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Abstract: Refractive surprises remain one of the most challenging postoperative complications in modern cataract surgery, where
precision and patient expectations for plano refractive outcomes continue to rise. Despite advances in optical biometry, intraocular lens
(IOL) formula optimization, and surgical technology, postoperative refractive error still occurs in a subset of patients and may
significantly affect visual satisfaction and quality of life. This review synthesizes contemporary evidence on the causes, detection, and
optometric management of refractive surprises, with a practical focus on the evolving role of the optometrist in co-management.
Residual refractive error most commonly results from biometric inaccuracies, keratometric misalignment, incorrect estimation of
effective lens position, prior corneal refractive procedures, and anatomical extremes such as axial myopia or hyperopia. Early
recognition through comprehensive postoperative assessment—including manifest refraction, keratometric stability, IOL position
evaluation, corneal tomography, and retinal imaging—is critical to differentiating optical errors from pathology. Management options
include spectacles and contact lenses for mild errors, while significant ametropia may require corneal refractive surgery, arcuate
keratotomy, piggyback IOL implantation, or IOL exchange depending on patient factors, ocular anatomy, and refractive stability. The
review further discusses algorithmic approaches to decision-making, counseling strategies for dissatisfied patients, and considerations
when dealing with toric and multifocal IOLs. As optometrists increasingly serve as primary comanagers of cataract surgery patients,
understanding the etiology and management of refractive surprises is essential. Improved diagnostic workflows, individualized IOL
planning, and collaborative postoperative care pathways can greatly enhance refractive predictability and visual outcomes.
Keywords: refractive Surprise, cataract surgery, residual refractive error, IOL power calculation, optometry, biometry

Introduction

Cataract surgery has undergone a profound transformation from a procedure primarily aimed at restoring functional vision to
one that is increasingly expected to deliver refractive precision.' In modern ophthalmic practice, cataract extraction is
effectively refractive surgery. The introduction of high-performance intraocular lenses (IOLs), expanded availability of
premium lens technologies, sophisticated optical biometers, and advanced surgical guidance systems has shifted the focus
of cataract surgery toward spectacle independence and customized refractive outcomes.> As patient expectations rise
accordingly, even small deviations between the intended and achieved postoperative refraction, the so-called “refractive
surprises” have become clinically significant events.® A refractive miss that might once have been considered acceptable can
now result in patient dissatisfaction, functional limitation, and emotional distress, particularly in individuals who have
invested in premium IOLs or were counselled toward spectacle-free outcomes.* The uptake of advanced technology IOLs
and the refractive mindset surrounding cataract surgery magnify the consequences of residual ametropia. Multifocal, trifocal,
and extended-depth-of-focus (EDOF) lenses demand near-perfect preoperative measurements and precise postoperative
alignment for optimal performance.” Similarly, toric IOLs rely heavily on accurate keratometry and rotational stability.

Even small inaccuracies, such as a few degrees of toric lens rotation or a 0.5 D residual spherical error can significantly affect
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visual quality.® Patients accustomed to high-quality vision with contact lenses or prior refractive surgery may be exceptionally
sensitive to visual inconsistencies. The boundary of what constitutes an “acceptable” refractive outcome has narrowed
dramatically, and optometrists are frequently the first clinicians to evaluate these results in the postoperative period.’
Optometrists play a central and expanding role in cataract surgery comanagement. They are responsible not only for
preoperative screening, biometry optimization, and ocular surface management but also for the definitive postoperative
refraction and determination of whether the achieved visual outcome meets the patient’s expectations and functional needs.®
Optometrists are often the first to identify subtle refractive errors, early IOL misalignment, irregular astigmatism, or ocular
surface instability masquerading as a refractive miss. Their growing involvement in refractive cataract pathways places them
at the forefront of detecting, diagnosing, and managing refractive surprises or coordinating timely referral when surgical
intervention is required.” A “refractive surprise” is generally defined as an unexpected postoperative refractive outcome that
deviates meaningfully from the targeted refraction. It encompasses errors related to residual myopia, hyperopia, astigmatism,
or anisometropia and can range from mild, correctable ametropia to severe deviations requiring surgical revision.'® Refractive
surprises may be immediately apparent or may emerge over several weeks as the cornea stabilizes, the tear film improves, or
the IOL settles within the capsular bag. Their incidence varies depending on patient population and surgical complexity, but
even with modern biometry and 4th—5th generation IOL formulas, refractive accuracy within =0.50 D is not guaranteed for all
eyes. Post-refractive surgery corneas, extremely short or long axial lengths, keratoconus, irregular astigmatism, zonular laxity,
and dry eye disease remain fundamental challenges in achieving refractive precision.''

