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Background: Early diagnosis and management of keratoconus (KC) are important for limiting visual complications of the disease.
This study aimed to explore the perspectives of optometrists on the barriers to effective diagnosis and management of KC in Kenya.
Methods: An online questionnaire was distributed to optometrists in Kenya to collect data on barriers to the diagnosis and
management of KC.

Results: The majority (60.9%) of optometrists were confident in retinoscopy and subjective refraction. Fewer were confident in the
use of keratometers (46.4%) and corneal topographers (24.9%) and in the fitting of rigid gas permeable (RGP) contact lenses (25.0%).
The most commonly reported barriers to improving their knowledge and skills were, limited continuous professional development
opportunities (87.4%), high costs of conferences (86.1%) and the lack of diagnostic tools (79.5%). Impediments cited to diagnosing
and managing KC effectively were a lack of national guidelines (64.9%), patient education material (71.5%), equipment (58.9%) and
RGP supply (68.2%) and cost (67.5%). Most commonly reported barriers related to patients were compliance (91.4%), affordability
(90.7%), RGP discomfort (89.4%), willingness to pay (88.1%) and the lack of patient education about KC (87.4%).

Conclusion: This study showed that the lack of national guidelines, essential equipment and adequate practitioner knowledge and
skills were barriers to KC diagnosis and management. Regulation of optometric education and clinical practice, development of
national guidelines for diagnosis and management of KC, up-skilling of practitioners and cost-effective solutions for equipment
procurement and maintenance may improve both access to, and quality of, care to patients with KC.

Keywords: keratoconus, optometrist, barriers, Africa, Kenya, optometry education

Introduction
Keratoconus (KC) is characterized by corneal steepening’ usually starting around puberty and rarely progressing after the
age of 40 years.” Caused by genetic and environmental factors,” it has a reported prevalence of less than 1.2% in
Caucasians and ranges from 1.4% to 4.8% in the Middle East."** There is a paucity of epidemiological data on the
disease in Africa and its prevalence in Kenya is currently unknown. KC is detected using several clinical techniques,
such as retinoscopy, slit lamp biomicroscopy, keratometry, pachymetry and diagnosed with corneal topography and
tomography. In the early stages of KC, there may be no obvious changes in the corneal structure, resulting in most
patients being undiagnosed at disease onset.° Management is aimed at halting progression with corneal cross-linking
(CXL) and vision rehabilitation with spectacles and/or rigid contact lenses (RGP) as well as corneal surgical procedures.’
Anecdotal reports from clinicians in Kenya suggest that most patients with KC are diagnosed late. It is important to
diagnose KC early to ensure timely referral for CXL, which is contraindicated in corneas <400pm, and to prevent the
need for corneal transplantation.” As a progressive disease, a delay in diagnosis has a negative impact on the overall
vision-related quality of life.®

Optometrists provide comprehensive eye care and hence play an important role in the diagnosis and management of
KC. Optometrists in Kenya train at Kenya Medical Training College (KMTC) or Masinde Muliro University of
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Science and Technology (MMUST). The KMTC program is a 3-year diploma offered since 2006 and MMUST offers
a 4-year bachelor’s degree, which started in 2010.” A milestone event for the profession took place in 2022 when the
first ever scope of practice for optometrists in Kenya was published” and registration of practicing optometrists through
a regulatory board — Kenya Health Professions Oversight Authority (KHPOA) was initiated. These suggest that
although optometry training in Africa began nearly a century ago,'® in Kenya, the profession is still in its infancy,
but evolving. The majority of the optometrists are registered with the Optometry Association of Kenya (OAK),
founded in 2009.

Several studies have reported challenges that optometrists face regarding the diagnosis and management of KC, which
include the cost of corneal topographers, the lack of experience in RGP fitting, the lack of national guidelines and patient-
related factors.'''® In a survey among 39 optometrists with an equal representation from KMTC and MMUST, 68.4%
reported having insufficient lecturers.'® Insufficient qualified teaching staff and inadequate teaching and learning resources
have been reported in many schools of optometry in Africa.”’ The Ministry of Health — Ophthalmic Services Unit (OSU) in
Kenya has prioritized the review of refractive error services, the availability of CXL in public hospitals and the accred-
itation of institutions that train optometrists in the National Eye Health Strategic Plan 2020-2025 (NEHSP).?!

Knowledge and skills of optometrists in the diagnosis and management of KC are the cornerstone of preventing vision
loss due to the disease. In addition, appropriate equipment to accurately collect key clinical findings is needed to inform the
diagnosis and management of KC. There are currently no national guidelines for the diagnosis and management of KC in
Kenya. Also, little is known about the barriers that optometrists face to diagnose and manage the condition. This study was
conducted to investigate barriers to the diagnosis and management of KC among optometrists in Kenya.

