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ABSTRACT

Purpose: Post-operative vision impairment is common among patients who have undergone
cataract surgery in low-resource settings, impacting quality of clinical outcomes and patient
experience. This prospective, multisite, single-armed, pragmatic validation study aimed to assess
whether receiving tailored recommendations via the free Better Operative Outcomes Software
Tool (BOOST) app improved surgical outcomes, as quantified by post-operative unaided distance
visual acuity (UVA) measured 1-3 days after surgery.

Methods: During the baseline data collection round, surgeons in low and middle-income countries
recorded clinical characteristics of 60 consecutive cataract cases in BOOST. Additional data on the
causes of poor outcomes from 20 consecutive cases with post-operative UVA of <6/60 (4-12 weeks
post-surgery) were entered to automatically generate tailored recommendations for improvement,
before 60 additional consecutive cases were recorded during the follow-up study round. Average
UVA was compared between cases recorded in the baseline study round and those recorded
during follow-up.

Results: Among 4,233 cataract surgeries performed by 41 surgeons in 18 countries, only 2,002
(47.3%) had post-operative UVA 6/12 or better. Among the 14 surgeons (34.1%) who completed
both rounds of the study (1,680 cases total), there was no clinically significant improvement in
post-operative average UVA (logMAR units +SD) between baseline (0.50 + 0.37) and follow-up
(0.47 £ 0.36) rounds (mean improvement 0.03, p = 0.486).

Conclusions: Receiving BOOST-generated recommendations did not result in improved UVA
beyond what could be expected from prospective monitoring of surgical outcomes alone.
Additional research is required to assess whether targeted support to implement changes could
potentiate the uptake of app-generated recommendations and improve outcomes.
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Introduction
severe vision impairment globally.'®'" It affects over

100 million people, 17 million of whom are blind, and
90% of people with vision impairment due to cataract
live in low and middle income countries (LMICs).*'°

Despite the substantial improvement in quality of life
that can be achieved through cataract surgery, a large
proportion of people in low-resource settings continue

to have some level of vision impairment post-
operatively.'” Cataract is the leading cause of blind-
ness and the second leading cause of moderate and

Cataract surgery is a relatively simple and cost-
effective intervention, which can restore sight,
improve quality of life and wellbeing, and reduce
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poverty.>'*”'7 Tools that facilitate improvement in
clinical outcomes of cataract surgery have been
shown to maximise the benefits of cataract surgery
for individuals and communities in LMICs and
improve the overall quality of surgical services in
these settings.>'®'®

Approximately 25 million people are estimated to
undergo cataract surgery globally each year and out-
comes often differ due to a range of social, economic,
and health system factors.****' LMICs generally have
poorer clinical and patient-reported outcomes and
more research is required to investigate interventions
that improve these outcomes.**** Effective cataract sur-
gical coverage, a measure of both population coverage
and quality, has been approved as a progress indicator of
Universal Health Coverage.*'>** Thus, easy-to-use tools
that support real-time collection of surgical outcome data
and monitor quality improvement of cataract surgeries in
low-resource settings are urgently needed.***

The Better Operative Outcomes Software Tool
(BOOST) is a freely-downloadable app which has been
validated for anonymous clinical auditing and bench-
marking of visual outcomes of cataract surgery.**
A second component of the app captures the character-
istics of cases with poor visual outcomes and provides
tailored recommendations to encourage surgeons to
adjust practice and optimise future outcomes.*”

Although the advantages of clinical audits and
benchmarking of surgical results are well-
established,'®*°! the benefit of tailored recommen-
dations for improved surgical performance through
BOOST is yet to be investigated, as are evidence-
based quality improvement interventions in LMICs
more broadly.”*?> Therefore, the primary aim of this
study was to evaluate BOOST as a quality improve-
ment tool for cataract surgery in LMICs by comparing
post-operative unaided distance visual acuity before
and after receiving the tailored recommendations. In
addition, we aimed to investigate associations between
visual outcomes and patient and surgeon
characteristics.

