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The National Survey of
Trabeculectomy. .
Sample and methods

Abstract

Purpose The National Survey of
Trabeculectomy was designed to evaluate
current practices of glaucoma surgery in the
United Kingdom and to determine the success
and complication rates of trabeculectomy on a
national basis. This paper reports the survey
methods, levels of consultant activity, waiting
times, indications for surgery and the
demographic and clinical characteristics of the
patient sample.

Methods Consultant ophthalmologists
performing trabeculectomy in the United
Kingdom were studied. Four consecutive
patients undergoing trabeculectomy under
each consultant prior to 18 June 1996 were
retrospectively sampled. Patients were
followed prospectively and evaluated 6 and 12
months after surgery. Data were collected by
self-administered postal questionnaires. To
determine the effects of selection and
reporting bias a validation study of 14
randomly selected units was also conducted.
Results Three hundred and eighty-two
consultants recruited 1454 eligible patients for
analysis. The mean age of patients was 69.2
years (standard deviation 10.9) and 51.7% were
male. The underlying diagnosis was primary
open angle glaucoma in 89.2%,
pseudoexfoliation glaucoma in 5.4%, normal
tension glaucoma in 3.8% and pigmentary
glaucoma in 1.6%. There was advanced visual
field damage in 50.5% of the cohort by the
time of listing. The main indications for
surgery were failure of medication to control
intraocular pressure in 57.1%, progressive
visual field loss in 26.5% and progressive optic
disc damage in 4.8%. Primary surgery was
undertaken in 4.8% of patients. In 80%
trabeculectomy was performed within 3
months of listing. However, almost a third of
consultants considered individual patient’s
waiting time too long. Validation studies
confirmed that systematic bias did not operate
in the selection of patients for the survey or in
the reporting of outcomes.

Conclusion The findings of this survey are
representative of current practices of
trabeculectomy by consultants throughout the
United Kingdom and show considerable
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variation in practice. Failure to control
intraocular pressure with topical medications
was the main indication for surgery. Advanced
glaucomatous visual field damage was present
at the time of surgery in half the sample.
Though most patients were operated on
within 3 months of listing, almost a third of
consultants considered the wait unacceptably
long.

Key words Glaucoma, National survey,
Trabeculectomy, Waiting times

Trabeculectomy is a common glaucoma
operation and is performed by most
ophthalmologists in the United Kingdom (UK).
Though there are reports of the operative
technique, its indications, modifications and
outcomes, there are no national figures
describing current practice patterns in the UK.
A National Survey of Trabeculectomy was
therefore conducted to examine the selection of
patients for surgery, variations in operative
technique and the outcomes and complications
of trabeculectomy in a UK population.

This paper describes the methods used in the
survey, levels of consultant activity, the process
of patient selection for surgery, waiting times
and the demographic and clinical characteristics
of the patient sample. Future papers will
discuss the outcomes and complications of
trabeculectomy and variations in surgical
technique.

Methods

All ophthalmology consultants performing
trabeculectomy in the National Health Service
(NHS) formed the sampling frame for this
survey. Each participant retrospectively
selected the four most recent consecutive
trabeculectomy cases under their care prior to
18 June 1996. Follow-up data were collected
prospectively at 6 and 12 months following
trabeculectomy. Only patients with a diagnosis
of primary open angle glaucoma (POAG),
normal tension glaucoma (NTG),
pseudoexfoliation glaucoma (PXE) or
pigmentary glaucoma (PDS) on whom a
standard trabeculectomy (i.e. not combined
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with another procedure) had been performed were
eligible. Patients were excluded if they had undergone
any previous surgery that involved the bulbar
conjunctiva of the eye or were part of a trial involving the
random allocation of treatment.

Data were collected by self-administered
questionnaires that were mailed to consultants on four
occasions. All questionnaires were piloted prior to
administration. In all but the preliminary contact
questionnaire, respondents were given the choice of
completing the questionnaires on either a 3%-inch floppy
disk or conventional paper format. For confidentiality
purposes each patient and consultant were coded. All
data were kept in accordance with the Data Protection
Act.