Materials and Methods

This study used a quantitative, cross-sectional, descriptive design. An online survey comprising of 29 questions, based on

112 was piloted, modified and distributed via professional associations to 213 ophthalmic clinical

previous questionnaires’
officers and 282 registered optometrists over 6 weeks from 13th September to 28th October 2021. The responses from both
cadres to questions 1-21 relating to access to equipment, knowledge, practice and referral patterns have been published in
a separate paper. This paper presents the responses of the optometrists only to questions 2429 relating to their confidence,
perceived barriers and interest in further training in the screening, diagnosis and management of KC (Figure S1). The 151

optometrists who responded were weighted to reflect the total number of 282 registered optometrists.

Statistical Analysis

The data was weighted to reflect the total number of optometrists in Kenya and descriptive analyses were performed
using Stata “Svy” (Stata Corp 17.0) commands to allow for adjustments for the sampling weight when estimating the
count and percentages of each category. Cross tabulations were generated to describe the frequencies and confidence
intervals of association between dependent and independent variables, and the statistical significances were tested using
the chi-squared test with a p-value of P<0.05 being considered statistically significant.

Results

Demographic Characteristics

A total of 151 completed responses were received from 282 registered optometrists yielding a response rate of 53.5%.
The majority were trained in Kenya with half having a bachelor’s degree or more. Most practiced for less than 10 years,
practiced in Nairobi and worked in a hospital setting.

Knowledge, Skills and Interest in Further Training

The majority (60.9%) were confident in performing retinoscopy and subjective refraction. The percentage of optometrists
that were confident in performing keratometry, RGP fitting and corneal topography was 46.4%, 25.2% and 24.5%
respectively (Figure 1 and Table 1). The majority preferred to update their knowledge and skills using journals and online
resources.
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Figure | The proportion of optometrists confident in performing specific types of assessments.

Barriers
The most commonly reported barriers to improving knowledge and skills were the lack of continuous professional
development (CPD) opportunities, the cost of conferences and the lack of diagnostic tools (Table 2).
The most commonly reported barriers to diagnosing and managing KC effectively were the lack of patient education
material, cost of equipment, supply and cost of RGPs, lack of national guidelines and lack of equipment (Table 3).
The most commonly reported barriers related to patients were compliance, affordability, RGP discomfort, willingness
to pay and lack of patient education about KC (Table 4).

Associations

More newly qualified optometrists lacked confidence in retinoscopy, subjective refraction, keratometry, corneal topo-
graphy and RGP fitting as compared to experienced optometrists (p<0.01). There was no statistically significant
difference between the confidence of an optometrist performing the above assessments, their qualification ie diploma
or bachelor’s degree and their workplace ie optical shop or hospital. The experienced optometrists were more interested
in further training in KC diagnosis and management (p=0.02) and corneal topography (p<0.01). There was no statistically
significant difference between the optometrists who work in an optical shop and those who work in a hospital in their

Table | Proportion and 95% Confidence Intervals (Cl) of the Comparison of Access to Equipment, Regular Practice and
Confidence Levels of Optometrists (n=282)

Clinical Skill Access to Tools Performs Assessments Confident in Performing Interest in Further
(%, 95% CI) Regularly (%, 95% CI) Assessments (%, 95% CI) Training (%, 95% CI)

Retinoscopy 90.1[84.1, 93.9] 90.7[84.9, 94.5] 60.9[52.9, 68.4] 49.0 [41.1, 57.0]

Subjective refraction 90.1[84.1, 93.9] 96.7[92.2, 98.6] 60.9[52.9, 68.4] 437 [36.0, 51.8]

Keratometry 55.6[47.6, 63.4] 53.6[45.6, 61.5] 46.4[38.5, 54.4] -

RGP fitting 33.8[26.6, 41.7] 33.8[26.6, 41.7] 25.2[18.8, 32.8] 66.2 [58.3, 73.4]

Corneal Topography 17.9[12.5, 24.9] 27.8[21.2, 35.6] 24.5[18.3, 32.1] 64.9 [56.9, 72.1]

KC diagnosis and management - - - 65.6 [57.6, 72.8]
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Table 2 Proportion and 95% Confidence Intervals (Cl) of Barriers That
Hinder Optometrists from Increasing Their Knowledge and Skills in Eye
Care (n=282)

