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Abstract

Background: In order to gather evidence to guide eye care policy changes in Rwanda, a national population-based blindness and visual impairment survey was undertaken in 2015.

Aim: To influence and direct policy changes using blindness survey findings.

Setting: Nationwide sampling.

Methods: Standard Rapid Assessment of Avoidable Blindness (RAAB) survey methodology was used across to examine 5065 (97.5% response rate) people aged 50 years and older. This is a case report of how the government used the evidence from the survey.

Results: The age- and sex-adjusted prevalence of blindness was 1.1% (0.7–1.4) of which 83.9% was avoidable, with cataract being the major cause. The age- and sex-adjusted prevalence of visual impairment at the 6/18 level is 4.4% (3.7–5.1), with refractive errors and cataract being the major causes. The prevalence of all refractive errors was 4.3%, the majority of which was uncorrected. The cataract surgical coverage (CSC) was 68.4%, with 45.4% of surgeries performed at the secondary level. Difficulty in reaching surgical facilities (33.3%) was the main barrier to surgery. These results informed policy changes aimed towards an increase in the number of cataract surgeons, the volume of cataract surgery performed and broader spectacle provision.

Conclusion: The prevalence of blindness in Rwanda is low compared to the previous estimates, although a considerable proportion is avoidable and the majority of refractive errors were uncorrected. The CSC and surgical outcomes are improving. The government, informed by this evidence, has introduced targeted initiatives to improve eye-care delivery in Rwanda.
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Introduction

Worldwide, an estimated 253 million people have visual impairment or blindness with presenting visual acuity (PVA) < 6/18, and this figure may rise to 700 million by 2050. Almost 32.4 million of them are blind (PVA < 3/60).1 In 1999, the World Health Organization (WHO) and the International Agency for the Prevention of Blindness (IAPB) launched the global initiative known as ‘VISION 2020: The Right to Sight’, which calls for the elimination of avoidable blindness by 2020.2 Three years later, the initiative was launched in Rwanda. At the time (2002), little was known about the prevalence and causes of blindness in the region. With the development of the Rapid Assessment of Cataract Surgical Services and later the Rapid Assessment of Avoidable Blindness (RAAB),3 a standard validated, simple, affordable and rapid survey methodology4 could be applied in different scenarios, including those with limited resources, and trends could be tracked by repeating the surveys at regular intervals. The RAAB survey is used to collect reliable estimates of the magnitude and causes of blindness at district or regional level or even national level.5 The RAAB only includes the over-50-year age group, where the prevalence of blindness and visual impairment is the highest,3 so that required sample sizes are minimised. The RAAB also uses relatively straightforward sampling and examination techniques, reducing time and cost.

The information generated from the RAAB survey can be used by policymakers and planners to identify priorities and provide resources for eye care in a country. Knowledge is the world’s most valuable resource; it should not be wasted but rather used as a resource for effective healthcare policies.6 This is especially important in low-resource settings, such as Rwanda, where approximately 80% of the blindness and visual impairment is from conditions that could have been prevented or managed to restore vision.7 Indeed, one of the key objectives of the RAAB approach is described as provision of baseline data for planning of eye-care services and to monitor and evaluate ongoing programmes.8

Several surveys of blindness in the East Africa region have shown a low prevalence of blindness. For example, RAAB in Northern Burundi (2012) found an adjusted blindness prevalence of 1.2 (0.8–1.5),9 and in Hoima, a district in the western part of Uganda (2013), found a prevalence of 2.0 (1.5–2.4).10 The first survey of blindness in Rwanda was conducted in 2006 and covered the Western province.11 The study reported a sex- and age-adjusted prevalence of blindness of 1.6% (1.0% – 2.2%), severe visual impairment of 1.1% (0.7% – 1.6%) and moderate visual impairment of 4.9% (3.8% – 6.0%). The majority of bilateral blindness (65%) was because of cataract; and overall, the vast majority of cases of blindness (80.0%), severe visual impairment (67.9%) and visual impairment (87.2%) were avoidable (i.e. because of cataract, refractive error, aphakia, trachoma or corneal scar). The results from that survey have since been extrapolated and used to guide planning and prioritisation of the several eye health initiatives that have been initiated across the country. Nine years later, a need was felt to carry out a more comprehensive survey covering the whole country for monitoring progress and trends in the care programme over the ensuing decade. Indeed, other researchers have noted that many more opportunities are available to use this resource, such as to estimate the need for low-vision services, trends over time or between regions or to compare levels of indicators such as poor surgical outcomes.

