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PURPOSE: To assess the subjective validity of a cost-effective and adaptable cataract surgery simulation technique using basic
technology.
METHODS:We devised and filmed a range of simulation techniques that mimic steps of phacoemulsification cataract surgery using
various “everyday” basic materials. This video was combined in a “parallel” fashion with live cataract surgery so that all steps of
surgery were simulated. Subsequently, we distributed an online subjective validation questionnaire on Google Forms with the
embedded simulation video in a generic invitation that was forwarded via email and/or text messages/WhatsApp messenger
amongst Ophthalmologists of all grades within our regions (Kent, Surrey and Sussex, London and Wales Postgraduate Deaneries).
RESULTS: Face validity: 66 (99%) participants agreed that the explanations in the video were clear and 53 (79%) concurred with the
realistic feel of simulated technique. Instrumentation and adaptations demonstrated were deemed user friendly and conducive to
replicate by 99% participants. Content validity: 60 (90%) of participants agreed the techniques described in the video reflected the
technical skills required to train cataract surgeons. Forty-nine (74%) agreed that the simulation techniques were relevant for
acquiring other generic and transferable microsurgical and manual dexterity skills.
CONCLUSIONS:We demonstrated subjective validity of our cost-effective cataract simulation technique. Our model can be used as
an adjunct to intraocular and virtual reality training for cataract surgery by removing the barrier of cost and improved exposure to
real instruments used in cataract surgery.

Eye (2022) 36:1384–1389; https://doi.org/10.1038/s41433-021-01644-5

INTRODUCTION
Cataract surgery is the most common surgical day case procedure
carried out in the United Kingdom (UK), with over 400,000
operations conducted per year in recent years [1]. UK Ophthal-
mology trainees are required to complete 50 cataract operations
by the end of their second year of training and 350 by the end of 7
years, with surgical simulation playing a vital role in achieving this.
During their 1st year of training, Ophthalmology trainees are
allocated time to complete two cataract modules on an Eyesi®
Surgical (VRmagic, Mannheim, Germany) simulator, the most
widely used virtual reality simulator of ophthalmic surgery in the
UK. These two modules enable a novice surgeon to develop their
core skills, in real time, for each step involved in routine cataract
surgery including: capsulorhexis, sculpting, cracking the nucleus,
removing nuclear fragments and cortical aspiration techniques.
Subsequent attendance at an “Introduction to phacoemulsifica-
tion microsurgical course” provided by the Royal College of
Ophthalmologists is a further prerequisite before undertaking any
live intraocular surgery [2]. Since becoming commonplace, this
mandatory implementation of simulation training and access to
an Eyesi® Surgical has been associated with a reduction in the
unadjusted posterior capsule rupture rate for novice surgeons by
38% from 2009 to 2015 [3].

Further acquisition and refinement of ophthalmic microsurgi-
cal skills requires regular and repetitive practice, ideally with
some trainer mentorship. The likelihood of virtual reality
simulation being located conveniently to all trainees over a
large geographical area around the UK is compromised by the
high equipment cost involved in purchasing an Eyesi® Surgical.
Evidence from other surgical specialties has identified other
barriers to surgical simulation including practicality of under-
taking the simulation training, trainee motivation, constraints on
protected learning time and the lack of a simulation training
culture [4].
To remove these barriers, one method would be to use high-

fidelity, low-technology and low-cost microsurgical simulation
techniques for cataract surgery that are easily reproducible and
accessible to all trainees and trainers. To date, whilst several
such techniques have been described, very few have been
validated. Recognising this deficiency and the potential benefits
of such a training tool, we designed a cost-effective and easily
adaptable cataract surgery simulation technique video using
basic technology. We subsequently carried out a subjective
validation study to primarily assess its face and content validity
as well as perceptions of microsurgery simulation training in
Ophthalmology.
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METHODS
The Health Research Authority tool (http://www.hra-decisiontools.org.uk/
research/) was used to determine whether this project need an ethical
approval. Based on this tool no ethics committee approval was necessary.
This study was carried out in two parts.
Firstly, we considered the stages of cataract surgery and devised a