A preliminary contact questionnaire identified those
consultants performing trabeculectomy in the NHS.
Details about their practice and number of
trabeculectomies performed in the year prior to the
survey were also collected. Three subsequent
questionnaires dealt with the clinical course of those
patients selected by participating consultants. The first of
these concerned baseline and other clinical characteristics
of the patients, details of the surgical procedure and
details of the immediate post-operative course. Copies of
two visual field tests were also collected for each patient:
one from the time of diagnosis and one from the time of
listing for surgery. These were graded by a masked
independent observer to stage the severity of
glaucomatous loss into one of four grades: normal,
glaucomatous loss not threatening fixation (no defects
within 5° of fixation), advanced glaucomatous loss with
fixation threatened or involved (defects within 5° of
fixation) and ungradable. Fields were deemed
ungradable if they were unreliable or incorrect (incorrect
eye or incorrect date). A second masked observer graded
a sample of 15% of the fields. There was concordance in
83.2%. The second and third questionnaires examined
the outcomes at 6 months and 1 year post-operatively.

Consultants were grouped into one of three groups to
reflect their response status: non-respondents (did not
respond to preliminary contact questionnaire after three
reminder letters and remailing of the questionnaire),
non-participants (responded to preliminary contact
questionnaire but did not recruit patients for subsequent
questionnaires) and participants (recruited patients for
the survey). A random sample of 40% of non-
respondents was interviewed by telephone using a
proforma identical to the preliminary contact
questionnaire to establish whether this group differed
significantly from participants. Non-participants were
also compared with participants using data from
completed preliminary contact questionnaires.

To assess the effect of selection and reporting bias a
validation study of 14 (10%) randomly selected
ophthalmology units in England and Wales was
conducted. A masked observer selected four patients for
each participating consultant in these units according to
the study criteria. Those patients who were incorrectly
included by participants were compared with those

672 NHS Consultant Ophthalmologists

—

606 returned Initial Contact Questionnaire 66 non-respondents (66/672=9.8%)

(606/672=90.2%)

L\;

537 eligible for survey (537/606=88.6%)

i\>

406 returned Initial Questionnaire

69 not eligible (69/606=11.4%)

131 did not return Initial Questionnaire

(406/537=75.6%)

l\;

382 recruited patients (382/537=71.1%)

“Non-participants” (131/537=24.4%)

24 refused to participate

“Participants”

l\»

370 returned Six-Month Follow-Up

“Non-participants” (24/537=4.5%)

12 did not return Six-Month Follow-

Questionnaire (370/382=96.9%)

7

355 Returned Final Follow-Up

Up Questionnaire (12/382=3.1%)

15 did not return Final Follow-Up

Questionnaire (355/370=95.9%) Questionnaire (15/370=4.1%)

Fig. 1. Flowchart of consultant participation in the National Survey of
Trabeculectomy.

patients who were incorrectly excluded for the following
variables: age, sex, diagnosis, intraocular pressure (IOP)
at diagnosis, listing and at first post-operative visit,
visual acuity at listing, grade of surgeon, type of
anaesthetic, use of antimetabolites and development of
early post-operative complications.

Participants’ reporting accuracy was assessed by
comparing proformas completed by a masked observer
with questionnaires completed by participants for five
representative questions. The accuracy of participants’
data reporting was scored as the proportion of answers
correct when compared with those of the masked
observer.

An activity analysis examining the variables reported
in this paper as well as the outcomes of surgery was
performed to identify any relationship with the level of
activity of each consultant. Where significant associations
were found consultants were divided into three groups
according to the number of trabeculectomies they
reported performing in the year prior to the survey: less
than 21, 21 to 39 and greater than 39. Adjusted rates
could thus be calculated and compared with reported
rates.