Lundstrom et al analyzed 282,811 cataract cases in the EUREQUO registry and showed that, despite modern biometry and
IOL calculation methods, refractive accuracy remains imperfect—only 72.7% of eyes achieved a postoperative spherical
equivalent within +0.50 D and 93.0% within +1.00 D, underscoring the ongoing relevance of refractive outcome auditing and
systematic error reduction.'? Building on this quality-improvement perspective, Gale et al proposed practical NHS benchmark
standards for routine cataract surgery (~55% within £0.50 D and ~85% within £1.00 D) to support audit-driven optimization
of constants, measurements, and surgical processes.'* In complex eyes, particularly those with prior corneal refractive surgery,
Abulafia et al demonstrated that specialized post-refractive formulas such as Barrett True-K can improve IOL power
prediction compared with several commonly used alternatives, highlighting formula choice as a key modifiable contributor
to postoperative refractive surprise.'* The clinical impact of refractive surprises extends beyond dioptres. Patients may
experience visual distortion, ghosting, monocular diplopia, glare, halos, reduced contrast sensitivity, and difficulty performing
visually demanding tasks. These symptoms are amplified in premium IOL recipients whose visual systems depend on precise
modulation of light."” In addition, the psychological burden on patients, especially those who invested financially in advanced
technology lenses can strain the doctor—patient relationship and prolong postoperative care.'® Addressing refractive surprises
requires both technical expertise and compassionate patient communication. In this evolving landscape, the optometrist’s role
is multidimensional. First, optometrists help prevent refractive surprises by optimizing ocular surface health before biometry,
identifying high-risk eyes (such as those with forme fruste keratoconus or prior LASIK), and counseling patients realistically
about refractive predictability.'” Second, optometrists are critical in early postoperative evaluation, when careful refraction,
corneal tomography, and slit-lamp assessment can distinguish benign healing-related variability from true refractive error.®
Third, optometrists must guide management: prescribing spectacles or therapeutic contact lenses, stabilizing the ocular
surface, or recommending procedural solutions such as laser vision correction, arcuate keratotomy, piggyback IOLs, or
IOL exchange when appropriate.'® Timely identification of complications such as toric IOL rotation or capsular contracture
allows corrective action before the window for safe surgical intervention closes.' Despite significant advancements in
biometric technology and intraocular lens (IOL) calculation formulas, several critical gaps persist in the prediction and
management of refractive outcomes following cataract surgery. Current challenges include limited accuracy in eyes with prior
corneal refractive surgery, variability in effective lens position prediction, and inconsistent integration of posterior corneal
astigmatism into routine calculations.'* Furthermore, there is a lack of standardized diagnostic algorithms to differentiate true
refractive error from ocular surface—related variability or subtle structural pathology in the early postoperative period.
Emerging technologies such as intraoperative aberrometry, ray-tracing—based IOL calculation methods, and artificial intelli-
gence—driven predictive models have shown promise in addressing these limitations, yet their integration into routine clinical
practice remains heterogeneous. From an optometric perspective, the application of these advanced diagnostic tools in
postoperative assessment and co-management pathways is not fully defined. Addressing these gaps is essential for improving
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refractive predictability, optimizing patient satisfaction, and enhancing interdisciplinary collaboration in modern cataract
care.'” The purpose of this review article is to equip optometrists with a comprehensive, evidence-based framework for
identifying and managing refractive surprises after cataract surgery. This includes understanding the multifactorial etiology of
refractive errors, the diagnostic workflow required to pinpoint their cause, and the full range of management strategies—from
conservative correction to surgical revision. By synthesizing current literature and clinical experience, the review aims to
enhance the optometrist’s ability to anticipate refractive errors, counsel patients effectively, collaborate with surgeons, and
implement tailored interventions that restore visual function and patient satisfaction. Ultimately, the growing complexity of
refractive cataract surgery demands enhanced integration between ophthalmologists and optometrists. As comanagement
models strengthen, optometrists will continue to be instrumental in improving refractive predictability, minimizing surprises,
and ensuring the best possible postoperative outcomes for patients seeking high-precision cataract surgery.