Materials and methods

The current study followed a prospective, multisite,
single-armed, pragmatic before-and-after design.
Ethical approval was granted through the Joint
Research Ethics Committee of the School of Medicine,
Dentistry and Biomedical Sciences at Queen’s
University, Belfast (ref: 18.48/v2), and was conducted
in accordance with the tenets of the Declaration of
Helsinki. Participating surgeons and service managers

provided written consent after the nature of the study
was explained.

Recruitment and eligibility

Ophthalmologists, general physicians, and non-
physician cataract surgeons were recruited between
November 2018 and May 2020 from cataract surgery
centres having existing collaborations with The Fred
Hollows Foundation, Orbis International, SightSavers,
Aravind Eye Hospitals, and Seva Foundation.*
Additional centres were recruited through online pro-
motion via the Community Eye Health Journal and
2018 World Ophthalmology Congress, and direct
referrals from co-authors. Currently practicing catar-
act surgeons in LMICs who performed more than six
cataract surgeries per week and had been operating
for at least one year were eligible for inclusion in the
study. Surgeons required the support of their surgical
centre managers to take part in the study, but surgeon
participation was entirely voluntary within each
centre.

At commencement, surgeons completed a ques-
tionnaire providing information on location, qualifi-
cations, experience, surgical volume and case mix,
and the use of current cataract outcome auditing
tools. Surgeons who reported being unlikely to con-
sistently operate during the study period or to meet
the target number of 140 surgeries were not enrolled
into the study.

BOOST procedures

BOOST is a free app available for use on desktop
personal computers and Android phones and
tablets in English, French, Spanish, Russian,
Simplified Chinese, Vietnamese, and Bahasa
Indonesian.”* No party benefited financially from
BOOST app downloads. Users can remain anon-
ymous and de-identified data can be captured
while on- or offline and uploaded to the study
server on connection to the internet. All accounts
are password protected and access across multiple
devices is possible.

Participants were trained to enter the data via
instructional manuals and online resources available
on the BOOST website.”> Technical support was pro-
vided via the project manager (EM), with email remin-
ders to encourage progression through each study
round. The app has two phases (Phase I and II) as
described below. This study included two rounds of
Phase I data collection (baseline and follow-up).



Phase | - baseline

In the baseline round of Phase I data collection, sur-
geons were asked to use BOOST to record patient age
and gender, operated eye, pre-operative best corrected
visual acuity, surgical technique (extracapsular cataract
extraction [ECCE], intracapsular cataract extraction
[ICCE], phacoemulsification, small incision cataract
surgery [SICS]), implantation of an intra-ocular lens
(IOL), and unaided post-operative distance visual acuity
(UVA) 1-3days post-surgery (an indicator of final
UVA in settings where follow-up is poor)>*"*® for 60
consecutive surgical patients aged 30 years and above
with no known ocular co-morbidities (such as glaucoma
or diabetic retinopathy). Prospective data collection
started on 1 November 2018 but retrospective cases
performed on or after 1 January 2018 were eligible for
inclusion. UVA was measured under usual clinical con-
ditions with no restrictions on chart type or assessor
qualifications and was entered into the BOOST app
using each surgeon’s preferred metric (feet, meters,
logMAR, or decimal).

After entering 60 consecutive Phase I cases,
a summary of patient and surgical characteristics was
generated (Supplemental Figures S1 and S2) and parti-
cipants were prompted to move to Phase II data
collection.

Phase Il

The characteristics of 20 cases with UVA of <6/60 at
four to 12 weeks post-surgery were recorded in the
Phase II tab of the app. These cases could be entered
into the app prior to or after completing the baseline
round of Phase I. Retrospective cases, cases already
entered in the baseline round of Phase I, and cases
with ocular co-morbidities discovered after surgery
were eligible. Surgeons were asked to select one of
three reasons for the poor outcome (Case selection
[i.e., ocular co-morbidity], Surgical complication, or
need for Optical correction [i.e., residual refractive
error]). After completion of the baseline round of
Phase I and Phase II, tailored recommendations for
improving future outcomes were provided according
to the most common cause of poor UVA for each
surgeon (example recommendations in Supplemental
Table S1).

