
Evaluating clinical
signs in
trabeculectomized
eyes

JG Crowston1 ;2, JF Kirwan1 ;3, A Wells1, C Kennedy3

and IE Murdoch1 ;3

Abstract

Aim To evaluate interobserver agreement for

clinical signs in trabeculectomized eyes when

examined face-to-face with slit-lamp

biomicroscopy (SL) or by remote examination

using telemedicine (real-time remote video

imaging; TM).

Method A system for examining

trabeculectomized eyes was devised and

validated. A prospective randomized

interobserver agreement study was then

undertaken to compare standard SL

biomicroscopy and TM. Remote examination

was performed using a 384kbps Sony 5100

videoconferencing system. Three

ophthalmologists each examined 40 eyes of 40

patients, who had previously undergone

trabeculectomy. In rotation, two examiners

used SL biomicroscopy. The third examined

the eye remotely by TM. Analysis was

performed to determine the variability in

clinical signs and the presence or absence of

systematic bias between ophthalmologists and

examination methods.

Results High levels of agreement were

observed for paired examinations by SL

biomicroscopy (SL/SL) for bleb vascularity

(score range 0–10) with no systematic bias.

Paired examination by SL and TM (SL/TM)

also showed good levels of agreement for bleb

vascularity, although the spread of

disagreement was wider (95% limits of

agreement 2.57 vs 2.98 (P¼ 0.054)). For anterior

chamber depth, observers agreed within

710% of anterior chamber depth for 68% of

eyes (SL/SL) and 51% of eyes (SL/TM)

(P¼ 0.68). Agreement was ‘good’ for wall

thickness (j¼ 0.6370.08), bleb height

(j¼ 0.6770.1), and the existence of bleb leak

(j¼ 0.6370.19), but poor for bleb morphology

(j¼ 0.2670.12). For the SL/TM comparison,

agreement was fair for wall thickness

(j¼ 0.3970.13), poor for bleb height

(j¼ 0.1770.12), good for bleb leak

(j¼ 0.5670.19), and fair for bleb morphology

(j¼ 0.3170.12). Microcysts were not reliably

detected using either technique.

Conclusion SL biomicroscopy and TM

telemedicine examination may permit reliable

clinical assessment of trabeculectomized eyes.

However, remote examination with TM is

more limited with respect to assessing bleb

height and bleb wall thickness. The

assessment of bleb morphology and

microcysts was unreliable with both

instruments. We propose that TM examination

of trabeculectomized eyes appears safe and

appropriate in situations where face-to-face

examination by an ophthalmologist is not

practical.
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Introduction

Postoperative management of glaucomatous

eyes following trabeculectomy is labour

intensive. The use of releasable or adjustable

sutures, bleb needling, and injection of

antiscarring agents may provide the

ophthalmologist with the opportunity to modify

the outcome of filtering surgery. A number of

clinical signs have been associated with bleb

failure because of subconjunctival scar

formation.1–4 In addition, the use of

antimetabolites, such as mitomycin-C, can alter

bleb morphology to produce thin bleb walls

with avascular, hypocellular tissue,5,6 which

may predispose to postoperative complications

such as bleb leak and endophthalmitis.7,8 These

factors highlight the need for careful

examination of the filtration site. However, a

lack of information exists as to the levels of

agreement between ophthalmologists with
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respect to detecting clinical signs in trabeculectomized

eyes.

Frequent postoperative assessment after surgery is not

practical in all health care settings, and remote

examination using telemedicine (TM) may be of use. The

quality of information delivered to the remote

ophthalmologist, however, should be of adequate quality.

TM technologies are becoming an integral part of

ophthalmic clinical practice and teaching.9 Preliminary

studies suggest that this mode of remote consultation is

both cost-effective and acceptable to patients.10 A paucity

of information, however, exists as to how TM fares as a

tool for examining specific clinical entities compared to

face-to-face slit-lamp (SL) biomicroscopy. The aim of this

study was to assess the interobserver agreement and the

variability of clinical signs in trabeculectomized eyes

when evaluated by SL biomicroscopy or remotely by TM.

