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SUMMARY 

Focal retinal pathology and dysfunction as a sequel to 
manifest damage due to operating microscope illumin

ation is well recognised. We wished to determine whether 

retinal dysfunction could be identified in the absence of 

clinically visible lesions. We therefore have conducted a 

prospective controlled study on 36 patients undergoing 

cataract surgery and 27 control subjects. A Wild M690 

zoom operating microscope was used for each procedure. 
No filters were used. The Humphrey visual field equip

ment was employed to determine threshold retinal sensi

tivity at predetermined loci above and below fixation in 
both groups. No clinically visible retinal lesions were seen 

in any patient. However, post-operative investigation 
revealed a statistically significant depression in retinal 

sensitivity at points most exposed to operating micro

scope illumination (p<O.05). This was most noticeable 

following longer total operating times and in patients 

with the longest time intervals between lens extraction 

and completion of the procedure. It is concluded that 
operating microscope position and centration, and the 
position of the eye, should be adjusted to place the image 
of the illuminating element away from the foveola. Also 

retinal illumination should be kept to a minimum, 
particularly after an intraocular lens has been implanted. 

Operating microscope light-induced injury was first docu
mented clinically in 1983 in a report by McDonald and 
Irvine.1 Since then many authors have reported this injury 
following different ophthalmic procedures including cat
aract extraction (with and without intraocular lens implan
tation),2-9 refractive surgical procedure, to combined 
penetrating keratoplasty with cataract extraction and 
intraocular lens implantation'I,'2 and pars plana vitrec
tomy.13 All of these reports describe the presence of a 
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visible retinal lesion. Brod and colleaguesl4.15 have shown 
that the focus of illumination and thus the site of potential 
retinal damage engendered by the operating microscope 
varies with the position and centration of the microscope 
and the degree to which the eye is rotated at the time of 
surgery. In this study we used vertical static profile per
imetry to investigate the possibility that the operating 
microscope light may impair retinal function after cataract 
extraction in the absence of a manifest retinal burn. 

MATERIALS AND METHODS 

Patients undergoing cataract extraction with intraocular 
lens implantation at the Southern General Hospital, Glas
gow, between 25 April and 3 July 1990 were investigated. 
Patients with a history of glaucoma, age-related macular 
degeneration, myopia of more than 5 dioptres or other 
ocular disease which may produce visual field defects 
were excluded from the study. The same operating micro
scope (Wild M690) was used for all operations. 

An International Light Photometer IL 700 with a 
SED038/Y /R detector calibrated in candelas per square 
metre was used to measure the illuminance of the oper
ating microscope light. The illuminance produced by the 
microscope lamp measured with the illuminance setting 
on maximum (just below the red mark) was 
3.3 x 105 Cd/m2. No filters were used. 

At operation the operating microscope was set with ver
tical viewing and illumination and was centred over the 
eye, which was rotated inferiorly using a bridle suture 
approximating to position 3 in the experiment by Brod et 
al.15 in which the microscope light became focused infer
ior to the foveola with a centre 6.50 from fixation. The total 
operating time was recorded to the nearest minute and was 
divided into (1) speculum insertion to nucleus extraction 
time, or pre-extraction time, and (2) nucleus extraction to 
speculum removal time, or post-extraction time. 

Patients were given a posterior chamber intraocular lens 
implant unless operating circumstances dictated other
wise. During the second or third post-operative week, full 
ophthalmic examination and static field perimetry 
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employing a full threshold strategy were performed with 
full correction of the current refractive error including a 3 
dioptre add. Patients who had opacities in the media suf
ficient to interfere with the results of perimetry were 
excluded, together with those who had age-related mac
ular degeneration of other fundus abnormalities which 
could interfere with the results of perimetry. A custom
designed program using the Allergan-Humphrey auto
mated static perimeter (Fig. I) was devised. The program 
was designed to examine the vertical meridian at 2° inter
vals between 14° above and 10° below fixation, passing 
through the fixation point. Two points, each lying 1 ° on 
either side of the vertical meridian, were examined for 
each location and their average taken as the retinal sensi
tivity at that location. Patients who had more than two 
errors in the total error score (defined as the sum of fix
ation losses and positive and negative error scores) were 
excluded. 

