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BACKGROUND: In 2020, routine cataract surgery was halted in most countries due to the COVID-19 pandemic in order to reduce
transmission. With a consequent lack of theatre space, we developed a safe cataract pathway in outpatient department clean
rooms to minimize patient exposure and time spent in hospital using a sterile laminar air flow device. We describe our initial
experiences of restarting elective cataract surgery in the UK outpatient setting, outside of the operating theatre environment.
METHODS: This was a prospective consecutive study of our clinical practice. A sterile air zone unit, the Toul Meditech Operio
Mobile device, was used to create a sterile surgical site in three separate outpatient clean rooms from May 2020 to December 2021
in different geographical locations within Herefordshire, UK. Observations of the time spent in the department and a formal patient
satisfaction survey were carried out for the initial 100 patients. All patients were followed up to assess development of post-
operative complications.
RESULTS: 1269 patients were included in the study. No patients sustained post-operative infection (n= 0/1269, 0%). For the initial
100 patients, the average time spent within the department was 74.3 min (unilateral cases, range 45–115min) and 93.1 min
(bilateral, 55–135min). Patient satisfaction was high.
CONCLUSION: Initial results demonstrate a safe, efficient and effective cataract surgery pathway with high patient satisfaction by
converting outpatient clean rooms into ophthalmic operating theatres using the Toul Meditech Operio Mobile.
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INTRODUCTION
The Coronavirus disease 2019 (COVID-19) global pandemic has
had an unprecedented effect on healthcare across the world. In an
effort to reduce transmission of the highly contagious SARS-Cov2
virus responsible for the disease, all NHS elective and non-urgent
care was cancelled or postponed [1] in 2020. Over the 12-week
period between March and May 2020, globally an estimated
28,000,000 routine surgeries were cancelled. In the UK this
equated to a weekly cancellation rate of roughly 43,000 surgeries
[2]. Deferring these surgeries has had its own consequences,
resulting in worsening of patients’ conditions and adding risk to
the eventual surgery [3]. With the duration of the COVID pandemic
uncertain, there was understandably a desire to restart routine
surgery as safely as possible.
We aim to describe our innovative experience of restarting elective

cataract surgery in the UK during the COVID-19 pandemic using an
air-flow device. Following the recommendations of the Royal College
of Ophthalmologists, we describe a pathway that allowed us to
minimise the total time patients spend in the hospital, reduce contact
with staff and eliminate the use of a waiting area [4]. We used mobile
paging devices, which allowed patients to leave the department after
insertion of a mydriatic device. Converting an outpatient clean room

into an operating theatre allowed us to perform cataract surgery in
the outpatient setting at a time where theatre space was limited. In
order to do this, we used a mobile sterile air zone unit, the Toul
Meditech Operio Mobile (shown in Supplementary Fig. 1). Bacteria,
skin scales and lint particulate matter from the air in the operating
room are thought to be a source of infection in sterile surgery [5].
Modern operating theatres have ventilation systems that are
designed to reduce this risk. The Toul Meditech Operio Mobile
device produces a filtered ultra-clean air flow that can be directed
over the surgical site and sterile instruments to maintain sterility [6].
Air is cleaned by passing it through a high efficiency particulate air
(HEPA) filtration system that has been shown to filter particulates of
sizes less than 0.18 µm. This creates a zone of clear air measuring 20
inches in width, 47 inches in length and 15 inches in height within
which the operating field is positioned. The SARS-Cov2 virus is known
to have a size of approximately 0.1 µm and therefore the Toul
Meditech Operio Mobile device has also been recommended as a
possible solution to reduce the transmission of COVID-19 in an
operating environment but so far there is paucity of data on its use in
cataract surgery. These papers aim to describe our initial experiences
and service evaluation of the Toul Meditech Operio Mobile device in
cataract surgery.
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MATERIALS AND METHODS
Initially, the first 100 patients undergoing cataract surgery between May
and July 2020 under five senior surgeons were studied in detail. In order to
provide accurate data on the time spent in the department for consultant-
delivered routine cataract surgery, patients undergoing combined
procedures (e.g., phaco+ istents, oculoplastics) and all patients on such
mixed lists, and those undertaken by trainee surgeons were excluded.
All patients were contacted via telephone pre-operatively to discuss the

risks of COVID-19 by a consultant surgeon. At the time of booking, all
patients were asked COVID-19 screening questions. All patients had
initially completed stage one of the consent process with a doctor at the
clinic/listing stage.
All staff were required to have their temperature taken daily and to wear