range of simple drills that mimic them using various “everyday” basic
materials. These were trialled by SK and MA until the most suitable
materials and techniques were discovered. Live patient cataract surgery
and the simulation techniques were performed by a designated surgeon
(MA) on the same day and filmed by SK. The videos were then edited and
combined to demonstrate the stages of routine cataract surgery together
with the equivalent proposed “parallel reality” simulation drill by SK and
AS so that all steps were simulated from start to finish (Video 1)
(Fig. 1a–h).
In Fig. 1a, marks are drawn on the surface of the grape to indicate the

main corneal incision site and two side ports. A keratome is used to make
the main incision from the outside of the grape tunnelling in and a slit
blade used for both side port incisions to enter the grape at a
predetermined point. This exercise aims to mimic accurate placement of
instruments and trajectory into the globe. In Fig. 1b, the top and a side
section of a lozenge packet is removed. A keratome is used to pierce the
aluminium foil which mimics the natural lens capsule and extend it into a
flap. Then a Moorfields forceps is used to grasp and turn the flap in a
continuous curvilinear fashion. In Fig. 1c, a circular slit is made on the
surface of the grape. A hydrodisection cannula is placed under the skin of
the grape and balanced salt solution (BSS) is injected at various angles.
Subsequently in Fig. 1d, a disc of soft cheese is prepared and placed into
the lozenge packet to represent the lens nucleus. The tip of a 10ml syringe
is cut to produce a 45-degree angle. A second instrument is used to rotate
and stabilise the disc whilst the syringe is advanced and withdrawn on
the surface of the disc to mimic phacoemulsification. Next, in Fig. 1e, the
shape of a cross is carved using a slit blade in the cheese disc to prepare it
for cracking. The second instrument and syringe are aligned within the
grooves made and gentle force is applied horizontally against the sides of
the disc in opposite directions to crack and separate the fragments.
Thereafter in Fig. 1f, the lozenge packet is filled with jelly to replicate soft
lens cortex matter. Bimanual irrigation/aspiration probes are inserted
through side port incisions of the lozenge packet and the jelly is aspirated.
Following on in Fig. 1g, a grape is cut in half and a hollow carved in its
centre. This is filled with viscoelastic material. An intraocular lens (IOL) is
fashioned from a wick dyed in iodine then loaded into a viscoelastic filled
cartridge using non-toothed forceps. The bevel of the injecting cartridge
tip is inserted facing downwards at the main incision entry site on the
grape then gently slid forward into the hollow of the grape before the
plunger is pushed to release the IOL. Finally, in Fig. 1h, a BSS primed
cannula is placed at the incision sites made earlier on the grape and the
fluid injected gently to mimic corneal wound hydration.
Secondly, we devised an online subjective validation questionnaire on

Google Forms with the embedded simulation video for participants to
watch fully before completing the survey (see Supplementary material
Table 1 for the full questionnaire). This questionnaire was distributed in a
generic invitation that was forwarded via email and/or text messages/
WhatsApp messenger by the authors within their regions (Kent, Surrey and
Sussex, London and Wales Postgraduate residency programmes). Ophthal-
mologists of all grades were included from trainees in their first and last
years of training (specialty trainee year 1 (ST1) to year 7 (ST7)), Specialty
and Associate Specialist (SAS) doctors (experienced senior non-consultant
career grade Ophthalmologists) and consultants. We aimed to recruit equal
numbers of both expert cataract surgeons (defined as those identifying as
an Ophthalmology consultant or SAS doctors) as well as varying levels of
novice, trainee ophthalmologists (ST1–7) to ensure a balance of views from
all levels of surgical experience.
The questionnaire was distributed between the 13 and the 27 July

2020, with a reminder sent in between. The survey was anonymous
however the participants were asked to list their names at the end if they
wished to be acknowledged for their contribution. The results were
analysed by SK and eight duplicate responses were removed. To exclude
internal bias, the authors themselves did not complete the subjective
validation questionnaire.
All data were collected in Microsoft Excel Spreadsheet (Microsoft

Corporation, Medmont, USA) for further analysis. Data collected included
participant’s demographics, level, and years of Ophthalmology experience
as well as degree of agreement relating to the simulation video and
microsurgery simulation training use in Ophthalmology training.