Our control group consisted of 27 age-matched patients 
attending for problems that did not interfere with their 
visual field analysis (e.g. ocular motility problems and dry 
eyes without corneal involvement). The average sensitiv
ity at each location on the visual field of the study group 
was compared with that of the control group using Stu
dent's t-test. Collective rather than individual results were 
used in the analysis to minimise the effect of short-term 
fluctuation in retinal sensitivity usually found when 
assessing pathological scotomata.16.17 The study group 
results were further analysed employing Student's (-test, 
by comparing the results of those with short and those with 
long operating times with the results of the control group. 
The same procedure was applied for analysing the pre
extraction and the post-extraction time subgroups. Four
teen patients from the study group underwent an identical 
test 10 weeks (average) following surgery in order to 
determine whether spontaneous improvement in visual 
function takes place, and the results were compared with 
their initial post-operative results. 

Correlation coefficients for each point in the visual field 
with the total operating time, the pre-extraction time and 
the post -extraction time were calculated and their signifi
cance assessed by the t-test. Similar comparisons were 
made between the best corrected visual acuity and each of 
the total operating times and the pre-extraction and post
extraction times. 

RESULTS 

Thirty-six patients (12 men and 24 women) met all the cri
teria of the study. Their ages ranged between 54 and 85 
years (mean 71.3 years). All but 1 (who received an 
anterior chamber lens) received posterior chamber intra
ocular lens implants. The best corrected visual acuities at 
2 weeks ranged between 6/6 and 6/36 with 7 patients 
having a best corrected acuity of worse than 6/12. The 
fundi of all operated eyes appeared clinically normal at the 
time of follow-up examination. Operating time varied 
between 26 and 56 minutes (mean 41.3 minutes). Spec
ulum insertion to nucleus extraction (pre-extraction) time 
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varied between 5 and 20 minutes (mean 13.3) minutes. 
Nucleus extraction to speCUlum removal (post-extraction) 
time varied between 16 and 42 minutes (mean 28 

minutes). 
The control cohort comprised 9 men and 18 women 

whose ages ranged between 51 and 86 years (mean 71.6 
years). Tables I and II present the results of threshold ret
inal sensitivity testing for the study and control groups 
using the program shown in Fig. 1. Fig. 2 shows the aver
age threshold sensitivities for the study and control 
samples in decibels plotted against the angular separation 
from the fixation point. 

Average threshold sensitivities at points 8° and 10° 
above fixation were significantly lower in the study 
patients than in the control patients (p<0.048 and 0.022 
respectively) and the value at 6° above fixation gave a sig
nificance value of p<0.054. Comparison of all other 
points along the meridian failed to show any statistically 
significant differences between the study and control 
populations (p varied between 0.16 and 0.66). 

The study sample results were sorted according to oper
ating time length and the threshold sensitivity results for 
long and short operating times (defined as longer and 
shorter than mean operating time respectively) were com
pared with those of the control sample (Fig. 3). In the 
short operating time subgroup none of the points along the 
vertical meridian was significantly different from the con
trol group (p varied between 0.18 and 0.98) while in the 
long operating time subgroup the points 12°, 10°, 8° and 6° 
above fixation displayed significantly lower retinal sensi
tivities when compared with corresponding points from 
the control sample (p = 0.021, 0.024, 0.035 and 0.039 
respectively). 

The study sample was also investigated with regard to 
the pre-extraction and post-extraction times, which were 
compared with those for the control sample (FigA). The 
results for the long pre-extraction time subgroup were not 
statistically different at any point along the vertical merid
ian from those of the control group (p varied between 0.12 
and 0.96) while for the long post-extraction time subgroup 
retinal sensitivities at the points 12°. 10°, 8° and 6° above 
fixation were significantly less than those of the control 
sample (p = 0.032, 0.024, 0.031 and 0.031 respectively). 

Fourteen study patients were examined for a second 
time 41-92 days after surgery (mean 70 days) during the 
study period. Fig. 5 shows the average retinal sensitivities 
for this group at 2 weeks and 10 weeks following surgery 
plotted against the angular separation from the fixation 
point. Although the results of this group showed a trend 
towards improvement of the sensitivity thresholds for 
nearly all the points along the vertical meridian, this 
improvement was not statistically significant (p varied 
between 0.11 and 0.98), nor did it differ significantly from 
the control group (p varied between 0.31 and 0.97). 

