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Abstract: Paediatricians are often the first to identify children with DS and their awareness on associated ocular comorbidities, play
a critical role in ensuring timely referral to general ophthalmologists for diagnosis and management. Among these, keratoconus (KC)
has a significantly higher prevalence among Down syndrome (DS) compared to the general population. The awareness and under-
standing of KC, is essential for preventing vision loss. This review summarizes the current understanding of KC in DS, on
epidemiology, pathophysiology, diagnostic challenges, and management. The children with DS, have thinner and steeper corneas
since birth, complicates the diagnostic and management protocols. Poor cooperation of the children for imaging, compromised scan
qualities, need for sedation and repeatability of scans poses diagnostic challenges. Early intervention with corneal cross-linking (CXL)
is shown to be effective in halting disease progression. The surgical options in advanced cases, carry higher risks in DS patients due to
factors such as eye rubbing, increased infection rates, and challenges in postoperative compliance. Managing KC in DS requires
a comprehensive approach involving early referral by Paediatricians, pre-emptive diagnosis, and timely intervention with CXL to
prevent disease progression. Future research should focus on preclinical gene prediction and developing standardized screening
protocols for KC among DS to prevent vision loss and thereby improve quality of life among them.
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Introduction

In 1736, Benedict Duddell described keratoconus (KC) in a 14-year-old albino boy with nystagmus and cone-shaped
corneas. Renamed “Staphyloma Diaphanum” by Burchard Mauchart in 1748, Johann Horner coined the term keratoco-
nus in 1869. By 1989, increased enzymatic activity was linked to corneal thinning and vision distortion." KC is typically
sporadic,” with rising incidence and prevalence over the past two decades due to heightened awareness and advanced
diagnostic techniques.”? It is associated with genetic and multi-system disorders,'** including Down syndrome (DS),
which affects 1 in 800 births and is linked to conditions such as congenital cardiac disease, thyroiditis, and neurological
issues. Ocular manifestations in DS include refractive errors (20-50%), strabismus (33-57%), KC (15-71%), and
nystagmus (11-29%).'® Trisomy 21 is the primary cause of DS (92-95%). Improved medical care has increased life
expectancy for children with DS from 9 years in 1910 to 49 years in 1997. KC incidence in DS (0-71%) is 10-300 times
higher than in the general population (1 in 350).”* Woodward et al highlighted a high odds ratio of KC with sleep apnea,
asthma, and DS, though consensus on this link remains elusive.” Walsh et al reported a 7.7% incidence of KC in 91 DS
patients compared to 0.3% in 378 patients with other intellectual disabilities.'® Mental disabilities in DS hinder early
reporting of visual issues. This review provides updated insights on KC’s etiology, epidemiology, and outcomes in DS,

emphasizing the need for early diagnosis and screening to prevent advanced KC-related blindness.
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Methodology of Literature Search

A comprehensive literature search was conducted in August 2021 using PubMed Central, Google Scholar, EMBASE, the
Register of Controlled Trials, and Ovid MEDLINE to identify studies on ophthalmic manifestations in Down syndrome
(DS). The search strategy combined keywords such as “Down Syndrome”, “Trisomy 217, “children”, “ocular manifesta-
tions”, and specific conditions like “strabismus”, “nystagmus”, and “keratoconus”. Inclusion criteria focused on studies
involving DS patients, emphasizing genetic insights, etiology, diagnosis, and management of keratoconus. We included
randomized controlled trials, observational studies, case reports, and systematic reviews, with no language or
publication year restrictions. Excluded were non-peer-reviewed articles and studies unrelated to ophthalmic manifesta-
tions in DS. Relevant studies were screened by titles and abstracts, and full texts were reviewed for inclusion. Data
extraction centered on prevalence, condition types, and clinical findings. Study quality was assessed using tools like the

Cochrane Risk of Bias tool and the Newcastle-Ottawa Scale, ensuring a thorough review for clinical insights.

