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Introduction: The aim of the study was to define a core outcome set (COS) to be measured following cataract surgery for the postoperative evaluation of monofocal intraocular lenses (IOLs). Compared to current COSs, the present work provides updates considering the advances in the technology due to the development of new generation monofocal IOLs, which are characterized by a safety profile comparable to standard monofocal IOLs but with an extended range of intermediate vision.

Methods: Healthcare professionals (ophthalmologist surgeons) and patients were involved in the selection of outcomes to be included in the COS, starting from a list of indicators retrieved from a systematic literature search. The search considered observational studies with both a retrospective or prospective design, case studies and classic randomized controlled trials (RCTs). A mixed methodology integrating a Delphi-driven and an expert panel approach was adopted to reach an agreement among clinicians, while patients were involved in the completion of a questionnaire.

Results: The final COS included 15 outcomes. Eleven outcomes, all clinical, were considered for inclusion after a joint discussion among ophthalmologists; seven outcomes were linked to visual acuity, while the remaining to contrast sensitivity, refractive errors, aberrations and adverse events. Measurement metrics, method of aggregation and measurement time point of these outcomes were specified. The most important aspects for the patients were (1) quality of life after cataract surgery, (2) the capacity to perform activities requiring good near vision (e.g., reading), (3) spectacle independence, and (4) safety of movements without fear of getting hurt or falling (intermediate vision).

Discussion: In a context with limited healthcare resources, it is important to optimize their use considering also the preferences of end-users, namely patients. The proposed COS, developed involving both ophthalmologists and patients, provides an instrument for the postoperative evaluation of different technologies in the context of monofocal IOLs, which can be used not only in clinical trials but also in clinical practice to increase the body of real-world evidence.
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1 Introduction

The struggle between the scarcity of resources and the supplier-induced demand derived from the rapid pace of innovations in healthcare can be dealt with, at least partially, by prioritizing those technologies whose benefits are relevant for all stakeholders, primarily patients. This would imply broadening the conventional measurement of clinical endpoints, often derived from randomized controlled trials (RCT), identifying and evaluating patients’ preferences. The United Kingdom’s National Institute for Health and Care Excellence (NICE) was recently forced to reevaluate its choice to employ an endovascular intervention (EVAR) for an abdominal aortic aneurysm due to the failure to consider patients’ feedback into account (1, 2). Despite the initial negative recommendation based on RCT evidence and cost modelling (1), NICE accepted EVAR as a reasonable option for disease management in line with the perspective of the scientific community and patients, who expressed firm preferences for a minimally invasive approach (2). Unfortunately, the identification and measurement processes of relevant outcomes for patients and other stakeholders is a very complex task. In this context, the core outcome set (COS) represents a consensus-derived minimum set of outcomes that should be measured and reported in research regarding a specific disease or treatment (3, 4). A COS should identify selected outcomes that are relevant to key stakeholders, like patients, clinicians and, more in general, health service users, and should drive research in the direction of meaningful and standardized evidence generation.

COS are particularly useful in research fields where there is significant variation in the outcomes measured and reported or where there is a scarcity of data available on important patient outcomes such as quality of life, long-term parameters, patients’ preferences or economic aspects of treatments. A disease that recalls these characteristics is cataract, a common condition consisting of the clouding of the crystalline lens of the eye, causing a gradual but progressive decline in vision that cannot be corrected with glasses (5). If left untreated, it can result in total blindness (5). The only effective intervention to revert visual loss caused by cataract is the surgical removal of the natural opacified lens, to be replaced with an artificial intraocular lens (IOL). Cataract surgery has been estimated to be the single most common surgical procedure performed in high-income countries worldwide (6), as well as in the European Union (7). The range of IOL models now available has expanded spanning from standard to premium technologies differing in terms of attributes, pricing, and patient outcomes (8). Monofocal IOLs allow patients to focus at only one distance, and thus require patients to wear spectacles to compensate for the lack of progressive correction at different distances. Nonetheless, they avoid the unwanted optical side effects associated with multifocality (e.g., glare, starbursts and haloes), which might cause variable patient satisfaction (9, 10). Because of their lower cost, good distance vision performance, and favorable profile in terms of incidence of photic phenomena, monofocal IOLs currently represent the standard of care, being the most implanted type of lens due to their guarantee of functionality and reliability (11). More recently, a new generation of monofocal IOLs has been introduced. These IOLs are characterized by a safety profile comparable to standard monofocal IOLs but with an extended range of intermediate vision (11).