The aim of this second RAAB study in Rwanda was not only to estimate the prevalence and causes of blindness and visual impairment amongst people aged ≥ 50 years in the Republic of Rwanda but also to investigate any changes or trends when compared with the earlier RAAB study (the secondary aim). The study was supported by the Fred Hollows Foundation and the Ministry of Health (MOH).

Methods for the Rapid Assessment of Avoidable Blindness

This research followed the standard RAAB methodology.

Sample size

The sample size, based on a cluster random sampling approach, was calculated using the RAAB software (version 5). Census data from 2012 were used to estimate the proportion of the population aged 50 years and older,12 and an assumed prevalence of severe visual impairment and blindness for those aged 50 years and older was estimated at 3.0% based on the results of the 2006 Western province RAAB.11 Based on these inputs, a minimum sample size of 5161 persons was calculated (104 clusters of 50), assuming an estimate precision of 20%, a 95% confidence level and a non-response rate of 10%.

Sampling frame

For the first stage of sampling, clusters were selected from across the entire country based on 2012 census data,12 with the probability of a cluster’s selection proportional to population size. For the second stage of sampling, households within the clusters were selected based on compact segment sampling. Each cluster area was divided into a number of segments, known locally as ‘mudugudu’, which are local administrative areas with well-defined boundaries. Maps were drawn to identify the mudugudu within a given cluster, and one was chosen at random by drawing lots. Starting at the edge of the segment, all households in the chosen mudugudu were visited in the sample sequentially until 50 people aged 50 years and older had been identified. Eligible participants were those aged 50 years or older and who had lived in the household for at least three months of the year. If the mudugudu did not include 50 people aged 50 years and above, then another segment was chosen at random and sampling continued until the required cluster size of 50 was achieved. If an eligible household member was not available, and they could not be visited within the locale, and information was collected from relatives or neighbours.

Ophthalmic examination

All consenting participants had PVA tested in each eye using a modified Snellen’s E chart at 6 m. Pinhole vision was tested for any eye with VA of less than 6/18. All participants were examined for lens opacity or aphakia/pseudophakia. All participants with vision less than 6/18 in one or both eyes received dilating drops and were examined further by an ophthalmologist to determine the cause of visual impairment in each eye. The WHO guidelines were used to determine the causes of visual impairment for each eye and for the individual.13 Participants with cataracts were asked for the reason they had not pursued cataract surgery, whilst those who had undergone cataract surgery were asked to provide the location of surgery. Causes of vision less than 6/18 in the operated eye were determined. Participants who needed further assessment and treatment were referred to the nearest appropriate health facility whilst minor conditions were treated on the spot.

Close or proximal VA is not included in the RAAB examination; however, the survey included a question asking whether people had ever had any problems with their eyes. This figure, together with the proportion who used near vision correction, was used to calculate the proportion of people with uncorrected presbyopia.

The village leader was contacted two days prior to data collection in the selected mudugudu and briefed on the purpose of the RAAB. The village leader then arranged for a local guide to support the study team. Each study team consisted of an ophthalmologist, an ophthalmic technician and a driver. The teams utilised modified Snellen’s E charts, 6-m ropes, pin holes, pen torches and direct ophthalmoscopes to conduct the examinations.

Data management

All data were recorded in simple one-page survey forms, which were daily cross-checked in the field to identify and correct mistakes. Double data entry was performed each day using the RAAB version 5 software, which has an integrated consistency check. Data analysis was undertaken using the RAAB software, with additional analysis performed using Stata version 13.

Training and standardisation

There were four study teams utilised in this RAAB, who simultaneously collected the data. All four teams received a 4-day training course by a certified RAAB trainer immediately before the survey. All field staff members were thoroughly trained to ensure uniformity of procedure in identifying eligible participants, assessing VA and examining the ocular lens. During training, the inter-observer variability was assessed for vision, lens assessment and causes of visual impairment to ensure that examiners have at least 70% agreement. Each team was given standardised instructions on definitions, the method of selection of the participants, examination protocol and methods to obtain and record the data for their reference.

Ethical considerations

The study adhered to the tenets of the Declaration of Helsinki. The study visa was issued by the National Institute of Statistics of Rwanda and ethics approval was given by the Rwanda National Ethics Committee (0624/2015/10/NISR). The survey secured ethical approval from the Rwanda Health Research Committee (RHRC) and the Rwanda National Ethics Committee and approval from the Ministry of Health (MOH). The purpose and procedures of the study were explained verbally by study teams and through a written patient information sheet in the local language, Kinyarwanda, with verbal and written consent obtained prior to participation. As this was a national survey, it was imperative to obtain a visa (document of approval) to conduct the survey, which was provided by the National Institute of Statistics of Rwanda. All information of participants was confidentially handled. People identified with ocular conditions requiring treatment or follow-up were referred to the nearest ophthalmic or medical centres as appropriate.

