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Abstract

Purpose To discover what cataract patients
see during phacoemulsification and if these
light phenomena influence their anxiety
levels during surgery.
Methods In all, 200 patients were
interviewed intraoperatively at the Eye
Hospital, Petrisberg, Trier, Germany.
The quality of the visual experiences was
described and if these were pleasant,
neutral or unpleasant. Systemic sedation
was noted.
Results Among 200 patients (209 eyes): 88
were men (91 eyes; 44%) and 112 were
women (118 eyes; 56%). Median age (years):
men (71), women (70). Mean operating time
was 8 min. 49/209 (23%) were not anxious
before and during surgery. 110/209 (52%)
were more anxious before than during
surgery, 50/209 (24%) were still anxious
during surgery, 27/209 (13%) got sedation
with midazolam (1–5 mg). Colours in
descending order seen: blue, red, pink,
yellow, green, purple, turquois, and orange.
The most dominant colour combination was
red/blue. Structures were seen by 162/209
(78%). Most (61%) intraoperative visual
experiences were pleasant, 38% were
neutral, and 1% found them transiently
unpleasant. Three patients felt blinded by
the light of the operating microscope.
Conclusions The experience of colours and
other light phenomena was pleasant for most
patients during phacoemulsification under
topical anaesthesia. They occur spontaneously
when the patient is fixating on the operating
light. They are not dependent on the
individual or environment. Sedation only in
13%. Direct questioning for visual sensations
by the operating surgeon may lead to less
need for sedation and lead to less side effects

for elderly and multimorbidity people
postoperatively. The surgeon can use this
knowledge to reassure patients during
surgery.
Eye (2016) 30, 385–391; doi:10.1038/eye.2015.239;
published online 13 November 2015

Introduction

In Germany 59% of all routine cataract
operations are performed under intravenous
sedation, 15% with oral sedation, and 29% using
topical anaesthesia without any sedation.1

Sedation causes side effects during and after
cataract surgery. Known side effects of
midazolam as with diazepam are: respiratory
depression, coughing, dyspnoea, and less
commonly phlebitis. Many cataract patients
have visual illusions during their operation that
can alarm them.
During the last twenty years there have

been several studies of intraoperative visual
illusions.2–25 These visual phenomena are
mostly independent of comorbidities, sex,
age, form of anaesthesia, duration of the
operation, mode of cataract surgery, or even
sedation. Intraoperative visual illusions can
lead to anxiety 2,10,20 or joy.11,24 This is why
patients are counselled about them prior to
surgery.7,21

This is the first study that examines an
intraoperative interview of patients instead of
questioning patients postoperatively about light
phenomena. Cataract patients were asked about
their visual sensations during their surgery
under topical anaesthesia. They were asked
about any anxiety or pleasure they felt, as well
as the colours and structures seen and the clarity
of their visual experiences.
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Materials and methods

We report the findings from 201 consecutive patients
(210 eyes) who underwent ambulant cataract surgery. On
the day of the operation the procedure was explained to
them taking about 20min. During this time they were
shown a board with 50, mostly coloured, pictures drawn
postoperatively by patients previously operated on
(Figures 1 and 2).22 We asked them to concentrate on
what they might see during the operation. One of the 201
patients was deaf and suffering from dementia and his
results were excluded from the study analyses. Our
patients did not get routine sedation, but only on request
either shortly before or during phacoemulsification.

Routinely we administered proxymethacain-HCl 0.5%
eye drops preoperatively for topical anaesthesia and a
postoperative subconjunctival injection 0.1 ml xylocaine
and adrenaline. The operation was performed using a
microscope with adjustable slit beam, mostly of 1–2mm
width that also allows retroillumination (operating
microscope by Möller Wedel). Just before beginning the
surgery patients see this light from the microscope
reflected by a hexagonal mirror. Operating time was
5− 35min—median time 8min. In five patients operating
time was more than 15min. All procedures were
performed by the same surgeon (MW).
Informed consent was obtained from all participants.

