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Abstract

Objective

Determine whether items in a cataract surgery appropriateness and prioritization question-

naire can predict change in best corrected visual acuity (BCVA) and health related quality of

life (HRQOL) following cataract surgery.

Methods

313 patients with a cataract in Ontario, Canada were recruited to participate. BCVA was

measured using the Snellen chart. HRQOL was measured using a generic instrument

(EQ5D), a visual functioning instrument (Catquest-9SF), and an appropriateness and

prioritization instrument (17 items). Outcomes were measured preoperatively and 3–6

months postoperatively. Descriptive statistics were used to describe demographics and

outcomes. For each appropriateness and prioritization questionnaire item, a one-way

ANOVA was used to compare group means of the change in BCVA, EQ5D, and Cat-

quest-9SF.

Results

Participants had a mean age of 69 years and were 56% female. BCVA improved in 81%,

EQ5D in 49.6%, and Catquest-9SF score in 84% of patients. Improvement in both BCVA

and Catquest-9SF scores were found in 68.5% of patients. The ANOVA showed a statisti-

cally significant association between a change in BCVA and the ability to participate in social

life, and a statistically significant association between a change in Catquest-9SF and glare,

extent of impairment in visual function, safety and injury concerns, ability to work and care

for dependents, ability to take care of local errands, ability to assist others and ability to par-

ticipate in social life.
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Conclusions

Almost all patients had improved BCVA and/or visual functioning after surgery. Seven vari-

ables from the cataract appropriateness and prioritization instrument were found to be pre-

dictors of improvement in Catquest-9SF measuring visual functioning.

Introduction

Cataract remains the leading cause of blindness and vision loss in the world. Visual

impairment impacts an individual’s quality of life by hindering their ability to perform daily

living activities, to work and to care for dependents [1]. Reduced vision can also lead to an

increase in fall-related injuries and fractures where 20% can result in hospitalizations [2].

These deleterious effects will differ from patient to patient depending on the severity of the

cataract.

Cataract blindness is rare in economically developed countries because there is greater

access to cataract surgery. The demand for cataract surgery, however, has increased dramati-

cally due to the rising prevalence of cataracts in the aging population, so that, across many

countries in the developed world, surgical capacity will likely not grow fast enough to keep

up with this growing demand [3]. For instance, in Ontario Canada, projections for cataract

demand will increase between 72%-144% in the next 25 years [3, 4] but there will be substan-

tially slower growth of publically-funded outpatient operative capacity.

In an attempt to address this concern a number of appropriateness and prioritization

instruments for cataract surgery have been developed but with varied success [5, 6]. This can

be attributed to low predictive validity (e.g. inadequate sample size, and missing confounders)

or poor implementation. More importantly, the literature has demonstrated weak to no associ-

ation of these instruments with clinical and visual functioning outcomes that they were sup-

posed to predict [7]. For example, preoperative best corrected visual acuity (BCVA) has been

proposed as a measure of appropriateness, but the literature is inconsistent on whether it is a

good predictor of postoperative BCVA [7].

In an effort to incorporate patient oriented measures, a cataract appropriateness and priori-

tization instrument was modified in Ontario, Canada to reflect the local context [8]. Consider-

ing the evidence in the literature of a counter intuitive association between appropriateness

and prioritization classification and health outcomes, it is important to understand the ability

of the instrument to predict change in general and vision-related health outcomes. Under-

standing these predictors may help clinicians assess patients that are most likely to benefit

from surgery, giving higher priority to more highly impacted patients [7, 9]. The purpose of

this study is to determine whether items in the modified cataract surgery appropriateness and

prioritization instrument could predict change in BCVA, visual functioning and health related

quality of life (HRQOL) following cataract surgery.

Methods

Setting, study design, recruitment

This study was conducted in the Region of Peel in Ontario, one of the most ethnically, cultur-

ally, and socio-economically diverse areas of Canada. It is home to 1.38 million citizens with

51% of residents born outside of Canada and over 18,000 newcomers from across the world

arriving each year. A multi-centre prospective cohort study design was used. Consecutive sam-

pling was used to recruit patients prior to their cataract surgery patients from two ophthalmo-

logic clinics. At their consultation appointment, eligible patients were invited to participate in
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the study and written consent was obtained. Patients missed in clinic were recruited over the

phone and then mailed a written consent form to sign and return. The inclusion criteria is pre-

sented in Table 1. The Trillium Health Partners Research Ethics Board (ID#777) approved this

study which adheres to the guidelines in the Declaration of Helsinki.