Information in the case study was obtained from the Director General of Planning at the MOH.

Results

The response rate was high (97.5%), with a total of 5065 participants out of the 5194 eligible participants examined. Ninety-one people were not available, 12 refused examination and 26 could not be examined because of other disabilities.

The age and gender composition of the sample was similar to that of the Rwandan population, with remarkable reduction in the number of men vis-à-vis women above the age of 35 years across the country (see Table 1).
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The unadjusted blindness prevalence was 1.2% (95% confidence interval [CI] 0.9–1.6), with 1.5% in men and 1.1% in women (see Tables 2 and 3). However, when adjusted for age and sex, the blindness prevalence was 1.1% (CI 0.7–1.4), with men having a prevalence of 1.3% (0.7–1.9) and women having a prevalence of 0.9% (0.5–1.3). The sex- and age-adjusted prevalence of all visual impairment was 4.4% (3.7–5.1). No significant difference was observed in the prevalence of blindness and visual impairment in men and women. The likelihood of blindness significantly increased with age, with just 0.2% (0.0–0.3) of the sample blind in the 50–59 years age group but 6.5% (4.0–8.7) blind in the 80+ years age group.
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Causes of blindness and visual impairment

The major causes of blindness were untreated cataract (56.5%), glaucoma (14.5%) and other posterior segment causes (9.7%). Corneal opacities (three cases), including one case of trachomatous corneal opacity, accounted for 4.8% of all blindness. Cataract and refractive errors are the major causes of severe as well as moderate visual impairment, followed by age-related macular degeneration. The major cause of moderate visual impairment was refractive error, followed by cataract. In total, 83.9% of all blindness was avoidable, 61.3% of which was treatable (see Table 4).
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Cataract surgery

The age- and sex-adjusted results for the country indicate the number of eyes in people aged 50 and above affected by cataract at each level of vision (see Table 5). An estimated backlog of 49 464 Rwandan eyes had visually impairing cataract at the time of the survey, and 26 874 of whom were blind.
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The cataract surgical coverage (CSC) was high at 68.4% for blind persons and fell to 43.9% for cataract threshold of VA < 6/18 cataract (see Table 6). Similar proportions of men and women had undergone cataract surgery. However, the effective cataract surgical coverage (eCSC) (Table 6) was lower at 54.4%. The eCSC is calculated by considering CSC as well as the outcomes of surgery (shown in Table 7). Just over half of the cataract surgeries had been performed at referral hospitals (51%), whilst 46% were completed at district hospitals, 3% by camp surgeons and 1% at private hospitals.
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Of all the eyes operated, 70.9% resulted in a good outcome uncorrected (VA > 6/18), and this rose to 80.1% with correction (see Table 7). However, 15.6% of eyes had a poor outcome uncorrected (VA < 6/60); with correction, this figure fell to 12.8%. The most common cause of a poor outcome after surgery was refractive errors (31.7% of cases) followed by comorbidity (26.8%).

Those who were bilaterally blind (VA < 6/60) because of cataract were asked why they had not undergone surgery (n = 51), and the answers varied by gender: for men, the most common reason was a lack of awareness that treatment was possible (31.6%), whilst for women it was difficult to reach the hospital (40.6%). Affordability was also an issue for both the insured and uninsured, with 10.5% of uninsured men and 12.5% of uninsured women citing cost as a barrier; and an additional 10.5% of men and 9.4% of women with insurance also saying that they could not afford surgery. A total of 97.1% of operated eyes (137/141) had an intraocular lens inserted during the cataract procedure.

The total prevalence of refractive error (excluding presbyopia) in the population was 4.3%, half of which was uncorrected (2.2%). However, the majority of the population reported uncorrected presbyopia (89.9%).

This RAAB included an additional question that was deemed important by planners for the local context. Respondents were asked whether they were aware of the availability of eye tests and treatments (primary eye-care [PEC] services) at the local health centre, to which 57% of respondents replied that knew of the service (no significant difference between the sexes).

Finally, the results from the 2006 RAAB conducted in the Western province11 were compared to the results from the current survey to identify trends in eye health and service provision (see Table 8). The results showed a downward trend in the prevalence of blindness, improved CSC and improved outcomes of cataract surgery.
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Cataract remained the leading cause of blindness (although with a reduced percentage).