Fig. 1 Brief overview of the surgical steps. a Incision practice on
grape. b Capsulorhexis on aluminium foil of lozenge packet. c Hydro-
dissection practice on grape. d Nucleus sculpting practice on cheese disc
within lozenge packet. e Nucleus cracking practice on cheese disc within
lozenge packet. f Bimanual irrigation/aspiration practice on jelly-filled
lozenge packet. g Viscoelastic and IOL insertion practice on grape using
wick dyed in iodine. h Corneal wound hydration practice on grape.
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RESULTS
A total of 67 people completed the survey out of 160 people
whom it was sent giving a response rate of 42%.

Demographics and ophthalmology experience
Table 1 summarises the demographics of the participants. We had
responses from near equal numbers of expert and novice
surgeons (35 experts and 32 trainees). The distribution in level
of experience of participants include: 18 (27%) ST1–3, 14 (21%)
ST4–7, 13 (19%) SAS and 22 (33%) consultants. Table 2 contains
details of participants’ previous ophthalmology experience.
Duration of ophthalmology experience of participants ranged
from 0–6 months to 25 years. Participants qualifying year
(Ophthalmology) ranged between 1975 and 2018.

Validity of the cataract simulation video
Results of the face and content validity questionnaire are shown in
Table 3. Fifty-three (79%) participants were in agreement that the
techniques demonstrated were visually realistic for simulating
cataract surgery. An overwhelming majority of 66 (99%) partici-
pants agreed that the instructions provided in the video
mimicking the simulation exercises for cataract surgery were clear
and that the low-tech and low-cost models used for simulation in
the video would be easily obtainable and reproducible.
Sixty (90%) participants felt the techniques described in the

video were essential for developing manual dexterity and hand
eye coordination skills for cataract surgery. The simulation
exercises in the video were deemed an appropriate and adequate
modality for teaching and learning the skills required to perform
the various steps of cataract surgery by 49 (74%) participants. A
further 49 (74%) participants believed techniques demonstrated in
the video could be further refined for more experienced trainees
however some believed that the techniques were more suited for
novice surgeons.
Access to a surgical microscope and disposable instruments was

deemed easily obtainable for 42 (63%) participants although
others were concerned that the logistical aspect of accessing
theatre and the necessary equipment to undertake the simulation
required concerted effort from trainees and may act as a barrier.

Fifty-seven (86%) participants agreed that simulation training
using the low-tech and low-cost techniques described in the video
could increase a trainee’s confidence in performing cataract
surgery.

Microsurgery simulation training in ophthalmology
Table 4 summarises the participants’ opinion of microsurgery
simulation use in Ophthalmology training. Sixty-one (91%)
participants agreed that The Royal College of Ophthalmologists
stipulate simulation training is a mandatory requirement part of
the OST curriculum. Fifty-nine (89%) participants agreed that the
frequency of simulation training should occur at least 30 min once
a week, using real instruments and an operating microscope.
Fifty-five (83%) participants felt the approach taken in the video

could be extended to simulate other aspects of cataract surgery,
e.g. suturing, using a vitreous cutter and similarly another 50 (74%)
participants felt the approach taken in the video could be
extended to assess aptitude for microsurgery, e.g. accurate
placement of fine instruments, demonstration of appreciation of
depth, hand-eye-microscope coordination.
The majority of consultants agreed that this low-tech simulation

could act as a supplementary aid to performing surgery on real
patients, and it would allow novice trainees to familiarise
themselves with instruments actually used during cataract
surgery. However, some commented that a closed system of
simulation training would be more beneficial than the open and
deconstructed system we have demonstrated.

DISCUSSION
Simulation in surgical skills must be high-fidelity, cost-effective,
and feasible in order to be worthwhile and we believe all three
criteria are fulfilled by our model [5]. Additionally, we aimed to
address the two main elements of subjective validity—face and
content validity, through the questionnaire [6, 7].
Face validity in the context of this work is a measure of how well

the simulation techniques depicted in the video represents the
visual experience of “live patient” cataract surgery [6, 7]. This was
achieved as 99% of participants felt the explanations in the video
were clear and over three quarters (79%) concurred with the
realism of the simulated technique to mimic live cataract surgery.
Instrumentation used and adaptations demonstrated were
deemed user friendly and conducive to replicate by 99%
participants.
Content validity refers to the extent by which the simulation

techniques accurately correspond to the level of knowledge and
competence associated with performing the tasks in the simula-
tion training [6, 7]. This includes the “feel” (of real instruments
moving in ways akin to “live patient” surgery) to accompany the
“look” of the simulation and more visual aspects of hand-eye
coordination. This was achieved as 90% of participants agreed that

Table 1. Demographics of respondents.