Measurement

Cataract surgery appropriateness and prioritization questionnaire. The Western Can-

ada Wait List Project (WCWLP) cataract surgery prioritization instrument was modified [8] as

follows (Fig 1): 1) revision of criteria to assess alignment with current clinical practice, 2) selec-

tion of criteria based on gaps and redundancies in the WCWLP measurement instrument, 3) a

modified Delphi process with an expert panel to select criteria to include for evaluating appro-

priateness and priority for surgery and 4) a reliability study using a G-theory framework [11].

The first section includes a clinical questionnaire completed by the ophthalmologist to

assess the BCVA, complexity of the case, anticipated VA after surgery, status of the contralat-

eral eye, and whether the patient struggles with glare, night driving or other ocular comorbidi-

ties. The second section incorporates a self-administered HRQOL questionnaire where

patients assess the extent of impairment in their visual function, presence of any other disabili-

ties, safety concerns, and impact on their ability to work or care for dependents, take care of

errands, take care of household business, take care of their own health, provide assistance to

others, participate in a social life, and take part in recreational activities.

Health outcomes. Clinical and self-reported HRQOL outcomes were measured to assess

cataract surgery.

BCVA is a clinical measure of the distance at which the smallest object can be visually pro-

cessed and will be measured using the Snellen chart [12]. The chart is printed with 11 lines of

block letters where the top line has the largest letters and letters on subsequent rows get pro-

gressively smaller. The line that is legible to the patient indicates their VA and is converted to

a linear scale known as logMAR units [12]. It is best corrected when the patient is measured

wearing glasses or contact lens correction. Patients can also be categorized into the following:

20/30 or better, 20/40 to 20/50, 20/60 to 20/150 and 20/200 or worse.

The EQ5D questionnaire is a standardized instrument for measuring general health status

[13]. It is a self-administered questionnaire that measures 5 dimensions of health: mobility,

self-care, usual activities, pain/discomfort and anxiety/depression. The responses from the

EQ5D questionnaire can be converted into an overall health utility index ranging from 0.0

(death) to 1.0 (perfect health) through the Canadian algorithm [13].

Table 1. Participant inclusion criteria.

Inclusion Criteria

1) Aged 40–85

2) Diagnosed with a cataract

3) Scheduled for cataract surgery before May 2018

4) Ability to speak, read and write in English (or have a family member present to assist)

5) Clinically competent as assessed by the Short Orientation-Memory-Concentration Test [10]

6) Not experiencing unmanageable chronic pain

7) Scheduled for unilateral cataract surgery

8) Completed both ultrasound and laser biometry IOL testing prior to surgery

9) Implanting a monofocal lens

10)� 4 weeks between surgeries on contralateral eye

11)� 4 months since any other eye surgery.

https://doi.org/10.1371/journal.pone.0246104.t001
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Fig 1. Cataract surgery prioritization instrument.

https://doi.org/10.1371/journal.pone.0246104.g001
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Visual functioning describes how well the patient functions in vision-related daily activities.

It can be measured using the Catquest-9SF questionnaire [14]. The 9 item self-administered

questionnaire [14, 15] consists of two global items and seven difficulty items measured on a

4-point Likert scale (0 = very great difficulty, 1 = great difficulty, 2 = some difficulty, 3 = no dif-

ficulty). The responses can be recoded using Rasch analysis so that parametric statistics can be

applied. Rasch analysis expresses responses in logit units, which is the natural log odds of a

participant having complete difficulty versus no difficulty [16]. The Catquest 9SF question-

naire has been validated in Canadian, Swedish and Australian populations [17, 18] and has

shown the greatest responsiveness in a head-to-head comparison with 16 other cataract sur-

gery outcome questionnaires [16, 17].