Method

Study design

A prospective interobserver agreement study was

performed with 40 eyes of 40 patients that had

previously undergone glaucoma filtration surgery. Local

ethics committee approval was granted prior to initiation

of this study ( JC1001). Patients were recruited from the

Glaucoma Service at Moorfields Eye Hospital. Each eye

was examined separately by three ophthalmologists, two

using SL biomicroscopy and one remotely by TM.

Examination technique was determined on a rotational

basis with the order determined by randomization. The

same three examiners were employed for all six

assessment sessions. In each session, one examiner

performed the remote examination in an adjacent

building for the whole session. The remaining two

examiners alternated between performing the first and

second SL examination. Real-time SL video images were

transferred using a 384 kbps Sony 5100

videoconferencing system as shown in Figure 1.

Outcome measures

A system of bleb assessment was devised by the authors,

as outlined in Table 1. An initial pilot study of a series of

15 bleb photographs was performed to test the system of

assessment and train the ophthalmologists involved

(data not shown). Standard bleb photographs were

employed as references for bleb vascularity. As bleb

vascularity was frequently not uniform across the bleb,

vascularity scores were obtained for three separate areas

(bleb centre, bleb edge, and nonbleb conjunctiva as

shown in Figure 2). Each ophthalmologist recorded

scores independently. The ophthalmologist allocated to

Figure 1 Live real-time video images are transferred along
three ISDN lines. The remote examiner (screen) is able to switch
between preset views to communicate with the SL operative
and/or patient and family or to view images captured with the
SL video camera.

Figure 2 Conjunctival vascularity was scored for three separate
zones: the central bleb area (C), the bleb edge (E), or nonbleb
conjunctiva (N).

Table 1 Grading system employed

Bleb features
Vascularity 1–10 (3=normal vascularity)
Wall thickness Thin/normal conj thickness/thick
Height Flat/shallow/deep/very deep/do not

know
Microcysts Absent/present/do not know
Morphology Focal/diffuse/mixed/do not know
Bleb leak Negative/positive with pressure/

spontaneous/do not know
Nonbleb features
Anterior chamber
depth

% depth of fellow eye

Choroidal
detachment

Absent/present/do not know
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the first SL examination was followed by the second SL

examiner who then operated the SL to transfer images

under instructions from the third ophthalmologist

viewing images remotely.

To examine for bleb leak, 2% fluorescein was applied

and the eye examined with cobalt blue light with or

without external digital pressure being applied to the

globe.

Statistical analysis

Analysis was performed using Prism and Statmate

(Graphpad, Chicago, IL, USA) to compare the findings

between observers (A vs B, A vs C, B vs C) and

examination instrument (SL/SL and SL/TM). For

comparisons between SL and TM, the first SL exam was

compared to the TM exam as the second SL examiner

manoeuvred the SL for the remote examiner, and

therefore these two examiners were not independent.

For bleb vascularity and anterior chamber depth, bias

was assessed by comparing mean values with a paired

t-test. Test variability was evaluated by assessing Bland

Altman plots, and the f-distribution was used to compare

95% limits of agreement. Weighted k statistics were

calculated for clinical signs with nominal end points

using standard definitions.11

Results

A total of 40 eyes of 40 patients were examined. The

study population consisted of 16 female and 24 male

patients. The time from trabeculectomy to examination

ranged from 1 day to 15 years (median 5.4 years). Results

of slit lamp vs slit lamp (SL/SL) and slit lamp vs

telemedicine (SL/TM) are summarized in Table 2.

Vascularity

Comparison of paired SL lamp examinations (SL/SL) for

overall vascularity scores showed very similar values

(mean difference 0.05, 95% CI �0.19 to 0.29) with similar

levels of agreement for all three bleb zones. The

observers agreed within one vascularity score for 75–80%

of eyes. Between the first SL examination and the TM

examination (SL/TM), the mean difference in vascularity

scores suggested that TM may possibly over-read bleb

vascularity (mean difference 0.26 units, 95% CI �0.015 to

0.53; P¼ 0.063). The spread of disagreement in

vascularity scores tended to be broader with SL/TM

compared to SL/SL (95% limits of agreement 2.57 vs 2.98;

P¼ 0.054). Subanalysis of the three different vascularity

zones revealed consistent levels of agreement for all three

zones. Raters agreed within 71 vascularity score for a

median of 78% of eyes (range 62.5–85%) with no

difference in the level of agreement for any of the three

zones. Bland–Altman plots suggested that the spread of

agreement was similar across the range of anterior

chamber depths.

