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Neuroadaptation Key to Presbyopia-Correcting |OL
Success, Specialist Says
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Presbyopia-correcting intraocular lenses (I0Ls) offer a pathway to spectacle independence for many patients,
but achieving consistent satisfaction remainsaclinical challenge. The optical properties of these lensesare only

one part of the equation; the brain'sability to adapt to novel visual input dictatesthe ultimate functional outcome.

The Pivot: Neuroadaptation, not just IOL optics, determines patient satisfaction and visual function after
presbyopia-correcting IOL implantation.

The Data: Up to 90% of patients with multifocal IOLs report good to excellent uncorrected distance and

near vision, but visual disturbances persist in a significant minority.

The Action: Clinicians must manage patient expectations regarding visual phenomena and understand the
neuroadaptive process to optimise outcomes.

The quest for spectacle independence in presbyopiahas driven the evol ution of intraocular lens technology, moving from
monofocal lensesto adiverse array of multifocal, extended depth of focus (EDOF), and accommodating designs. While
these IOLs aim to restore arange of vision, their success hinges on more than just their physical optics. The brain's
capacity to interpret and integrate the altered visual signals, a process termed neuroadaptation, is paramount for patient
satisfaction and functional vision.

Patients receiving presbyopia-correcting 10Ls experience afundamental shift in how light is focused onto their retina.
Unlike the natural crystalline lens, which dynamically changes shape to alter focal power, multifocal and EDOF IOLs
create multiple focal points or an extended range of focus simultaneously. This optical design inherently introduces
compromises, such as reduced contrast sensitivity and the generation of dysphotopsias like glare and halos, which the
brain must learn to filter and ignore.

Understanding the Brain's Rolein Visual Acuity
Neuroadaptation is not a passive process; it involves active cortical reorganisation. The visual cortex, particularly areas

V1 throughV4, demonstrates remarkabl e plasticity, allowing it to adjust to new sensory inputs. When amultifocal IOL is
implanted, the brain receives superimposed images. one in focus, others out of focus. Initially, this can lead to confusion
and visual disturbances. Over time, however, the brain learns to selectively attend to the in-focus image relevant to the
task at hand, suppressing the out-of-focus information.

This adaptive process involves several mechanisms. Perceptual learning allows the brain to improve its ability to
discriminate between focused and unfocused images. Sensory reweighting shifts the dominance of different focal points
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based on the visual task. For instance, when reading, the brain prioritisesthe near focal point, whilefor driving, it focuses
on thedistanceimage. The speed and extent of thisadaptation vary significantly among individuals, influenced by factors
such as age, cognitive function, and pre-existing visua conditions.

The duration of neuroadaptation typically spans several weeks to months. During this period, patients often report a
gradual improvement in their visual quality and a reduction in bothersome visual phenomena. For example, while 90%
of patients with multifocal 10Ls achieve good to excellent uncorrected distance and near vision, a substantial minority,
perhaps 10-15%, continue to report significant visual disturbances. This persistent dissatisfaction often correlates with
an incomplete or insufficient neuroadaptive response.

But not all IOL designs demand the same degree of neuroadaptation. Diffractive multifocal 10Ls, which split light into
distinct focal points, often require more extensive adaptation compared to refractive multifocal or EDOF |OLs. EDOF
lenses, by creating acontinuous range of focus rather than discrete points, may induce fewer higher-order aberrationsand
thus present aless challenging visual environment for the brain to adapt to. This difference in optical profiles translates
directly into the patient'sinitial experience and the time required for visual comfort.

Therole of contrast sensitivity isalso critical. Multifocal |OLs inherently reduce contrast sensitivity, particularly in
mesopic conditions. The brain must adapt to thislower contrast environment, learning to extract meaningful information
despite thereduced signal-to-noiseratio. Patientswith pre-existing ocular pathologies, such asearly glaucomaor macular
degeneration, may have compromised contrast sensitivity even before surgery, making neuroadaptation more difficult
and potentially leading to poorer visual outcomes. This underscores the importance of careful patient selection.

Still, patient expectations play a substantial role. If a patient expects perfect, natural vision immediately after surgery,
they are more likely to report dissatisfaction, even if their objective visual acuity is excellent. Preoperative counselling
must therefore include a thorough discussion of the neuroadaptive process, explaining that initial visual disturbances
are common and that vision will improve over time. Managing these expectations can significantly influence a patient's
perception of success.