Data collection

Data were collected preoperatively and 3 to 6 months postoperatively. The following data were

collected preoperatively: demographic data (age, sex, marital status, ethnicity, education level,

household income, and non-ocular comorbidities), the modified cataract surgery appropriate-

ness and prioritization questionnaire and health outcomes. The Research Associate (RA)

administered a questionnaire package that included the cataract appropriateness and prioriti-

zation questionnaire, the EQ5D and the Catquest-9SF. An RA abstracted clinical data from

medical charts and completed a paper case report form with patients for the remainder of

questions.

Approximately 3 to 6 months after surgery, participants were phone called to complete the

post-surgery questionnaire composed of the Catquest-9SF and EQ5D. Physical copies of the

post-surgery questionnaire were mailed to participants if unable to complete over the phone.

Postoperative BCVA was collected from multiple sources as not all cataract patients return

to their ophthalmologist after surgery and very few optometrists return BCVA to the patients

following surgery. First, if participants indicated that they had seen their optometrist, BCVA

measures were requested from the optometrist offices. The second method for collecting post-

operative BCVA was through chart abstraction. The BCVA of patients who did not indicate

seeing their optometrist or whose optometrist did not return their BCVA was abstracted from

their charts ranging from 1 week to 6 month post-surgery.

Statistical analysis

Descriptive statistics were used to describe baseline characteristics and outcomes through

frequency tables, means with standard deviations and medians with inter-quartile ranges

as appropriate. Histograms and scatterplots were also used to describe the data. Effective-

ness of cataract surgery was calculated as the mean change (postoperative minus preopera-

tive) in BCVA, EQ5D, and Catquest-9SF scores. To assess the predictive ability of each

appropriateness and prioritization questionnaire item, a one-way Anova was used to com-

pare the means of each outcome (BCVA and Catquest-9SF) across groups defined by the

possible answers to the item [19]. A one-way ANOVA was not used to compare the means

for EQ5D because the normality assumption for the standardized residuals was violated.

Statistical significance was set at 0.05. All analyses were conducted using IBM SPSS Statis-

tics 25 [20].

Results

A total of 320 eligible participants completed the preoperative data collection, and 7/320 (2.0%)

withdrew from the study (Fig 2). Postoperative BCVA was collected for 312/313 (99.7%): half

were retrieved from optometrists and half were abstracted from the ophthalmologist’s charts.
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Postoperatively, 281/313 (89.7%) participants completed the follow-up questionnaires for

EQ5D and Catquest-9SF. The average age of participants was 69 years and 56.5% were female

(Table 2). The distribution of household income varied across categories. All participants had

an education level of high school or above, 31.9% graduated from university.

Fig 2. Patient recruitment.

https://doi.org/10.1371/journal.pone.0246104.g002

Table 2. Participant demographics.

Demographics Percentage n = 313

Average age (y) 69.07 (42–84)

Sex (% female) 56.5%

Ethnicity (%)

Africa 3.9%

Americas 27.7%

Asia 28%

Europe 40.5%

Household Income (%)

<$30000 23.4%

$30000-$49999 25.5%

$50000-$69999 16.1%

$70000 + 34.9%

Education (%)

LT High School 15.3%

High school 26.8%

Apprenticeship 5.1%

College 20.8%

University 31.9%

https://doi.org/10.1371/journal.pone.0246104.t002
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Preoperative cataractous eye BCVA was evenly distributed between categories whereas pre-

operative contralateral eye BCVA was more skewed towards good BCVA categories (20/30 or

better and 20/40 to 20/50). Surgical cases were predominantly routine (89%) with good antici-

pated BCVA postoperatively (88.5%). Most patients did not have anisometropia (98%), mono-

cularity, or permanent poor vision in the contralateral eye. Two thirds of patients experienced

glare, 56.9% reported problems with night driving and 36.7% had ocular comorbidities. About

70% of patients reported no issues in HRQOL except for items related to extent of impairment

in visual function (none– 25.6%, mild/moderate– 56.5%, severe– 17.6%).

Change in health outcomes

BCVA. The majority of participants (80.8%) experienced improvements in BCVA after

having cataract surgery (Table 3). Those with a good preoperative BCVA (20/30 or better)

were less likely to see improvements in BCVA following surgery. Of the patients with good

vision, 27% had no change in BCVA postoperatively and 20% worsened. Additionally, 82% of

patients without comorbidities improved versus 77% of patients who did have a comorbidity.