The study adhered to the tenets of the declaration of
Helsinki. At the beginning of phacoemulsification
patients were asked by the surgeon if they saw colours or
if everything was just white. In addition, if they saw a
central light and if it was round, elongate, crystalloid, or a
different shape. Patients reported either spontaneously
about their visual experiences or they were asked again
by the surgeon during the operation or lens implantation.
All patients had a capsular fixated hydrophobic acrylic
lens (ALCON; Acrysof, USA), imbedded that were 85%
uncoloured and 15% with blue filter. After the operation
patients were asked if they were more anxious before,
during, or after surgery. Subsequently the surgeon filled
in a standardized questionnaire form on their behalf.
In nine patients surgery of the second eye was

performed within 9 month. We are presenting all their 18
surgeries as single procedures.

Results

In all, 200 patients (209 eyes) took part in our study,
88 men, 91 eyes (44%) and 112 women, 118 eyes (56%).
Median age in men was 71 and in women 70 years. A
total of 111 ‘first eyes’ with a median VA of 0.4 (20/50)
were operated and 98 ‘second eyes’ with a median VA of
0.4 (20/50) with implantation of a capsular fixated
hydrophobic acrylic lens. Four patients with advanced
glaucoma underwent a combined procedure of
phacoemulsification and trabeculotomy. In another
patient an AC–IOL has been implanted after traumatic
cataract. Of 209 advanced cataracts 14/209 (7%) had
pseudoexfoliation syndrome. Other comorbidities in
descending order were elevated IOP or POAG 61/209
(29%), dry ARMD 27/209 (13%), PACG 12/209 (6%),
macula pucker 11/209 (5%), Cornea guttata 6/209 (3%),
and wet ARMD 4/209 (2%).

I. Colours

Eighty-seven percent (184/209) saw colours and 25/209
(12%) did not; 19 saw only white/bright, 5 white and

Figure 1 Postoperative drawing about intraoperative visual
illusions. More than four colours, intensive, polygonal.

Figure 2 Postoperative drawing about intraoperative visual
illusions. More than four colours, pale, polygonal.
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black (dark), and 1 saw white and grey. Blue (74%), red
(42%), and pink (30%) were the colours seen most often
and usually as single colours (Figures 1− 3). Colours
yellow, green, purple turquois, and orange were hardly
seen except with other colours. 39/209 saw one colour,
65/209 two colours, 37/209 three colours, and 43/209
saw four or more colours (eg, like in Figures 1 and 2). Of
64/209 (31%) patients who saw no or only one colour 39
(61%) were men 39/88. Of 145/209 (69%) patients who
saw two or more colours 93 (65%) were women. Women
saw red and pink slightly more often than men (Table 1).
Four of 32 patients saw a change in colour to yellow

when a single piece foldable yellow lens had been
implanted (ALCON; Acrysof). Operating time was
5− 35min—median 8min. In 6/209 procedures time was
more than 15min: one miotic patient, one with post-
traumatic cataract and AC IOL implantation, and four
patients with combined trabeculotomy. Four of six saw
colours: three blue, and of the rest each one saw yellow,
orange, or pink. Patients below the age of 60 years saw

red more than other colours (Table 1). 155/209 (82%) saw
pale colours (like water colours, eg, like Figure 2). 29/209
(14%) saw intensive colours (like acrylic colours, eg, like
Figure 1). 15/209 saw pale and intensive colours at the
same time. In 25/29 procedures the intensive colours
were pleasant, 4/29 were neutral, and 4/29 were sedated.
18/29 were preoperatively emotionally stressed and 4/29
remained stressed intraoperatively.
Twenty-nine patients had preoperative visual acuity of

