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Background

Diabetes is rapidly becoming a major cause of blindness among Kenyans, with the prevalence of any form of diabetes retinopathy (DR) ranging from 36% to 41%. Globally DR leads as a cause of vision loss in working age adults. In Kenya, specialized examinations are only available at national and some county referral hospitals through retina specialists, ophthalmologists or trained technicians. Thus, low coverage of retinal assessment and inadequate access to this service. An innovative DR fundus camera screening service run by ophthalmic nurses (ONs), ophthalmic clinical officers (OCOs) and county ophthalmologists was established since 2018.





Objectives

The purpose of this study was to investigate the diagnostic accuracy of DR digital retinal camera screening by ONs, OCOs and county ophthalmologist against that of a retina specialist measured by sensitivity and specificity as the primary outcomes.





Methods

Cross sectional study conducted at 2 referral hospitals in Kenya. Using a Canon CR-2AF digital retinal camera patients with diabetes had a standard single shot of 45 degree view of the retina captured as image in each eye. This was graded for DR using the International Clinical Diabetic Retinopathy (ICDR) severity scale. All photos taken by the first graders (ON/OCO) were later assessed by the county hospital ophthalmologist who was blinded to their readings. The third grader (retina specialist) similarly was blinded to the readings of the first and second graders and assessed all the images from the 2 hospitals also using ICDR.





Results

A total of 308 patients with diabetes (median age 58 IQR 56-60, 53% female) were enrolled in the study. Sensitivity to identify any DR was (81.3%, 80.6%, and 81.54% for the OCO, ON and county ophthalmologist respectively). The corresponding specificities were 92.7%, 92.8% and 92.59%. Analysis of diagnostic accuracy of non-sight threatening DR against sight threatening DR revealed lower sensitivity for the three cadre groups although specificity remained high.





Conclusions

In this study, ON and OCO with basic training in DR screening and photo grading performed screening of DR with high specificity. However, the sensitivity to detect sight threatening DR was generally low by all the cadres which may leave severe forms of DR undetected.
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1 Introduction

The risk of vision loss in people with diabetes is up to 25 times greater than in people who do not have diabetes (1). Approximately one-third of people with diabetes have diabetes-related eye disease, and the risk increases with the duration of diabetes, poor glycemic control, and the presence of hypertension (2). Diabetic retinopathy (DR) is the most common of the Diabetic eye diseases (DEDs) and it is currently the leading cause of vision loss in working age adults worldwide (3). DR is predicted to become one of the leading causes of blindness globally within the next 20 years (4). People with severe vision loss require additional health resources and endure reduced levels of physical, emotional, and social well-being (5, 6).

Non-communicable diseases (NCDs) such as diabetes are on the rise in Kenya. It is estimated that more than half a million people have diabetes in the country, and that almost half of these are undiagnosed (4). With the steady rise in diabetes, the prevalence of diabetes related complications such as DR is also increasing. With a nationwide prevalence of 2.2%, diabetes is rapidly becoming a leading cause of blindness in Kenya (4). The Kenya STEPwise survey for NCDs risk factors in 2015 reported that 40% of those known to have diabetes in Kenya were on treatment (7). The prevalence of any form of DR in Kenya has been reported from 36% to 41%, and 9% to 14% require laser eye therapy (8, 9).

It is estimated that approximately a third of people with diabetes have at least one form of DR at any time point, and approximately 10% of people with diabetes have sight-threatening DR that requires treatment (10, 11).

In Kenya, retinal assessments by specialist ophthalmologists or trained technicians are only available at national and county referral hospitals. This has resulted in low coverage of retinal assessment as there is inadequate access to this service. To address this shortage in Kenya, an initiative training of ophthalmic nurses (ONs) and ophthalmic clinical officers (OCOs) in Migori and Baringo county hospitals commenced in 2018 supported by the Fred Hollows foundation.

The main objective of this study was to investigate the diagnostic accuracy of DR screening by ONs, OCOs and county ophthalmologist against that of a retina specialist. The primary outcomes were sensitivity, specificity, positive and negative predictive values.