Epidemiology

The prevalence of keratoconus (KC) is influenced by environmental factors, ethnicity, geography, available diagnostic
tools, and patient cohorts. In the general population, KC prevalence varies widely, from 0.0003% in Russia to 2.3% in
central India, depending on diagnostic criteria. For example, using corneal refractive power >48D, prevalence is 2.3%,
but decreases to 0.6% and 0.1% for >49D and >50D, respectively. DS is linked to a higher KC prevalence due to habitual
eye rubbing, atopy, blepharitis, and genetic predisposition to thin, steep corneas.'''? Reported KC incidence in DS,
ranges from 0% to 71%, with lower rates in younger age groups. Corneal topography studies show prevalence rates of
10-30% or higher. Norway’s registry estimated a 5.5% KC prevalence in DS, thirty times higher than in the general
population, while a Brazilian study found 27.2% prevalence among 1207 DS patients.'>'* Conversely, Kim et al found
no KC in 123 Asian DS children. The global variation in KC prevalence among DS individuals is unclear, and some
studies suggest lower rates in Asian DS populations, possibly due to age differences or lack of corneal tomography.'>
Gender distribution in KC shows male predominance in general studies, though data on DS populations is limited. Alio
et al found a 71.3% KC prevalence in DS patients with a mean age of 14.9 years, underlining the condition’s significant

. . 1
presence in this group.'®

Corneal Anatomical and Biomechanical Alterations and Its Implications in DS
In DS patients, the cornea shows significant anatomical and biomechanical differences compared to non-DS individuals.
DS corneas have steeper mean keratometry (47.35D vs 43.7D) and thinner central corneal thickness (0.50mm vs 0.55mm).
Structural changes include reduced collagen, deficient interlacing, low prolidase activity affecting collagen turnover, and
altered COL A1 and COL A2 expression, leading to decreased corneal rigidity and volume.'” Increased corneal density and
light scatter reduce transparency and impact visual function.'® Haugen et al noted corneal thinning contributes to steepness,
astigmatism, and reduced rigidity. Early screening and intervention for KC in DS are crucial to prevent disease
progression.'” Box 1 and Table 1 show the detailed summary of these anatomical and biomechanical characteristics.

Box | Corneal anatomical & biomechanical concerns in DS patients

Corneal anatomical & biomechanical concerns in DS patients:

High k

Low Corneal thickness
High astigmatism

Low rigidity

Low corneal volume

High density
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Table | Shows the Summary of Key Points on Anatomical and
Biomechanical Alterations Between DS and Non-DS Corneas
Parameters DS Cornea | Normal Cornea
Total Collagen Decreased Normal
Collagen Network Interlacing Deficient Normal
Prolidase Activity Low Normal
COL Al and COL A2 Gene Expression | Altered Normal
Steepness Increased Normal
Central Corneal Thickness Thinner Normal
Corneal Elevation Increased Normal
Corneal Aberrations Increased Normal
Corneal Density Increased Normal
Light Scatter Increased Normal
Corneal Volume Decreased Normal
Astigmatism Frequency Higher Normal
Corneal rigidity Lower Normal

Etiology of Keratoconus in Down Syndrome

The etiology of keratoconus (KC) is multifactorial, involving genetic predispositions and environmental influences that
contribute to corneal biomechanical weakness, reflected in a 60% reduction in corneal stiffness. Despite extensive
research, a definitive cause for KC remains elusive.” The understanding of KC in Down syndrome (DS) requires
exploring genetic factors and environmental triggers, emphasizing the need for further studies to establish targeted

management strategies. Table 2 shows the Etiology of Keratoconus in Downs Syndrome.