Gender Male
[n (%)]

Female
[n (%)]

44 (66) 23 (34)

Handedness Right Left Ambidextrous

63 (94) 1 (1) 3 (5)

UK medical graduate Yes No

33 (49) 34 (51)

Table 2. Previous Ophthalmology experience.

Did you have experience of suturing or assisting with or performing surgery in any of your posts
as a doctor since qualifying and prior to starting ophthalmology?

Yes
[n (%)]

No
[n (%)]

52 (78) 15 (22)

How many years have you been a doctor in ophthalmology? <3 years 3–5 years 5–10 years >10 years

18 (27) 7 (10) 17 (25) 25 (38)

How many entire cataract operations have you done personally, i.e. without any other
[supervising] surgeon having to do any part of the procedure?

0–100 101–200 >200 >2000

15 (23) 7 (10) 24 (31) 21 (36)

If you have answered the previous question as fewer than 101 cases, how may cataract
operations have you undertaken, including those where a supervisor did part of the procedure?

0–10 11–50 51–100 101–150

4 (26.7) 3 (20) 7 (46.7) 1 (6.7)

S. Kaur et al.

1386

Eye (2022) 36:1384 – 1389



Ta
bl
e
3.

C
at
ar
ac
t
si
m
u
la
ti
o
n
vi
d
eo

-r
el
at
ed

q
u
es
ti
o
n
s.

To
w
h
at

ex
te
n
t
d
o
yo

u
ag

re
e
or

d
is
ag

re
e
w
it
h
th
e
fo
llo

w
in
g
st
at
em

en
ts

St
ro
n
g
ly

ag
re
e

[n
(%

)]

A
g
re
e

[n
(%

)]
N
ei
th
er

ag
re
e
n
or

d
is
ag

re
e

[n
(%

)]

D
is
ag

re
e

[n
(%

)]
St
ro
n
g
ly

d
is
ag

re
e

[n
(%

)]

Fa
ce

va
lid

it
y

Th
e
te
ch

n
iq
u
es

d
em

o
n
st
ra
te
d
in

th
e
vi
d
eo

ar
e
vi
su
al
ly

re
al
is
ti
c
fo
r
si
m
u
la
ti
n
g
th
e
st
ep

s
in

ca
ta
ra
ct

su
rg
er
y

7
(1
0)

46
(6
9)

11
(1
7)

3
(4
)

0
(0
)

Th
e
vi
d
eo

p
ro
vi
d
es

cl
ea
r
an

d
ea
sy

to
fo
llo

w
in
st
ru
ct
io
n
s
in

o
rd
er

to
m
im

ic
th
e
si
m
u
la
ti
o
n
ex
er
ci
se
s
fo
r

ca
ta
ra
ct

su
rg
er
y

15
(2
2)

51
(7
7)

1
(1
)

0
(0
)

0
(0
)

Th
e
lo
w
-t
ec
h
an

d
lo
w
-c
o
st

m
o
d
el
s
u
se
d
fo
r
si
m
u
la
ti
o
n
in

th
e
vi
d
eo

ar
e
ea
si
ly

o
b
ta
in
ab

le
an

d
re
p
ro
d
u
ci
b
le

29
(4
3)

37
(5
6)

1
(1
)

0
(0
)

0
(0
)

C
o
n
te
n
t
va
lid

it
y

Th
e
te
ch

n
iq
u
es

d
es
cr
ib
ed

in
th
e
vi
d
eo

(e
.g
.a
cc
u
ra
te

p
la
ce
m
en

t
o
f
in
st
ru
m
en

ts
,a
n
g
le

o
f
ap

p
ro
ac
h
in
to

th
e

g
lo
b
e)

ar
e
es
se
n
ti
al

fo
r
d
ev
el
o
p
in
g
m
an

u
al

d
ex
te
ri
ty

an
d
h
an

d
ey
e
co

o
rd
in
at
io
n
sk
ill
s
fo
r
ca
ta
ra
ct

su
rg
er
y

23
(3
4)