Barrier Percentage (%, 95% CI)
Lack of professional development opportunities 87.4 [81.1, 91.9]
Cost of Conferences 86.1 [79.5, 90.8]
Lack of diagnostic tools 79.5 [72.2, 85.2]
Not knowing where to access it 76.8 [69.4, 82.9]
Time constraints 76.2 [68.7, 82.3]
Cost of journal subscriptions 74.8 [67.2, 81.2]
No mentor at work 68.2 [60.3, 75.2]

Table 3 Proportion and 95% Confidence Intervals (Cl) of Barriers That Hinder
Optometrists from Diagnosing and Managing KC, (n=282)

Barrier Percentage (%, 95% CI)
Lack of patient educational material 71.5[63.7, 78.2]
Cost of diagnostic equipment 68.9 [61.0, 75.8]
Lack of RGP supply 68.2 [60.3, 75.2]
Cost of RGPs 67.5 [59.6, 74.6]
Lack of national guidelines on diagnosing and managing KC | 64.9 [56.9, 72.1]
Lack of useable equipment 58.9 [50.9, 66.6]

Table 4 Proportion and 95% Confidence Intervals (Cl) of Patient-
Related Barriers to the Diagnosis and Management of KC (n=282)

Barrier Percentage (%, 95% CI)
Patient compliance 91.4 [85.7, 95.0]
Patient affordability 90.7 [84.9, 94.5]
RGPs can be uncomfortable 89.4 [83.3, 93.4]
Willingness to pay 88.1 [81.8, 92.4]
Lack of patient education about KC 87.4 [81.1, 91.9]

interest in further training. The lack of useable equipment was more of a barrier for those working in a hospital than in
optical shops (p=0.03) (Table 5).

Discussion

This is the first study to determine the barriers experienced by optometrists in Kenya to the diagnosis and management of
KC. The findings showed that the lack of knowledge and skills, diagnostic equipment and national guidelines prevent
optometrists from diagnosing KC early and referring them for timely interventions.

Although the majority of optometrists (60.9%) reported being confident in performing retinoscopy, it is of concern
that a significant proportion (39.1%) were not despite owning retinoscopes. This could be because 83.4% reported having
access to an auto-refractor. Retinoscopy is a cost-effective, sensitive and reliable procedure to screen for KC.****
Optometrists should be encouraged to look for a split or scissor retinoscopy reflex, in all patients under the age of 30
years, especially in countries where there is an increased prevalence of KC. Similar results were reported in Eritrea®> and

2627 where up-skilling and review of the undergraduate curriculum were recommended respectively.

Mozambique,
Few optometrists had access to and were confident in performing corneal topography. The lack of local companies to

manufacture corneal topographers as well as the costs to import the device may have influenced the results observed.
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Table 5 The Proportion and 95% Confidence Intervals (Cl) of Optometrists’ Confidence, Interest and Barriers to Diagnosing and
Managing KC, Based on Years of Experience, Qualifications and Type of Work Setting (n=282)

Variable Years of Experience Qualification Type of Work Setting

<5 Years 5-10 Years >10 Years p-value | Bachelor Diploma p-value | Optical Shop Hospital p-value

(%, 95% ClI), | (%, 95% CI), (%, 95% CI), (%, 95% CI), | (%, 95% CI), (%, 95% CI), (%, 95% CI),

n=120 n=106 n=56 n=142 n=140 n=106 n=176
Confident in 453 719 733 <0.01 63.2 56.0 0.57 61.4 60.6 0.93
retinoscopy [33.5, 57.7] [58.8, 82.1] [54.8, 86.2] [51.7,73.3] [44.5, 66.9] [48.1,73.2] [50.3, 70.1]
Confident in 46.9 68.4 76.7 0.0l 61.8 60.0 0.82 66.7 57.4 0.26
subjective [34.9, 59.2] [55.2,79.2] [58.3, 88.5] [50.4, 72.1] [48.5, 70.5] [53.4,77.7] [47.2, 67.1]
refraction
Confident in 28.1 52.6 733 <0.01 539 387 0.06 49.1 447 0.60
keratometry [18.4, 40.4] [39.6, 65.3] [54.8, 86.2] [42.6, 64.9] [28.3, 50.2] [36.3, 62.0] [34.9, 54.9]
Confident in 15.6 26.3 40.0 0.04 26.3 22.7 0.60 19.3 27.7 0.25
corneal [8.6, 26.8] [16.4, 39.3] [24.2, 58.3] [17.6, 37.4] [14.5, 33.6] [10.9,31.7] [19.5,37.7]
topography
Confident in 10.9 22.8 60.0 <0.0! 303 20.0 0.15 29.8 223 031
RGP fitting [5.3,21.4] [13.6, 35.6] [41.7, 75.8] [20.9, 41.6] [12.4, 30.7] [19.3, 43.0] [15.0, 32.0]