Data were entered into a customised database and
analysed using Microsoft Acccess for Windows 95 and
SPSS (Statistical Package for Social Sciences, 1995). Data
from the paper questionnaires were double entered;
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Table 1. Activity by specialist interest in glaucoma

Median no. of Mean no. of

Percentage of trabeculectomies trabeculectomies
No. of all eligible per consultant per consultant 95% confidence
Consultant interest consultants consultants per year per year intervals
Glaucoma specialist 121 225 420 54.0 454-62.6
Non-specialist 416 775 26.0 31.1 28.8-33.3
All eligible consultants 537 100 29.5 36.3 33.6-39.0

those from the computer disk version were downloaded
directly into the database thus avoiding transcription
error.

Internal validation checks, range checks and
examination of outliers was performed. Continuous
variables were analysed using Student’s t-test, ANOVA
or Mann-Whitney U as appropriate. Chi-squared tests
were used for categorical variables.

Results

Consultant response rates are presented in Fig. 1. Ninety-
one per cent of all consultant ophthalmologists perform
trabeculectomy in the NHS. Approximately 21 600
trabeculectomies were performed in the year prior to the
survey. The number of trabeculectomies performed by
each consultant ranged from 0 to 250 with a mean of 36.3
trabeculectomies (95% confidence interval (CI) 33.6-39.1)
per consultant. Consultants with a specialist interest in
glaucoma performed trabeculectomies at almost twice
the frequency of those without a specialist glaucoma
interest (Table 1).

One thousand four hundred and fifty-four patients
were recruited. Six month follow-up data were available
for 95.8% (n = 1393) and 1 year follow-up data for 85.6%
(n = 1244) of the cohort. (See Table 2 for reasons for
failure of follow-up.)

The mean age of patients was 69.2 years (standard
deviation (SD) 109) and 752 (51.7%) were men. Ninety-
six per cent were white. The underlying diagnosis was
POAG in 1298 (89.2%), PXE in 78 (54%), NTG in 55
(3.8%) and PDS in 23 (1.6%). The mean IOP at diagnosis
was 292 mmHg (SD 75) and at listing was 26.4 mmHg
(SD 59) for the whole cohort, but differed significantly
between the diagnostic categories (p < 0.0001). The age of
each group also differed significantly between these
categories (p < 0.0001) (Table 3).

The median time from diagnosis of glaucoma to
surgery was 2.7 years with a range of 0-62 years. The
stage of glaucoma, defined by the degree of visual field
involvement, is presented in Table 4. Advanced
glaucomatous damage (central 5° of fixation involved)
was present in 35.3% of the cohort at diagnosis and 50.5%
by the time of listing.

Fifty per cent of patients were on two topical
medications in the operated eye at the time of listing for
surgery. Fig. 2 shows the distribution of the number of
topical medications. The percentage of patients on
pilocarpine and/or adrenaline for longer than 6 months
at some stage prior to surgery was 48.5%.

Failure of medication to control IOP was cited as a
consideration when listing the patient for trabeculectomy
in 87.0% of cases. In 829 cases (57.1%) it was given as the
main reason for listing, and was the main and only
reason in 23.3%. Visual field deterioration contributed to
the decision to operate in 48.8% of cases; in 385 (26.5%)
cases it was given as the main reason for listing, and was
the main and only reason in 82 (5.7%). Progressive optic
disc changes influenced the decision to operate in 26.4%,
intolerance of medication in 15.0% and non-compliance
in 6.6%. Primary surgery was reported as the main
reason for operating in 4.8% of the cohort. Figures for the
main reason for operating are shown in Table 5.

The distribution of waiting times between listing and
surgery is shown in Fig. 3. Trabeculectomy was
performed in 81.4% of the group within 3 months of
listing. However, in 43.8% of cases the patient waited
longer than a time interval regarded acceptable by the
consultant. If the acceptable waiting time is extended by
14 days to accommodate surgery performed close to this
time limit, it was still regarded as unacceptably long by
28.2% of consultants. Although there was no significant
difference in median waiting time between those cases
treated by glaucoma specialists (52.0 days) compared

Table 2. Reasons for failure of follow-up at 6 months and 1 year after trabeculectomy

Percentage of cohort

Reason 6 months® 1 year® Total (n =1454)
Died 18 12 30 2.1%
Lost to follow-up 5 23 28 1.9%
Transferred 12 2 14 1.0%
Notes lost 7 5 12 0.8%
Discharged to optician 2 0 2 0.1%
Discharged 2 0 2 0.1%
Don’t know 1 1 2 0.1%

“Data available for 1393 cases (95.8%).
PData available for 1244 cases (85.6%).