37
(5
6)

4
(6
)

3
(4
)

0
(0
)

Th
e
si
m
u
la
ti
o
n
ex
er
ci
se
s
in

th
e
vi
d
eo

ar
e
an

ap
p
ro
p
ri
at
e
an

d
ad

eq
u
at
e
m
o
d
al
it
y
fo
r
te
ac
h
in
g
an

d
le
ar
n
in
g

th
e
sk
ill
s
re
q
u
ir
ed

to
p
er
fo
rm

th
e
va
ri
o
u
s
st
ep

s
o
f
ca
ta
ra
ct

su
rg
er
y

10
(1
5)

39
(5
9)

9
(1
3)

7
(1
0)

2
(3
)

Th
e
te
ch

n
iq
u
es

d
em

o
n
st
ra
te
d
in

th
e
vi
d
eo

co
u
ld

b
e
fu
rt
h
er

re
fi
n
ed

fo
r
m
o
re

ex
p
er
ie
n
ce
d
tr
ai
n
ee

s
9
(1
3)

40
(6
0)

14
(2
1)

4
(7
)

0
(0
)

O
th
er

q
u
es
ti
o
n
s:

A
cc
es
s
to

a
su
rg
ic
al

m
ic
ro
sc
o
p
e
an

d
d
is
p
o
sa
b
le

in
st
ru
m
en

ts
is
ea
si
ly

ac
h
ie
va
b
le

in
m
y
h
o
sp
it
al

to
p
er
fo
rm

th
e
si
m
u
la
ti
o
n
ex
er
ci
se
s
in

th
e
vi
d
eo

16
(2
4)

26
(3
9)

17
(2
5)

8
(1
2)

0
(0
)

Si
m
u
la
ti
o
n
tr
ai
n
in
g
u
si
n
g
th
e
lo
w
-t
ec
h
an

d
lo
w
-c
o
st

te
ch

n
iq
u
es

d
es
cr
ib
ed

in
th
e
vi
d
eo

ca
n
in
cr
ea
se

a
tr
ai
n
ee

s
co

n
fi
d
en

ce
in

p
er
fo
rm

in
g
ca
ta
ra
ct

su
rg
er
y

14
(2
1)

43
(6
5)

7
(1
0)

3
(4
)

0
(0
)

Ta
bl
e
4.

M
ic
ro
su
rg
er
y
si
m
u
la
ti
o
n
tr
ai
n
in
g
in

O
p
h
th
al
m
o
lo
g
y.

To
w
h
at

ex
te
n
t
d
o
yo

u
ag

re
e
or

d
is
ag

re
e
w
it
h
th
e
fo
llo

w
in
g
st
at
em

en
ts

St
ro
n
g
ly

A
g
re
e

[n
(%

)]
A
g
re
e

[n
(%

)]
N
ei
th
er

ag
re
e
n
or

d
is
ag

re
e
[n

(%
)]

D
is
ag

re
e
[n

(%
)]

St
ro
n
g
ly

D
is
ag

re
e

[n
(%

)]

Th
e
R
o
ya
l
C
o
lle
g
e
o
f
O
p
h
th
al
m
o
lo
g
is
ts

C
u
rr
ic
u
lu
m

g
iv
es

si
m
u
la
ti
o
n
tr
ai
n
in
g
as

a
m
an

d
at
o
ry

p
ar
t
o
f
th
e
tr
ai
n
in
g
o
f
a
ca
ta
ra
ct

su
rg
eo

n
—

d
o
yo

u
ag

re
e?