Rwanda case study: Using Rapid Assessment of Avoidable Blindness data to influence policy change

Background

Despite ever-increasing investment in eye research programmes in Africa by donors, little is understood about whether this research evidence is being used to inform the development of context-specific policies, including pro-poor policies to improve eye health. Policy here is loosely defined as a course of action, an action on the ground, a plan or a declaration. This loose definition has been adapted in other studies.15 Some researchers have advocated for widespread data from multiple sources to inform policy and practice, which can not only contribute to universal eye health but also promote universal health coverage (UHC).16

Rwanda became a signatory of ‘VISION 2020: The Right to Sight’ in 2012. Since then, Rwanda has developed and implemented three plans of action to eliminate avoidable blindness and visual impairment. The fourth National Strategic Plan for Eye Health (NSPEH: 2018–2024)17 has been developed in accordance with the current Health Sector Policy and of the fourth Health Sector Strategic Plan (HSSP IV 2018–2024).18 This inclusion into the HSSP is a major integration success that saw the MOH take the lead in drafting of the eye sector plan. Strong leadership has facilitated the successful organisation of eye-care services and collaboration between stakeholders in Rwanda.19 For the past five years, eye conditions have been amongst the most important causes of morbidity and are amongst the top ten causes of consultations at primary and secondary levels of the healthcare system.20 Primary eye care is considered a key component in the quest for UHC. When an assessment of the existing PEC programmes revealed gaps in the competency of general health workers in PEC and their ability to accurately identify and refer patients with eye complaints,21,22 the MOH determined the requirement of a better programme. This led to the development of a national curriculum for PEC in Rwanda between 2012 and 2013, which was adapted from the WHO PEC Manual.23

Planning for eye care is carried out based on expert opinions from members of the professional societies for both ophthalmologists and allied eye health professionals,24 research data and data from health information systems. In Rwanda, this is collated and corroborated by the Eye Health Technical Working Group, a body constituted by the MOH.

Following the conclusion of the 2015 RAAB study (results outlined earlier in this paper), the following steps were taken to facilitate the adoption of this evidence by policymakers:


	The RAAB report was sent to the MOH within one month of completing the survey, including a PowerPoint version of the same.

	The RAAB lay report was produced in language that could be understood by the lawmakers. This report included a section on implications for practice and policy.

	A result dissemination workshop was hosted by the Eye Health Technical Working Group with policymakers from various sectors in attendance.



Impact on policy and practice

Rapid Assessment of Avoidable Blindness result 1

The age- and sex-adjusted prevalence of blindness was 1.1% (0.7–1.4) of which 83.9% was avoidable, with cataract being the major cause. The CSC was 68.4% with 51% of surgeries carried out in referral hospitals. Without correction, 70.9% of all operated eyes had good vision and 15.6% had a poor outcome. Difficulty in reaching surgical facilities (33.3%) was the main barrier to surgery.

The age- and sex-adjusted prevalence of cataract showed a total of 49 464 eyes in people aged 50 years and over needing cataract surgery, in the country.

Lay interpretation of the result

About 4.4% of Rwandans aged 50 and more have poor vision with 1.1% being blind. The majority are affected by diseases that can be treated or where blindness could have been prevented. The key cause is cataract, but most people have to travel to referral hospitals to undergo surgery and not everyone has access to cataract surgery services, with many complaining of the distance they have to travel to undergo surgery.

Changes made in policy and practice

In order to increase cataract surgery services in the country:


	The Eye Health Technical Working Group recommended a new cataract strategy managed by the Rwanda Ophthalmology Society such that every district hospital in the country had a surgeon supporting cataract services. Every ophthalmologist in Rwanda participated in this initiative. This reduced distance as a barrier to access of care and increased the coverage of surgery. This initiative is ongoing.

	The Medical Production, Procurement and Distribution Division25 of the Rwanda Biomedical Services was mandated to stock consumables for eye services including cataract surgery. Professionals were tasked with providing a list to the body, so that the consumables could be included in procurement tender processes. In the interim, one partner of the MOH provided all the consumables needed for cataract surgery across the whole country, and one private supplier began providing cost-effective supplies within Rwanda.

	A policy of bonding ophthalmologists to ensure they serve under the MOH in the public sector for four years after training was enforced and strengthened to increase the number of surgeons in public service.

	For the first time since the performance-based financing (PBF)26 was introduced in Rwanda, PBF indicators for identification of cataract and cataract surgery provision at district hospitals were defined and funded in 2019. Indicators have also been included for eye screenings and treatments in the primary-level health facilities.