Anterior chamber depth

Use of the fellow eye as a means of assessing anterior

chamber depth provides a reproducible (but arbitrary)

value. SL examinations showed good agreement for

anterior chamber depth (mean difference 0.54%, 95%

CI �6.0 to 4.9%). Observers agreed within 10% of

anterior chamber depth in 68% of eyes. A difference in

estimate of greater than 50% of anterior chamber depth

was observed in 8% of eyes.

Overall, anterior chamber depth estimates derived

using TM were very similar (mean difference 0.81%, 95%

CI �7.2 to þ 5.6%). The spread of disagreement between

anterior chamber depth scores may be wider for the

SL/TM analysis compared to SL/SL (P¼ 0.087). Total

agreement (within 10%) was observed in 51% of eyes

compared to 68% for paired SL analysis (P¼ 0.68).

Bland–Altman plots suggested that spread of agreement

was similar across the range of anterior chamber depths.

Bleb characteristics

Bleb height, bleb wall thickness, bleb morphology, the

presence or absence of leak, and microcysts were graded

according to the scales shown in Table 1.

For wall thickness, agreement was ‘good’ (weighted

k7standard error¼ 0.6370.08) with SL/SL and fair with

SL/TM (k¼ 0.3970.13). Bleb height agreement was

‘good’ with SL/SL (k¼ 0.6770.1) and ‘poor’ for SL/TM

(k¼ 0.1770.12). For bleb morphology, agreement was

fair with both SL/SL and SL/TM (k¼ 0.2670.12) and

(k¼ 0.3170.12).

Table 2 Comparison of paired SL examinations and SL/TM assessment showing proportions of cases with agreement or k values

Vascularity total agreement AC depth (within 10%) Bleb height (k) Wall thickness (k) Bleb morphology (k) Bleb leak (k)

SL/SL 75–80% 68% 0.67 (70.1) 0.63 (70.08) 0.26 (70.12) 0.63 (70.19)
SL/TM 63–80% 51% 0.17 (70.12) 0.39 (70.13) 0.31 (70.12) 0.56 (70.19)
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Bleb leak

Agreement was similar for both examination techniques

(k¼ 0.6370.19 with SL/SL) and (k¼ 0.5670.19 with SL/

TM) and ranged from ‘moderate’ to ‘good’. A total of 10

eyes (25%) were diagnosed by at least one of the three

examiners to have a bleb leak. In three of these, the leak

was diagnosed by all three examiners. In three eyes, leak

was only diagnosed by TM, not by SL. In three further

cases, a leak was identified by one SL observer but not by

the other two observers. In the final case, a leak was

diagnosed in one SL observer but no entry was made for

that patient by the TM observer. In no cases was a leak

diagnosed by both SL users but missed by TM.

Microcysts

Detection of microcysts was not significantly better than

chance with both techniques. In 24 (60%) eyes, the

examiner using TM scored ‘don’t know’ compared to

two (5%) and one (2.5%) for SL examinations.

Discussion

Little information exists as to the variability of clinical

assessment in eyes with filtering blebs. Paired SL

examination provides a ‘gold standard’ measure for each

clinical sign against which alternative equipment can be

assessed. High levels of agreement were seen for

conjunctival vascularity and anterior chamber depth. In

most cases, SL observers agreed within one vascularity

score and 10% of anterior chamber depth estimates.

Nominal end points were used for bleb height, wall

thickness, bleb morphology and the presence or absence

of bleb leak and conjunctival microcysts. We had

previously found that the lack of appropriate reference

aides, such as standard photographs, made the ordinal

scales difficult to use for these signs. Paired SL

biomicroscopy achieved good levels of agreement for

bleb height, bleb thickness, and bleb leak.

Low levels of agreement were observed for bleb

morphology using both examination techniques, despite

attempts to simplify the classification to focal, diffuse, or

mixed. This may be attributed to preconceived

differences between observers as to the definition of each

of these bleb morphologies. An alternative explanation

may be inherent to the use of the k statistics, as this form

of analysis does not take the type of disagreement into

consideration. SL observers rarely disagreed between

focal and diffuse blebs. Disagreement was usually where

one examiner judged a bleb to be either ‘focal’ or ‘diffuse’

and the other examiner recorded ‘mixed’ morphology.

