have shown that although the primary success rate
is slightly less than scleral buckling, the final visual
outcome is no different,?? so it would appear to make
sense to attempt pneumatic retinopexy as a first
procedure, particularly for patients with ‘classic’
indications.?3 Despite this, the popularity of this
technique in the United States has not spread to most
parts of Europe. This is indicative of the fact that there
are many other factors that affect management other than
evidence from clinical trials.

Small gauge surgery

The 20-gauge vitrectomy had been the ‘gold standard’
since its introduction in 1975.3 Tt involved reflection of
the conjunctiva, and the creation of perpendicular
incisions into the sclera, both of which needed suturing
at the end of the case. Then, in 2001, a completely new
method of carrying out vitrectomy was introduced, using
25-gauge instruments and a transconjunctival approach,
obviating the need for sutures.* This technique offered
faster surgery, improved postoperative comfort, and
more rapid recovery, but was originally confined to
routine cases such as epiretinal membrane and macular
hole.?>? As more experience has been gained, and
instruments improved, the indications have broadened
to include complex vitreoretinal conditions such as
rhegmatogenous retinal detachment and diabetic traction
detachment.?’/?8

There were several disadvantages associated with the
smaller gauge, including bending of the instruments,
resulting in problems in moving the eye. The smaller
bore resulted in reduced fluid flow, which meant that any
time saved in opening and closing the conjunctiva was
potentially lost because of the extended vitrectomy time.??
In addition, blockage of the cutter with fibrous tissue and
breakage of the narrow instruments had been reported.®

There were also reports of new complications.
Endophthalmitis following 20-gauge vitrectomy is
very rare (0.039%).3! The first reported case of
endophthalmitis following 25-gauge surgery was
published in 2005,32 and other reports followed.?* A large
series with a higher rate was reported by David Williams
(D Williams, personal communication). Another large
series from the Wills Eye Hospital showed a 12-fold
increased risk in patients having 25-gauge compared
with 20-gauge vitrectomy.? Similar results were reported
from the Bascom Palmer Eye Institute with a rate in
25-gauge patients of (0.84% 11/1307 eyes) compared with
20-gauge vitrectomy (0.03%; 2/6375).%° Since these
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reports, techniques have been modified to reduce the
chance of wound leakage, and more recent series have
not shown a greater risk. For example, a series of
6935 patients found only one case of endophthalmitis
in each group of 20-gauge and 25-gauge patients.3®
The surgeons in this latter study emphasised the
importance of conjunctival irrigation, ensuring
sclerotomy closure and removal of peripheral vitreous
as important preventative measures.

Another potential problem is hypotony that is directly
related to leaking wounds. The hypotony rate after 25
gauge has been reported in as many as 25% of cases.?’
The hypotony resolves usually without sequelae,
although the eye is presumably at higher risk of
choroidal haemorrhage while the low pressure persists,
though such cases have been reported only rarely.>33

Most of these issues have been addressed by changes
in instruments and techniques. For example, a reduction
in the incidence of hypotony to 1% has been observed
when a scleral tunnel is used in combination with
25-gauge cannulae.*#! The benefit of angled incision
construction has been shown experimentally in animal
models.*?

In 2005, Claus Eckardt®? introduced a modified version
of the original technique using existing 23-gauge
instruments through shelved transconjunctival incisions.
Recent experience has suggested that the technique
addresses many of the issues associated with smaller
gauges, and there are suggestions that it is associated
with a lower rate of hypotony and endophthalmitis than
25-gauge surgery.** This may be related to the shelved
incisions that are an essential part of the technique.

In 2007, findings from the first prospective randomised
clinical trial comparing 25- and 20-gauge systems were
published. The study, which reported on 60 patients,
suggested that there was a significant reduction in
postoperative discomfort in the 25-gauge group.?’

A more recent trial from the United Kingdom had similar
findings, although the absolute level of discomfort in
either group was very low, with only three patients
requiring any form of analgesia in the first postoperative
week.% In addition, both trials confirmed that the overall
operating time was no shorter in the 25-gauge group,
principally because of longer duration of the vitrectomy.

One of the potential advantages of 25-gauge surgery
was that the use of cannulas might reduce trauma to the
ora serrata and vitreous base, thereby reducing the
incidence of entry site breaks. Unfortunately, this does
not appear to be the case, with one large retrospective
comparative series finding no statistically significant
difference in entry site breaks between 25- and 20-gauge
vitrectomy. 40

The improvements in patient comfort brought about
by 25- and 23-gauge systems have stimulated interest in
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making improvements to 20-gauge vitrectomy
techniques. Various methods to avoid sutures have
been described, including a valved cannula system,4
a cautery of the conjunctiva in the area of the sclerotomy,*
and other ingenious modifications.* In spite of the early
concerns, it is likely that small gauge vitrectomy is here
to stay, particularly for routine vitreoretinal surgery,
although it is not yet clear which of the various systems
will become the future gold standard.