	The MOH recommended local training of ophthalmologists and supported the first local residency programme at the Rwanda International Institute of Ophthalmology.27

	The HSSP IV28 for the first time included indicators for eye care as part of the UHC package and recommended a sub-sector plan for eye health. The development of this plan, the National Strategic Plan for Eye Health 2018–2024,17 was led by the MOH and is fully integrated with other plans at the ministry.



Rapid Assessment of Avoidable Blindness result 2

The prevalence of all refractive errors was 4.3%. The prevalence of uncorrected refractive error was 2.3% in this population. The proportion of uncorrected presbyopia was 89.9%.

Lay interpretation of the result

Four to five people out of every 100 aged 50 years and older need distance vision glasses in this population. The majority of the population need reading glasses. Of those needing reading glasses, only 10% have them, whilst of those needing distance vision glasses, only 50% have them.

Changes in policy and practice

In order to improve the refractive error correction services in the country:


	The programme of supplying ready-made reading glasses to every health centre in the country as part of the PEC programme was strengthened by holding stock at the Medical Procurement and Distribution Division, which in turn supplied the district pharmacies as a part of the essential drugs that health centres needed. Work is underway to put the glasses on community insurance tariffs.

	Based on a successful pilot of including an optical shop in a provincial hospital, the vision centre project (supported by a partner organisation) was adopted and expanded to cover each and every district hospital. These optical shops provide glasses at low cost to the population referred from the health centres. The eye health professionals based at district hospitals received refresher training on refraction.

	The first optical workshop in the country was opened at the University of Rwanda to supply spectacles to the district hospitals. At district hospitals’ optic shops patients select frames. The design number as well as the prescription is electronically sent to the workshop and then finished spectacles are sent back to the hospital using public transport courier services.



Rapid Assessment of Avoidable Blindness result 3

Glaucoma (14.5%), age-related macular degeneration (3.2%) and other posterior segment conditions (9.7%) constituted 27.4% of all blindness.

Lay interpretation of the result

Diseases affecting the back of the eye were becoming more prevalent as the causes of blindness.

Change in policy and practice

A revision of packages of activities and tariffs was carried out; and for the first time, insurance companies included specific tariffs for reimbursement of diagnostic or curative procedures for posterior segment procedures such as laser therapy, optical coherence tomography, vitreo-retinal surgery, consumables and glaucoma shunts. This is operational in private hospitals and private insurance schemes and is in progress for the public hospitals and community insurance schemes.

Factors for success in impacting policy

An analysis was made of the approaches used in engaging with policy and practice using the RAAB results. The findings are presented below against the key areas identified in the The Overseas Development Institute - Research and Policy in International Development (ODI RAPID) framework29 (see Figure 1).
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External influences and policy context

The linkage between improved vision and the development agenda and global prosperity is reflected through the sustainable development goals, in particular, goals 1, 3, 4, 5, 8, 10 and 17. Achievement of these goals additionally requires increased government interest in eye care.30,31

Rwanda is one of the successes in relation to UHC, which was attained in Rwanda because of the leadership that believes in good health as a fundamental human right, and a population that has embraced the Community-Based Health Insurance scheme at a rate of 91% coverage.32 Eye health has been included and supported by the MOH as a key component of both UHC and the non-communicable disease agenda.

Three principles guided change in the delivery of eye care in Rwanda: (1) prioritising geographic equity of service delivery, (2) reducing the cost of access to services and (3) coordinating all partners under a single national plan.19 This led to the launching of a comprehensive PEC programme in 2010. This programme includes creating a permanent PEC curriculum at all eight nursing schools in Rwanda, which has resulted in educating 1250 existing health centre nurses in the PEC services and improving the referral guidance.

Within this policy and service provision context, reform based on RAAB evidence was able to drive systemic change, including an increase in community and health worker’s awareness regarding cataract services at the primary level, and improved referral patterns to district hospitals under the PEC programme. The success and government support for the PBF programme33 also made it feasible to add indicators for eye health into the scheme. The PEC programme could be further strengthened to distribute reading glasses.

Evidence

When evidence is credible and convincing, provides practical solutions to the pressing policy problems and is packaged to attract policymakers’ interest, it is more likely to be accepted by policymakers. The RAAB is a standardised population-based survey which generates not only prevalence data but also service indicators including CSC and cataract surgical outcome. The methodology has been used in over 330 surveys across 70 countries worldwide, providing a substantial contribution of data used to calculate global blindness estimate assessment and provide data to inform eye-care programmes and policies with the aim of reducing or eliminating avoidable blindness.5 Data from the Rwanda RAAB were robust and credible; and for policymakers, the fact that it was nationwide was very important. The survey was conducted and supervised by a certified trainer as recommended for quality control, and the data analyses were reviewed by an international reviewer before reports were generated.