In the cataract context, the definition of a COS is underrepresented compared to other clinical fields (3). Moreover, current core outcome sets lack considering health outcomes as derived from real-world studies (12–16) and do not indicate what measurement units should be used to assess each of the outcomes included in the set. Moreover, none of the available COS has been specifically intended for the evaluation of IOLs’ performances. Therefore, our work further advances current COSs by identifying relevant outcomes as derived from real-world evidence and direct patients’ involvement, in addition to RCTs, and indicating the metrics to be used to assess each of the outcomes of the set for the postoperative evaluation of monofocal IOLs (both standard and new generation).



2 Materials and methods

The development of a COS consists of four methodological steps (4). First, the scope of the COS should be clarified in terms of setting (e.g., routine care or research studies), health conditions, population and intervention addressed (17). The second step aims to check whether a new COS is needed. The third step relates to the protocol definition for the development of the COS; in this regard, the COS-STAP statement was followed, which suggests the definition of the scope of the COS, stakeholder involvement, COS development plans and consensus processes (18). The last step determines the application of the protocol to obtain a specific COS.


2.1 Scope of the COS

The present COS is intended to encompass key clinical and patient-reported outcomes to be measured following cataract surgery for the postoperative evaluation of monofocal IOLs. The sequential steps for the development of the COS are described in the study flow chart reported in Figure 1.
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FIGURE 1
 Study flowchart.




2.2 Need for a new COS

The proposed COS further extends previous outcome sets by (i) an extensive evaluation of outcomes (clinical and patients reported outcomes) derived through a systematic literature review involving not only RCTs but also observational (prospective or retrospective) studies; and (ii) the involvement of a sample of patients who underwent cataract surgery for the validation of patient-reported outcomes, which were not systematically evaluated in the previous studies (19, 20). Recommendations on adequate metrics and measurement criteria are also provided for each of the outcomes included in the set, offering practical guidance on how the core clinical and patient-reported outcomes should be defined and measured.



2.3 Protocol definition

A systematic review of all published studies on monofocal IOLs was conducted and registered in PROSPERO (CRD42022340187). The literature search was performed in the PubMed electronic database, with data cut-off June 6, 2022. Keywords were identified, resulting in the following query: (“outcome*” OR “result*” OR “indicator*” OR “effect*”) AND (“monofocal” AND ((“intraocular” AND “lens*”) OR “IOL”)) AND “cataract*.”

Observational studies with both a retrospective or prospective design, case studies and classic RCTs, were considered eligible to be included in the analysis. Instead, systematic reviews, meta-analyses, clinical guidelines, expert consensus statements, questionnaire validation studies and commentaries to previous publications were excluded. Consistently with the intended scope of the COS, the focus was restricted to studies specifically reporting post-operative outcomes related to monofocal IOL implantation in adult patients with age-related cataracts, thus excluding studies in vitro, on animals, on pediatric patients, focusing on the development of eye models, on the technical characteristics of IOLs devices, or exclusively on the methodology of surgical interventions.

Papers were screened by title and abstract, resulting in a first round of exclusion of records which were out of scope according to inclusion criteria. To minimize the probability of errors in paper exclusion, screening was performed independently by three researchers (AC, IG, LN), who then compared the outcomes of their selections. The remaining papers were then further screened by reading the full text, which resulted in a second round of paper selection. In case of discordance, the opinion of another researcher (CR) has been took into consideration to reach an agreement. The relevant publications were then analyzed to identify all the outcomes used to assess monofocal IOL performance in the postoperative period. The outcomes were categorized into clinical and non-clinical outcomes.

Subsequently, relevant stakeholders have been tasked to build consensus on the outcomes to be included in the COS (3). In particular, healthcare professionals (ophthalmologist surgeons) and patients were involved. Seven ophthalmologists (MB, GC, EF, RM, LT, DT, RG), 4 males and 3 females, with a mean age of 47 years (range 33–68) and average 20 years (range 7–42) of working experience (including residency), were selected among those operating in high-volume Italian public hospitals for IOL implantations (Ospedale Morgagni-Pierantoni, AUSL della Romagna, Forlì; Eye Clinic, Department of Neurosciences, Psychology, Drug Research and Child Health – NEUROFARBA, University of Florence, Florence; University Eye Clinic, Department of Medicine, Surgery and Health Sciences, University of Trieste, Trieste), while patients were reached out through Federcentri (21), the biggest Italian not-for-profit association of social and sociocultural centers for the elderly.

The full list of outcomes, grouped into main domains was submitted to the clinicians and the patients to reach consensus on the relevant outcomes to be included in the COS (17) (Figure 1).