TM has been used for a number of purposes including

the monitoring of diabetic retinopathy, strabismus,12

oculoplastic disorders, as well as evaluation of

postoperative patients13 and the coordination of

multicentre clinical trials.13 With the adoption

of new technology in clinical practice, it is important

that the clinician has a good understanding of the

strengths and weaknesses of the equipment being

used. Nitzkin et al14 reported that practitioners with

little experience of TM and a poor knowledge of the

limitations of the systems in use were more likely

to miss important clinical findings. A number

of studies have examined the limitations associated

with the use of TM in various ophthalmic subspecialties.

A prospective interobserver agreement study

evaluating the reliability of medium bandwidth

teleconferencing equipment in the diagnosis of

strabismus revealed good to excellent agreement for

horizontal and vertical deviations; however, reduced

reliability was noted for the assessment of oblique

muscle actions and the detection of small vertical

deviations.12 Similarly, evaluation of adnexal

ophthalmologic examination revealed that

teleconsultation with equipment similar to that

employed in this study was suitable for assessing

congenital or involutional ptosis, but not for less

well-defined conditions such as nonspecific ocular

pain.15 Our study differs from those cited above in that

we have assessed the variability of the detection of

specific clinical signs rather than the ability of an

investigator to assess a given clinical entity.

TM examination provided high levels of agreement for

bleb vascularity, anterior chamber depth, and the

presence or absence of bleb leak, although the difference

in means for SL/TM was slightly larger than for SL/SL.

TM assessment was however more variable for bleb

height and wall thickness. The optical characteristics of a

given clinical sign may determine how well it is detected

by the remote observer. Threlkeld et al16 have suggested

that clinical signs with low contrast cues for colour and

depth are less reliably observed by TM compared to

signs with high contrast cues for colour and depth. This

may explain why vascularity and anterior chamber

depth, which have high contrast for depth and colour,

were more accurately assessed than bleb height and wall

thickness, which frequently have relatively low contrast

cues. TM achieved good levels of agreement for the

detection of bleb leaks. At least one observer diagnosed a

bleb leak in 10 (25%) of eyes. Although this proportion is

high, the low absolute number reduces the power of this

data. However, the TM observer was able to detect bleb

leak in all cases where bleb leak was detected by both SL

examiners. This suggests that major bleb leaks may be

reliably detected with TM. Further investigation with a

larger number of bleb leaks is however necessary to

substantiate this.
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Implementation of TM for the postoperative review of

trabeculectomy cases raises a number of practical points.

Firstly, the image acquisition must be optimized. The

system employed in this study provides medium-quality

video using three ISDN lines delivering up to 384 kbps of

data transfer. Further optimization of the video image

was obtained by minimizing motion blur, using a dim slit

illumination source in association with a diffuse

additional illumination source. Secondly, image

transmission must be reliable. In a recent review of a

teleophthalmology service established between

Moorfields Eye Hospital and a regional hospital in South

Africa,17 there were few reported connection problems

over a 1-year period. Thirdly, TM examination must be

acceptable to patients. Routine assessment of cataract

and trabeculectomy cases on the first postoperative day

revealed a high level (83%) of patient satisfaction.13 Only

one patient from the 80 examined found that the

experience was unacceptable. In this study, SL image

capture and applanation tonometry were performed by a

trained nurse. The nurse has also been trained in the

removal of releasable sutures and bleb massage.

This study outlines the variability in detecting clinical

signs that may be considered important in the evaluation

and management of eyes after trabeculectomy. TM

examination provides similar levels of variability for bleb

vascularity, anterior chamber depth, and bleb leak;

however, more subtle signs, such as bleb height and bleb

wall thickness, were less well detected by TM compared

to SL biomicroscopy. The levels of agreement between

observers for bleb morphology and the presence of

microcysts were poor for both examination techniques.

We propose that remote examination provides a useful

mode for assessing trabeculectomized eyes in health care

settings where face-to-face evaluation is not deemed

practical. Observers should however be aware of the

limitations of TM in particular with respect to assessing

bleb height and wall thickness.
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