Interest in training

KC diagnosis 53.1 73.7 76.7 0.02 645 66.7 0.78 64.9 66.0 0.90
and management | [40.8, 65.1] [60.7, 83.6] [58.3, 88.5] [53.0, 74.5] [55.2, 76.5] [51.6, 76.2] [55.7, 74.9]
Corneal 50.0 73.7 80.0 <0.01 645 653 091 66.7 638 0.72
topography [37.9, 62.1] [60.7, 83.6] [61.8, 90.8] [53.0, 74.5] [53.8, 75.3] [53.4, 77.7] [53.6, 73.0]

Barriers that hinder the diagnosis and management of KC

Lack of useable 67.2 66.7 26.7 <0.01 526 65.3 0.12 474 66.0 0.03
equipment [54.7, 77.6] [53.4, 77.7] [13.8, 45.2] [41.3, 63.7] [53.8, 75.3] [34.7, 60.4] [55.7, 74.9]

Cost of 76.6 772 36.7 <0.01 63.2 747 0.13 61.4 734 0.13
diagnostic [64.5, 85.4] [64.4, 86.4] [21.5, 55.1] [51.7,73.3] [63.5, 83.3] [48.1,73.2] [63.5, 81.4]
equipment

Lack of facilities 625 50.9 30.0 0.01 47.4 56.0 0.29 42.1 574 0.07
that offer KC [50.0, 73.5] [38.0, 63.7] [16.3, 48.6] [36.3, 58.7] [44.5, 66.9] [29.9, 55.3] [47.2, 67.1]

services

Other African countries such as South Africa and Ghana have reported similar results regarding poor access to corneal
topographers.'>'®*® There is therefore a need for African universities to initiate innovations to design cost-effective
corneal topographers to improve the diagnosis and management of KC.

Half the number of optometrists had access to and were confident in performing keratometry, this being similar to
reports from South Africa and Ghana.'>'®?® Despite keratometry measurements being limited to the central 3 to 4mm of
the cornea and the cone in KC decentering as it progresses,”’ keratometers are cost-effective with good repeatability up to
K-readings of 55D.*° In the absence of corneal topographers practitioners should, at the least, use the keratometer,
combined with other clinical signs such as a split/scissor retinoscopy reflex and/or astigmatism of >2.00DC and/or slit
lamp signs of KC to screen and monitor for progression. Patients with K-readings of more than 45D and/or oval or
distorted mires that are difficult to superimpose should be considered suspicious for KC,*' monitored regularly and
referred for corneal imaging.''

The cost and the lack of diagnostic tools were reported as barriers to the diagnosis and management of KC,

15,16 and

particularly for those who work in hospitals (Table 5). Similar findings have been reported in South Africa
other low-and middle-income countries.>® Retinoscopes, slit lamps and keratometers are part of the basic equipment
required by hospitals with eye units in Kenya however, 80% of them lacked basic equipment and often when available,
were not in working condition.>* This is due to the lack of equipment maintenance officers and budget constraints which
the OSU is addressing through the NEHSP.?!

A quarter of the respondents were confident in RGP fitting compared to 54.2% to 83.3% of those practicing in South

Africa.'>'® The lack of experience in RGP fitting is not unique to Africa and has been reported in Australia, Spain and
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the UK."""'? There are no RGP manufacturing companies in sub-Saharan Africa, except in South Africa.** The limited
access to RGP fitting sets possibly results in sub-optimal practical training in RGP fitting in the undergraduate optometry
programs in Kenya. The supply and cost of RGPs were among the top barriers hindering optometrists from managing
KC. Similar findings were found in South Africa'® and Jordan.'” Most optometrists in Kenya who fit RGPs, order them
from the UK or India retailing at $40 to $300 per lens. This is considered expensive in a country where the minimum
wage is $126/month.*> In Kenya, RGPs are not fitted in public hospitals, are not covered by the National Health
Insurance Fund and their provision has not been included in the NEHSP.*!

Whilst the OSU is developing comprehensive refractive error services, it may take some years before these can match
that provided by the private sector and possibly longer before the provision of RGPs can be considered. Since, the

majority (58.4%) of refractive error services are provided by the private sector®®>’

and if optometrists are provided with
the necessary training and equipment for RGP fitting, the private sector could provide affordable access whilst
specialized eye care services are being developed in public hospitals. Collaboration with other relevant sectors, such
as engineering, is advised to investigate the possibilities of local manufacture of RGP lenses and equipment such as
topographers.