Definitions and Epidemiology
Accurate terminology is fundamental when discussing refractive outcomes after cataract surgery, as imprecise or inconsistent
language can lead to confusion among clinicians, researchers, and patients.”> Modern refractive cataract surgery thrives on
predictability; therefore, defining what constitutes success and what qualifies as a refractive “surprise”—requires conceptual
clarity. Several terms are frequently used in clinical practice and scientific literature, sometimes interchangeably, yet they
represent distinct concepts with different implications for evaluation and management.?! Prediction error refers to the difference
between the intended refractive target and the postoperative refraction, typically expressed in spherical equivalent (SE). This
metric quantifies how closely biometry, IOL formula selection, and surgical execution achieved the planned refractive outcome.
A prediction error may be positive (hyperopic shift) or negative (myopic shift), and its magnitude is central to evaluating the
accuracy of preoperative measurements.*” In contrast, residual refractive error refers to the actual postoperative refractive state,
irrespective of the intended target. Residual ametropia may reflect an inherent limitation in surgical precision, anatomical
variability, progressive corneal changes, wound healing effects, toric IOL rotation, or other postoperative factors. While
prediction error evaluates the accuracy of planning, residual refractive error evaluates the functional refractive status that must
be addressed through optical or surgical means.”® A refractive surprise is best understood as a clinically meaningful deviation
from the anticipated refractive outcome, large enough to impact visual performance or patient satisfaction. There is no universal
threshold that defines a refractive surprise.”* In standard monofocal IOL patients, many surgeons consider a deviation greater
than +£0.75 D from target as unexpected, whereas in premium IOL recipients, even a =0.50 D shift may result in substantial visual
disturbances, glare, halos, or dissatisfaction. In toric IOLs, small misalignments produce significant cylindrical errors, such that
>10 degrees of rotation is generally considered clinically important, while even 5 degrees can noticeably reduce cylinder-
correcting efficacy.”> Consistency in reporting is crucial, and spherical equivalent (SE) and astigmatic cylinder remain the
preferred, comparable metrics for both clinical care and research audits. SE provides a single summary value for refractive status,
while cylinder quantifies astigmatic error; both should be documented to properly characterize residual refractive patterns.
Additionally, vector analysis (eg., Alpins method) has been increasingly adopted to evaluate astigmatic correction and surgically
induced astigmatism with greater precision, especially relevant in toric and refractive cataract surgery.”®

Refractive outcomes are increasingly monitored through national and international registries, enabling the establishment of
performance standards. These registries consistently demonstrate that, despite technological advances, a “tail” of postoperative
refractive error persists in all datasets.”” A commonly cited benchmark is that approximately 70-80% of patients should achieve
postoperative outcomes within £0.50 D of target and 90-95% within +1.00 D when using modern optical biometry and updated
IOL formulas. Nonetheless, outcomes are substantially poorer in populations with surgically complex eyes, including those with
prior corneal refractive surgery, keratoconus, highly myopic or hyperopic axial lengths, or posterior segment abnormalities. Large
cataract surgery audits from Europe, the United Kingdom, Australia, and the United States consistently confirm these findings.*®
For example, registry-based studies show that 10-20% of patients still fall outside the £0.75 D range despite optimal preoperative
and intraoperative procedures. These persistent “outliers” reflect the multifactorial nature of refractive error, including unpre-
dictable effective lens position, posterior corneal curvature variability, ocular surface instability affecting keratometry, and
biometric measurement noise. Importantly, the incidence of refractive surprises is significantly higher in post-LASIK/PRK eyes
—even when modern formulas such as Barrett True-K or Haigis-L are used. Similarly, toric IOLs are susceptible to postoperative
misalignment, with each degree of rotation causing approximately 3.3% loss of astigmatic correction. Thus, eyes receiving
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premium IOLs, by virtue of requiring higher refractive precision, exhibit higher functional sensitivity to error—effectively
raising their refractive surprise rate even when absolute numerical errors are small.*’