0.2 or less. 14/29 (48%) saw three or more colours during
surgery, most frequently blue, followed by red and pink.
Seventy-three patients had glaucoma or an elevated IOP.
27/73 (36%) saw three or more colours of which blue was
most dominant, followed by red and yellow. There were
no differences between elevated IOP and glaucoma
patients. Thirty-one patients were suffering from ARMD.
9/31 (29%) saw three or more colours, mostly blue
followed by pink and yellow. Our data does not allow
describing significant differences among patients and
their specific diseases (Figure 3).
Ninety-eight patients underwent phacoemulsification

on their second eye. 61/98 (62%) remembered the visual
illusions of their first operation: 36/61 (59%) remembered
them differently, for 25/61 (41%) they were similar. 9/98
patients underwent cataract surgery of their second eye,
six women and three men. Two women saw four or more
colours during both operations. One of them described
them more impressive during her first procedure. The
other seven patients saw different colours and structures
in both surgeries.

II. Structures

In 157/209 cases patients recognized at least one of four
predetermined structures (circle, oval, hexagonal or
polygonal, stripes): A circle by 45, oval (eg, like Figure 2)
by 48, hexagonal or polygonal by 73 (eg, like Figure 1)
and stripes by 11. In 51/209 procedures they saw
other structures: 20 described them as like the sky (8),
or clouds (7), or sunrise (2) and 3 as one each of theFigure 3 Colours seen by patients intraoperatively.

Table 1 Colours seen by patients intraoperatively plus other psychosocial data of patients

In % All Men Women Sedation Intensive Quality + Quality 0/– Anxious o60 years

No colours 12 14 10 26 — 0 28 18 13
Blue 74 72 75 64 73 80 58 77 61
Red 42 34 50 45 55 40 42 32 61
Pink 30 23 36 45 9 27 35 42 13
Yellow 23 20 25 27 10 19 15 16 9
Green 16 15 18 0 10 11 16 16 9
Z4 colours 23 21 25 45 62 42 8 24 18

Line 1: ‘no colours’: patients, who did not see any colour. The % values are related to all the 209 patients line 2–6: ‘blue, red, pink, yelllow, and green’:
patients who recognized one of these colours. The % values are related to 141 patients, who recognized one, two, or three colours line 7: ‘44 colours’:
patients who recognized four or more colours. The % values are related to all the 209 patients.
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following: gates of heaven, fireworks, and rays. Twenty-
one mentioned objects looking like crystals: diamond,
crystals, sapphires, jewels, or ice crystals. Further shapes
were rings, pebble stones, kaleidoscopes, leaves, and
tinsel. Five patients saw details of the operating theatre:
the theatre nurse (two) and one each of: the spotlight, a
surgical instrument, or a surgical container. The
combination or frequency of colours seen did not depend
on whether the patient saw a shape or not.

III. Quality

In 128/209 (61%) cases patients found their visual
illusions pleasant, 79/209 (38%) found them neutral and
2/209 (1%) thought them unpleasant. In 2/209 their
feelings changed from unpleasant to pleasant, in another
2/209 from neutral to pleasant. Four did not report on
this quality.
Three patients (four procedures (2%)) reported visual

illusions as unpleasant. These three were anxious both
before and during the operation. Two of the three
required sedation with 2mg of dormicum and saw only
bright light intraoperatively, with no colours or shapes.
The third patient with two procedures did not want
sedation at all. In both operations he saw blue with pink
in the first and with red in the second procedure. During
the first surgery he was blinded by the light of the
operating microscope, which disappeared when the slit
beam size was reduced to 1mm. During the second
surgery he first saw red, which he described as
unpleasant but this changed to a pleasant when blue.
Another eight patients received cataract surgeries in both
eyes during the study period. In four visual illusions were
pleasant in both eyes. The other four recognized them
mostly as pleasant or neutral.