2 Methods and materials



2.1 Study design and sites

This was a cross sectional study that analyzed the accuracy screening of DR done by the OCOs, ONs and ophthalmologists at the diabetic medical out-patient clinics of the county referral hospitals in Migori and Baringo. These health facilities are established sites for DR screening in terms of diagnostic infrastructure including availability of computerized retinal (fundus) cameras, have regular functioning medical out-patient diabetic and eye clinics, and there is availability of trained nurses and clinical officers in ophthalmic care which includes fundus photography and intra vitreal ant- VEGF injections. In addition, each of these sites have a resident ophthalmologist who oversees eye care of the health facility.




2.2 Study inclusion and exclusion criteria



2.2.1 Inclusion criteria for health care workers

The OCOs and ONs in the two county hospitals needed to have basic clinical medicine and nursing training, respectively, post-basic training in ophthalmology and DR screening. The 2 cadres had been trained on photo grading at the Kenyatta National Hospital (KNH) endocrinology center in January 2019 before the start of the study in October 2019. They were required to have provided eye care for at least 6 months at the county referral hospital. The ophthalmologist was a qualified medical doctor with post-graduate training in ophthalmology and DR screening.




2.2.2 Inclusion criteria for diabetes patients to be examined

Diabetes patients aged ≥18 years attending the outpatient diabetic clinic who provided informed consent were eligible. Those who were too sick to undergo retinal photography/eye examination or whose ocular media was too hazy to allow retina photography were excluded from participating in the study.





2.3 Diabetic retinopathy screening

Consecutive patients attending diabetic medical clinic during the study period were recruited until the minimum sample size was achieved for each site. The DR screening was performed using desktop retinal cameras and the assessment done by the ONs and OCOs were assessed against the readings of a retina specialist who was considered as the reference standard. The first level screening was conducted by ONs and OCOs, while the second level screening was conducted by qualified doctor ophthalmologist working at the county referral hospital. The third level screening was performed by a national level retina specialist who assessed all the images from the two county hospitals.




2.4 Study procedures

Staff training in data collection and approval meetings with County Health Management were conducted in advance.



2.4.1 Ophthalmic examination and grading of diabetic retinopathy

The diabetes patients underwent a complete ophthalmic examination, in which fundus imaging was performed and subsequently graded for DR. In addition to DR screening diabetic macular edema (DME) screening was performed using the same color fundus images and was classified as apparently present or apparently absent for each image. This study was limited to hard exudates to determine presence of DME because of the non-stereoscopic fundus photos. Using the Clinical Practice Guidelines for Diabetic Retinopathy in Kenya (12), no DME was defined as no exudates within macula vascular arcades on fundus photo and DME was hard exudates within macular vascular arcades of fundus photo. We did not perform optical coherence tomography (OCT) for DME thus there was no study data on fovea involvement.

The ON and OCO took retinal photographs of each eye using a desktop fundus camera (Canon Digital Retinal Camera CR-2 AF). The images graded were all non-mydriatic standard field macula-centered single-shot photos. All patients were un-dilated and a standard single shot of 45 degree view of the retina was used to capture the image. The International Clinical Diabetic Retinopathy (ICDR) severity scale (13) was used to stage DR. The gradings were labelled R0 (No apparent diabetic retinopathy), R1 (Mild non-proliferative diabetic retinopathy), R2 (Moderate non-proliferative diabetic retinopathy), R3 (Severe non-proliferative) and R4 (Proliferative retinopathy).

All photos taken by the first grader (ON and OCO) were later assessed by the county hospital ophthalmologist to grade the retina changes using the ICDR criteria. The second grader (county ophthalmologist) was blinded to the reading of the first grader. The third grader (retina specialist) similarly was blinded to the readings of the first and second graders and assessed all the images from the 2 hospitals using ICDR criteria. Patients with other eye diseases/ocular complications of diabetes were referred to the site ophthalmologist for further examination and treatment. This included patients with ungradable study images. For this study sight-threatening DR was defined as severe non-proliferative retinopathy or worse (R3, R4).





2.5 Sample size calculation and sampling

Sample size calculations were computed using Power Analysis and Sample Size Software (PASS NCSS) and guided with main reference of Obuchowski N and McClish D (14). The prevalence of sight-threatening DR among people with diabetes in Kenya was estimated to be 13.4% (15). The PASS calculated a total sample size that achieves 90% power to detect a change in sensitivity from 0.999 to 0.912 using a two-sided binomial test and 31% power to detect a change in specificity from 0.999 to 0.993 using a two-sided binomial test. The target significance level was 0.05. To achieve the required sensitivity and specificity, the minimum sample size of diabetes patients was determined to be 296 to be distributed in the 2 study sites proportionally. Using the previous year annual caseload of diabetes patients that attended the medical clinics of each of these sites, which was 960 in Migori and 700 in Baringo county hospitals, the sample size was proportionately distributed based on the diabetic patient case load of the sites (Migori 170 and Baringo 126). At the sites, the ONs and the OCOs had equal numbers to grade for DR.