Phase I - follow-up

Upon completing Phase II, surgeons were asked to
collect data on an additional 60 consecutive cases in
the Phase I tab of the app.
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Sample size and statistical methods

A target sample size of 75 surgeons was initially
selected to achieve 80% power to detect a 20% differ-
ence in UVA between Phase I baseline and follow-up
rounds with a 5% type I error rate. Recruitment ended
prior to the target being reached due to COVID-19
related delays and limited resources. The primary
analysis set included surgeons who completed all
study rounds (i.e., a per-protocol set). All other ana-
lysis of Phase I data included data from all surgeons
who commenced Phase I.

UVA was converted to logMAR for analyses (Light
perception =2.30, No perception of light=3.00).
Associations between surgeon and patient characteris-
tics and post-operative UVA in Phase I were assessed
using univariable linear regression. The proportion of
Phase I patients with each level of vision impairment
(mild, moderate, severe, and blindness as classified in
the International Classification of Diseases, 11th
Revision)”” was estimated with logit-transformed
95% Cls.

To assess the impact of receiving BOOST-generated
recommendations, mean post-operative UVA was
compared between Phase I baseline and follow-up
rounds among the primary-analysis set using linear
regression.’® This was repeated as a sensitivity analysis
among all surgeons/Phase I cases with non-missing
data by adjusting for pre-operative best corrected
visual acuity, patient age, region, national World
Bank income status (low, lower-middle, or upper-
middle), surgeon qualification and experience, surgical
technique, and IOL implantation. Each covariate was
chosen a priori as a potential predictor of the
outcome.

Each 95% CI for estimates of proportions and mean
differences was calculated using robust standard errors
to account for intra-surgeon correlation.

Results
Surgeons

All 57 surgeons from 23 LMICs who responded to the
invitation met enrolment requirements. Among these,
16 (28.1%) did not commence the baseline round of
Phase I, leaving 41 (71.9%) surgeons from 18 countries
for inclusion (Supplemental Table S2). Most surgeons
who commenced data collection were operating in
Asia and Oceania (n =25, 61.0%), were male (n =29,
70.7%), and had trained as ophthalmologists (1 =28,
68.3%, Table 1). The majority were already recording
surgical outcomes at the time of enrolment (n =25,
61.0%); two via BOOST, ten via spreadsheets, and the
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Table 1. Baseline characteristics of surgeons who commenced Phase | of the Better Operative Outcomes

Software Tool study (n =41).

Included in primary analysis, n (%)*

Total
No Yes n (%)
(n=27) (n=14) (n=41)
Region
Africa 13 (48.1%) 1(7.1%) 14 (34.1%)
Asia/Oceania 14 (51.9%) 11 (78.6%) 25 (61.0%)
North America 0 (0.0%) 2 (14.3%) 2 (4.9%)
World Bank income classification
Low 4 (14.8%) 0 (0.0%) 4 (9.8%)
Lower-middle 22 (81.5%) 12 (85.7%) 34 (82.9%)
Upper-middle 1 (3.7%) 2 (14.3%) 3(7.3%)
Sex of surgeon
Female 7 (25.9%) 1(7.1%) 8 (19.5%)
Male 18 (66.7%) 11 (78.6%) 29 (70.7%)
Highest qualification
Non-physician cataract surgeon 7 (25.9%) 1(7.1%) 8 (19.5%)
General physician 1 (3.7%) 0 (0.0%) 1 (2.4%)

Ophthalmologist
Years performing cataract surgery
1-5
6-10
>10
Number of lifetime surgeries performed
<500
>500
Average weekly number of cases
<12
>12
Frequency performing difficult cataract cases
Commonly
A moderate number
Rarely
Frequency of recording surgical outcomes
Never
Occasionally
Regularly

17 (63.0%)

11 (78.6%)

28 (68.3%)

7 (25.9%) 4 (28.6%) 11 (26.8%)
6 (22.2%) 3 (21.4%) 9 (22.0%)
12 (44.4%) 5 (35.7%) 17 (41.5%)

4 (14.8%)
21 (77.8%)

1(7.1%)
11 (78.6%)

5(12.2%)
32 (78.0%)

13 (48.1%) 3 (21.4%) 16 (39.0%)

12 (44.4%) 9 (64.3%) 21 (51.2%)