Epidemiology Across Clinical Contexts

Epidemiological patterns vary by patient population, surgeon experience, and technology availability. With monofocal IOLs
refractive surprises typically occur in <10-15% of cases but still represent the largest absolute number, as monofocal lenses
dominate global cataract volume.*® With toric IOLs approximately 5-10% of patients may experience clinically significant
rotation requiring repositioning.>' Multifocal / EDOF IOLs lenses are more susceptible to refractive sensitivity, with even
small degrees of error leading to decreased quality of vision.*? Dissatisfaction rates in premium IOL patients are significantly
correlated with residual ametropia. In post-refractive surgery eyes refractive surprises occur in up to 20-30% of cases due to
altered corneal geometry and increased unpredictability of effective lens position. Despite these variations, refractive surprises
remain a universal challenge across surgical settings, underscoring the need for vigilance and systematic postoperative
evaluation.>® Optometrists are key contributors to refractive outcome audits because they conduct the majority of post-
operative refractions, detect refractive misses, and evaluate symptom—sign mismatches. Clear and standardized definitions
enable optometrists to accurately determine whether a refractive outcome represents a genuine planning error or falls within
the expected range of postoperative healing variability.>* These definitions also facilitate effective communication with
surgeons by helping distinguish between anticipated and unexpected refractive results. Furthermore, they guide optometrists
in determining the appropriate timing and type of intervention, whether optical correction, refractive enhancement, or surgical
management. Importantly, the use of consistent terminology ensures clarity in medicolegal documentation and enhances the
quality of patient counseling, thereby supporting coordinated and accountable postoperative care.*> Furthermore, using
standardized metrics (Spherical equivalent, cylinder, vector reporting) ensures uniformity in comanagement networks and
contributes to more accurate benchmarking within a practice or regional cataract surgery ecosystem. Refractive surprises
represent deviations from expected outcomes that may significantly affect patient satisfaction in modern refractive cataract
surgery.*® Differentiating prediction error from residual refractive error helps clarify etiology, guide diagnostic evaluation, and
shape management decisions. Epidemiological data show that even with advanced biometry and IOL formulas, a persistent
subset of patients experiences meaningful postoperative ametropia—especially in premium IOL and post-refractive surgery
cohorts. Consistent definitions and metrics enable optometrists to accurately identify, quantify, and manage these refractive
challenges within the comanagement pathway.>’

Large real-world datasets continue to demonstrate that refractive misses remain relatively common despite advances in
biometry, intraocular lens (IOL) calculation formulas, and surgical techniques. In a large European Registry of Quality Outcomes
for Cataract and Refractive Surgery (EUREQUO) analysis of 282,811 eyes, 72.7% achieved a postoperative spherical equivalent
(SE) within +0.50 diopters (D) of the intended target, and 93.0% were within +£1.00 D. Notably, a subset of 3,555 eyes
(approximately 1.26%) had a prediction error exceeding £2.0 D, which has been operationally defined as a “refractive
surprise.”® Even among so-called “best case” eyes—those without ocular comorbidity or intraoperative complications—
outcomes were not universally optimal, with approximately 75% achieving +£0.50 D and 95% achieving £1.00 D accuracy.
Furthermore, substantial inter-clinic variability was observed, with the proportion of eyes within +0.50 D ranging from 44.2% to
89.4%, underscoring the influence of modifiable factors such as measurement techniques, formula selection, and surgical
consistency.'® Historically, UK National Health Service (NHS) audit benchmarks have cited 55% of eyes within £0.50 D and
85% within £1.00 D as acceptable refractive outcome standards, and these thresholds continue to serve as reference points in
contemporary audit and quality assurance literature. Collectively, these findings emphasize that while modern cataract surgery
achieves high levels of refractive precision overall, refractive prediction error remains an important and clinically relevant
outcome requiring ongoing audit, optimization, and system-level quality improvement. If ~7-8% of eyes fall outside +1.00 D,
many services will see refractive surprises weekly. This is amplified in premium IOL populations where tolerance for residual
error is lower and symptoms (glare/haloes, reduced contrast) may be exacerbated by small refractive errors. '