surgical masks at all times while in the department (prior to UK
government directive mandating universal wearing).
An outpatient style flow through the department was created to ensure

patients were in the hospital for the shortest possible time with staggered
arrival times. In line with NHS England directives [4], as the patients were
all treated as outpatients, patients were not required to undergo a two-
week isolation period prior to surgery, nor did they undergo PCR swabbing
for SARS-Cov2. On arrival, they had their temperature checked and COVID-
19 screening questions were again asked. Once they had been booked into
the department and initial checks were completed, a Mydriasert mydriatic
device (Thea Pharmaceuticals) was inserted into the inferior fornix of the
relevant eye(s) to be operated and the patient was asked to wait outside
the department, often in their car, until pupil dilation was complete.
Mydriasert is an insoluble ophthalmic insert for mydriasis that gradually
releases its active ingredients of 0.25mg tropicamide and 5.4 mg
phenylephrine over up to a two-hour period, however, sufficient dilatation
is typically achieved in 40min [7]. The patients were then paged using a
cleanable series of remote buzzer/pager devices to come back to the
department to complete consent with the surgeon and then taken directly
into surgery. This eliminated the use of a waiting area, as well as reducing
time spent in the department.
The Toul Meditech Operio Mobile medical device was used in the clean

room in order to filter the air and provide a sterile area within which to
carry out cataract surgery, in line with Royal College of Ophthalmologists
guidelines [8]. A representative from Toul advised on the positioning of the
device. The risk of infection was further reduced by ensuring the door was
kept closed for the duration of the surgery and that there was minimal
talking while operating, with all staff wearing masks. Instruments were laid
out in the clean room under the Toul Meditech Operio Mobile filter rather
than in a separate room. The number of people in the room was minimised
using one surgeon, one surgical assistant, one scrub nurse and usually one
theatre support worker. Phacoemulsification was carried out using the
Bausch & Lomb Stellaris, using 2.2 mm and 2.85mm incisions, with copious
dispersive viscoelastic on the cornea during surgery. All surgery was
carried out with two-stage povidone iodine cleaning, careful draping and
intracameral antibiotics.
The use of the clean room for surgery, in conjunction with the Toul

Meditech Operio Mobile, was agreed with the local infection control team.
Patients’ various arrival and departure times were all collected

prospectively. The initial 100 patients were contacted by telephone two
weeks after cataract surgery to answer a short questionnaire regarding any
post-operative complications, development of COVID symptoms and
satisfaction (using a Likert scale). Departmental records regarding
attendance with post-operative endophthalmitis were also interrogated.
After the initial 100 patients, another 215 consecutive patients under-

went surgery in the same clean room, with all patients undergoing follow-
up with local optometrists. The same equipment was then procured to
reproduce the operating environment in two other geographic locations in
Herefordshire, within outpatient clean rooms elsewhere. Using the same
protocols as above, a further 954 consecutive patients underwent routine
phacoemulsification surgery, with all using the Bausch & Lomb Stellaris
and 2.2 mm incisions. All of these 954 patients were followed up in person
by the operating surgeon in every case.

RESULTS
In total, 1269 patients were included in the study.

The initial 100 cases
The first 100 patients to undergo treatment with this pathway
were studied in detail. Of these, the average age was 74.48 (range

39–89) with 51% male (n= 51) (Table 1). The axial length of the
operated eye ranged between 20.40 and 28.00 mm with an
average of 23.73 mm (Table 1). A range of patients with varying
surgical difficulty was included with 22 % diabetic (n= 22), 10%
glaucoma (n= 10), 1% with previous uveitis (n= 1) and 1% with
pseudoexfoliation syndrome (n= 1). Vision blue was used in 10%,
(n= 10), adjuncts for pupil expansion (iris hooks, Malyugin ring) in
0% (n= 0) and capsular tension rings in 1%, (n= 1). 4% (n= 4) of
patients had other co-morbidities such as age-related macular
degeneration, 3% (n= 3) had previous vitrectomies, and 5%
(n= 5) were high myopes.
Of the initial 100 cases, the majority received topical anesthesia

(81%, n= 81) with one surgeon opting for anesthesia via sub-
Tenon injection (19%, n= 19). Similarly, the majority (79%) were
performed with a 2.2 mm incision (79%, n= 79) with one surgeon
extending incisions to 2.85 mm (20%, n= 20) and 1% (n= 1) at
3 mm section length. No intra-operative complications were
noted. Patients spent on average 74.3 min (range 45–115) in the
department (Table 2). This was broken down into the initial

Table 1. Demographic table and comorbidities of initial 100 patients
showing wide range of surgical difficulty.