7

Submacular surgery

The past 25 years have also seen the development of a
whole new domain of surgery in the subretinal space.
Matt Thomas introduced a practical surgical technique
for removing subretinal choroidal neovascularisation
(CNV) in 1991. This minimally invasive technique was
applied in two patients with CNV associated with POHS
with spectacular results.?® Early success was repeated in
larger series for POHS patients, but unfortunately the
results were not encouraging when the technique was
applied to patients with ARMD.?! Gass*? classified CNV
into two types according to its relationship to the retinal
pigment epithelium (RPE). Type 1 CNV lies beneath the
RPE and occurs in age-related macular degeneration.
Type 2 lies in front of the RPE and occurs in conditions
with the common feature of a focal disturbance in
Bruch’s membrane. Such conditions include punctate
inner choroidopathy, multifocal choroiditis, and several
other forms of uveitis. It follows that removal of type 1
membranes also removes the overlying RPE, and this
was the explanation for the poor results in ARMD
cases.’! The initial impressions were confirmed by a
large-scale, prospective randomised clinical trial (the
SST) that showed no benefit of surgery in AMRD or
subretinal haemorrhage.53 However, it did show a benefit
in cases with type 2 membranes presenting with poor
vision (the group H trial).>* The study examined 225
patients with presumed ocular histoplasmosis syndrome
and idiopathic membranes, and although we do not see
POHS in the United Kingdom, it is reasonable to
extrapolate the results to the common causes of type II
membranes we see here (PIC, idiopathic, and MFC).
Success was defined at 24 months of follow-up as vision
improved, was the same or was no more than 1 line
worse than at baseline. Patients with a presenting visual
acuity of 20/100 or worse achieved a significant benefit
from surgery, and the rate of complications was low.
Surgical removal of CNV in selected cases of uveitis is
effective but the increasing popularity of anti-VEGF
agents and the use of photodynamic therapy mean that
very few patients are now referred for surgery.

Type 2 cases represent a tiny proportion of the
morbidity associated with CNV, and the real prize was



discovering a treatment that worked in ARMD. In a
classic example of lateral thinking, Robert Machemer
conceived the idea of reestablishing contact between the
foveal photoreceptors and working RPE by moving the
fovea onto pigment epithelium adjacent to the defect.
The technique involved creating a total retinal
detachment, rotating it around the optic nerve, and
re-attaching the retina using silicone oil tamponade and
360-degree laser retinopexy. He described three cases,
one of which had a significant improvement in central
vision, although the other two developed retinal
detachment and proliferative vitreoretinopathy, and
there were problems with excyclotorsion.” The
technique was taken up and modified by two pioneering
surgeons, Cindy Toth and Claus Eckardt. Important
modifications included making the cut in the peripheral
retina as anterior as possible (to reduce the area of
ischaemic retina), and carrying out extraocular muscle
surgery in order to counter-rotate the globe to reduce
excyclotorsion. After gathering experience with many
hundreds of cases, the visual results were respectable,
and the complication rate low.%%?” For a period before the
introduction of anti-VEGFs, 360-degree macular
translocation, as it became known, was the most effective
treatment for subfoveal CNV in ARMD. However, the
surgery was lengthy and technically difficult, with a long
learning curve. In an attempt to achieve similar results
with a simpler operation, RPE translocation was
introduced. The technique consisted of removal of the
CNV, followed by cutting a full-thickness patch of RPE
and choroid, and pulling it into position beneath the
fovea (Figure 3).°® The procedure was relatively simple
and quick, and there was no need for extraocular muscle
surgery or silicone oil. Early studies showed that the
patch supported visual function, but the visual angle of

Figure 3 Autofluorescence image of a subfoveal RPE patch.
The activity of the patch is in contrast to that of the surrounding
defect in the RPE created by the removal of a type 1 CNV.
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supported area was small, and the patches appeared to
stop working after several years. Jan van Meurs, working
in Rotterdam, modified the method by taking a patch
from the peripheral retina.>” This had the advantage of
moving the surgical trauma away from the fovea, and
patches of any size could be created. However, the
technique was more complicated, and it was found to be
difficult to manoeuvre the patch into the subretinal
space. This latter problem can been addressed by
creating a 180-degree retinectomy and folding the
temporal retina over the optic nerve, thereby creating a
large area of exposed RPE so that the patch can be
created and positioned without trauma to the retina.’
Once the RPE surgery is complete, the retina is folded
back and re-attached using silicone oil. The peripheral
RPE patches seem to have good long-term survival, and
the visual results are reasonable.!

The introduction of anti-VEGFs revolutionised the
treatment of CNV in ARMD, and the indications for
vitreoretinal surgery reduced considerably. There are a
few remaining indications such as RPE rips and
subretinal haemorrhages, but very few cases are being
done. However, this branch of surgery opened an
important new frontier, and operations in the subretinal
space are key to the success of two new areas of therapy,
namely gene therapy®? and RPE transplantation.® It is
very likely that these two areas will be major subjects
when the history of the next 25 years of vitreoretinal
surgery is written.
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