As seen in Table 5, the newly qualified optometrists are significantly less confident than the more experienced ones
and there was no statistically significant difference in the confidence levels between the diploma and degree holders.
A review of education programs to identify the gaps in defined competencies related to knowledge and skills in KC may
be initiated. This process may be facilitated by the registration authority and benchmarking could be done against other
international institutions with similar health and socio-economic contexts and the World Council of Optometry compe-
tency-based scope of practice for optometrists.*® Curricula should be aligned with the defined scope of practice for
ophthalmic workers in Kenya.” Optometrists could engage in CPD activities which offer a voluntary assessment of their
competence levels to determine individual needs for further up-skilling and help inform content for up-skilling courses.
Assessing the competence of optometrists alongside confidence levels has been found useful in making meaningful
recommendations to improve undergraduate training and up-skilling programs.”®

Less than half of the optometrists were confident in performing keratometry, corneal topography and RGP fitting, and
there was statistically no significant difference in the areas of interest for further training between the optometrists who
work in a hospital and those that work in an optical shop (Table 5). One would expect optometrists that work in hospitals
to have more experience in the diagnosis and management of KC and fitting of RGPs, similar to that seen in the UK.*® It
is possible that the initial focus of training optometrists in Africa was to meet the high burden of refractive errors and
hence training institutions focused primarily on producing graduates who could refract and dispense spectacles. The
profession in Kenya has however evolved. There are at least 400 qualified optometrists in the country,?' there is now
a scope of practice for ophthalmic workers in Kenya and, with the country approaching the World Health Organization’s
minimum requirements for eye health workers,*® their role should be extended to disease diagnosis and management.
Sub-specialties in contact lenses, low vision and orthoptics have emerged in some African countries to meet the needs of
the public and career development for the profession.*'

The majority of the optometrists cited the lack of CPD opportunities and the cost of conferences as barriers to
improving their knowledge and skills. They preferred journals or online resources to increase their knowledge and skills,
which may be influenced by the lower costs associated with them. Online learning has been proven effective in
optometry education during the COVID-19 pandemic.**** Shah et al*® found up-skilling optometrists post-
qualification to be an effective strategy to improve clinical competence. OAK could address the gap in knowledge and
skills via cost-effective CPD sessions.

The lack of patient awareness and patient education material hinders optometrists from effectively diagnosing and
managing KC. KC literacy has been shown to be low among adults with the disease,*> parents of children with the
disease and those from low socioeconomic backgrounds.*® Poor understanding of KC and the different methods of
management results in patients seeking eye care services late, not returning for disease monitoring, not getting CXL
promptly and poor uptake of spectacles and/or RGPs.'>!” Verbal advice alone may not be successful.'® Patient education
leaflets should be developed, adopted by OSU and made available in all eye clinics.
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The majority of the optometrists felt the lack of national guidelines hinder them from diagnosing and managing KC
effectively. Despite the global consensus on KC and ectatic diseases published in 2015, practice patterns differ
globally."""'**7 National guidelines disseminated by OSU would standardize the clinical approach to manage KC across
Kenya.

A limitation of this study is that only data from optometrists on self-reported confidence levels in a small range of
skills specific to KC diagnosis and management were collected. An independent evaluation of the competencies of the
different cohorts to validate self-reported data would give more accurate findings of the gap in knowledge and skills. In
addition, we did not include other stakeholders such as the training institutions, the professional associations, the OSU
and patients to understand their perspectives. We did not review undergraduate optometry education curricula. A strength
of this study is that it is the first to analyze optometric practice in Kenya related to KC. Further studies are required to
determine the clinical competence of Kenyan optometrists from students to expert practitioners and patient-related
barriers to monitoring and management of KC.

Conclusions

This study provides a snapshot of the barriers to the diagnosis and management of KC among optometrists in Kenya.
Consideration of these results in planning will help to improve the early detection of KC and timely interventions to
minimize the risk of visual impairment. This study shows the lack of confidence in basic skills required by optometrists
to practice such as retinoscopy, subjective refraction and keratometry. Suggestions include the development of up-skilling
CPD programs that may include competency assessments of optometrists. This would accurately highlight the gaps in
knowledge and skills and would guide undergraduate training institutions and professional associations to enhance their
educational programs. National guidelines and patient information leaflets on the diagnosis and management of KC need
to be developed and disseminated. Cost-effective solutions to procure equipment and RGPs need to be explored to
improve clinical diagnosis and make management options more affordable. This requires a concerted effort among
KMTC, MMUST, OAK, OSU, KHPOA, non-governmental organizations and private entities.
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