Number of
patients

% of
patients

Gender

Male 51 51%

Female 49 49%

Age (years)

31–40 1 1%

41–50 2 2%

51–60 6 6%

61–70 17 17%

71–80 48 48%

81–90 26 26%

Axial length

20.01–21.99 7 7%

22.00–23.99 60 60%

24.00–25.99 25 25%

26.00–27.99 7 7%

>28.00 1 1%

Co-morbidity

Diabetic 22 22%

Glaucoma 10 10%

Dense cataract 10 10%

High myope 5 5%

Small pupil 5 5%

Age-related macular
degeneration

4 4%

Only eye 3 3%

Previous vitrectomy 3 3%

Corneal dystrophy 2 2%

Previous Uveitis 1 1%

Pseudoexfoliation 1 1%

Surgical Adjuncts used

Vision blue 10 10%

Capsular tension ring 1 1%

Malyugin Ring 0 0%

Iris Hooks 0 0%
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booking-in time and insertion of Mydriasert that took 9.2 min on
average (range 5–15) and the time for examining the patient,
completing consent, performing the operation and explaining the
post-operative drops and care (65.1 min (range 40–100)).
One surgeon undertook bilateral cataract surgeries, which were

analysed separately (Table 2). The average time spent in the
department for bilateral surgeries was 93.1 min (range 55–135)
with the initial insertion of dilator lasting 8.5 min on average
(range 5–15) and time for consent, bilateral surgery and post-op
care 84.7 min on average (range 50–120).
The results of the post-operative questionnaire at 2 weeks

showed 0/100 (0%) of patients developed post-operative compli-
cations. No patient reported a reduction in vision or pain
consistent with endophthalmitis and there were no visits to our
emergency ophthalmology service with suspected or confirmed
endophthalmitis in this period. No patients had developed any
symptoms of COVID-19 at 2 weeks postoperatively. No staff
developed any symptoms of COVID-19. The Likert–scale used for
patient satisfaction showed that most patients were very satisfied
with the cataract service (average 9.54 (range 4–10)). All patients
felt the service ran efficiently and appreciated the experience of
being the only patient in the department at the time.

Remaining 1169 cases
Of the further 215 consecutive patients, who underwent surgery in
the same clean room with the same equipment, 0/215 patients
(0%) developed postoperative endophthalmitis. Of the further 954
consecutive patients, who then underwent routine phacoemulsi-
fication using the same equipment and protocols in two other
clean rooms in Herefordshire, 0/954 patients (0%) developed
postoperative endophthalmitis. In total, therefore, 0/1269 (0.0%)
consecutive patients developed postoperative endophthalmitis.
No patient or staff member developed symptoms of COVID-19
infection from any location.

DISCUSSION
This is the first service evaluation of the safety of cataract surgery
using the Toul Meditech Operio Mobile device in an outpatient
clean room, outside of an operating theatre environment. Of the
1269 consecutive patients, no cases of intraocular infection
occurred and no patients or staff developed COVID-19. Our
preliminary data show that cataract surgery appears to be safe
and efficient in a clean room using the Toul Meditech Operio
Mobile unit creating a sterile field. For the initial 100 patients, the
mean time spent in the outpatient setting was significantly less
than Royal College of Ophthalmologist guidelines (90 min) [4] and
patients were very satisfied with the service.
The use of the Toul Meditech Operio Mobile device in surgery in

general is not novel and it has been licensed for use in intravitreal
injections as well as cataract surgery [6, 9–12]. Despite this, there is
very little data investigating its use in clinical settings of cataract
surgery. Laminar air flow models have been investigated since the
1960s and have been shown to significantly reduce the incidence
of devastating surgical site infections [13]. A study undertaken in
Hudiksvall Hospital in August 2015 investigated whether the use
of the Toul Meditech Operio Mobile device during general surgery
reduced the air-borne bacterial colony forming units (CFU) near

the surgical site and over instruments [14]. They investigated two
hernia surgeries and one colon surgery and measured the CFU
levels and particulates in the air by using a CFU sampler and sterile
agar plates. A maximum of 7 people were present in the room and
ensured good door discipline similar to our operating procedure
[15]. They found a significant difference in CFU (mean value 1) in
the critical zone covered by the device when compared to the
ambient air (mean value 29.5) used as a reference producing air
over 50 times cleaner for the device.
The use of Toul Meditech Operio Mobile for safety during