10 (37.0%) 7 (50.0%) 17 (41.5%)

15 (55.6%) 4 (28.6%) 19 (46.3%)
0 (0.0%) 1(7.1%) 1 (2.4%)
1(3.7%) 0 (0.0%) 1 (2.4%)
7 (25.9%) 4 (28.6%) 11 (26.8%)

17 (63.0%) 8 (57.1%) 25 (61.0%)

fi

Four participants (9.8%) did not complete baseline questionnaire: two included (14.3%) and two excluded (7.4%) from the

primary-analysis set.

remainder using paper, electronic medical records, or
other platforms. Fourteen surgeons (34.1%) from
seven countries completed all data collection rounds
(Figure 1).

Phase I surgical cases

Phase I surgical cases were recorded between
January 2018 and May 2020 by 41 surgeons (n =
4,233 cases total, between 1 and 202 cases per sur-
geon). Patients had a mean (+SD) age of 64+ 11.1
years (range 30-107) and over half were female (n =
2,309, 54.5%, Table 2). Almost half (n=2,013,
47.6%) were considered to have severe vision
impairment or blindness (corrected visual acuity <
6/60) prior to surgery. The majority of patients
underwent SICS (n=2,562, 60.5%) and over one
third underwent phacoemulsification (n=1,491,
35.2%). Most patients had IOL implantation (n=
4,200, 99.2%) regardless of surgeon qualifications

(98.2% non-physicians, 100% general physicians,
99.4% ophthalmologists).

The mean logMAR VA among all Phase I cases
improved from 1.24 + 0.70 preoperatively (=6/105 cor-
rected) to 0.48 £ 0.36 post-operatively (6/18 unaided,
mean improvement 0.76 £ 0.69). Post-operative UVA
was worse among older patients (p <0.001) and for
patients in Africa (p=0.015, Table 3). Compared to
patients undergoing SICS, mean UVA was better for
those who underwent phacoemulsification (p=0.010)
but worse for those with ECCE (p = 0.005).

More than half (n=2,231, 52.7%) of patients had
some level of vision impairment post-operatively
(<6/12, Table 2). Roughly 1 in 17 patients (n=
248, 5.9%) had severe vision impairment or blind-
ness (<6/60) after surgery. Only 18 surgeons
(43.9%) met the previous WHO target of >80% of
cases with UVA >6/18, while only 25 surgeons
(61.0%) met the target of <5% of cases with UVA
<6/60.%



Invited to participate
Surgeons from LMICs

Enrolled
57 surgeons from 23 countries
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Did not commence Phase | baseline round
n =16 (28%)

Commenced Phase | Round 1
n =41 (72%) surgeons from 18 countries

Phase | analysis set

Did not complete Phase | baseline round

n=4(7%)

n =37 (64%)

Completed Phase | baseline round

Did not commence Phase Il

=6 (11%)

Commenced Phase Il

n =31 (54%) surgeons from 15 countries

Phase Il analysis set

Did not complete Phase Il

=6 (11%)

Completed Phase Il
n =25 (44%)

Did not commence Phase | follow-up round

=5 (9%)

h =20 (35%)

Commenced Phase | follow-up round

Did not complete Phase | follow-up round

n=6(11%)

Completed Phase | follow-up round
n = 14 (25%) surgeons from 7 countries

Primary-analysis set

Figure 1. Flow chart of better operative outcomes software tool study participants (2019-2020).

Table 2. Characteristics of Phase 1 (baseline and follow-up rounds) surgical cases performed by surgeons
who commenced phase | of the better operative outcomes software tool study. (n =41 surgeons).