Table 3. Mean age and IOP at diagnosis and listing by diagnostic category

Mean IOP Mean IOP
No. of Mean age at diagnosis at listing
Diagnosis patients (years) 95% CI (mmHg) 95% CI (mmHg) 95% CI
POAG 1298 69.2 68.7-69.8 295 29.0-29.9 26.5 262-26.8
PXE 78 727 70.7-74.8 316 29.3-339 295 27.8-312
NTG 55 69.2 66.2-72.3 189 18.1-19.6 200 18.8-21.1
PDS 23 53.6 46.7-604 29.6 27.1-32.0 25.8 23.3-283
All patients 1454 69.2 68.6-69.7 292 28.8-29.6 26.4 26.1-26.7

POAG, primary open angle glaucoma; PXE, pseudoexfoliation glaucoma; NTG, normal tension glaucoma; PDS, pigmentary glaucoma.

with non-specialists (50.0 days), consultants with a
specialist interest were more likely to consider the
waiting time unacceptable (35.2% versus 26.1%,

p =0.001).

Results of non-respondent study

Twenty-one of the 26 randomly selected non-
respondents were interviewed by telephone. Four
consultants could not be contacted and one consultant
was not eligible for the survey. There were no significant
differences between participants and non-respondents or
participants and non-participants for the variables of
interest (Table 6).

Results of validation studies

Thirty-five consultants from 14 units had recruited 123
patients into the survey. Ninety-three (79.5%) of 117
cases had been correctly included (6 sets of case notes
were missing). Comparison of those patients incorrectly
included with those incorrectly excluded showed no
significant difference in the majority of variables
examined. However, the group of patients incorrectly
excluded were older (p = 0.014), more likely to be male
(p = 0.004) and less likely to have had antimetabolite
adjuvants at the time of surgery (p = 0.014). Reporting
accuracy was 80% or more in 97% of cases. Full
tabulation of these results is available on request.

Activity analysis

There was a significant association between the number
of trabeculectomies performed in the year prior to the

survey and the following variables: underlying diagnosis
(p = 0.018), age (p = 0.050), waiting time (p = 0.005) and

Table 4. Stage of glaucoma at diagnosis and listing for surgery

At diagnosis® At listing®

Grade of visual field . No. % No. %
Normal 130 185 72 74
Glaucomatous 324 46.2 411 421
Advanced 248 353 494 50.5
Total gradable fields 702 100 977 100

“Fields at diagnosis available for 743 (51.1%) cases, 41 cases
ungradable.
bFields at listing available for 1051 (72.3%) cases, 74 cases
ungradable.

number of pre-operative drops (p = 0.016). One hundred
and ten (32.3%) consultants reported performing fewer
than 21 trabeculectomies per year, 126 (36.8%) between
21 and 39, and 106 (31.0%) more than 39. Rates adjusted
for these different levels of activity are compared with
reported rates in Table 7. The difference between the
adjusted and reported rate is small for all variables
except the proportion of NTG cases where the adjusted
rate (4.8%) is 26.3% greater than the reported rate (3.8%).