Table 2 Etiology of Keratoconus in Downs Syndrome

Isolated KC with
no Associations

KC with Rare Genetic Associations KC with Common Associations

a) Mutations in miR-184, DOCK?9 (dedicator of cytokines 9), super- | Environmental factors: Most common

oxide dismutase (SODI), LOX (lysyl oxidase), and the - Eye rubbing, - Twin studies
VSXI| homeobox gene (mapped to chromosomal region 20pl - | - Contact lens wear, - Bilaterality,
ql 1, loci for posterior polymorphous dystrophy) - Atopy, - Familial  aggrega-

b) Candidate genes that have been studied include ZEBI, TGFBI,
FLG, interleukin, COL6AI, COL8AI, MMP9, MMP2, HGF
RAB3GAPI, LOX, MPDZ, NFIB, BANP, and ZNF469

- Ultraviolet light exposure
Systemic Associations:

Leber congenital amaurosis,

tion of disease
Autosomal domi-
nant with reduced

Brittle cornea syndrome,

Floppy eyelid syndrome,

Corneal dystrophies (PPCD- Posterior poly-
morphous corneal dystrophy, and Fuchs’
endothelial dystrophy),

Downs, Marfans,

Ehlers-Danlos,

Turner’s syndrome

Mitral valve prolapse

penetrance
- Autosomal reces-
sive inheritance
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Genetic Insights
Genetic factors play a crucial role in KC development, shown by familial associations (1.7%—-23.5%), higher concordance
in monozygotic twins, and connections with genetic disorders. KC is often classified as associated with rare genetic
syndromes, commonly reported conditions, or isolated cases. Evidence from twin studies and familial clustering supports
a genetic component, though monozygotic twin discordance suggests environmental factors also contribute. KC is
associated with conditions like Leber congenital amaurosis, Marfans syndrome, Ehlers-Danlos syndrome, and DS. The
inheritance pattern is typically autosomal dominant with reduced penetrance, though autosomal recessive cases exist.”' %>
Rabinowitz studies indicated that 50% of KC cases in families show early signs, often underreported due to lack of
topography-based diagnosis. Research has identified at least 17 loci linked to KC, with significant associations found in
genes like miR-184, DOCK9, SOD1, LOX, and collagen-related genes (eg, COL6A1, COL8A1). The SOD1 gene,
located on chromosome 21, is linked to both KC and DS due to its role in reducing oxidative stress.”'® A Greek study
identified a unique SOD1 polymorphism associated with KC, as a cytoplasmic antioxidant enzyme, SOD metabolizes
harmful superoxide radicals to harmless oxygen and hydrogen peroxide and reduces oxygen toxicity.”' >> A Norwegian
data showed KC incidence in DS as 30 times higher than the general population.'*** Lu et al’s meta-analysis highlighted
reduced central corneal thickness (CCT) in KC, implicating collagen-related genetic loci.?®> Although key candidate
genes are identified, genetic heterogeneity and gene-environment interactions require further study to clarify heritability
and pathophysiology.”' Table 3, shows the list of genes commonly noted in the literature between DS and KC associated
with Chromosome 21 and Table 4 summarizes the evidences of genetic associations between DS and KC.

Environmental Factors

Environmental factors also influence KC development, including age, gender, ethnicity, eye rubbing, and oxidative
damage from UV exposure. Eye rubbing, common in DS due to atopic conjunctivitis, blepharitis, and uncorrected
refractive errors, is a significant mechanical contributor. Repeated eye rubbing triggers inflammatory cytokine release
from damaged corneal and conjunctival epithelium, leading to keratocyte apoptosis.”’’ Kim et al’s findings revealed
increased apoptotic keratocytes in 60% of KC corneas compared to 35% in stromal dystrophies. Additionally, KC
fibroblasts express higher interleukin-1 (IL-1) receptor levels, mediating local inflammation, suggesting a potential

Table 3 List of Genes Commonly Noted in the Literature
Between DS & KC Associated with Chromosome 21