Production of lay reports in simple language allowed policymakers to clearly understand the data. Ethics and scientific review guidelines in Rwanda include a clear dissemination strategy in the proposal.34 The mandatory dissemination workshops allowed wide sharing of data with stakeholders and policymakers.

Links

The Eye Health Technical Working group for eye health is headed by the Director of Planning at the MOH.

It is a forum that allows ophthalmologists, researchers and policymakers to share common networks, develop trust and effectively communicate. New ideas that impact eye health and challenges facing eye health are first discussed in this forum. Both the scientific and lay reports and the recommendations from the RAAB were first presented to this group. The leadership structure of the committee allows quick transmission of information and proposals for policy change to the policymakers.

Case study conclusion

Evidence is essential to inform national eye-care plans. Many low- and middle-income countries use these plans to guide efforts to strengthen the eye-care services. Advocates of scientific evidence need to clearly communicate findings and tell compelling stories to grab the attention and appeal to the emotions of policymakers.35

Improving how RAAB data are communicated, identifying key political opportunities that the data support and developing linkages with policymakers have helped the evidence from the 2015 RAAB inform specific policy and practice changes in Rwanda.

Discussion

This is the first nationwide population-based study on the prevalence and causes of blindness conducted in Rwanda. The age- and sex-adjusted prevalence of blindness and visual impairment in those aged 50 years and more was 1.1% (CI 0.7–1.4), which is lower (although the difference is not statistically significant) than the initial estimate based on a previous provincial RAAB in Rwanda,11 where the prevalence was 1.6% (CI 1.0–2.2). Most of the causes of blindness (83.9%) and visual impairment (92.0%) are avoidable.

Extrapolations based on the age- and sex-adjusted results suggested that 48 286 people were either blind or vision impaired, in Rwanda, with 11 594 expected to be blind and 36 692 expected to be visually impaired. As this is a national data, it can be used to set targets for interventions including cataract surgery.

The leading cause of blindness is still cataract (56.5%), an age-related clouding of the lens in the eye, whilst the second leading cause was glaucomatous optic atrophy. The main cause of visual impairment (VA < 6/18–6/60) was refractive errors. The proportion of blindness because of cataract has reduced compared to the previous 2006 province-level survey (65.0% of blindness in 2006), which could be attributed to higher CSC, which increased from 47.2% in the previous RAAB11 to 68.4% in this survey (at the < 3/60 level). The CSC was similar amongst men and women. Given that CSC varies according to the level of VA used to indicate surgery, it is promising to see a coverage of 49.5% at the < 6/18 level in this survey, which is even higher than the 21.4% coverage at < 6/60 recorded in the previous survey.11

The high proportion of blindness because of cataract can be attributed to Rwanda’s low cataract surgical rate (CSR), which is estimated to still be below 500 surgeries per million people per year. Work by Lewallen et al. estimated the CSR required to eliminate visual impairment because of cataract in African countries.36 The ideal CSR to eliminate all blinding cataract in Rwanda was 1000 surgeries per million people, and to eliminate all visually impairing cataracts was 1800 surgeries per million people. Considerable scope is still available for improvement in surgical numbers in Rwanda. It was, however, encouraging to note that almost half of the cataract surgeries had been carried out in district hospital, as this demonstrates that services have moved closer to the people.

This RAAB survey recorded a marked improvement in cataract surgical outcomes, with 70.9% presenting with good outcomes compared to just 24% in the previous provincial survey. Specific actions taken by ophthalmology programmes after the first RAAB, such as vetting of visiting surgeons, better selection of training programmes for Rwandan ophthalmologists and increased investment in eye care by the government, have contributed to these improvements. Nevertheless, there is still space for improvement: 13.5% of eyes were classified as ‘borderline’, and 15.6% as ‘poor’, which is higher than the WHO’s recommendations of < 5% poor outcomes.37 Surgical complications contributed to 41% of poor outcomes, whilst refraction (63%) was the main cause of the borderline results. Review of surgical procedures and competencies, and routine monitoring of cataract surgical outcome may help reduce the poor outcomes, whilst good biometry and provision of glasses is likely to reduce borderline post-surgical visual outcome considerably. It would also be useful to calculate the eCSC which is the UHC indicator that combines a coverage measure (CSC) with quality (post-operative visual outcome).14 This is especially important, as the quality of surgery and the resulting patient satisfaction can be the engines that drive sustainable cataract services.38

Even though the prevalence of refractive errors (excluding presbyopia) in this population is not high (4.3%), half of the people with refractive error in this survey had no correction, whilst a large proportion of presbyopia (89.9%) were uncorrected, demonstrating an unmet need for glasses in the Rwandan population. Specific programmes to ensure glasses are available across the country are in place, but it is still too early for their impact to be felt, as for several years, glasses were only available in large towns.