Included in primary analysis

No Yes Total
(n=2,553) (n=1,680) (n=4,233)

Patient age (years)

Mean (SD) 64.7 (11.2) 63.9 (11.0) 64.4 (11.1)

Range 30-107 30-101 30-107
Patient sex, n (%)

Female 1,370 (53.7%) 939 (55.9%) 2,309 (54.5%)

Male 1,183 (46.3%) 741 (44.1%) 1,924 (45.5%)

Pre-operative best corrected visual acuity, n (%)
Not impaired (=6/12)
Mild impairment (<6/12 to > 6/18)
Moderate impairment (<6/18 to > 6/60)
Severe impairment (<6/60 to > 3/60)
Blindness (<3/60)

Intraocular lens implanted, n (%)
No
Yes

Surgical technique, n (%)
Extracapsular cataract extraction
Intracapsular cataract extraction
Phacoemulsification
Small incision cataract surgery

Post-operative unaided visual acuity, n (%)
Not impaired (=6/12)
Mild impairment (<6/12 to > 6/18)
Moderate impairment (<6/18 to > 6/60)
Severe impairment (<6/60 to > 3/60)
Blindness (<3/60)

250 (9.8%)
190 (7.4%)
813 (31.8%)
289 (11.3%)
1,011 (39.6%)

25 (1.0%)
2,528 (99.0%)

29 (1.1%)
3(0.1%)
750 (29.4%)
1,771 (69.4%)

1,172 (45.9%)
673 (26.4%)
572 (22.4%)
9 (3.5%)

47 (1.8%)

219 (13.0%)
118 (7.0%)

630 (37.5%)
213 (12.7%)
500 (29.8%)

8 (0.5%)
1,672 (99.5%)
147 (8.8%)
1(0.1%)
741 (44.1%)
791 (47.1%)
830 (49.4%)
391 (23.3%)
347 (20.7%)
8 (4.6%)
4 (2.0%)

469 (11.1%)
308 (7.3%)
1,443 (34.1%)

502 (11.9%)
1,511 (35.7%)

33 (0.8%)
4,200 (99.2%)
176 4.2%)
4(0.1%)
35.2%)
60.5%)

1,491
2,562

2,002 (47.3%)
1,064 (25.1%)
919 (21.7%)
167 (3.9%)
81 (1.9%)
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Table 3. Unaided post-operative distance visual acuity in phase | of the better operative outcomes software tool study according
to surgeon and patient characteristics (n =41 surgeons, 4233 cases).

Unaided post-operative visual acuity (logMAR)

N Mean (SD) Difference [95% Cl] p-value®

Patient age (per 10-year increase) 4233 0.48 (0.36) 0.05 [0.03,0.07] <0.001
Patient sex

Female 2309 0.49 (0.35) Reference

Male 1924 0.48 (0.37) —-0.01 [-0.04,0.02] 0.609
Pre-operative best corrected visual acuity

Not impaired (=6/12) 469 0.41 (0.36) Reference

Mild impairment (<6/12 to > 6/18) 308 0.34 (0.29) —0.07 [-0.15,0.01] 0.097

Moderate impairment (<6/18 to > 6/60) 1443 0.41 (0.27) 0.00 [-0.07,0.07] 0.982

Severe impairment (<6/60 to > 3/60) 502 0.49 (0.32) 0.08 [-0.02,0.17] 0.102

Blindness (<3/60) 1511 0.61 (0.42) 0.20 [0.10,0.30] <0.001
Intraocular lens implanted

No 33 1.07 (0.68) Reference

Yes 4200 0.48 (0.35) —0.59 [—0.99,-0.20] 0.004
Surgical technique

Small incision cataract surgery 2562 0.50 (0.35) Reference

Extracapsular cataract extraction 176 0.85 (0.37) 0.36 [0.11,0.60] 0.005

Intracapsular cataract extraction 4 0.32 (0.12) -0.18 [-0.29,-0.08] 0.001

Phacoemulsification 1491 0.42 (0.34) —-0.08 [-0.14,-0.02] 0.010
Region

Asia/Oceania 2810 0.43 (0.32) Reference

Africa 1183 0.61 (0.41) 0.18 [0.04,0.32] 0.015

North America 240 0.47 (0.43) 0.04 [-0.07,0.15] 0.446
World Bank national income status

Low 382 0.63 (0.42) Reference

Lower-middle 3595 0.47 (0.35) -0.16 [—0.34,0.03] 0.095

Upper-middle 256 0.48 (0.44) -0.14 [-0.34,0.05] 0.141
Highest qualification®

Ophthalmologist 3022 0.45 (0.35) Reference

Non-physician cataract surgeon 720 0.59 (0.37) 0.14 [-0.07,0.34] 0.183

General physician 116 0.46 (0.31) 0.01 [-0.06,0.08] 0.799
Years performing cataract surgery®