IV. Excitement and sedation

During forty-nine procedures (23%) patients were not
anxious preoperatively. 110/209 (53%) were tense before
the operation and became more relaxed during the
procedure. 50/209 (24%) were equally tense both before
and during the operation. In none of 209 procedures
patients were more nervous during than before the
operation. Tense patients saw slightly more red than pink
(Table 1). 27/209 asked for sedation (13%): 4/209 received
0.5 mg midazolam, 11/209 received 1.0 mg and 2/209 got
1.5 mg. Eight people received 2mg midazolam and three
received 5mg. The mean age of the 29 patients who
received sedation was 70 years; 8 men and 19 women.
One wanted sedation although he was not anxious.
Seventeen wanted sedation and became much more calm
during the procedure. Nine got sedation and remained
anxious during the operation even when the, dose of

sedation was increased. In 92/209 procedures patients
were anxious before the operation and became calm
during the procedure without sedation. All 15 patients
with a low dose of sedation (0.5–1mg midazolam) saw
colours, in contrast to 5/12 with higher dosages of
sedation (41.5 mg midazolam). Of 25 patients who did
not see any colour, 7/25 (28%) got 1.5− 2ml midazolam
for sedation. Sedated patients mostly saw no colour or
lots of colours. They tended to see less blue and green and
more pink and yellow (Table 1). Seven of 27 sedated
patients saw no colours, 2 saw one, 6 two, 3 three, and 9
saw four or more colours (Table 1).

Discussion

For the first time cataract patients have been asked about
their visual experiences during surgery using topical
anaesthesia. Asking about their experience during
surgery reassured even anxious patients and only 13%
needed sedation with midazolam 1− 5mg intravenously.
Talking to patients about light phenomena reduced their
anxiety and distracted them from the actual situation. For
61% of our patients the quality of visual experiences was
pleasant, for 38% neutral and for 1% unpleasant. Thus it
seems not only to reduce the need for general anaesthesia
but is also a safe method to do phacoemulsification.
It was interesting to observe that patients saw

proportionatlely similar colours according to those we
described in ‘Visual experiences under topical
anaesthesia’ in which we focused on the patients’
recognition of pictures, which had been previously
painted postoperatively by other patients to describe their
visual impressions (Figures 1 and 2).22

Intravenous midazolam did not seem to significantly
reduce pain or anxiety. It must be remembered that
benzodiazepines themselves may induce anxiolysis,
amnesia, and sedation. They are both sedative and
anticonvulsive. They work by binding to GABA
receptors. Known side effects of midazolam and
diazepam are respiratory depression, coughing, and
dyspnoea, and more rarely phlebitis. Rarely a paradoxical
reaction can be observed characterized by aggressiveness,
hostility, and restlessness. With oral benzodiazepines this
occurs in about 5% of patients.
The more colours patients see during the operation the

more pleasant the operation is for them. For none of the
patients the colours that they saw intraoperatively
remained unpleasant. Three were temporarily blinded,
one found red unpleasant for him, but seeing blue during
the operation was reported as pleasant.
Investigators from UK and Asia report that the

operating light was disturbing at the beginning of the
operation.4,5,14 In our study only 1% of patients
complained about it. This might be influenced by the fact
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that we are operating with a confocal slit beam of 1–2mm
that also allows retroillumination (operating microscope
by Möller Wedel).
Questioning about colours intraoperatively makes one

realize that colours are more intense than when described
after the operation. In all, 88% of our patients reported
colours when interviewed during the operation but only
74% when interviewed afterwards.22 This may be
influenced by the having been questioned about colours
only to realize for the first time that there were colours
and then concentrate on them during the ongoing of the
cataract surgery. This may make them calmer. We
observed this positive effect also on patients who were
moving their eyes a lot: once they have been told to
concentrate on the colours that they saw, the eye became
more stable. When asking if colours had been pleasant
during the operation, 60% of the ones who were
interviewed intraoperatively reported them as pleasant
but 50% when asked later.
Women noticed more colours (median= 3) than men

(median= 2). In all groups blue was the dominant colour,
followed by red and pink. Blue tended to be found more
pleasant than red or pink. Sedation often led to no colours
being seen or to ≥ 4 colours. Our data suggests that
patients who do not see any colours need more sedation.
With sedation patients see a lot of colours that make the
operation more pleasant to them. A study with only
sedated patients is difficult because retrograde amnesia
might affect recall. All shapes seen, such as a circle, oval,
or hexagon can be explained by the position and shape of
the operating light.
The majority of patients, who were having a second eye

operated, had different visual experiences than during
their first operation. We conclude that the visual images
may be independent of other factors of the patient.