Fig 3 describes the distribution of change in BCVA which does not fit a normal distribution.

Catquest-9SF. The preoperative mean Catquest-9SF score was -1.43 (SD = 1.68) and post-

operative was -3.7 (SD = 1.99); more negative indicates an improvement in visual function

(Fig 3). Table 3 describes the change in Catquest-9SF by preoperative Likert score. The Cat-

quest-9SF Likert score was categorized into three groups (9–18 = very great to great difficulty,

19–27 = great to some difficulty, 28–36 = some to no difficulty on all items) to provide further

context. Of those that completed the pre and post cataract surgery Catquest-9SF, 84% experi-

enced an improvement in Catquest-9SF score.

EQ5D. Overall, 49.6% improved, 25.9% had no change and 24.5% worsened. The preop-

erative mean EQ5D score was 0.85 (SD = 0.14) and the postoperative mean EQ5D score was

0.88 (SD = 0.12) with an average change of 0.04.

Association between health outcomes

The proportion of patients with improved BCVA is similar across preoperative Catquest-9SF

scores (Table 4A); however, of those patients who reported some to no difficulty (Likert scores

28–36) in visual functioning, 94% had improved BCVA postoperatively. Similarly, the propor-

tion of patients with improved Catquest-9SF were similarly distributed across preoperative

Table 3. Change in best corrected visual acuity and Catquest-9SF following cataract surgery.

Preoperative N Change in Outcome

Decline No Change Improved

BCVA

20/30 or better 60 12 (20%) 16 (26.7%) 32 (53.3%)

20/40-20/50 103 7 (6.8%) 12 (11.7%) 84 (81.5%)

20/60-20/150 83 4 (4.8%) 2 (2.4%) 77 (92.8%)

20/200 or worse 62 1 (1.6%) 5 (8.1%) 56 (90.3%)

Total 308 24 (7.8%) 35 (11.4%) 249 (80.8%)

Catquest-9SF Score

9–18 (very great to great difficulty) 185 38 (20.5%) 0 (0%) 147 (79.5%)

19–27 (great to some difficulty) 83 6 (7.2%) 0 (0%) 77 (92.8%)

28–36 (some to no difficulty) 13 1 (7.7%) 0 (0%) 12 (92.3%)

Total 281 45 (16.0%) 0 (0%) 236 (84.0%)

https://doi.org/10.1371/journal.pone.0246104.t003
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BCVA; however, patients with good preoperative BCVA (15%) still reported worse Catquest-

9SF postoperatively (Table 4B). Patients with improvement in EQ5D were more likely to have

improvement in BCVA and Catquest-9SF as well (Table 4C).

Fig 4 shows minimal association between change in BCVA and change in Catquest-9SF.

The majority of patients (61%) had improvement in BCVA and Catquest-9SF. For these

patients, 71% experienced glare and 58% had problems with night driving.

Predicting change in health outcomes

In Table 5, the one-way ANOVA showed a statistically significant association between a

change in BCVA and the ability to participate in social life. It also showed a statistically signifi-

cant association between a change in Catquest-9SF and the following items: glare, extent of

impairment in visual function, safety and injury concerns, ability to work and care for depen-

dents, ability to take care of local errands, ability to assist others and ability to participate in

social life. The same significant associations between criteria items and change in Catquest-

9SF and BCVA were found when adjusted for age and gender.

Fig 3. Histograms of change in best corrected visual acuity and change in Catquest-9SF.

https://doi.org/10.1371/journal.pone.0246104.g003
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Discussion

Internationally, health systems continue to struggle with how to allocate and prioritize

resources for elective surgeries. It is a system issue involving transformation of process and

funding. In Canada, population growth is forcing governments to make funding reforms to

Table 4. A. Change in best corrected visual acuity following cataract surgery by Catquest-9SF scores. B. Change in Catquest-9SF scores following cataract surgery by best

corrected visual acuity. C. Change in best corrected visual acuity following cataract surgery by change in EQ-5D.