2.3.1 Ophthalmologists evaluation

A mixed methodology integrating a Delphi-driven and an expert panel approach was adopted to reach an agreement among clinicians (22). As the first step, ophthalmologists were emailed and asked to validate the grouping of outcomes, made by the researchers, in outcomes domains. As the same outcomes were defined in different publications in various ways, the next step was to eliminate outcomes redundancies.

As a third task, they were asked to select the outcomes they deemed most relevant for the assessment of monofocal IOLs by using a 2-point Likert scale (important/not important) (23).

Two or three ophthalmologists by clinical site worked together without visibility to the other ophthalmologists of the other sites. The researchers then merged all the outcomes which had been selected by at least one clinical center and prepared a preliminary set. On January 31st, 2023, an online plenary session moderated by the researchers was held to build collective consensus among the 7 clinicians on the minimum set of outcomes to be included in the final COS. Clinicians reviewed the outcomes of the preliminary set and discussed whether to include or exclude each of them in the final COS until a unanimous consensus was reached.

To make a COS actionable, it is important to define how outcomes can be measured in a standardized manner. Therefore, once the COS for monofocal IOLs was finalized, clinicians were asked to agree on how the outcomes should be measured homogeneously, specifying the domain (e.g., best corrected distance visual acuity), the specific measurement (e.g., LogMAR), the specific metric (e.g., value at a time point, change from baseline), the method of aggregation for trial data presentation (e.g., mean for continuous data) and the recommended timepoint for outcome measurement (e.g., the number of weeks post-surgery) (3, 4).



2.3.2 Patients evaluation

Patients were engaged in the evaluation of non-clinical outcomes. The study has been approved by Bocconi Ethics Committee (code FA000459, approval date July 25, 2022). An anonymous questionnaire was developed and distributed to patients (Figure 1). The list of non-clinical outcomes, as retrieved from the literature and further grouped into main domains with the help of clinicians, was presented with simple words and examples so to make labelling and explanation of outcomes understandable to patients (4). Eight patients (aged >65 years, 50% males), who underwent cataract surgery with the implantation of monofocal IOL, accepted to complete the questionnaire during an in-person meeting at Federcentri in Rome on 14th April 2023 and expressed their preference on a 5-point Likert scale (23) with the following levels: not at all important, not important, quite important, important, very important.

Responses were coded with numbers expressing the relative importance of the categories (1 = quite important, 2 = important, 3 = very important, 0 otherwise) and then the sum of values was calculated across responders for each outcome. Considering 8 responders to the questionnaire, the maximum importance score for the single outcome is 24 (=8*3, i.e., “very important” level chosen by all the responders). A ranking of outcomes was obtained by ordering the calculated sums. A final list of outcomes was prepared including the ones presenting a score > 12 (higher than 50% of the maximum obtainable score) (4). The last question of the survey investigated the period (days) from cataract surgery to vision stabilization to identify the representative time for evaluating the outcomes after surgery.





3 Results


3.1 Protocol implementation

A total of 615 articles were retrieved from the PubMed database. After excluding articles that did not match the pre-defined inclusion criteria, a total of 375 studies reporting postoperative outcomes of monofocal IOLs were examined. Among these studies, 293 (78.1%) were observational – 212 with a prospective design and 81 with a retrospective design, respectively, – 71 (18.9%) were RCTs, and 11 (2.9%) were case studies. The average sample was composed of 815 individual eyes, with the median sample being 92 eyes. Further, most studies had a European affiliation, with 6% of all studies including at least one Italian research center. The outcome extraction process returned a total of 1,113 individual indicators, which were classified into 20 domains, 11 related to clinical outcomes measured by clinicians (visual acuity, accommodation, contrast sensitivity, refractive errors, aberrations, photic phenomena, positioning outcomes, general adverse events, adverse events requiring second surgery, ocular characteristic, surgeon-reported outcomes), 6 regarding patients’ reported outcomes or quality of life (patients’ satisfaction, self-reported vision, daily activities, spectacle dependence, reading performance, driving performance) and 3 focused on cost-effectiveness outcomes (cost, cost-effectiveness, effectiveness/utility). The Appendix reports all the outcomes retrieved grouped in domains. Clinical outcomes were included in every paper, while quality of life was reported in about one out of three studies and patient satisfaction in one out of five.



3.2 Ophthalmologists evaluation

Clinicians evaluated the full list of outcomes retrieved from the literature review. Twenty-two outcomes out of the total were selected by the three groups of ophthalmologists (Table 1, first column). Among them, ten had been included by all the groups, while twelve had been selected by only one or two groups.