Chromosome | List of Genes Common to Both DS and KC

21 SODI: 7 base deletion of intron-2 of SODI gene
COL6AI: SNP rs9981981

KCNE2

LOC400863: Chromosome21q22.1 |

TPTE: 21pl 1.1

Table 4 Summarizes the Evidences of Genetic Associations Between DS and KC

Evidence Details

I. Family History 6-10% positive family history suggests genetic predisposition

2. Ethnicity & Geography Higher prevalence in consanguineous populations

3. Association with DS Chromosome 21 is candidate for KC genes; extra copy in DS may amplify KC-related genes

4. Collagen genes (COL6AI1-6) | Crucial for corneal stroma formation; altered expression linked to KC

5. VSXI & SODI genes VSXI not supported; SODI (on chromosome 21) associated with KC and DS

6. Incidence in DS KC incidence is 30 times higher in DS

4928 hetps: Clinical Ophthalmology 2025:19



Anitha et al

Table 5 The Description of Clinical Signs for KC

Clinical Signs Explanation

|. Scissoring reflex Seen in the early stage of the disease, observed with retinoscopic examination.
Helpful in screening in cases with high astigmatism.

Non-specific for diagnosing keratoconus

2. Rizzutti sign It is the conical reflection on the nasal cornea when a penlight is directed from the temporal side.

3. Fleischer ring Brownish iron deposits around the base of the cone seen with cobalt blue light

Helps to identify the cone size for assessing the treatment during CXL or Keratoplasty to include the cone

4. Vogt’s striae The vertical stress lines at the posterior stroma, disappear on gentle pressure on the globe

5. Munson’s sign It is the protrusion of lower lid when looking downward

6. Other slit-lamp signs | Central/ paracentral thinning and prominent visualization of corneal nerves.

genetic basis for this response. Overall, the etiology of KC in DS is multifactorial, involving genetic and mechanical
factors.'> The combination of genetic predispositions, such as those related to SOD1 and collagen genes, and mechanical
stressors like intense eye rubbing, contributes to disease progression.'® Understanding these interactions is vital for
developing targeted preventive and therapeutic approaches for DS patients. Further research is necessary to elucidate the
genetic mechanisms, establish causative links, and guide effective clinical interventions.

Clinical Characteristics

Keratoconus (KC) is a progressive eye disease marked by visual disturbances from high myopia and irregular astigmatism.
A thorough history focusing on refractive instability is essential to determine onset. Risk factors include vernal keratocon-
junctivitis, eye rubbing, systemic atopy, and family history, aiding in early identification. Proper documentation of
uncorrected (UCVA) and best corrected visual acuity (BCVA) is vital for treatment planning. Early-stage KC can often be
managed with glasses, while advanced cases may require contact lenses. The clinical signs of KC are explained in Table 5.2°
Acute corneal hydrops (CH) is significantly more frequent in DS patients with KC (up to 15%) than in non-DS individuals
(2.5-3%).>"*® Figure 1 shows the image with acute corneal hydrops in a patient with DS. DS patients are more prone to
delayed diagnosis due to unique corneal features, increasing CH risk and central scarring. Figure 2 shows the image with
corneal scarring, sequelae of acute corneal hydrops. Initial CH treatments include topical hypertonic drops, low potency
steroids, and advanced interventions like compressive sutures or amniotic membrane transplantation. Figure 3 shows the
post-operative picture of compressive sutures with pneumodescemetopexy for hydrops intractable to medical treatment.

Figure 4 shows the multiple loose suture with debris, infiltrates with central epithelial defect and graft stromal rejection, in

Figure | Shows the image with acute corneal hydrops in a patient with DS.

Clinical Ophthalmology 2025:19 heeps: 4929



Anitha et al

Figure 3 Shows the post-operative picture of compressive sutures with pneumodescemetopexy for hydrops intractable to medical treatment.