Etiology of Refractive Surprises
Refractive surprises arise from multifactorial breakdowns along the cataract surgery continuum—from preoperative
measurements to postoperative healing. Although the consequences can appear dramatic, most refractive misses can be
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traced to a small cluster of predictable failure points. Importantly, these factors rarely occur in isolation: subtle,
seemingly insignificant errors accumulate into a meaningful deviation from the intended refractive target, forming

what can be conceptualized as an “error budget.”'®

When biometry is slightly off, the formula makes a borderline
estimate, the capsular bag sits marginally forward, and the tear film fluctuates—all small deviations summate into
a clinically significant refractive outcome (Figure 1).** Khoramnia et al reported that refractive surprise following
cataract surgery most commonly arises from inaccuracies in preoperative biometry and intraocular lens (IOL) power
calculation, particularly errors in axial length measurement, keratometry, and estimation of effective lens position (ELP).
They emphasized that even small deviations in biometric parameters can significantly influence postoperative refractive
outcomes, especially in eyes with atypical anatomy or prior refractive surgery.*” Similarly, Moshirfar et al highlighted
that residual refractive errors after cataract surgery frequently result from a combination of factors including measure-
ment inaccuracies, inappropriate formula selection, surgically induced astigmatism, and postoperative IOL position
changes such as tilt, decentration, or rotation.*” Importantly, Mengistu et al demonstrated that unintended postoperative
refractive error is often multifactorial and may arise from cumulative contributions of biometric error, wound-induced
corneal changes, incorrect IOL selection, or postoperative healing effects. Collectively, these studies reinforce the
concept that refractive surprises rarely stem from a single isolated cause but rather represent the additive effect of
small deviations occurring at multiple stages of the surgical process—from preoperative measurement to postoperative
healing.*! Recognizing this cumulative nature is essential for prevention and management (Table 1).

Preoperative Causes

Biometric Errors: Axial Length & Keratometry

Errors in axial length (AL) measurement remain one of the largest contributors to refractive surprises. Even a 100-um AL error
can produce ~0.25 D of refractive inaccuracy. Partial coherence interferometry and swept-source biometry have improved
precision, but artifacts remain common in dense cataracts, staphylomas, or silicone-filled eyes.** Keratometry (K) is equally
influential, especially in toric IOL planning. Inconsistent tear film, meibomian gland dysfunction (MGD), and epithelial
irregularity alter the anterior corneal curvature, while failure to account for posterior corneal astigmatism results in predictable
residual cylinder. Small inaccuracies in K measurement disproportionately affect the cylinder axis, leading to unwanted
postoperative astigmatism.** Olsen et al demonstrated that inaccuracies in axial length measurement remain one of the most
significant determinants of refractive error after cataract surgery, emphasizing that even small deviations in biometry can
substantially affect intraocular lens (IOL) power calculation and postoperative refractive outcomes. Their analysis highlighted
that a 0.1-mm error in axial length measurement may result in approximately 0.25-0.30 D of refractive error, particularly in
eyes with extreme axial lengths or abnormal posterior segment anatomy.** Similarly, Koch et al reported that keratometric
inaccuracies—especially those arising from ocular surface instability or failure to account for posterior corneal astigmatism—
can significantly influence refractive outcomes, particularly in toric IOL implantation. Their work demonstrated that neglect-
ing posterior corneal curvature may lead to systematic overcorrection or undercorrection of astigmatism, thereby contributing
to residual postoperative cylinder. Collectively, these studies underscore that precise biometric measurement and careful
corneal assessment are critical for minimizing refractive surprises in modern cataract surgery.*