The brain's ability to suppress unwanted images is central to managing dysphotopsias. Glare and halos, often described
asrings or starbursts around lights, result from light scattering caused by the multifocal optics. The brain learnsto
'tune out' these peripheral disturbances, focusing instead on the central, clear image. This suppression mechanism is not
always complete, and some patients may never fully adapt, leading to persistent symptoms that can affect quality of life,
particularly during night driving.

Age is another factor influencing neuroadaptation. Younger presbyopic patients, typically in their late 40s or early 50s,
often adapt more readily than older patients. Thisis likely due to greater neural plasticity in younger individuals. The
brain's capacity for reorganisation diminishes with age, making it more challenging for older patients to adjust to the
complex visual input from multifocal 10Ls. This suggests that patient age should be a consideration in IOL selection,
favouring EDOF or monofocal-plus options for older individuals who may struggle with multifocal designs.
Theimpact of neuroadaptation extends beyond simple visual acuity. It affectsvisual processing speed, depth perception,
and overall visual comfort. A patient who successfully neuroadapts can perform daily tasks, such as reading, driving,
and using digital devices, with ease and without spectacles. A patient who struggles with adaptation may experience
persistent visual fatigue, difficulty with fine motor tasks, and a general sense of visual dissatisfaction, even if their
Snellen acuity measures well.
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The open-label design of many IOL studiesis an obvious caveat. Patients know what lensthey have received, which can
influencetheir subjective reporting of visual quality and satisfaction. Future research needsto explore obj ective measures
of neuroadaptation, perhaps using functional magnetic resonance imaging (fMRI) or electroencephal ography (EEG), to
better understand the neural correlates of successful adaptation. This could lead to predictive biomarkers for identifying
patients most likely to benefit from specific IOL designs.

Furthermore, the role of binocular vision in neuroadaptation cannot be overstated. When two eyes are implanted

with presbyopia-correcting 10Ls, the brain must integrate the visual input from both eyes, which may have slightly
different optical characteristics. Thisbinocular summation and suppression processiscrucial for achieving optimal depth
perception and reducing overall visual disturbances. Monovision, where one eye is corrected for distance and the other
for near, relies heavily on neuroadaptation, as the brain must learn to seamlessly switch between the dominant eye for
the task at hand.

Thetrial was not powered to detect differences in cognitive function, and that gap matters. Cognitive load, the mental
effort required to process visual information, is higher with multifocal 10Ls, especially during the initial adaptive
phase. Patients with higher cognitive reserve may adapt more quickly and efficiently. This suggests a potential area

for pre-screening, though practical implementation remains complex. The long-term stability of neuroadaptation also
warrants further investigation. While most adaptation occurs within the first few months, it is unclear if this process
continues indefinitely or if some patients experience aregression in visual quality over time.

Ultimately, the success of presbyopia-correcting |OLs is a partnership between advanced optics and the brain's
remarkabl e adaptive capabilities. Clinicians must understand this interplay to guide patient selection, manage
expectations, and provide appropriate post-operative care. Without effective neuroadaptation, even the most optically
sophisticated 10OL will fail to deliver true spectacle independence.

CLINICAL IMPLICATIONS

The persistent focus on IOL optics alone misses the point: the brain is the ultimate arbiter of visual success.
Clinicians implanting presbyopia-correcting I0Ls must shift their counselling to emphasise the neuroadaptive
journey, not just the promise of spectacle independence. Patients need to understand that initial visual
disturbances are normal and that improvement is a process, not an immediate outcome.

This understanding has direct implications for patient selection. Older patients or those with pre-existing
conditions affecting contrast sensitivity may struggle more with the demands of multifocal optics. Opting for
EDOF or even monovision strategies in these groups might yield higher satisfaction, even if it means a slightly
reduced range of uncorrected vision. It is a trade-off between optical complexity and adaptive capacity.

For the industry, this means developing IOLs that are not only optically superior but also 'neuro-friendly.'
Designs that minimise higher-order aberrations and reduce the cognitive load on the visual system could lead
to faster and more complete neuroadaptation. This could involve further refinements in EDOF technology or
novel optical profiles that present a less challenging visual environment.

The unanswered question remains: can we predict who will adapt successfully? Without objective
biomarkers for neuroadaptation, IOL selection remains somewhat empirical. Future research needs to identify
reliable predictors, perhaps through advanced psychophysical testing or neuroimaging, to truly personalise
presbyopia correction and move beyond a one-size-fits-all approach.
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