Figure 4 Shows the multiple loose sutures with debris, infiltrates with central epithelial defect and graft stromal rejection, in a patient with DS.
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a patient with DS. Early identification and treatment are critical to preventing severe visual impairment in DS patients with
KC. Figure 5 shows the treatment algorithm for KC in DS with intellectual disability. Figure 6 shows the image of advanced
Keratoconus in a patient with DS. Figure 7 shows the post healed hydrops scar managed with compression sutures.

Diagnosis of Keratoconus in Down Syndrome

The diagnosis of keratoconus (KC) in Down syndrome (DS) requires the use of specialized corneal topography and
tomography tools to detect early structural changes. Corneal topography maps the corneal surface curvature, while
tomography, using devices like the Pentacam or CASIA2 anterior segment OCT, provides detailed three-dimensional
imaging of both corneal surfaces and thickness, allowing for early detection. This is particularly important in DS, where
KC prevalence ranges from 0% to 71% and progression is often more rapid. Despite often mild or absent early

symptoms, timely diagnosis is critical to prevent visual impairment.'*** "

Adequate clinical data Stable
: KC or advanced KC - - -
Trial of awake assessment > Monitor in Outpatient

Department

Requires CXL or
Unable to properly assess KC

Examination
under General Anaesthesia

> Monitor in Outpatient

Not requiring intervention Depamnent
(i.e.. advanced apical scar, extreme keratometry)

Requires CXL or
Unable to properly assess KC

Collagen Cross Linking

Consider immediate bilateral
CXL if appropriate

Figure 5 Shows the treatment algorithm for KC in DS with intellectual disability.

Figure 6 Shows the image of advanced Keratoconus in a patient with DS.
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Figure 7 Shows the post healed hydrops scar managed with compression sutures.

Corneal Tomography Indices

Studies have identified several key indices for KC diagnosis. In a study by Asgari et al, 11 indices were identified as effective
discriminators for diagnosing KC in a normal population. Among these, anterior higher-order aberrations (HOAs) (>0.643um,
AUROC = 0.879), posterior vertical coma (>0.0702um, AUROC = 0.875), anterior vertical coma (>0.4124um, AUROC =
0.868), and total HOA (>0.608um, AUROC = 0.867) had the highest diagnostic accuracy. For non-DS individuals, key
keratometry indices such as maximum keratometry (Kmax), K2, posterior radius of curvature, KISA, Belin/Ambrosio
Enhanced Ectasia Display (BAD-D), Pentacam Random Forest Index, vertical asymmetry, and inferior-superior asymmetry
(I-S value) are recommended for KC detection. In DS, the most effective parameters include minimum corneal thickness
(<480pum), corneal volume (<55.3mm?), and BAD-D (>2.23). For the general population, indices like maximum keratometry
(Kmax), posterior radius of curvature, and inferior-superior asymmetry (I-S value) are effective. Campbell et al noted that for DS
patients, corneal astigmatism >1.6D, corneal power >50.0D, and a corneal resistance factor <8.7 were the most accurate
indicators. Progressive KC cases are best monitored using zonal Kmax-3mm, with a 1.0D annual increase being a key sign of

progression, followed by changes in I-S value and anterior elevation.>>'3%-32-33

Biomechanical Indices

Current biomechanical indices such as the Corvis Biomechanical Index (CBI) and Tomographic and Biomechanical Index (TBI)
are also used for KC diagnosis. Standard cut- offs for the general population are CBI >0.583 and TBI >0.798. In DS patients with
KC, CBI and TBI values have been observed at 0.54 and 0.86, respectively. Although eye-rubbing is considered a contributing
factor, Hashemi et al found no strong correlation with KC severity. Aberrations and corneal thickness indices demonstrate higher
diagnostic accuracy for KC in DS patients compared to keratometry indices. Zonal Kmax-3mm is preferred for tracking
progression. Diagnosis criteria in DS should use higher cut-offs for tomography and biomechanical indices due to
variability.'*'****> Implementing these diagnostic measures, along with early intervention, helps mitigate KC progression,
preserving vision and enhancing quality of life in DS patients. Table 6 shows the diagnostic indices for interpretation of KC in DS.