Formula Limitations & Effective Lens Position (ELP) Prediction

Even with modern fourth- and fifth-generation intraocular lens (IOL) power calculation formulas such as Barrett Universal 11,
Kane, and EVO, accurate prediction of the postoperative IOL position, referred to as the effective lens position (ELP) remains
an inherent challenge.*® ELP estimation becomes less reliable in anatomically or biomechanically atypical eyes, including
those with very short or very long axial lengths, post-refractive surgery corneas such as after LASIK or PRK, eyes with
abnormal capsular bag dynamics, and corneas affected by keratoconus or other irregularities. In particular, formula selection is
critically important in eyes with prior corneal refractive surgery, where the normal relationship between corneal power and
axial length is altered. In such cases, the use of standard formulas may result in significant prediction errors, and failure to
apply specialized post-refractive formulas, such as Barrett True-K, represents one of the most common causes of refractive
surprise. These limitations highlight that, despite advances in biometry and formula sophistication, accurate ELP prediction

Clinical Optometry 2026:18 https: 5



Gurnani and Kaur

Refractive Surprise
After Cataract Surgery

{

Preoperative Factors

e Axial length

e Keratometry

selection or
ELP prediction
error

@ Incorrect IOL formula

repositioning %

© Piggyback IOL &7

implantation —
& 7 =Y

( Intraoperative Factors | Postoperative Factors
N

@ Incorrect intraocular ® |OL rotation or tilt

measurement error lens power selection o Capsular contraction

@ Toric IOL misalignment syndrome ‘
® Ocular surface

inaccuracies
: instability
 Ocular surface o Posterior @ |
disease (DED / MGD) e Surgically induced capsular S
e Prior corneal refractive corneal astigmatism opaciication |
surgery (LASIK / PRK / RK) e Capsular bag instability * Macular =
hology ‘
® Irregular cornea ) or zonular weakness pat @
or ectasia — e Cyclotorsion misalignment (CME, ERM) S’
(keratoconus, EBMD) during toric alignment @ Toric IOL

® Clinical consequences

Residual refractive error

¥

Visual dissatisfaction

e Need for optical or surgical correction

Spectacles Corneal laser ToricIOL  Piggyback IOL
enhancement repositioning implantation /
(PRK / LASIK) IOL exchange

-

Figure | Etiological spectrum of refractive surprises after cataract surgery. The diagram categorizes causes into preoperative, intraoperative, and postoperative factors
including biometric errors, toric IOL misalignment, capsular changes, and macular pathology.
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Table | Depict the Etiology of Refractive Surprises-Causes, Mechanisms, and Clinical Clues

S. No Category Specific Cause Mechanism Clinical Clues

1 Preoperative Axial length error Incorrect AL — incorrect IOL power Large deviations in both eyes; long/short eye outliers
Keratometry error Tear instability, EBMD, MGD Variable astigmatism across devices
Formula limitations Incorrect ELP prediction Outliers in long/short eyes, post-LASIK
Prior LASIK/PRK Altered anterior/posterior corneal ratio Systematic hyperopic errors
Irregular cornea Invalid K values Topography asymmetry

2 Intraoperative Toric misalignment Rotation reduces astigmatic correction Oblique residual cylinder
Incorrect IOL selection Transcription/labeling error Unexpected >1.0 D error
Capsular instability Variable ELP Myopic or hyperopic shift
Wound astigmatism Incision-induced K change Unexpected axis shift

3 Postoperative IOL tilt/rotation Altered power performance Decreased vision despite correct refraction
Capsular contraction Late ELP shifts Progressive refractive change
Ocular surface disease Fluctuating K, unstable refraction Symptoms worsen during exam
Macular pathology Reduced vision despite clear optics Abnormal OCT

remains a key determinant of refractive accuracy and an ongoing area for clinical refinement and technological
improvement.*’” Kane et al evaluated the performance of contemporary intraocular lens (IOL) power calculation formulas
and demonstrated that, despite significant improvements with modern fourth- and fifth-generation formulas, prediction of the
effective lens position (ELP) remains a major determinant of refractive accuracy following cataract surgery. Their study
showed that formulas incorporating multiple biometric variables—such as the Kane formula and Barrett Universal 1I—
improve refractive predictability compared with earlier formulas; however, errors in ELP estimation continue to contribute to

postoperative refractive deviation, particularly in eyes with extreme axial lengths or atypical ocular anatomy.*