Correlation between the operating time and threshold 
sensitivity for each point along the meridian (Fig. 6), 
though not reaching statistical significance for any point, 
was highest for the points 8°, 6° and 4° degrees above 
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DEG 

Fig. 1. The results of the visual field examination of a normal suhject using the same program used in the study. Retinal threshold 
sensitivities were tested along a vertical line passing through fixation. The average ()f the two points at each location was taken as the 
retinal sensitivity. 
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Table I. Results of retinal sensitivity testing of the study group using 
the program shown in Fig. 1 

Location 
in degrees 
from fixation 

1 4  above 
1 2  above 
1 0  above 
8 above 
6 above 
4 above 
2 above 

Centre 
2 below 
4 below 
6 below 
8 below 

1 0  below 

:i!8 
Retinal 
Sensitivity 
(Decibels) 

215 

2A 

22 

Mean 

2 1 .7 
23.0 
23.6 
23.9 
24.7 
25.3 
26.4 
26.6 
26.2 
25.8 
25.8 
25.2 
24.8 

Retinal sensitivity in decibels 

Median 

2 1 .5 
23.0 
24.0 
24.5 
25.5 
26.0 
26.0 
27.0 
26.5 
26.5 
26.0 
26.5 
26.0 

Standard deviation 

4.35 
3.5 1 
3.30 
4.46 
4.01 
3.52 
3.58 
3.66 
3.70 
3.86 
3.61 
4.33 
4.29 

• Control patients 
o Study patients 

1411. 1211. lOA 8A 6A 4A 211. CENT 2B 4B 6B 88 108 
Separation from Fixation (Degrees) 

Fig. 2. Average retinal sensitivities for the study alld control 
groups plotted against the angular separation from thefixation 
point. A. ahove; B, helow; Cent, central. 

fixation (correlation coefficients -0.24, -0.22 and -0.25 
respectively). This was also true for the post-extraction 
time but not for the pre-extraction time (Fig. 6). No statis
tically significant correlation was found between the best 
corrected visual acuity and any of the total operating times 
or the pre-extraction or post-extraction times (correlation 
coefficients 0.0 1 96, 0.23 1 and 0. 1 3 1  respectively). 

DISCUSSION 

The above results indicate that operating microscopic light 
exposure can cause a depression in retinal sensitivity in 
the absence of any clinically observable lesion. This effect 
varies directly with operating time and more precisely 
with the exposure time after nucleus removal. 

The site of maximal depression in retinal sensitivity 
was between 6° and 1 2° above fixation (approximately 
2-4 mm below the foveola). This matches the predicted 
site of maximal exposure to the illuminating element of 
the operating microscope (position 3) in the experiment of 
Brod and colleagueslS which predicted that the centre of 
the image of the illuminating element would be focused 
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Table II. Results of retinal sensitivity testing of the control group 
using the program shown in Fig. I 

Location 
in degrees 

from fixation 

1 4  above 
1 2  above 
10 above 

8 above 
6 above 
4 above 
2 above 

Centre 
2 below 
4 below 
6 below 
8 below 

1 0  below 

:i!8 

Retinal 
Sensitivity 
(Decibels) 

215 

Mean 

23.0 
24. 1 
25.3 
25.6 
26.2 
26.1 
26.7 
26.9 
26.9 
26.5 
26. 1 
25.9 
25.6 

Retinal sensitivity in decibels 

Median 

23 
24 
25 
26 
26 
26 
27 
27 
27 
27 
26 
26 
26 

Standard deviation 

4.26 
2.69 
2.28 
2. 1 0  
1 .98 
1 .83 
2.09 
2.35 
2.30 
2. 1 9  
2. 1 7  
2.17 
2.50 

• Control patients 

H long operating time 

!'iI Short operating tiMe 

1411. 1211. lOA 8A 6A 411. 2A CENT 2B 48 68 88 lOB 

Separation from Fixation (Degrees) 

Fig. 3. Average retinal sensitivities j()r the control group and 
the long and short operating time suhgroups plotted against the 
angular separationjrom thefixation point. A, ahove; B, helow; 
Cent, central. 

2.0 mm below the foveola. The effect of operating micro
scope light was a little further below the foveola in our 
study, probably because we did not control the extent of 
inferior rotation of the eye by the bridle suture. This is an 
understandable variation in view of the varying prefer
ences of different surgeons. An alternative explanation 
could be the use of the Wild microscope, for which the 
focus of maximal illumination may differ from that for the 
Zeiss OpMi 6 used by Brod et al.ls 

To our knowledge this is the first prospective study to 
utilise static field perimetry to detect a depression in ret
inal sensitivity after cataract extraction. Berler and 
Peyserl8 used visual acuity as a parameter to assess the 
effect of light on the retina and concluded that reduced 
visual acuity was consistently more common with high
intensity light. This is not in accordance with our results. 
When we correlated best corrected visual acuity with 
operating time, pre-extraction and post-extraction times 
we found no association. This is probably because the 
operating microscope light was focused away from the 
foveola in our study. 
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Fig. 4. Average retinal sensitivities for the control group and 
the long pre- alld post-extraction time suhgroups plotted against 
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OORRELATION OOEFFICIENT 0.4.:----------------------, 