2.6 Data management and analysis

Computer tablets installed with electronic data collection tool were used. The data collection process used electronic databases which allowed offline retrieval and online uploading for transmission to the central database. The design of the databases ensured integrity and security of stored data and export of data for analysis. Each retinal photo of the diabetic patient with its unique identifier was stored securely within a folder on a desktop computer and in an external hard drive as a back-up. Each study OCO, ON, and ophthalmologist had a unique study identifier against their records and images. A blinded retina specialist at a remote site graded all the retina images using a customized electronic platform designed for this study.

The primary outcomes were the sensitivity, specificity, positive and negative predictive value of the DR grading performed by the ON, OCO, the county ophthalmologist versus the retina specialist’s grading. The sensitivity and specificity analysis was performed in 2 ways; no DR against any DR and non-sight threatening DR against sight threatening DR. The diagnostic accuracy analysis was derived after exclusion of ungradable images and considering the eye as the unit of analysis. Statistical analysis was performed using standard software package (Stata, version 14.0; Stata Corp)




2.7 Ethical considerations

This study received KEMRI Scientific and Ethic Review Unit (SERU) approval (SERU 3856) before implementation. Written informed consent was obtained from all participants (or legally acceptable representative) before any study-related procedures were performed. Each informed consent form included the elements required by the international Good Clinical Practice and adhered to the ethical principles that have their origin in the Declaration of Helsinki.





3 Results

Data were collected from July to December 2019. A total of 308 patients with diabetes were enrolled into the study with 127 at Baringo County Referral hospital and the remaining 181 at Migori County Referral hospital. The median age was 58 (IQR 56-60; 84% aged ‗46 years) with 53% females.



3.1 Diabetic retinopathy grading

A total of 597 eye images were examined by first graders for grading of diabetic retinopathy, of these 534 (89.4%) were gradable while the second graders examined a total of 601 eye images of which 484 (80.5%) were gradable and the third grader examined 609 eye images and was able to grade 504 (82.8%) (Figure 1)




Figure 1 | Schematic diagram of eye images graded and interpreted by graders 1, 2 and 3.



Most of the grading of the eye images were categorized as having no DR by all the 3 levels of graders as follows 1st 71.7% CI (67.73%, 75.39%), 2nd 69.83% CI (65.58%, 73.77%) and 3rd 69.52% CI (65.34%, 73.41%) as indicated in Table 1. This indicated the prevalence of DR as 28.28% CI (24.61%, 32.26%) for 1st graders, 30.17% CI (26.23%, 34.42%) for 2nd graders and 30.48% CI (26.60%, 34.66%) for 3rd grader. Figure 2 shows some of the images graded. The images MG079RE-3.BMP_ RO, MG089LE.BMP_R1. BA112LE-BMP R2 were graded as R0, R1 and R2 respectively by grader 3. Grading of the same images by grader 1 was R0, RO, and R2, while grader 2 categorized these as R0, R0 and R2 in the same respective manner.


Table 1 | Retinopathy grading of 1st, 2nd and 3rd graders.






Figure 2 | Examples of retina images graded.



Macular assessment by the 3 graders categorized most images as no DME with 81.3%, 80.6% and 79.68% as reported by graders 1,2 and 3 respectively (Table 2).


Table 2 | Diabetes macula oedema staging by the 3 levels of grading.






3.2 Overall sensitivity, specificity, positive predictive value and negative predictive value

Using the no DR vs any DR classification, the overall sensitivities of the ON, OCO (1st grader) and county ophthalmologist (2nd grader) on rating DR against the retina specialist were 80.9% CI (73.8, 86.8) and 81.5% CI (77.97,85.11), respectively. The specificities on the same among 1st and 2nd graders were 92.8% CI (89.5, 95.3) and 92.59 CI (90.18, 95.00). The positive predictive values (PPVs) were 83.1% CI (76.1, 88.8) and 81.54% CI (77.97, 85.11) for 1st and 2nd graders respectively while their negative predictive values (NPVs) were 91.7% CI (88.3, 94.4) and 92.59% CI (90.18, 95.00) (Table 3).