Ocular Surface Disease & Tear Film Instability

Dry eye disease profoundly alters keratometry readings. Even brief tear film breakup produces fluctuating K values and
inconsistent astigmatism. Failure to optimize the ocular surface preoperatively can create false biometric inputs that
directly translate into postoperative refractive error.*’ Yang et al demonstrated that dry eye disease significantly affects
the reliability and reproducibility of keratometry measurements used for intraocular lens (IOL) power calculation in
cataract surgery planning. In their clinical study, eyes with tear film instability showed greater variability in corneal
curvature measurements compared with normal eyes, indicating that ocular surface disease can introduce substantial
measurement error and potentially lead to postoperative refractive inaccuracies.’® Similarly, Hiraoka et al reported that an
unstable or irregular tear film can induce optical aberrations and reduce the repeatability of corneal power measurements,
thereby compromising the accuracy of biometric inputs used for IOL calculations. These findings emphasize that the tear
film forms the primary refractive interface of the eye, and even minor instability can alter keratometric values and
astigmatic measurements. Consequently, failure to recognize and treat ocular surface disease before biometry may lead to
inaccurate corneal measurements and ultimately translate into postoperative refractive surprise.’’

Prior Refractive Surgery

LASIK and PRK modify anterior curvature without proportionally affecting posterior curvature, breaking the assumed
anterior/posterior corneal relationship required by standard formulas. These eyes are among the highest risk for refractive
surprises, particularly hyperopic shifts following myopic LASIK. Jaime Aramberri first highlighted that conventional
intraocular lens (IOL) power calculation formulas become unreliable in eyes with previous corneal refractive surgery
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because procedures such as LASIK and PRK alter the anterior corneal curvature without proportionally changing the
posterior corneal surface. This disruption of the normal anterior—posterior corneal relationship leads to systematic errors
in keratometric estimation of corneal power, often resulting in hyperopic refractive surprises following cataract surgery in
post-myopic LASIK eyes.’” Similarly, Wang et al demonstrated that standard keratometry-based formulas frequently
underestimate the true corneal power in post-refractive eyes, thereby producing inaccurate effective lens position
assumptions and significant postoperative refractive error. Their work emphasized the importance of using specialized
post-refractive IOL calculation methods to improve refractive predictability in these complex cases. Collectively, these
studies confirm that eyes with prior corneal refractive surgery represent one of the highest-risk groups for refractive
surprises after cataract surgery due to altered corneal biomechanics and disrupted biometric assumptions.™

Unrecognized Irregular Astigmatism

Subclinical keratoconus, pellucid marginal degeneration, epithelial basement membrane dystrophy (EBMD), and other
ectasias lead to irregular topography that invalidates both K readings and standard toric calculations. Rabinowitz et al
demonstrated that early or subclinical keratoconus can significantly alter corneal curvature measurements and produce
irregular astigmatism that is not always evident on routine examination but becomes detectable through corneal
topography and tomography. Such irregular corneal patterns compromise the reliability of keratometric readings and
may lead to inaccurate intraocular lens (IOL) power calculations or inappropriate toric IOL planning.>* Similarly, Belin
and Ambroésio emphasized that subtle or subclinical corneal ectasia may not be evident on routine keratometry but can be
detected using advanced corneal tomography and elevation-based screening methods. Failure to identify these irregular
corneal patterns before cataract surgery can lead to inaccurate corneal power estimation and unpredictable refractive
outcomes. Collectively, these studies highlight the importance of careful preoperative screening for corneal ectasia and

irregular astigmatism using modern imaging modalities to reduce the risk of postoperative refractive surprise.”

Posterior Corneal Astigmatism and Total Corneal Power

Failure to account for posterior corneal astigmatism can lead to systematic over-/under-correction of astigmatism
(particularly with toric IOL planning), motivating the use of tomography or formulas/calculators incorporating posterior
corneal power. Koch et al demonstrated that posterior corneal astigmatism contributes significantly to total corneal
astigmatism and that neglecting its effect during toric intraocular lens (IOL) planning can lead to systematic over-
correction of with-the-rule astigmatism and undercorrection of against-the-rule astigmatism. Their findings highlighted
the importance of incorporating posterior corneal curvature measurements through corneal tomography or using IOL

calculation formulas that account for posterior corneal power to improve refractive accuracy in cataract surgery.*’