intravitreal injections has also been assessed at a Swedish eye
department [16]. They assessed the air CFU levels at the surgical
site during 23 injections and found a significant difference with a
mean CFU of 1 at the critical zone versus a mean of 48 in the
ambient air. Similarly, the use of the device in a simulated setting
for intravitreal injections showed a safer procedural environment
with reduction in particulate matter in the ambient air [12] and a
case series of 39 small joint arthroplasty surgeries showed no
significant difference in the rate of infections, intraoperative or
post-operative complications over a 12 month follow up [17].
More recently Osher et al used the Toul Meditech Operio Mobile
to detect the number of particulate matter and lint fibres in the
sterile surgical field and found a statistically significant reduction
in these particles with 0% lint fibres falling onto the sterile field
[18]. They report relative paucity of data of the use of the device in
clinical practice for cataract surgery. Our study is the first to
investigate its use in cataract surgery at this scale.
The Royal College of Ophthalmologists produces guidelines to

ensure minimum standards in ventilation in operating theatres,
however, ventilation systems used can vary in airflow patterns and
cleaning efficiency may not be uniform. The filters used may
become obstructed and need regular maintenance, or be blocked
by surgical equipment [18]. The Toul Meditech Operio Mobile
device creates a small uniform sterile field that we have shown to
be safe. Its portable and mobile nature circumvents these
disadvantages of larger ventilation systems, allowing the safe
conversion of an outpatient clinic rooms into a sterile operating
theatre.
We found productivity to be equivalent to a standard operating

theatre, with the ability to complete the same number of cases on
a list and the National Health Service Getting It Right First Time
(GIRFT) standard of one cataract per 30 min is easily achievable
even with only one Toul Meditech Operio Mobile device. The
suppliers often advise the purchase of two machines, which
therefore allows for sterile laying up for the next case by a third
party, which should then further improve productivity. With the
set-up used within the NHS setting described, training continued
in much the same way as in a standard operating theatre, with no
extra difficulties experienced. The ability to further increase
productivity could be an important factor to relieve some of the
pressures of recovery post pandemic.
Our results are consistent with the studies discussed above

showing no post-operative complications or infections in a
consecutive group of 1269 patients undergoing routine phacoe-
mulsification surgery. No patients and staff developed any
symptoms of COVID-19. The incidence of endophthalmitis in the
developed world is low at 0.01–0.08% and 0.14% in the UK
determined from the British Ophthalmological Surveillance Unit

Table 2. Time spent in the department in minutes of unilateral and bilateral cataracts broken down into the initial booking-in time, examining the
patient, performing the operation and explaining the post-operative drops and care.

Unilateral cataract
Average time in minutes

Range Bilateral cataracts
Average time in minutes

Range

Time taken to book in and insert Mydriasert 9.2 5–15 8.5 5–15

Time for consent, surgery and post-op care 65.1 40–100 84.7 60–120

Total average time in department 74.3 93.1
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(BOSU) study [19]. We acknowledge that, as postoperative
endophthalmitis is a rare event, these data do not prove the
safety of the system described, nevertheless the data do show a
level of postoperative infection comparable to existing national
standards. Further data from future BOSU studies with a larger
sample size (exact numbers to be determined by statistical
analysis beyond the scope of this paper) may help provide further
confirmation of safety. Our initial experiences with the Toul
Meditech Operio Mobile appear to show that it offers a safe, air-
filtered environment for cataract surgery, within the outpatient
setting described facilitating an excellent, patient-centred and
efficient use of resources and time.

SUMMARY

What was known before

● Due to the lack of theatre space during the COVID-19
pandemic and growing demands to the cataract surgery
service, there is a need to develop safe and efficient surgical
pathways to meet this demand. Air-flow devices have been
used to create sterile surgical environments in specialities
such as orthopaedics as well as in ophthalmology for
intravitreal injections but there is limited data for its use in
cataract surgery.

What this study adds

● We describe the first use of a novel laminar airflow device in
cataract surgery, allowing safe and efficient use of an
outpatient cataract pathway for the first time. The findings
from our study would allow many units in this country and
worldwide to continue to provide safe cataract surgery while
adapting and expanding their practice.
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All data generated or analysed during this study are included in this published article
(and its supplementary information files).
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