Visual Outcomes and Aberration Reduction with Wavefront-Guided Contact Lenses in Corneal Ectasia
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BACKGROUND STUDY OVERVIEW RESULTS — HIGHER-ORDER ABERRATIONS DISCUSSION

Pooled (4 studies, n = 160 eyes, wfgSL vs tSL): MD = -0.46 um RMS (95% ClI

Keratoconus and corneal ectatic disorders affect 50-230 per 100,000 people globally, with substantial impact on 5 7 _ _ - C12 — 0 . . . . . .
quality of life. The principal cause of visual disability is the induction of higher-order aberrations (HOAs) (5—-10x 1 1 2 0.84 t0 -0.07; p = 0.03; | 86%). m Substantial HOA reduction translates into only modest galns In hlgh-
normal)’ which Spherocylmdncal correction cannot address. StUdies ihClUded eyes analysed Study or Subgroup Mean [RMS] v;flgs[;MS] Total Mean [RMS] StleRMS] Total Weight IV, Raﬂ:z;?i;;egf‘[aRMS] v, Raﬂzzlr‘nf";;rgf‘[aRMS] Contra St aCUIty T ConSIStent Wlth a neural adaptation ceiling‘
Conventional scleral lenses neutralise corneal irregularity but leave residual HOAs of 0.6—1.7 pum RMS over a 6 ()/ Gelles 2025 029 018 31 068 031 31 283% 0.39[-0.52 , -0.26] - m Scleral p|atf0rmS outpe rform soft lenses: stable centration is
. P . . I . . . . _ Hastings 2018 0.27 0.08 16 0.47 0.25 16 28.2% -0.20 [-0.33, -0.07] - - . . .
mm pupil. Wavefront-guided lenses aim to neutralise the eye's full optical fingerprint, restoring near-perfect 4 94 O onl 2023 023 o012 2 08 042 2 258% 057075039 - essential for wavefront correction to be realised on the eye.
retinal image quality. Sabesan 2013 0.37 0.19 11 1.17 0.57 M 17.7% 0.80[1.16,-044] ~ —=— . ' ' o
RCT / pooled studies patient preference m Patients with longstanding aberrated vision may need weeks of wear
Despite emerging clinical use, no comprehensive evidence synthesis has quantified their benefit. | | | | Total (HKS.J) 50 80 100.0% 0.46[-0.84,-0.07] | ‘ o b efo re th e visy aI cortex 'r e-I earn SI ( Ch ung 20 22)
Designs: 1 RCT, 5 quasi-experimental, 5 case series, 4 case reports. Most evaluated wavefront- Test for overall effect: T = 3.76, df = 3 (P = 0.03) 1 05 0 05 1 . _ o
guided scleral lenses (wfgSL) versus traditional scleral lenses; four evaluated soft-lens designs. Heterogeneily: Taut (REMLY) = 0.04: Chit = 17.05, df = 3 (P = 0.0007): = 86% Favours wigsL  Favours 5L m Snellen acuity under-captures real benefl.t; LCVA, contrast sensitivity
— and Visual Strehl ratio reflect lived experience.
AIM aCl calculated by Hartung-Knapp-Sidik-Jonkman method. . . . . . .
RESULTS - VISUAL ACUITY bTauzcalculatedybyRest?icted'Iilipaximum-LikeIihood method. . Heterogenelty IS |arge|y drlven by Va rylng pupll dlameters (4 VS 6
OBJECTIVE . . . . _ .
I To quantify the effectiveness of wavefront-guided contact lenses on visual acuity and HOAs in corneal ectasia, compared with conventional corrections. Pooled (4 StUdleS, N = 144 eyes) ngSI_ VS tSL). MD - —0.12 IogMAR (95% CI Aberration Reduction & Lens Performance mm)’ dlsease Severlty’ and tlmlng Of pOSt flt meaSUfementS.
5 * WEFG Scleral Lenses: Consistently outperformed conventional designs, reducing total HO-RMS by 40%—-71% across
-0.21 to —0.03,' P = 0.03; |< = 52%) multiple studies
* Specialized Fitting Outcomes: * Impression-based: Significant reductions from 0.82 to 0.29 (Gelles, 2022) and 0.44
METHODS to 0.22 (Nguyen, 2020).
, , * Profilometry-guided: Reduced HO-RMS from 2.70 to 1.00 compared to naked eye baseline [6].
conducted per PRISMIA 2020 [PROSPERO CRD420261328932). PubMed, Embase, Cochrane CENTRAL and Web of Study or Subgroup Mean [logMAR vggsll; MAR] Total Mean [logMAR stngo MAR] Total Weight IV Ranlrilzr:n ::’:;e:r T: MAR] I Rann::;" :'Isf:/er:r T: MAR * Soft Lens Designs: Generally effective at lowering aberrations [10, 23, 25], though one study found habitual gas LIM IT ATI ONS
Science searched without date restriction (Nov 2025). Y groip [logMAR] 5D [logMAR] llogMAR] SD [logMAR] g 35% Cl[logMAR] ’ 3% Cl[loghiAR] permeable (GP) lenses maintained lower HO-RMS than custom WFG soft lenses [24].