TABLE 1 Core outcomes set for the evaluation of monofocal intraocular lenses from the ophthalmologists’ perspective.
[image: Table1]

During the online, plenary, consensus meeting the ophthalmologists reviewed the twenty-two outcomes of the preliminary list and reached a consensus on the ones to be included in the final COS. Participants agreed to exclude eleven of the outcomes of the preliminary list since not essential. Eleven outcomes, all clinical, were then considered for inclusion in the final COS after a joint discussion. Among them, seven are linked to visual acuity, while the remaining to contrast sensitivity, refractive error, aberrations and adverse events. Concerning one of the visual acuity outcomes, clinicians deemed necessary a differentiation based on the type of IOL assessed and suggested measuring Monocular Best Corrected Intermediate Visual Acuity (BCIVA) for standard monofocal IOLs and Monocular Best Distance-Corrected Intermediate Visual Acuity (BDCIVA) for new generation monofocal IOLs with an extended range of vision. Clinicians also agreed to further specify “contrast sensitivity” as “modulation transfer function”. Finally, 11 outcomes were identified for the COS (Table 1).

Ophthalmologists were also asked to specify the measurement metrics, method of aggregation and measurement time point of the outcomes. Clinicians agreed that all measurements should be taken monocularly. They suggested measuring all outcomes one month after surgery, while the presence of posterior capsule opacification should be measured 6 months after surgery.



3.3 Patients evaluation

The questionnaire administered to the patients reported 49 outcomes as derived from the literature and further aggregated into main domains with the support of clinicians (see Supplementary Table S1).

In general, patients considered very important the aspects related to (1) quality of life after cataract surgery, (2) the capacity to perform activities requiring good near vision (e.g., reading), (3) spectacle independence, and (4) safety of movements without fear of getting hurt or falling (intermediate vision). Aspects related to costs were ranked as intermediate, while not important at all were the aspects related to the speed/distance of reading and pain after surgery. The full list of ordered outcomes is reported in Supplementary Table S1.

The mean time from cataract surgery to vision stabilization was 34 days (range 4–60).




4 Discussion

Developing and identifying technologies whose benefits are relevant to the healthcare ecosystem is crucial when prioritization is necessary to keep the healthcare systems financially sustainable. This is the principle of the value-based healthcare paradigm. Investments and market access authorization for medical technologies have often been based on clinical endpoints not necessarily relevant for end-users such as clinicians, patients and providers (24, 25). Determining what is truly crucial and for whom is therefore fundamental to guide developers’ focus on investing in technologies that are likely to deliver added value to stakeholders and decision-makers (e.g., regulatory and Health Technology Agencies bodies). This will help developers to identify innovations that can positively impact patients’ lives and the system as a whole. The use of COS has been developed to define the most relevant outcomes for all stakeholders. Although many institutions and organizations are supporting the development of relevant metrics, comprehensive and standardized identification of outcome sets has been lacking (26, 27). The COMET (Core Outcome Measures in Effectiveness Trials) initiative has started exploring the setting of clinical trials to guide the development, implementation, evaluation and updating of core outcome sets (4, 17, 18, 28). At present, considering cataract surgery, two core outcome sets have been published and are available in the COMET initiative database. Mahmud and co-authors (19) have proposed a core set of pre, intra, and post-operative measures for cataract surgery outcomes, applicable to all types of IOLs. The COS was developed through experts’ consensus, also including the perspective of a patient advocate. Subsequently, Evans et al. (20) have developed a core set by extracting and summarizing the main outcomes reported in published RCTs comparing multifocal and monofocal IOLs. Moreover, since 2012 the International Consortium for Health Outcomes Measurement (ICHOM) has started to promoting and facilitating the development of global sets of patient-centred outcome measures worldwide to create better value for all stakeholders (29). An ICHOM standard set has been proposed for cataract as well, but it does not include peculiar considerations about the IOLs performance or on the economic impact of the surgery (19). The present study aimed at developing a COS for cataract patients scheduled to standard or new-generation monofocal IOLs implantation, starting from a comprehensive literature search of reported outcomes and involving both ophthalmologists and patients. In line with current trends in health technology evaluation, which aim to compare treatment options based on patients’ preferences, patients’ input is essential for producing a COS that is as comprehensive as possible (30, 31). The literature provides examples of patient-important outcomes that were mistakenly left out when the COS was created without their participation. In the context of fibromyalgia (32), seven outcomes considered important by the patients like pain, stiffness, fatigue, sleep, patient and physician global assessment of improvement and tenderness, were not included in any of the 9 clinical studies assessed through a meta-analysis which considered clinical trials on treatment. Other important symptoms identified by the patients, such as cognition, depressive and anxiety symptoms, were not explored by most of those studies. Another example refers to rheumatoid arthritis, for which patients selected 63 treatment outcomes through in-depth interviews. Many of the 63 outcomes described as important are not currently included in the commonly used professional core sets (33). Also, in our study, ophthalmologists selected, as important, 11 outcomes which were all clinical and did not include any non-clinical outcomes, 4 of which were instead selected through the evaluation performed by patients, determining a final COS composed of 15 outcomes (see Supplementary Table S2 for the complete list of outcomes proposed for the COS). The inclusion of patients’ perspectives allowed us to broaden the analysis by considering aspects that matter to the final users of the technology. Moreover, concerning vision stabilization after cataract surgery, the timing for the evaluation of the main vision parameters proposed by the ophthalmologists (30 days) was in line with the perception of the patients (mean 34 days). Our study also suggested the measurement units for such parameters.