Sixteen percent of those with poor vision require low-vision services and/or rehabilitation. These are people who despite all treatments, operations and medication at our disposal cannot have their sight improved. At the time of writing this article, Rwanda had no low-vision specialist and only one rehabilitation service. These services need to be included in planning.

Just over half of the population were aware that they could receive an eye check-up within their sector (within 5 km of their home). As PEC trained nurses are now available at every health centre, further increasing the awareness of this service will improve the accessibility of eye health services for those who need them. The programme evaluation demonstrated that there has been significant progress in the strengthening of the eye health system and integration of PEC in Rwanda.39 Another recent survey of PEC service utilisation showed that nearly one-third of the population in Rwanda have the potential to benefit from PEC, with greater need identified in older people and women.40

Conclusion

Rwanda is one of the first countries in the East and Central Africa region to carry out a nationwide population-based study on the prevalence and causes of blindness. The prevalence of blindness shows a downward trend compared to the previous estimates, but a large proportion of it is still because of the avoidable causes. Cataract remains the leading cause of blindness, whilst refractive errors cause most of the non-blinding visual impairment. Comparison with a 2006 survey showed significant gains in cataract surgery coverage and outcomes, but there is still room for improvement. The political context, the strength of the evidence and the links between stakeholders allowed the data from the RAAB survey to inform specific changes in practice and policy. Results from this survey will continue to inform the design of more targeted and effective interventions, with the aim of improving both the number and the quality of cataract surgery, and improving the provision of refractive services leading to better visual outcomes and quality of life for all Rwandans.
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TABLE 1: Age and gender distribution of people examined in the sample.

Age (years) Males (1=1976)  Females (n =3089)  Total (n = 5065)
n % n % n %
50-59 898 45.4 1354 438 2252 445
60-69 626 317 %44 306 1570 31.0
70-79 281 142 486 157 767 15.1
80+ 171 305 9.9 476 9.4
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TABLE 2: Sample prevalence (unadjusted) and population adjusted results for all causes of blindness.

Sample prevalence Males Females Total

n % 95% CI n % 95% CI n % 95% CI
Blindness (VA < 3/60) 29 15 09-2.0 33 11 07-14 62 12 09-15
SVI (VA < 6/60-VA > 3/60) 16 08 04-12 25 08 05-1.1 41 08 06-1.1
MVI (VA < 6/18- > 6/60) 42 21 1527 107 35 2742 149 29 2435
All visual impairment and 87 44 34-54 165 53 45-6.2 252 50 4357

blindness (VA < 6/18)

Note: visual acuity < 3/60, severe visual impairment-visual acuity < 6/60 and moderate visual impairment-visual acuity < 6/18, with available correction.
Cl, confidence interval, VA, visual acuity; SVI, severe visual impairment; MVI, moderate visual impairment.
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TABLE 3: Sample prevalence (unadjusted) and population adjusted results for all causes of blindness.

Sex- and age-adjusted Males Females Total

population prevalence Projected number % 9506 Cl  Projected number % 95060 Cl  Projected number % 9506 CI
of people (1) of people (1) of people (1)

Blindness — VA < 3/60 5940 13 0.7-19 5654 09 05-13 11504 il 07-14

SVI - (VA < 6/60- >3/60) 3328 07 03-1.1 4582 07 04-10 7910 07 05-1.0

MVI - (VA < 6/18— >6/60) 9221 20 1426 19561 = 24-39 28782 26 21-32

All visual impairment and 18489 40 3050 29797 48 3956 48286 44 3.7-51

blindness (VA < 6/18)

Note: visual acuity < 3/60, severe visual impairment-visual acuity < 6/60 and moderate visual impairment-visual acuity < 6/18, with available correction.
Cl, confidence interval, VA, visual acuity; SVI, severe visual impairment; MVI, moderate visual impairment.
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TABLE 4: Principal cause of bilateral blindness and bilateral visual impairment with available correction (presenting visual acuity).