1-5 1119 0.45 (0.34) Reference

6-10 1037 0.42 (0.32) -0.03 [-0.17,0.12] 0.688

>10 1702 0.54 (0.38) 0.09 [-0.06,0.24] 0.250
Number of lifetime surgeries performed®

<500 355 0.52 (0.40) Reference

>500 3503 0.48 (0.35) —0.05 [—0.18,0.09] 0.503
Average weekly number of cases®

<12 1496 0.51 (0.39) Reference

>12 2362 0.46 (0.34) —-0.05 [-0.18,0.07] 0.384
Frequency performing difficult cataract cases®

Commonly 1962 0.53 (0.39) Reference

A moderate number 1722 0.41 (0.30) -0.12 [-0.25,-0.00] 0.048

Rarely 174 0.65 (0.36) 0.12 [0.02,0.22] 0.024
Frequency of recording surgical outcomes®

Never 83 0.57 (0.31) Reference

Occasionally 1097 0.53 (0.43) —0.04 [-0.20,0.12] 0.614

Regularly 2678 0.46 (0.33) -0.11 [-0.18,-0.04] 0.003
Sex of surgeon

Female 622 0.46 (0.33) Reference

Male 3236 0.48 (0.36) 0.03 [-0.07,0.12] 0.562

?p-value from univariable linear regression with robust standard errors to account for intra-surgeon correlation. Lower logMAR values indicate better visual

acuity.

PFour surgeons did not complete baseline questionnaire: n =375 cases, mean unaided post-operative visual acuity 0.53 logMAR units, SD 0.39.

Phase Il surgical cases

A total of 574 Phase II cases were recorded by 31 surgeons
between December 2018 and March 2020. Mean patient
age was 66.8 + 11.2 years and 51.7% of patients were female
(n =297, Supplemental Table S3). The cause of poor vision
was accredited to case selection (i.e., ocular co-morbidity)
among 39.7% (n =228), surgical complications in 30.3%
(n=174), and need for optical correction (i.e., residual
refractive error) among 30.0% (n = 172) of patients.

Primary analysis

Among the 14 surgeons who completed both Phase
I rounds, the post-operative UVA in the follow-up
round ranged from an average of 0.25 better to 0.36
logMAR units worse than the baseline round
(Supplemental Figure S3). The average post-operative
UVA for all surgeons in the primary analysis was 0.50
+.037 (=6/18-) in the baseline round and 0.47 +0.36
logMAR units (=6/18+, SD 0.36) in the follow-up
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Table 4. Proportion of Phase | cases with post-operative vision impairment in the Better Operative Outcomes Software Tool study.

Baseline round

Follow-up round

Vision

impairment Unaided visual acuity n Proportion (95% Cl)® n Proportion (95% CI)?

Included in primary analysis set (14 surgeons, 1,680 cases)
None >6/12 395 0.47 (0.35,0.60) 435 0.52 (0.36,0.67)
Mild 6/18 206 0.25 (0.17,0.34) 185 0.22 (0.14,0.34)
Moderate 6/24-6/60 179 0.21 (0.13,0.33) 168 0.20 (0.09,0.39)
Severe 6/30 39 0.05 (0.01,0.14) 39 0.05 (0.01,0.14)
Blindness <3/60 21 0.03 (0.01,0.05) 13 0.02 (0.01,0.04)
Total 840 840

Excluded from primary analysis set (27 surgeons, 2,553 cases)
None >6/12 674 0.45 (0.34,0.56) 92 0.41 (0.23,0.61)
Mild 6/18 422 0.28 (0.23,0.34) 74 0.33 (0.22,0.47)
Moderate 6/24-6/60 320 0.21 (0.15,0.30) 47 0.21 (0.08,0.43)
Severe 6/30 64 0.04 (0.02,0.10) 5 0.02 (0.00,0.10)
Blindness <3/60 30 0.02 (0.01,0.03) 6 0.03 (0.01,0.08)
Total 1,510 224