During the last 20 years several studies of
intraoperative visual illusions have been carried out
(Table 2).2–25 There are great differences in the outcome of
these studies and no understanding of the importance or
significance of these different visual phenomena. In
contrast to former studies we took a new approach of an
intraoperative instead of a postoperative interview and
discussed these visual effects with the patient reassure
and make the operation more interesting to him.
It has been known that patients who undergo a cataract

operation under retro or parabulbar anaesthesia see less
colours than those who are operated using topical
anaesthesia. It is striking that the colour mostly seen in
India and Europe is blue, whereas in Singapore and China
it was red and yellow. Longer operating times reported
from Singapore do not seem to be responsible. In our own
study none of the six patients with an operating time
longer than 15min saw red intraoperatively. We also do
not think that routine oral sedation was the underlying
reason. Sedated patients in our own study saw red and
yellow slightly more often than non-sedated patients.
Blue is the colour most commonly seen regardless of
which anaesthesia the patient underwent.
Studies concerning visual sensations during intraocular

surgery are difficult as such sensations may change rapidly
within the same. When being asked about their visual
sensations patients report rather colours than structures.
Few patients reported them to be similar to those after
taking lysergic acid diethylamide, a psychedelic drug,
which might be a hint that they are generated by the visual
cortex rather than from the retina.
We conclude that the experience of colours and other

light phenomena was a pleasant side effect for most
patients during phacoemulsification using topical
anaesthesia. They occur spontaneously when the patient

Table 2 Comparison of intraoperatively colours seen in different studies

Author Murdoch AuEong AuEong AuEong Newman Prasad Rengaraj Wenzel Wenzel

Year 1994 1999 2000 2000 2000 2003 2004 2014 2015
N 56 100 70 52 106 121 306 100 209
Country UK Singapore Singapore Singapore UK UK India Germany Germany

Anaesthesia Peribulbar Retrobulbar Retrobulbar Topical Topical Subtenon Topical/retrobulbar Topical Topical
OP ECCE ECCE Phaco Phaco Phaco Phaco Phaco Phaco Phaco
Min — 24 40 20 — — 7 8 8
Sedation None Oral Oral Oral None None None (None) (None)
Age 72 68 65 68 79 — 57 71 71

Colours (%) 80 56 56 98 69 45 61− 83 74 88
Blue 24 20 44 24 37 20 46 – 51 49 57
Red/pink 29 52 59 48 21 11 19− 20 43 54
Yellow 16 52 31 46 8 5 — 36 17
Green — 21 18 14 10 — 5 – 13 16 13
Orange — 4 3 12 12 — 7 8 2
Multiple — 27 21 16 10 — o1 16 23

Results of an intraoperative interview
M Wenzel and M Schulze Schwering

389

Eye



is fixating on the operating light. They are independent on
other cofactors. In our study only 13% needed sedation.
Active questioning for visual sensations by the operating
surgeon during the operation may lead to a reduction in
the need for sedation with less drug side effects
postoperativley for the elderly and those with
multimorbidity.

Summary

What was known before
K Intraoperative visual illusions can lead to anxiety or joy. This

is why patients are counselled about them before surgery.
K Patients who undergo a cataract operation under retro or

parabulbar anaesthesia see less colours than those who are
operated using topical anaesthesia.

What this study adds
K Experience of colours and other light phenomena was a

pleasant side effect for most patients during
phacoemulsification using topical anaesthesia. They occur
spontaneously when the patient is fixating on the
operating light. They are independent on other cofactors.
In our study only 13% needed sedation.

K Active questioning for visual sensations by the surgeon
himself during the operation may lead to a reduction in
the need for sedation with less drug side effects
postoperativley for the elderly and those with
multimorbidity.
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