0.2 

0.1 

14A 12A lOA 8A 6A 4A 2A CENT 28 48 6B 86 lOB 
DISTANCE FROM FIXATION (DEGREES) 

� POST -EXT�TION TIt.4E -*" OPERATING TIME -+- PRE-EXT�ION TIt.4E 

Fig. 6. Correlation coefficient for the retinal sensitivity and 
each of the operating time, pre-extraction and post-extraction 
times plotted against vertical distance from fixation. A, above; 
B, below; Cent, central. 

We have found a direct relationship between the dura
tion of surgery and retinal damage. The average operating 
time in our study group was shorter than that reported for 
most cases with visible retinal lesions. For example, oper
ating times varied between 75 and 90 minutes in 
McDonald and Irvine's report, I 55 and 1 75 minutes in 
Boldrey et al.'s report2 and 75 minutes for both cases in 
the report of Lindquist et al.6 In the case of light damage 
after refractive surgery reported by Brod et al.'o the oper
ating time was approximately 2 hours. 

Although the time for which the operating microscope 
was used did not exceed 1 5  minutes for the two cases 
reported by McDonald et al. after pars plana vitrectomy, 13 
the media were clear during that time and the eyes were 
phakic. Our results show that this factor is probably 
crucial in determining the extent of operating microscope 
light damage. 
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RETINAL SENSITIVITY (DECIBELS) 
28 ,-----------------------------------, 

2� r--+--�--�--------------�r------4 

14A 12A lOA 8A 6A 4A 2A CENT 28 48 68 8B lOB 12B 148 

SEPARATION FROM FIXATION (DEGREES) 

� CONTROL PATIENTS -+- TEN WEEKS POST OP. --li- TWO WEEKS POST 0 

Fig. 5. Average retinal sensitivities for a group of patients 
tested 2 and iO weeks following surgery, and for the control 
group. improvement in retinal sensitivity, though not statis
tically significant, is noted. A, ahove; B, helow; Cent, central. 

The depression of retinal sensitivity was most marked 
for the long operating times and for the long post-extrac
tion time subgroups. Correlation coefficients between 
operating time and post-extraction time and retinal sensi
tivities were highest at the points exposed most to light but 
not elsewhere (Fig. 6). There is thus a reciprocal relation
ship between exposure time and retinal sensitivity. This 
was also established by Robertson and Feldman.'9 The 
lack of statistical significance of correlation coefficient for 
the relevant points can partially be explained by the lateral 
displacement of the eye during surgery. A significant 
number of the operating microscope light-related lesions 
reported in the literature have been found away from the 
vertical meridian. IS It may be argued that the use of a wider 
vertical profile (e.g. four instead of two lines wide) could 
have detected such cases. This would have led to unduly 
long examination times and consequently higher chances 
for observer error, which was a major cause of exclusion 
of patients in our study. 

We found also that retinal sensitivities at all points on 
the vertical profile improved with time in the group re
examined 1 0  weeks after surgery. The improvement was 
not, however, statistically significant. Lindquist et al.6 
documented marked recovery of paramacular scotomas a 
few months following light-induced maculopathy noticed 
after surgery in 2 of their cataract patients. 

We conclude that operating microscope light damage 
can occur even with fairly short operating times. Measures 
to minimise the damage should include minimising expo
sure time, and using different methods proposed in the lit
erature such as corneal occluders, light filters, non-coaxial 
oblique illumination 1-3.5, [0.-L'.14.20-28 and moving the 
focused beam of light away from the foveola by mani
pulating the eye, the operating microscope and centration 
according to the guidelines given by Brod and col
leagues," i.e. tilting the eye downwards, tilting the micro-
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scope towards the surgeon and centring the microscope 
light over the pupil and not the wound. 

It would have been ideal for the patients to have acted as 
their own controls but the density of cataract pre-oper
atively was very marked in the majority of cases, resulting 
in significantly reduced visual function. It was therefore 
necessary to assemble a separate control population. 

The authors have no proprietary interest in the development or 
marketing of any equipment used in this study. 

The authors are grateful to Drs J. Williamson, D. W. Doig and 
P. M. Kyle of the Eye Department at the Southern General Hos
pital for allowing us to recruit their patients for this study. 

Key words: Operating microscope retinopathy. Phototoxicity. Retinal 
light damage. Static perimetry. 
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