All (41 surgeons, 4,233 cases)
None >6/12 1069 0.45 (0.37,0.54) 527 0.50 (0.37,0.62)
Mild 6/18 628 0.27 (0.22,0.31) 259 0.24 (0.17,0.33)
Moderate 6/24-6/60 499 0.21 (0.16,0.27) 215 0.20 (0.11,0.34)
Severe 6/30 103 0.04 (0.02,0.08) 44 0.04 (0.01,0.11)
Blindness <3/60 51 0.02 (0.01,0.03) 19 0.02 (0.01,0.03)
Total 2,350 1,064

°Estimated with logit-transformed 95% confidence intervals and robust standard errors to account for intra-surgeon correlation.

n = number of cases.

round, with a mean difference between rounds of
-0.03 (95% CI —0.11 to 0.06, p = 0.486). Similar results
were observed in the sensitivity analysis which
included all surgeons who commenced Phase
I (adjusted mean difference —0.02 logMAR units,
95% CI -0.08 to 0.04, p=0545, Supplemental
Table S4).

There was a slightly higher proportion of cases with-
out post-operative vision impairment (UVA >6/12) in

the follow-up round (n =435/840, 51.8%) compared to
baseline (n=395/840, 47.0%, Table 4) among all sur-
geons in the primary analysis set. This ranged from
16.2% fewer to 10.8% more cases without post-
operative vision impairment in the follow-up round
for individual surgeons (Figure 2a).

The percentage of cases with severe post-operative
vision impairment or blindness (UVA <6/60) decreased
slightly in the follow-up round (n =52, 6.2%) from the

Post-operative unaided visual acuity
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Figure 2. Proportion of cases in each Phase | round with (a) no vision impairment (unaided visual acuity 6/12 or better) and (b) severe
vision impairment/blindness (unaided visual acuity worse than 6/60) at 1-3 days after surgery. Circles represent baseline round data
from each surgeon who commenced Phase | of the study (n = 41). Squares represent the follow-up round for surgeons who entered
follow-up round data (n = 20). Solid shapes represent surgeons who were included in the primary analysis (n = 14). Surgeons ordered
separately in each plot according to percentage of cases for each vision impairment category in the baseline round.
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baseline round (n =60, 7.1%). This ranged from 10.2%
fewer to 10.8% more in the follow-up round compared to
the baseline round for individual surgeons (Figure 2b).

Similar proportions were observed among surgeons
excluded from the primary analysis (Table 4).

Discussion

In this large, international quality improvement study,
we found post-operative vision impairment in a high
proportion of individuals following cataract surgery in
LMICs. There was no clinically meaningful improve-
ment in post-operative visual acuity after receiving tai-
lored recommendations for improved surgical
performance from the BOOST app. Additional support,
financial or otherwise, may be needed to promote con-
crete action on these suggestions. Similar proportions of
poor outcomes were attributable to pre-existing ocular
comorbidity, need for optical correction, and surgical
complications.

Implications of findings

BOOST may benefit surgeons or surgical centres with
no existing cataract surgical outcome monitoring
systems.”>*” In contrast to programs designed for catar-
act surgeons in high-income nations who have an inter-
est in refining already-acceptable outcomes, Phase II of
the BOOST app aims to reduce severe vision impair-
ment through provision of tailored recommendations to
improve practice.*’

The presence of pre-existing conditions and
unrecognised ocular co-morbidities, such as retinal
disease or glaucoma, was a common cause of poor
outcomes in this study. This is consistent with exist-
ing calls for comprehensive screening to identify and
ensure patients with existing co-morbidities are
aware of potential risks and benefits of cataract
surgery,*"** and reinforces the need for comprehen-
sive, routine pre-operative examination of both eyes
and detailed history taking.*>**

Surgeons identified residual refractive error as the
cause of almost a third of poor outcomes. Hence,
access to resources such as pre-operative ocular bio-
metry and stockpiles of IOLs in a range of powers
may reduce the number of patients with severe post-
operative vision impairment. Another third of poor
outcomes was attributable to surgical complications.
Additional support is required to address underlying
causes of inconsistent surgical protocols, failure to
recognise and manage complications, lack of

training, inadequate equipment, and lack of regular
review mechanisms.*’

Insufficient time, resources, incentives, and motiva-
tion may have limited participants’ ability to act on
the tailored recommendations, thereby limiting poten-
tial to improve surgical outcomes within the study
timeframe.