A

Preoperative N Change in BCVA

Decline No Change Improved

Catquest-9SF Score

9–18 (very great to great difficulty) 201 18 (9.0%) 28 (13.9%) 155 (77.1%)

19–27 (great to some difficulty) 91 5 (5.5%) 7 (7.7%) 79 (86.8%)

28–36 (some to no difficulty) 16 1 (6.3%) 0 (0%) 15 (93.8%)

Total 308 24 (7.8%) 35 (11.4%) 249 (80.8%)

B

Preoperative N Change in Catquest-9SF

Decline No Change Improved

BCVA

20/30 or better 58 9 (15.5%) 0 (0%) 49 (84.5%)

20/40-20/50 93 14 (15.1%) 0 (0%) 79 (84.9%)

20/60-20/150 76 16 (21.1%) 0 (0%) 60 (78.9%)

20/200 or worse 54 6 (11.1%) 0 (0%) 48 (88.9%)

Total 308 45 (16.0%) 0 (0%) 236 (84%)

C

N Change in BCVA

Decline No Change Improved

EQ5D change > 0 137 11 (8.0%) 11 (8.0%) 115 (83.9%)

N Change in Catquest-9SF

Decline No Change Improved

EQ5D change > 0 138 18 (13.0%) 0 (0%) 120 (87.0%)

https://doi.org/10.1371/journal.pone.0246104.t004

Fig 4. Scatterplot of change in best corrected visual acuity versus change in Catquest-9SF.

https://doi.org/10.1371/journal.pone.0246104.g004
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Table 5. ANOVA results for cataract surgery appropriateness and prioritization items.

Variable Categories Change in Catquest-9SF Change in BCVA

Mean N F Sig. Mean N F Sig.

Preop BCVA of eye for surgery- categories 20/200 or worse -2.71 54 1.41 0.24

20/60-20/150 -2.10 76

20/40-20/50 -2.23 93

20/30 or better -1.83 58

Preop BCVA of contralateral eye- categories 20/200 or worse -1.75 14 0.59 0.62

20/60-20/150 -1.95 37

20/40-20/50 -2.15 106

20/30 or better -2.38 124

Anticipated BCVA after surgery Limited -1.42 5 1.03 0.36

Questionable -1.64 22

Good -2.27 252

Anisometropia No -2.19 276 0.27 0.61 0.30 302 0.17 0.68

Yes -2.73 5 0.35 6

Monocular No -2.20 278 0.02 0.89 0.31 305 1.48 0.23

Yes -2.38 3 0.11 3

Permanent poor vision in fellow eye No -2.23 277 3.28 0.07 0.31 303 0.86 0.35

Yes -0.12 4 0.19 5

Complexity of case Routine -2.27 251 2.00 0.16 0.30 274 0.07 0.79

Complex -1.58 25 0.32 29

Does the patient experience glare No -1.65 86 7.33 0.01 0.28 97 1.06 0.31

Yes -2.46 194 0.32 210

Does the patient have problem with night driving No -1.94 120 2.99 0.09 0.31 132 0.01 0.93

Yes -2.42 160 0.30 175

Is ocular comorbidity present No -2.23 175 0.06 0.81 0.31 194 0.39 0.53

Yes -2.16 105 0.29 113

Extent of impairment in visual function None -1.55 72 7.17 0.00 0.26 79 2.50 0.08

Mild/Moderate -2.25 160 0.31 173

Severe -3.14 48 0.36 55

Other substantial disabilities None -2.26 229 0.22 0.80 0.30 253 0.11 0.90

Mild/Moderate -2.06 44 0.31 47

Severe -2.62 6 0.26 6

Safety and injury concerns None -2.10 205 4.55 0.01 0.31 221 1.32 0.27

Mild/Moderate -2.16 57 0.26 65

Severe -3.79 18 0.36 21

Ability to work, care for dependents None -2.03 228 5.36 0.01 0.30 248 0.36 0.70

Mild/Moderate -2.86 40 0.30 43

Severe -3.98 10 0.37 13

Ability to take care of local errands None -1.96 219 7.25 0.00 0.30 239 0.22 0.80

Mild/Moderate -3.00 50 0.32 56

Severe -3.85 11 0.35 12

Ability to take care of household business None -2.16 254 0.89 0.41 0.31 278 0.16 0.86

Mild/Moderate -2.78 24 0.28 26

Severe -3.00 2 0.26 3

Taking care of your own health None -2.15 261 2.41 0.09 0.31 286 0.36 0.70

Mild/Moderate -2.95 16 0.25 18

Severe -4.51 3 0.32 3

(Continued)
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the public healthcare system. Further emphasis has been placed on delisting procedures and

appropriateness of treatments and diagnostics. The purpose of this study was to assess the abil-

ity of the items in a modified cataract surgery appropriateness and prioritization instrument

[8] to predict three outcomes (BCVA, visual functioning, HRQOL).