Table 3 | Overall Sensitivity, Specificity, Positive predictive value and Negative predictive value.



The overall sensitivities of the other analysis based on non-sight threatening vs sight threatening were 52.2% CI (36.9, 67.1) and 52.5% CI (36.1,68.5), for 1st grader and 2nd grader respectively. The specificities between the 1st and 2nd graders on the same were 96.8% CI (94.7, 98.2) and 97.6% CI (95.6, 98.8). Overall PPVs were 63.2% CI (46, 78.2) and 67.7% CI (48.6, 83.3) respectively for 1st and 2nd graders while the NPVs were 95.1% CI (92.6, 96.9) and 95.5% (93.1, 97.3) (Table 3).




3.3 Sensitivity and specificity analyzed against level of grader and by county

The 1st and 2nd graders of Baringo county hospital performed better than the Migori county graders in classifying no DR against any form of DR with sensitivities of 95% CI (86.1.99) and 94.3% CI (91,97.8) respectively compared to 71,7% CI (61.4,80.6) and 72.6% CI (67.42, 78.07) for the same graders in Migori. Generally, the sensitivity to identify non-sight threatening DR vs sight threatening DR was low in both counties with both 1st and 2nd Migori county hospital graders having better sensitivity levels of 76.2% CI (71.39, 80.99) and 63.2% CI (57.4, 68.91) respectively compared to Baringo county with 32% CI (25.22, 38.78) and 42.9% CI (35.71, 50.01) sensitivities of graders 1 and 2 (Table 4).


Table 4 | Sensitivity and Specificity segregated by grader level and County.






3.4 Image grading

Out of the 105 images captured as ungradable by the 3rd grader, 28.5% (30/105) were captured as gradable by both 1st and 2nd graders. The 1st.grader did capture 43.8% (46/105) of them as gradable while 2nd grader had 32.3% (34/105) as gradable (Table 5). On staging these images for DR, the 1st grader interpreted 74% (34/46) as no DR, while 2nd grader had 35% (12/34) as no DR (Table 6).


Table 5 | The grading of the ungradable images of grader 3 by graders 1 and 2.




Table 6 | DR staging of the ungradable 3rd grader images by 1st and 2nd graders.






3.5 Macula oedema staging

Based on the interpretations of grader 3 as concerns diabetic macular oedema, (17.9%) 90/502 images were classified as DME. The DR staging of these images was as follows 12 (13.3%), 38 (42.2%), 11 (12.2%), 22 (24.5%) and 7 (7.8%) respectively for R0, R1, R2, R3 and R4 DR by the same grader (Table 7).


Table 7 | Diabetes retinopathy staging against macula oedema staging by grader 3.







4 Discussion

This study is one of the few studies that has evaluated the accuracy of DR screening by mid-level ophthalmic workers trained in ophthalmic assessments of DR in Kenya. This is important because evidence from low and middle income countries, regarding diagnostic accuracy of DR screening interventions, is known to be scarce.

In Kenya diabetic retinopathy is often diagnosed late, due to lack of access to screening services among other reasons. The number of ophthalmologists per population is small (for example in Sub-Saharan Africa it is estimated at 3.7 per million population) (16), and hence it is not feasible for ophthalmologists to provide screening services to all patients who need it. If other eye care workers can screen with reasonable accuracy, this can increase access to screening services and prevent blindness from DR in the population.

The prevalence of any form of DR detected by the different levels of graders was comparable at 28.28% (1st graders), 30.17% (2nd graders) and 30.48% (3rd grader). These prevalence rates are consistently associated with older age as reported by van Leiden HA et al. (17). A majority (84%) of our study participants were more than 45 years.

The overall sensitivity and specificity of the ON, OCO and the county ophthalmologist to detect any form of DR with reference to the retina specialist was 80.9% (95% CI; 73.8, 86.8) and 81.54% (95% CI; 77.97,85.11) respectively. These sensitivity levels are of lower level in comparison with a systematic review conducted by Piyasena et al. which reported a pooled sensitivity of detection of any level of DR as 86% (95% CI 85,87) and a pooled specificity value of 91% (95% CI 90,92) (18). The study results indicate the need to improve the proficiency of the trained health care workers for more reliable DR detection staging.