Discussion

This survey was designed to examine current practices of
trabeculectomy in the UK. In order to gain as
representative a picture of UK practice as possible all
consultant ophthalmologists who perform
trabeculectomy in the NHS were sampled. A response
rate to the preliminary initial contact questionnaire of
90% and subsequent participation of 71% of eligible
consultants compares well with previous College
audits.? Limiting each consultant’s contribution to 4
patients avoided overburdening those who perform
trabeculectomy more frequently. A potential hazard of
this sampling technique is the under-representation of
those consultants who perform trabeculectomy more
frequently. The activity analysis showed that for the
majority of variables presented in this paper adjustment
or weighting according to level of activity is not required.
The strong correlation between number of

Number of Drops

Fig. 2. Number of topical antiglaucoma medications in the operated
eye at the time of listing.
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Table 5. Main reasons for listing for trabeculectomy

Main and

Main reason only reason

Reason (% of total) (% of total)
Failure of medication to control IOP 829 (57.1) 338 (23.3)

Visual field deterioration 385 (26.5) 82 (5.7)

Primary surgery 70 (4.8) 32 (22)
Progressive disc changes 67 (4.6) 14 (1.0)
Intolerant of medication 56 (39) 17 (1.2)
Non-compliance 17 (12) 3(02)
Other 18 (12) 8 (0.6)
Don’t know 10 (0.7)

Total 14522 (100.0) 494 (34.0)

“Data missing for 2 cases.

trabeculectomies performed per year and the proportion
of NTG cases suggests that trabeculectomy in NTG
patients is more likely to be performed by consultants
who operate more frequently. Adjusting for this
correlation, however, does not change the clinical
significance of the results and unadjusted figures are
therefore presented. A follow-up of 1 year was felt to be
sufficient to determine the success of surgery in terms of
IOP>* and the development of most complications.

The study design incorporated retrospective patient
selection, to minimise the Hawthorne effect,® and
prospective follow-up. It is possible, however, that
awareness of early outcomes at the time of recruiting
patients may have introduced selection bias. The
validation study showed that 80% of patients were
correctly selected. Comparison of the 20% incorrectly
selected with those incorrectly excluded showed no
difference for the majority of variables. The two groups
did differ significantly for three variables: the group of
patients incorrectly excluded were older, more likely to
be male and less likely to have had antimetabolite
adjuvants at the time of surgery. The difference in
antimetabolite use may be explained by the age
difference between the two groups, as antimetabolite use
is less likely in older patients. The age and sex differences
are best explained by random effects and are unlikely to
represent an underlying difference between the groups.
Comparison of respondents’ questionnaires with case
notes for inaccuracies in data retrieval showed an

Waitmg time m months

Fig. 3. Waiting time: time interval between listing and trabeculectomy.

accuracy of 80% or more in 97% of cases. Reporting
inaccuracies are therefore unlikely to have introduced
bias.

This survey confirms that trabeculectomy is practised
by the majority of consultant ophthalmologists
throughout the UK. Our estimate that 21 600
trabeculectomies were performed in the year prior to the
survey is comparable with Department of Health figures
for England and Wales for 1994-1995.° Assuming a
glaucoma prevalence of 2% in the population over 50
years of age” and that only half the glaucoma population
is diagnosed, the population at risk is 500 000, and thus
approximately 4% of glaucoma patients undergo
trabeculectomy per annum.

Chronic glaucoma causes progressive visual field loss
which, if left untreated, may lead to blindness. The
clinical manifestations of this process are characteristic
optic disc and visual field changes. IOP, inappropriately
raised for the individual, is a major risk factor in the
glaucomatous process.>*° Most treatment modalities,
including trabeculectomy,''!? aim to reduce IOP. The
real evidence of failure of glaucoma control, however, is
not the absolute level of IOP, but the development or
progression of glaucomatous field and disc changes. In
this group of patients, the decision to operate was most
frequently based on IOP, and in over a fifth on IOP alone.
Although evidence of progressive field and optic disc

Table 6. Characteristics of non-respondents, non-participants and participants

District General Hospital = Specialist glaucoma of years since of consultants

Median no. of
Median no. trabeculectomies
in year prior

Median no.