Variable Blindness+ (n = 62) Severe visual impairment? (n=41)  Moderate visual impairment§ (n = 149)
n % n % n %

1. Refractive error 3 48 13 317 93 624
2. Cataract, untreated 35 56.5 14 341 39 26.2
3. Aphakia uncorrected 0 00 0 00 0 00
4. Cataract surgical complications 2 32 1 24 0 00
5. Trachomatous corneal opacity 1 16 0 00 0 00
6. Non-trachomatous corneal opacity 2 32 2 49 0 00
7. Glaucoma 9 145 3 73 4 27
8. Diabetic retinopathy [ 00 0 00 i 07
9. ARMD 2 32 5 122 5 34
10. Other posterior segment disease 6 97 3 73 5 34
11. Other globe/CNS abnormalities 2 32 0 00 2 13
Total 62 100.0 4 100.0 149 100.0
A. Total classified as treatable (1,2,3) 38 613 27 65.9 132 88.6
B. Total classified as preventable (from PHC/PEC 3 48 2 48 0 00
services) (5,6)

C. Preventable (ophthalmic services) (4,7,8) 1 177 4 2.8 5 34
D. Total avoidable blindness (A+B+C) 52 83.9 33 805 137 92,0
E. Posterior segment causes (7,8,9,10) 17 27.4 11 26.8 15 10.1

AMD, age-related macular degeneration; CNS, central nervous system; PHC, primary healthcare; PEC, primary eye care.
+ Visual acuity < 3/60; 1, Visual acuity < 6/60 and > 3/60); §, Visual acuity < 6/18 and > 6/60).
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TABLE 5: Age- and sex-adjusted prevalence of different levels of visual impairment in eyes with cataract in people aged >50 years in Rwanda (2015).

Visual acuity Males Females Total
level Projected number % 9500Cl  Projected number % 95% Cl  Projected number % 95% Cl
of eyes (1) of eyes (n) of eyes (1)

Cataract and VA < 3/60 with best correction or pinhole

Cataracteyes 9525 10 07-14 17349 14 10-18 26874 12 09-15
Cataract and VA < 6/60 with best correction or pinhole

Cataracteyes 11904 13 0817 20762 17 12-2.1 32666 15 11-19
Cataract and VA < 6/18 with best correction or pinhole

Cataracteyes 15579 17 AiERE 33885 27 20-3.4 49464 23 17-28

VA, visual acuity; Cl, confidence interval.
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TABLE 6: Cataract surgical coverage.
Cataract surgical coverage (persons) (%)

Visual acuity
threshold

Cataract surgical coverage (eyes) (%)

Effective cataract surgical coverage™ (eyes) (%)

VA < 3/60
VA < 6/60
VA <6/18

VA, visual acuity.

Males Females Total
52518 48.2 49.5
46.2 43.6 44.5
39.5 325 34.3

Males Females Total
SRS 54.7 54.4
43.8 52.5 49.5
36.6 32.7 33.8
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TABLE 7: Outcome after cataract surgery with available correction (eyes).

Toperative visual acuity Males Females Total
threshold " s " P " Py
Good: can see 6/18 37 755 63 685 100 709
Borderline: can see 6/60 6 122 13 14.1 19 135
Poor: cannot see 6/60 6 122 16 74 22 156
Total 49 1000 92 1000 141  100.0
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TABLE 8: Trends in eye-care data between two surveys nine (9) years apart.

item 2006 Western 2015 Western 2015 9-yeartrend
province province  Nationwide

Number examined 2250 1317 5275

Prevalence

Blindness

Prevalence 16 08 11

95% Cl 10-2.2 03-13 07-14

svi

Prevalence 11 0.6 0.7 Reducing
prevalence of

95% Cl 07-16 02-1.0 05-1.0  blindness

MV

Prevalence 49 25 26

95% ClI 3.8-6.0 14-35 21-32

Cataract surgical

coverage

Total (%) 472 - 684  —Improved
coverage

Male (%) 643 - 692 Tiosing

Female (%) 365 545 67.9  gendergap

Outcomes of

surgery

Good (%) 2 737 709 noroving

Borderline (%) 35 15.8 135 outcomes of

taract

Poor (%) a1 105 15  FHEESSEEY

Leading cause of

blindness Cataract still
the leadin,

Cataract (%) 65.0 545 SGS

SV, severe visual impairment; MVI, moderate visual impairment.

Sex-disaggregated data not available.

fraction
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FIGURE 1: The ODI RAPID Framework for research to policy.