21
(3
1)

40
(6
0)

2
(3
)

2
(3
)

2
(3
)

H
o
w

w
o
u
ld

re
sp
o
n
d
to

th
e
fo
llo

w
in
g
st
at
em

en
t:
“S
im

u
la
ti
o
n
tr
ai
n
in
g
sh
o
u
ld

al
lo
w

a
tr
ai
n
ee

su
rg
eo

n
to

u
n
d
er
ta
ke

p
ra
ct
ic
e
o
f
su
rg
ic
al

sk
ill
s,
re
al
is
ti
ca
lly

an
d
o
n
a
re
g
u
la
r
b
as
is

(e
.g
.a

t
le
as
t
o
n
ce

p
er

w
ee

k)
fo
r
su
st
ai
n
ed

p
er
io
d
s
(e
.g
.a

t
le
as
t
30

m
in
),
u
si
n
g
‘re

al
in
st
ru
m
en

ts
’
vi
ew

ed
th
ro
u
g
h
a
‘re

al
o
p
er
at
in
g
m
ic
ro
sc
o
p
e’
”.

19
(2
9)

40
(6
0)

6
(9
)

2
(3
)

0
(0
)

H
o
w

w
o
u
ld

re
sp
o
n
d
to

th
e
fo
llo

w
in
g
st
at
em

en
t:
“T
h
e
ap

p
ro
ac
h
ta
ke
n
in

th
e
vi
d
eo

co
u
ld

b
e
ex
te
n
d
ed

to
si
m
u
la
te

o
th
er

as
p
ec
ts

o
f
ca
ta
ra
ct

su
rg
er
y
e.
g
.s
u
tu
ri
n
g
,u

si
n
g
a
vi
tr
eo

u
s

cu
tt
er
”.

11
(1
7)

44
(6
6)

11
(1
7)

1
(1
)

0
(0
)

H
o
w

w
o
u
ld

re
sp
o
n
d
to

th
e
fo
llo

w
in
g
st
at
em

en
t:
“T
h
e
ap

p
ro
ac
h
ta
ke
n
in

th
e
vi
d
eo

co
u
ld

b
e
ex
te
n
d
ed

to
as
se
ss

ap
ti
tu
d
e
fo
r
m
ic
ro
su
rg
er
y
e.
g.

ac
cu

ra
te

p
la
ce
m
en

t
o
f
fi
n
e

in
st
ru
m
en

ts
,d

em
o
n
st
ra
ti
o
n
o
f
ap

p
re
ci
at
io
n
o
f
d
ep

th
,h

an
d
-e
ye
-m

ic
ro
sc
o
p
e
co

o
rd
in
at
io
n”
.

9
(1
3)

41
(6
1)

10
(1
5)

7
(1
1)

0
(0
)

S. Kaur et al.

1387

Eye (2022) 36:1384 – 1389



the techniques described in the video reflected the technical skills
required to train cataract surgeons. In total, 74% agreed that the
simulation techniques were relevant for acquiring other generic
and transferable microsurgical and manual dexterity skills, whilst
73% believing that more experienced trainees could benefit from
refinement of the techniques. This indicates the substance behind
our simulation techniques are of high quality and provide a good
foundation to build on. Therefore, this study positively validated
the use of a low-tech, low-cost cataract simulation video produced
by the study authors.
In terms of adaptability, the results from our study prove that

the simulation techniques are deemed high-fidelity as the
technique shown is repeatable, bears resemblance to and
corresponds well with the exactness to live cataract surgery.
One Consultant commented, “I have encountered various DIY
suggestions over the years, but usually in disparate pieces. I
haven’t seen such a well-produced video clearly linking the steps
of cataract surgery to an achievable simulation.” Notably however
two participants commented, “The material used to simulate the
IOL and the eye could be refined,” and “The depth perception and
the way the lens material behaves during phacoemulsification is
not well simulated in this video.” (See Supplementary material
Table 2 for the full list of free text comments). We have not
performed concurrent or construct validity for this simulation
video and these assessments would be a practical option as the
next step in validating our model.
In a recent systematic review of simulation-based training

modalities in Ophthalmology, several wet lab models for cataract
surgery were identified however only two had the clearest
evidence for content validity [8]. One was a pig’s eye model filled
with chestnuts for simulating phacoemulsification and another
was a rabbit’s eye model for capsulorhexis training [8]. As for
cataract dry lab simulations, one study using a methacrylate
support and aluminium foil for capsulorhexis simulation was
tested in a randomised controlled trial [9]. The authors demon-
strated improved capsulorhexis performance in those who trained
using the synthetic model compared to those who did not thus
overall reducing the number and cost of acquiring cadaveric
animal eyes for training purposes [9]. There was no other validity
parameter under study besides the transfer effects described.
Our low-tech model of simulation would involve the trainee to