Management of KC in DS

Corneal Collagen Cross-Linkage

Managing KC in DS requires accurate diagnosis, which is challenging due to naturally steeper, thinner corneas and varying
intellectual capabilities. Early diagnosis and corneal collagen cross-linking (CXL) are vital for halting KC progression and
delaying keratoplasty.>® The epithelium-off Dresden protocol (SCXL) has shown long-term safety and efficacy in both adults
and children, though prolonged anesthesia can be risky for DS patients. Preventing postoperative eye rubbing is critical in DS
children.*”’ Figure 8: shows the flowchart on the management of Keratoconus in Downs Syndrome.
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Table 6 Diagnostic Indices for Interpretation of KC in DS

Tomographic Indices: Values:

For diagnosis of KC from normal corneas in DS

Anterior HOAs Cut off >0.643um
Posterior vertical coma Cutoff >0.0702um
Anterior vertical coma Cutoff >0.4124um
Total HOA Cutoff >0.608um
For early diagnosis of KC in DS:

Corneal thickness <480um

Corneal volume <55.3mm

BAD-D >2.23

Corneal astigmatism > 1.6D

Corneal power +>50D

Corneal resistance factor < mean +SD: 8.7+2.2

Accelerated CXL (ACXL) vs Standard Protocols

ACXL, which follows the Bunsen-Roscoe law, shortens treatment time while maintaining efficacy. Hashemi et al found
that ACXL and SCXL both halted KC progression in DS patients, though ACXL resulted in less stiffness. SCXL
performed under local anesthesia has also shown success. Corneal biomechanics change throughout life, with elasticity
and viscosity increasing until age 12, followed by a period of instability from 12 to 15 years, and increased rigidity after
15 years, known as natural CXL. Children’s shorter collagen turnover (3 years vs 6 years in adults) requires frequent

follow-ups and possible retreatments.'”**~+

Retreatment Efficacy and Concerns

Retreatment data are limited; Caprossi et al noted SCXL retreatment in 50% of cases where stabilization was not
achieved post-T-CXL, which was less effective due to higher oxygen consumption by the epithelium. CXL is limited to
corneas thicker than 400pm, and thin corneas may require hyposmolar riboflavin swelling, which is not always
successful.* A significant concern is the risk of spontaneous corneal melts in DS children, possibly due to thin corneas

and keratocyte alterations leading to stromal remodelling.” %4443

Initial screening and Diagnosis: =3 Routine eye exams
Identify risk factors

Corneal tomography

v
Early KC # Parenteral education to avoid eye rubbing
Correct refractive error with glasses/CL
£

Progressive or Advanced KC: Comeal cross-linkage (CXL)

v

Standard CXL/ Accelerated CXL

v

Severe cases with corneal scarring: w5 Detailed pre-operative evaluation

DALK/PKP

Figure 8 Shows the flowchart on the management of Keratoconus in Downs Syndrome.
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Treating KC in children with DS is challenging due to cooperation and anesthesia concerns, particularly with
intellectual disabilities (ID) ranging from mild to severe. While mild ID may allow for awake assessments and CXL
under local anesthesia, severe ID often requires general anesthesia (GA). Preoperative anesthesia assessments are
essential due to the 12-60% prevalence of cardiac malformations in DS, although no cardiac complications with CXL
have been reported. GA enables comprehensive, simultaneous bilateral CXL, improving resource use. Accelerated CXL
protocols reduce GA time and risks, achieving an 89% success rate in corneal stabilization. Early CXL prevents visual
loss, reduces the need for transplants, and enhances independence and life quality, supporting a proactive treatment
approach in DS patients.® Figure 9: shows the flow chart for treatment algorithm for KC in DS with Intellectual disability.