Strengths and limitations

Strengths include the pragmatic nature of the study,
which reflects real-world conditions and real-time mon-
itoring by surgeons. The study included a large number
of surgical cases across a variety of facilities, geographic
areas, skill levels, and types of surgery, thus representing
a wide range of potential users within LMICs.

However, both baseline and follow-up involved pro-
spective monitoring of outcomes in BOOST. It is possi-
ble that differences observed between baseline and
follow-up may have occurred naturally over time in
the absence of the Phase II intervention. Data were not
collected from surgeons who do not engage in auditing
or from those who use another platform to monitor
outcomes. Several surgeons were regularly recording
their surgical outcomes prior to the study. Thus, we
are unable to comment on the efficacy of clinical audit-
ing and benchmarking alone.

Participation was based on a sample of convenience
and may not be representative of the wider population.
Surgeons with a low volume of cases were not enrolled
in the study so we are unable to comment on whether
using BOOST would benefit this group. In addition,
surgeons were required to record 20 cases with severe
post-operative vision impairment in Phase II, possibly
precluding those with lower numbers of very poor out-
comes. This lack of representativeness was amplified
due to significant attrition; in the primary analysis no
low-income countries and only one participant from
Africa were included, and a higher percentage of cases
were performed via phacoemulsification.

A high proportion of enrolled surgeons did not com-
plete the study due to inability to meet target number of
surgeries and impacts of the COVID-19 pandemic on
routine cataract surgical procedures, potentially indu-
cing selection bias and lowering statistical power.

Details of ocular biometry parameters, IOL power,
target and observed refraction were not available as
BOOST was specifically designed for data collection to
be quickly and easily implemented. Thus, in-depth ana-
lyses of refractive outcomes and the proportion of
patients who obtained spectacle correction were not
possible. Finally, data was not collected on whether



BOOST-generated recommendations were acted upon
or perceived barriers to their implementation.

Interpretation within the context of the wider
literature

Since 1998, WHO has defined a “good” surgical out-
come for cataract surgery as UVA of 6/18 or better
using available correction, and currently recom-
mends that at least 80% of patients should achieve
this level of vision.”>*® In 2020, the threshold for
a good surgical outcome was increased to UVA > 6/
12.%'> While reporting of cataract surgical outcomes
varies widely across surgical centres internationally,
many countries where data are available do not
achieve this target.>> Published estimates of the
level of post-operative vision impairment as cur-
rently defined in low-resource settings are scarce.
The proportion of cases in the current study with
UVA of 6/18 or better at 1-3 days was higher than
that in several studies conducted in low-resource
settings reported over the last decade.>*** This
may be due to higher degrees of surgeon training
and experience in the current cohort, coupled with
the increasing number of surgeons practicing pha-
coemulsification and the declining number of ECCEs
performed.’

Future research

Exploration of BOOST user experience is underway to
investigate how the platform meets the needs of sur-
geons and clinic staff. Further research is required into
surgeon adherence with BOOST recommendations and
the barriers that prevent recommendations being imple-
mented. Research into the impact of providing
resources to support addressing the main causes of
poor outcomes identified in Phase II of the BOOST
app is ongoing in a new study in Ethiopia and Zambia.
Given almost one third of cases with poor outcomes
recorded in Phase II of the app were attributed to the
need for refractive correction, an understanding of
which interventions minimise residual refractive error
could lead to meaningful improvements in visual
outcomes.

Conclusions

Although there was insufficient evidence that receiving
BOOST-generated recommendations improved visual
outcomes in this study, further investigation into its
usefulness is warranted given the high level of attrition
and lack of resourcing to implement the
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recommendations. The global monitoring paradigm
for cataract quality has shifted, with effective cataract
surgical coverage now endorsed by WHO as a global
progress indicator for Universal Health Coverage.'”
Simple tools are needed to ensure surgeons can ade-
quately monitor quality of surgical outcomes in low
resource settings and identify shortcomings where
resources can be invested to improve performance.
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