This study identified seven statistically significant predictors of an improvement in the

Catquest-9SF score: glare, extent of impairment in visual function, safety and injury concerns,

ability to work and care for dependents, ability to take care of local errands, ability to assist

others and ability to participate in social life. This study also found a statistically significant

association between an improvement in BCVA and the ability to participate in social life. This

is contrary to other studies using appropriateness tools whereby patients rated as inappropriate

or uncertain were more likely to have no change or a decline in BCVA than those rated as

appropriate [21–23]. Another study found that high priority patients experienced greater

improvement in BCVA [24]. In our population, the lack of association with a change in BCVA

could be due to low variation in patients’ health outcomes or in questionnaire administration.

BCVA is taken monocularly, whereas functioning is based on use of both eyes functioning

together. BCVA is likely more sensitive to significant monocular limitation, though does not

always capture the visual disability that a bilateral cataract process can cause. BCVA also may

not encompass visual disability because patients can have good high contrast BCVA, but still

suffer from other visual limitations such as glare. The issue becomes less about clinical mea-

sures and more about every day functioning. Based on this principle, the predictors found to

be associated with an improvement in Catquest-9SF should be further explored as potentially

useful to prioritize patients.

This study also showed that an improvement in BCVA did not correlate with an improve-

ment in Catquest-9SF. This is counterintuitive to how other cataract surgery appropriateness

instruments are designed to categorize patients [25]. Fig 4 shows no pattern in BCVA change

for those patients who reported good Catquest-SF scores preoperatively and postoperatively.

The literature also supports that a change in BCVA is not strongly associated with change in

visual functioning [15, 23, 26–28]. There continues to be a need for improvement to be mea-

sured using both clinical and patient-report outcomes; however, this creates greater difficulty

in developing an appropriateness or prioritization instrument which is multi-factorial. We

recommend further research into these specific items when considering appropriateness and

prioritization.

Despite this study being based on a large prospectively collected sample there are some lim-

itations. Other statistical analyses were considered, such as CHAID and CART, but the study

was not designed for this purpose and therefore not powered for these analyses. Unfortunately

Table 5. (Continued)

Variable Categories Change in Catquest-9SF Change in BCVA

Mean N F Sig. Mean N F Sig.

Ability to provide assistance to others None -2.07 248 4.61 0.01 0.31 271 0.15 0.87

Mild/Moderate -3.41 26 0.33 28

Severe -3.22 6 0.27 8

Ability to participate in social life None -1.99 238 10.73 0.00 0.31 259 3.70 0.03

Mild/Moderate -3.17 32 0.24 37

Severe -4.92 9 0.51 10

Take part inactive recreational activities None -2.14 212 0.71 0.49 0.31 235 0.53 0.59

Mild/Moderate -2.55 47 0.27 49

Severe -2.45 20 0.32 22

https://doi.org/10.1371/journal.pone.0246104.t005
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in Canada we do not have registries used in ophthalmological practice that contain sufficient

item and outcome information. Further research is needed to understand patients without

improvement in outcomes postoperatively. In addition, data were not collected on whether

this was the patient’s first or second eye surgery which may impact the findings, as research

shows that patients undergoing second eye surgery are likely to show a smaller improvement

in visual functioning since they report a higher baseline score [29]. Nevertheless, there are

some strengths as it was a multi-clinic study and is one of the first studies to compare preoper-

ative BCVA and preoperative Catquest-9SF.

Decisions about the appropriateness and prioritization of cataract surgery are complex

[30]. They cannot be solved with a questionnaire and governments and healthcare providers

need to look towards reforming the process. For instance, standardized referral processes

could decrease the number of poor quality and inappropriate referrals that increase the queue

for patients with cataracts. Currently, referral content lacks sufficient detail to apply any devel-

oped appropriateness or prioritization instrument. These instruments need to be developed in

the context of the system.
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