Keratoplasty and Their Concerns

Managing advanced keratoconus (KC) in children with Down syndrome (DS) often requires keratoplasty, despite its
complexities and risks. Preventive measures and early intervention are crucial to reduce the need for surgery. Indications
for surgery include advanced KC, scarring post-hydrops, and cooperative patients with mild disabilities supported by informed
caregivers, no lid pathologies, and a commitment to follow-up and drug compliance. Emergency situations such as infectious
keratitis, corneal melts, and perforations post-CXL may also necessitate surgery. Outcomes of keratoplasty in DS patients are
generally poorer than in non-DS children due to anesthesia risks, infection from blepharitis and eye rubbing, lid anomalies, and
higher rejection rates, particularly in large grafts. Long-term steroid use increases glaucoma risk, and DS patients are prone to
trauma. Frantz JM et al reported repeated graft rejections in four out of five DS patients,*® while Volker Dieben HJ et al noted
lower graft survival (67-85% in DS vs 90-95% in non-DS).** Mc El Vanney AM documented bacterial infections, endothelial
failure, and graft rejection in DS patients.*” Wroblewski et al performed keratoplasty on 18 eyes of 13 patients with an average
age of 42 years, reporting that although all grafts were initially clear, three eyes required repeat grafts due to secondary graft
failure, with the mean follow-up was 34.9 months.*® Similarly, Mc EL Vanney AM et al in 1997, performed keratoplasty in 5
patients (Age range between 19 and 21 years) with DS and in one patient with Dubowitz syndrome. Three grafts failed due to
bacterial infection, endothelial failure followed by bullous keratopathy, and graft rejection, with only two grafts remaining
clear for over two years. The high risk of graft infection remains a significant concern for graft failure, even with lamellar

i Ad t
Tr|a| Of awa ke cliniiglu;afa,

» Monitorin OPD
stable or
assessment advanced KC

Requires CXL

or unable to
properly assess
KC Not requiring
A intervention
(i.e., advanced N . .
GA for EUA e o Monitorin OPD
- extreme
Requires CXL keratometry)
orunable to
properly assess
KC

CXL

Consider
immediate
bilateral CXL if
appropriate.

Figure 9 Flow chart shows the treatment algorithm for KC in DS with Intellectual disability.
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keratoplasty (DALK).*” DALK is preferred over PK (penetrating keratoplasty) due to fewer endothelial rejections and better
structural integrity, though suture issues related to eye rubbing remain problematic. Figure 4 shows the post-operative image of
DALK revealing multiple loose sutures with debris and central epithelial defect. Postoperative care is challenging due to
difficulties in monitoring IOP and performing fundus exams, often requiring general anesthesia. Therefore, preventing KC
progression through early diagnosis via screening and early CXL in both eyes is the most effective management strategy to
maintain reasonable visual acuity in these children. Intraocular lens selection for people with cataracts requiring surgery may
be more difficult in the DS population due to challenges with pre-operative assessment.®>%**>° [CRS (intrastromal corneal
ring segments) offer a reversible option but carry risks of extrusion, refractive failure, keratitis, and corneal melting, limiting
their use in DS.*° Effective management of KC in DS requires a balanced approach, prioritizing prevention, early diagnosis,

CXL, and multidisciplinary care to maintain vision and reduce surgical interventions.

Screening Schedule for Keratoconus in Down Syndrome
The American Academy of Paediatrics Recommends a Structured Screening in Children with DS.>!
1. First 6 months: Screen for strabismus, cataracts, lacrimal duct obstruction, and nystagmus.
2. Ages 1-5 years: Annual screenings for refractive errors and amblyopia.
3. Ages 5-13 years: Screen every 2 years for KC and ocular allergies.
4. Above 13 years: Screen every 3 years for cataracts, refractive errors, and KC.