0 T e e Keratoconus Impact: WFG scleral lenses achieved an average 77% HOA reduction; 75% of eyes reached normal HO- . .
m Population: any age with keratoconus, PMD, post-surgical or post-LASIK ectasia ﬁ:g;:g?jgm pret on o _‘1)'.1015[[?6.1182’,2:32 " RMS levels, compared to only 25% using spherical correction [21]. m Predominance of small, uncontrolled designs; many conference
m Intervention: wavefront- or profilometry-guided contact lenses Marsack 2014 0.01 007 14 0.14 01 14 293% 0.15[-0.21, -0.09] . abstracts.
m Outcomes: BCVA (logMAR), HO-RMS (um), LCVA, patient preference Sabesan 2013 021 009 04 018 M T 019(031,007  —— HO-RMS reductions of 40—-71% across studies. Hemmati 2017: mean 77% ,
. . . . . : , L . m GRADE certainty very low for both pooled outcomes.
m Risk of bias: JBI tools (RCT, quasi-experimental, case series, case reports) Total (HKSJ") 72 72 100.0% 0.42[-021 , -0.03] <& reduction versus uncorrected eyes; HO-RMS normalised in 6/8 keratoconic eyes.
m Synthesis: random-effects inverse-variance meta-analysis (RevMan 9.15.2) et foroveral fect T= 413,13 (P = 003 — — m Acute (30-60 min) outcome measurement in most studies.
T=413,df=3(P=0. 05 025 0 025 05
Favours wfgSL Favours tSL
Heterogeneity: Tau? (REMLY) = 0.00; Chi? = 6.34, df = 3 (P = 0.10); I = 52% PATIENT-REPORTED OUTCOMES
PRISMA 2020 SELECTION (A) OBSERVER: JCZ - NO AO (B) OBSERVER: JZD - NO AO
* Scleral Lens Performance: Wavet dod | ’ SO ’
| ontification of studies via databases and registers e Hastings et al. (2018/2022): Achieved logMAR -0.08, though noted a RRNTEMECIIE S GOmEIE! ?:S?S prlo uFte StsgS:(C)?A y.rs;lgnlrrl]car;t a? _
B e "ceiling effect” with minimal difference from conventional lenses in mild N Visuat acuity 4 . >! Cf) < e_c dsld. :
el : to define optimal patient selection
g disease. . .
Recards identified from e, N . and capture the full benefit of neural adaptation.
Detshases (n = 181 ———»|  Racords marked as ineligibis  Advanced Keratoconus: Significant gains reported by Sabesan et al.
sgistars an = automation tools (n =
Records remeoved for other (2013) (0.40 to 0.21 logMAR) and Nguyen et al. (2020) (20/18 to 20/11).
reasans (n = s L . . . . e
sanein=® * Specialized Fitting: Profilometry-guided lenses improved vision from
l 0.62 to 0.03 logMAR (Barone et al., 2025), while impression-based WFG KEY REFERENCES
Rocorde scraenet | frecorts excluded™ lenses reached 20/20 compared to 20/30 traditional optics (Gelles et
al., 2022).
l . Soft & Hydrogel Innovations: 1. Gelles JD et al. Eye Contact Lens 2025;51(2):58-64.
r Dy Souantfor reirievsl ————»| Fepgns notretrieved e Visual Gains: Jinabhai et al. (2014) and Marsack et al. (2007) showed 2. Barone V et al. Eye Contact Lens 2025,51(10)445—9
- l substantial logMAR improvements (e.g., 0.58 to 0.23). , ,
5  Custom Correction: Coma-correcting hydrogel lenses improved baseline \ : . 5 3. Sabesan R et al. Optom Vis Sci 2013;90(4)-314_23-
Reports assassed for aligibility Reports excluded: . . _ ~ — T - | e . .
n=28) - Does not contain primary vision from 0.74 to -0.003 lOgMAR (KatSOUIOS et al" 2009) (C) OBSERVER: JCZ - AO (D) OBSERVER: JZD - AO 4. MarsaCk JD Et al. OptOm VlS SC' 2014.
data (n = 3} . . . .
Does not il within study * Comparison: WFG soft lenses provide visual acuity comparable to
scope (n= . . o) 11 . .
 scopa(n=8) habitual gas permeable (GP) lenses (Marsack et al., 2008). m Gelles 2025: 94% (17/18) preferred wfgSL over traditional SL. 5. Page MJ et al. PRISMA 2020. BMJ 2021:372:n7/1.
- m Improved night vision, reduced haloes, glare and shadowing (Nguyen 2020;
| ' '
e eteteg i ro Gelles 2022).
g =1 Best outcomes: Hastings 2018 logMAR -0.08 (= 20/17); Sabesan 2013 0.40 - 0.21 in advanced m Barone 2025: LCVA 1.34 - 0.50 logMAR — a real-world functional gain.
- keratoconus; Nguyen 2020 = 20/11. Modest gains in mild disease suggest a ceiling effect. m Hastings 2022: avoided referral for corneal surgery.
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