Response status n  (%): University Hospital ~ interest (%): none  appointment in unit to survey
Participants 382 270 (70.7%): 112 87 (22.8%): 295 9 45 29
Non-participants 155 109 (70.3%): 46 34 (21.9%): 121 8 4 30

Significance of difference

between participants and

non-participants p=0.934 p=10.833 p=0.419 p=10.752 p =0.859
Non-respondents 21 16 (76.2%): 5 4 (19%): 17 13 4 25

Significance of difference

between participants and

non-respondents p=0588 p=0.691 p =0.206 p=0.335 p=0.147




Table 7. Activity analysis: variables adjusted for level of consultant
activity

Summary variable Reported Adjusted

Mean age (years) 69.2 68.8
Mean no. pre-operative topical medications =~ 1.7 16
Mean waiting time (months) 62.7 632
Diagnosis (% of all cases)
POAG 892%  885%
PXE 5.4% 4.8%
NTG 3.8% 48%
PDS 16 19
IOP at diagnosis (mmHg)
All cases 292 28.8
POAG 296 29.1
PXE 316 304
NTG 189 18.7
PDS 296 294
IOP at listing (mmHg)
All cases 26.3 262
POAG 26.5 263
PXE 295 283
NTG 200 19.5
PDS 258 26.1

POAG, primary open angle glaucoma; PXE, pseudoexfoliation
glaucoma; NTG, normal tension glaucoma; PDS, pigmentary
glaucoma.

changes contributed to the decision to operate in many

cases, they came second to absolute IOP. It would appear
that IOP is the most influential factor when deciding to
list a patient for trabeculectomy.

Primary trabeculectomy, referring to trabeculectomy
as the initial treatment in a newly diagnosed case of
glaucoma,13 has been advocated as it avoids visual field
loss whilst attempting to control glaucoma medically**
and is more successful than delayed trabeculectomy.'>*®
However primary surgery was given as the main reason
to operate in only 4.8% of cases, indicating that for most
cases consultants prefer to treat glaucoma medically and
resort to surgery only in those where medical treatment
has failed.

Advanced glaucoma, defined in this study as visual
field loss involving the central 5° of fixation, was present
in the operated eye by the time of surgery in half the
cases. That this extent of visual field loss was already
present at diagnosis in 60% of this group means that
glaucoma was detected late. This corroborates findings
from other studies that glaucoma is often advanced at
presentation'®*! and that our methods of early detection
of the disease are inadequate in some cases. Of those
cases where visual field loss spared the central 5° of
fixation at diagnosis, 30% had progressed to involve the
central 5° by the time of listing. Whilst these findings
should be interpreted with caution because gradable
visual field tests were missing in a high proportion of
cases, they do suggest that visually significant field loss
occurred in almost a third of patients between diagnosis
and listing for surgery.

Most patients in this survey did not wait longer than 3
months for surgery. However, eyes tolerate IOP
differently”** and what can be regarded as a safe time
interval between listing a patient for trabeculectomy and
surgery varies considerably between patients. A more

relevant measure of appropriateness of waiting time for
the individual patient is whether surgery occurred
within a period stipulated by the consultant as
acceptable. In 28% of this cohort the wait (allowing an
additional 14 days) was longer than that considered
acceptable by the consultant for that particular patient.
The concern is that delay means further visual field loss,
which in the case of glaucoma is generally irreversible.
Adequate provision for glaucoma surgery needs to be
made so that patients do not risk progression of disease
whilst on a waiting list.

In conclusion, the National Survey of Trabeculectomy
is a representative study of current practices of
trabeculectomy in the UK. The sampling and data
collection techniques have been validated and show the
data are not subject to non-response, selection or
reporting bias.

The data show considerable variation in practice, with
IOP being the major determinant when deciding to list a
patient for trabeculectomy. Although surgery occurred
within 3 months of listing in 80% of patients, almost a
third of consultants felt the waiting time unacceptably
long. By the time of surgery approximately half the
patients had advanced glaucomatous field loss in the
operated eye. These findings suggest that not only
should we be making efforts to detect glaucoma earlier,
but that we should be aware of the risks of disease
progressing to visually significant levels whilst the
patient is under our care. The emphasis in treatment
needs to be placed on the manifestations of glaucoma,
such as disc and field changes, rather than on absolute
levels of IOP. Once the decision to operate has been
made, resources should be available to allow surgery to
occur within a safe time interval to avoid further field
loss.
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