The present COS is an extension of previous works developed on the topic of IOLs. The search strategy was designed to identify all studies evaluating monofocal IOLs, including both single-arm and comparative assessments of monofocal IOLs against any other IOL type in both RCTs and observational studies. Indeed, the other published studies on COS development either started from the appraisal of the existing literature focused on RCTs only (20) or considered data collected through existing registries (19). Moreover, the present study actively involved patients in the assessment of key outcomes. In previous studies, the consensus on the COS was reached only among the authors of the publication (without the involvement of patients) (20) or through a group composed of clinicians and only one patient advocate (19). Visual acuity, contrast sensitivity, refractive errors, adverse events, and patients-reported quality of vision and quality of life (including spectacle independence) have been confirmed relevant for clinicians and patients like in the other published COS (19, 20). Nevertheless, our analysis pointed out the importance of assessing also clinical outcomes like aberrations and posterior capsule opacification, and patients’ reported outcomes like the ability to perform activities related to near vision without glasses and safety of movements.

Finally, while the proposed COS focuses on monofocal IOLs, it represents a valuable use case for the extension of the present study methodology to the evaluation of other devices in both ophthalmology and other disease areas.


4.1 Study limitations

The study has also limitations that need to be recognized. Regarding the involvement of groups of clinicians and patients, in the former, participants received feedback from their own group members, while patients, having filled in a questionnaire, did not have the chance to discuss together their opinions. Moreover, the two groups were involved separately, without considering interactions between clinicians and patients. Nevertheless, spoken language and non-verbal communication of clinicians in such meetings could exclude or undermine the participation of patients. Indeed, some COS developers recommend that face-to-face consensus meetings are to be held separately for patients and professionals to allow patients’ views to be heard without contamination from other parties (34).

Second, our study focused on post-operative outcomes only, anyway, this represents the context where standardization is needed the most, as proved by the numerous and heterogeneously measured outcomes that can be retrieved in the literature (35).

Another point relates to the measurement units of non-clinical outcomes. Patients were not tasked to identify any specific metrics since there are few already developed questionnaires for the assessment of the subjective quality of vision. An example is the Quality of Vision (QoV) questionnaire that consists of a 30-item instrument on three scales providing a QoV score in terms of symptom frequency, severity, and bothersome (36). Another instrument is the Catquest- 9SF (37), a questionnaire to be administered before and after cataract surgery that assesses visual disabilities in daily life, activity level, cataract symptoms and degree of independence. The VF-14 is instead a brief questionnaire designed to measure functional impairment caused by cataract (38).




5 Conclusion

In a context with limited healthcare resources, it is important to optimize their use considering also the preferences of end-users, namely patients. Moreover, the use of COS fosters cross-study comparability while discouraging selective outcome reporting, allowing for more effective data synthesis and comparison of the efficacy of different technologies. This, in turn, may increase the entire evidence base available to influence clinical practice, produce clinical guidelines, and make healthcare resource allocation choices (4), with benefits reaching throughout the healthcare system. The present study aimed at developing a core set of outcomes for the postoperative evaluation of monofocal IOLs for cataract surgery. The process, which involved both ophthalmologists and patients, showed the important role of the latter that allowed including patients’ reported outcomes, specifically quality and satisfaction in near vision without glasses, quality of life, safety of movements and reading ability. The proposed COS is intended to be measured and reported not only in clinical trials but also in clinical practice to increase the body of real-world evidence (39–41). In the case of comparative assessments, it would be crucial to also include cost-effectiveness outcomes to optimize the allocation of healthcare resources.
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