The grading of any form of DR by the ON and the OCO against the retina specialist was comparable with sensitivities of 80.6% and 81.3% respectively. Considering that these 2 cadres have different basic medical training, this finding reassures us of their competence to perform the screening independently in primary care. With the current era of artificial intelligence (AI) the machine learning process is going to help in the same way, i.e., helping the people in the community to detect the eyes with DR and those who need to be referred to a retina specialist (19, 20). However, till we get a wider availability of AI systems globally, the role of the ophthalmic nurses and ophthalmic clinical officers is very crucial in the screening of eyes with DR

The better performance of Baringo County in reporting any form of DR may have been contributed by the county ophthalmologist who had more than 90% sensitivity. This good accuracy could be attributable to the specialist eye medical training and the work experience of this expert, as has been reported by Bragge P et al. (21). Using sight-threatening DR classification the overall sensitivity and specificity was much lower at all levels of the graders at the 2 hospitals. Despite this observation there seemed to be a better performance from the Migori study site compared to Baringo on categorizing sight threatening DR. A probable explanation to this may be that the Migori site had the advantage of having been exposed more to incident cases of sight threatening DR than Baringo because its DR screening program was initiated 6 months earlier than the other site. A factor which supports more experience contributing to better performance. Unfortunately, the study did not investigate individual factors of the graders which may have contributed to these differences. The low overall sensitivity for detecting sight threatening DR is below the recommended values for DR screening programs of over 80% sensitivity but within the 95% specificity (22). This may imply that there are severe forms of DR which might not be detected by both 1st and 2nd graders an indication of a possible risk gap of diabetes patients progressing into blindness. A more accurate DR screening program would minimize this.

This study found a wide discrepancy in the grading of the 3rd grader’s ungradable images between both the 1st and 2nd graders and the 3rd grader. Most of the images that the 1st and 2nd grader deemed gradable were labeled as having no DR by these graders. This finding calls for the re-training of these graders on gradability of images, emphasizing the need of precisely recognizing the ungradable images and as a result, being referred for additional assessment by a retina specialist or ophthalmologist. By doing this, the possibility of missing pathology that could jeopardize vision would be reduced.

About 87% of images categorized as DME by grader 3 also had some form of DR at different stages and about 33% of these macula oedema images were categorized as sight threatening DR. These findings support the importance of performing both DR grading and screening for macular edema as the latter may be indicative of DR (23). The 13% macula oedema images that did not have any form of DR may be representing the DME patients who often self- present earlier to clinics because of macula reversible visual impairment which if treated with anti-vascular endothelial growth factor (antiVEGF) injections retards progression of DR to neovascularization.

Potential limitation of our study was use of one photographic field protocol and not the gold standard of 7 field ETDRS photos to capture DR lesion. The possibility of missing some of the peripheral retinal lesions and underestimating DR grading has been reported by Srihatrai P et al, who found that 5-field photography was more sensitive than single-field photography for DR detection (24). Another limitation was that the study did not describe the ungradable images to define cause. Probably as has been reported that the most common cause of ungradable images is cataract (25). This may apply to this situation considering that cataract is common in Kenya especially in adults aged 50 years and older (26). Also, the fact that the study used non-mydriatic cameras, this may have contributed to the images being ungradable. This study focused on hospitals that had manpower and machines that could perform DR screening, thus the prevalence of DR reported in this study may not be representative of various health facilities that receive diabetes patients. This is because the population sample from patients diagnosed with diabetes at lower level health facilities like dispensaries may be different compared to that at the county referral hospital.

The use of non-mydriatic imaging in this study was a strength that enabled reduced screening time allowing more diabetes patients to receive service over a shorter time than would be. In addition, this allowed less inconvenience for patients and the taking of study images by the mid-level ophthalmic workers was easy.

Conclusions and Recommendations

The ONs and the OCOs may be used reliably for screening any form of DR as 1st graders. This may contribute to improved patient access and overall assessment rates of DR screening at primary care level. To improve the proficiency skills of detecting specific stages of DR, all cadres including the ophthalmologists should be re-trained for specific staging of DR. In addition, after training they will require continuous assessment to ensure their proficiency skills and accreditation as ophthalmic workers are maintained.

Our study did not evaluate the quality control system in place for the DR screening program in the two study sites. There is need to assess its adequacy to support the performance of DR screening programs.
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