locally purchase 5 grapes, 1 small cheese disc, a packet of 12
lozenges and instant jelly mix, which in our example totalled
approximately £1.50 or $1.96. They would also need an operating
microscope, phacoemulsification machine for irrigation and
aspiration and disposable surgical instruments—see Supplemen-
tary material Table 3 for full list of instruments. This is in stark
contrast to the Eyesi® Surgical simulator which has an estimated
purchase cost of £100,000 or $130,455 [10]. This limits the
availability of the device thus necessitating travelling long
distances to access it. Other cost-effective options for cataract
surgery simulation include the use of synthetic simulation eyes
from Phillips Studio© or Simulated Ocular Surgery© that cost ~£20–
£40 or $26–$52 per eye and cadaveric animal eyes from Wetlab
Ltd© which are slightly cheaper at between £5–£10 or $6.50–$13
per eye [10–13]. The use of animal tissue poses its own challenges
in procurement, storage and correct disposal afterwards thus may
be least preferred especially due to time constraints.
There is a critical need for low-tech and low-cost simulation

models now more than ever given the ongoing coronavirus
(COVID-19) pandemic, which has affected access to simulation
centres and routine, supervised cataract surgery [14]. Within the
field of Ophthalmology, an online survey distributed to trainees in
32 countries revealed that 74.6% experienced a reduction of >75%
of surgical training and practice and 56% reported the absence of
simulation-based tools for training in their hospital during the
pandemic [15]. Whilst some countries have recovered from
the initial peak of the pandemic and are now attempting to

resume pre-COVID-19 levels of clinical activity, their healthcare
systems are now faced with a backlog resulting in a high pressure
environment to deliver these services which will inevitably
compromise training needs further going forward. Furthermore,
the existing challenges of outsourcing of routine cataract cases
away from training hospitals has an additional negative impact on
trainees’ access to surgical training [16, 17]. These gaps in surgical
experience could be filled using cataract simulation should be
strongly considered for both the novice surgeon as well as the
expert having had time away from their surgical responsibilities.
There are limitations of this study. Firstly, we could only achieve a

response rate of 42% but this response rate is akin to the response
rates received in other similar studies (e.g. 21% [14], 24.1% [18], 27%
[19], 41% [20]). This is typical of questionnaire-based studies and is
known to increase the risk of response and selection bias. However,
we also postulate that most units had resumed some level of
elective cataract surgery by the time this study questionnaire was
carried out (13–27 July 2020) which could explain the low response
rate. Thirdly, we recognise the presence of subjective bias amongst
the participants who voluntarily contributed to this study and that
these individuals were more likely to have their surgical training
negatively impacted by the pandemic thus were more receptive
towards our proposed simulation training video. The authors
agreed to modify the original simulation techniques model if more
than 15% of respondents disagreed with any aspect of it however
this was not required.
In conclusion, we have successfully demonstrated subjective

validity of our cost-effective cataract simulation technique
acceptable to UK based Ophthalmology trainees (years 1–7), SAS
and consultants. Simulation has previously been shown to
improve complication rates in novice surgeons and should be
strongly considered to fill gaps in surgical experience, such as that
faced by most cataract surgeons around the world during the
COVID-19 pandemic. We hope that we have been able to provide
creative options for trainees to practice their surgical skills
frequently and regularly. This technique could be an adjunct to
intraocular and virtual reality training for cataract surgery
removing the barrier of cost and improved exposure to real
instruments used in cataract surgery.

SUMMARY

What was known before

● Multiple validation studies have been conducted on virtual
reality simulators for cataract surgery, however their use is
often limited by high cost and limited availability.

● Non-virtual reality cataract simulation studies are few and far
in between with limited data on their validity.

What this study adds

● We have subjectively validated our simulation training model
which includes all the steps of cataract surgery from start to
finish in a cost-effective, adaptable, high-fidelity and accep-
table manner.

● Our model of cataract surgery simulation with basic technol-
ogy can be carried out frequently, regularly and locally in
every unit for training purposes without significant costs.
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