Current Challenges in Diagnosis and Management and Future Concerns
Diagnosing and managing KC in DS patients is challenging due to cooperation and communication limitations. KC is
often moderate to advance at presentation (Figure 6), complicating contact lens fitting and visual rehabilitation. Eye
rubbing is a significant risk factor; educating parents and children to avoid it is crucial, especially due to the risk of acute
hydrops.'® Advanced KC has a poorer prognosis, making early intervention essential. Corneal transplantation is reserved
for patients with minimal intellectual disability and low eye-rubbing tendencies. Stephenson et al found 56.3% of KC
cases in intellectually disabled patients, including DS, were advanced at presentation. Early CXL is essential, as it halts
progression and avoids corneal transplantation.® Suitability for CXL requires CCT >400 microns, highlighting the need
for early diagnosis. Accurate assessments, including topography and biomechanics, are difficult due to patient coopera-
tion, leading to diagnostic challenges.’> Hashemi et al noted that suspected KC cases showed stable diagnostic indices
over seven years, reflecting naturally thinner, steeper DS corneas. CXL is preferred for patients under 14, performed
under general anesthesia to ensure safety.*' A systemic evaluation to rule out cardiac and respiratory issues is needed.
While the standard CXL protocol (3 mW/cm?, 30 minutes) yields better results, the accelerated protocol (9 mW/cm?,
10 minutes) is acceptable when anesthesia duration is a concern. Long-term studies, like Hashemi et al’s, show effective
corneal flattening with the accelerated method, though follow-ups are needed to monitor potential retreatment.
Postoperative care requires parental cooperation to prevent eye rubbing and ensure adherence to medications for optimal
outcomes.” Figure 8: shows the flowchart on the management of Keratoconus in Downs Syndrome.

Role of Paediatricians

With the remarkable improvement in life expectancy for individuals with DS over the past decade, the role of
paediatricians has become even more vital. They not only confirm the diagnosis but also educate the parents through
counselling and coordinating medical evaluations to detect congenital anomalies early. Hence, understanding of the
syndrome, associated health conditions, and developmental challenges is essential to support these patients in achieving
better health and social outcomes. A good vision is important for the development of a child especially in patients with
DS with developmental and intellectual disabilities. Furthermore identification and registration of birth of DS needs long
term follow-up of visual quality as well alongside routine systemic examinations for diagnosis of KC at the early stage,
to address the quality of this longer life span.>*
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Table 7 Enumerates the Outline for Future Research and Preventive Strategies

Future and Preventive Strategies Details

Genetic studies Conduct genetic studies to identify predispositions

Early Prediction and screening Develop early prediction and screening methods

Multidisciplinary Care Implement multidisciplinary care plans involving various specialists: Pediatricians, Ophthalmologist
and geneticists to provide comprehensive care

Awareness and Education Promote Awareness and education to prevent eye rubbing and early onset of KC

Future Approach

Further analysis of the genetic associations between DS and KC could significantly enhance early detection and
management. New techniques for corneal imaging in DS patients with difficulty complying with mobile mounted-
standard topography and telemedicine may improve the early detection of KC in DS patients. Modifications in
protocols to include prophylactic treatments with CXL when diagnosed with KC and Parental education, on
increased awareness about prevention eye rubbing can help avoid the progression of KC and facilitate appropriate
visual rehabilitation, thereby maintaining the quality of life for these children. Table 7 enumerates the future
perspective for research and preventive strategies.

Conclusion

This review emphasizes the strong genetic link between DS and KC, with higher undiagnosed prevalence in DS. Studies
consistently reveal a higher prevalence of KC in DS patients compared to the general population, with many cases going
undiagnosed. This underscores the need for the heightened awareness among paediatricians about the importance of early
ophthalmic screening. Timely detection and management of KC can prevent progression and subsequent blindness in
these children, ultimately improving their quality of life. Early intervention and consistent follow-up are crucial in
ensuing that children with DS receive the best possible care and support for their ocular health.
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