Intraoperative Causes

Incorrect IOL Selection or Labelling Errors

Although rare, transcription errors, wrong biometry entry, or IOL box mislabelling remain recognized contributors to
refractive surprises. Automation and cross-checking workflows reduce such events but cannot eliminate them entirely.
Gale et al reported that a proportion of postoperative refractive errors in cataract surgery arise from preventable system-
related factors such as incorrect intraocular lens (IOL) selection, transcription mistakes in biometry data, or documenta-
tion errors during surgical planning. Although such events are relatively uncommon, they remain recognized causes of
significant refractive surprise and highlight the importance of standardized verification protocols and audit systems in
cataract surgery pathways.'® Similarly, Lundstrom et al demonstrated through the European Registry of Quality
Outcomes for Cataract and Refractive Surgery (EUREQUO) that variations in surgical processes—including data
entry errors or incorrect IOL choice—can contribute to unexpected postoperative refractive outcomes, reinforcing the
need for automated checks and structured surgical workflows to minimize avoidable mistakes.*®
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Toric IOL Misalignment and Early Rotation

Every degree of toric misalignment reduces astigmatic correction by ~3.3%, and rotation >10° becomes clinically
significant. Common causes include inadequate marking, cyclotorsion uncorrected before insertion, loose capsular
bags, and postoperative rotation due to delayed fibrosis. Koch et al demonstrated that the refractive effectiveness of
toric intraocular lenses (IOLs) is highly dependent on precise rotational alignment within the capsular bag. Their analysis
showed that each degree of toric IOL misalignment results in approximately 3.3% loss of cylindrical correction, meaning
that rotation of 10° can reduce the astigmatic correction by nearly one-third, and larger rotations may negate the intended
toric effect entirely.*’ Similarly, Chang et al reported that postoperative toric IOL rotation may occur due to factors such
as inaccurate preoperative axis marking, uncorrected intraoperative cyclotorsion, large or unstable capsular bags, and
delayed capsular fibrosis, all of which can contribute to residual postoperative astigmatism and refractive surprise. These
findings emphasize the importance of accurate axis marking, intraoperative alignment verification, and early post-

operative monitoring to ensure stable toric IOL positioning (Figure 2).>°

Capsular Instability & ELP Variability

Capsular weakness (pseudo exfoliation, trauma) or zonular compromise alters the predicted ELP. A more anterior ELP
yields a myopic surprise; a posterior shift yields a hyperopic surprise. Small variances accumulate—another illustration
of the error budget concept. Olsen et al demonstrated that accurate prediction of the effective lens position (ELP) is one
of the most critical determinants of refractive accuracy following cataract surgery. Variations in capsular bag behavior,
particularly in eyes with pseudoexfoliation syndrome, zonular weakness, or prior ocular trauma, can alter the final

postoperative IOL position and lead to refractive deviations from the intended target. Because most IOL calculation
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formulas estimate ELP based on preoperative biometric parameters rather than the true postoperative position, structural
instability of the capsular bag may result in anterior or posterior displacement of the IOL optic.**

Surgical Wound-Induced Astigmatism (SIA) and Axis Errors

Incision size, placement, architecture, and hydration can induce new astigmatism or modify pre-existing patterns. Even
modern 2.2-2.4 mm wounds can subtly change postoperative K values. Masket et al reported that surgically induced
astigmatism (SIA) remains an important contributor to postoperative refractive outcomes even with contemporary small-
incision cataract surgery. Their studies demonstrated that factors such as incision location, size, architecture, and
hydration can alter corneal biomechanics and induce measurable changes in corneal curvature.’’

Postoperative Causes
IOL Rotation or Tilt

Toric IOL rotation remains a leading cause of postoperative cylinder. Multifocal lenses are particularly sensitive to tilt or
decentration, causing visual disturbances even when refractive metrics appear acceptable Holladay et al emphasized that
multifocal and other premium IOLs are particularly sensitive to tilt or decentration within the capsular bag. Optical
modeling and clinical observations indicate that even small degrees of IOL tilt or decentration can induce higher-order
aberrations, glare, and halos, leading to patient dissatisfaction despite apparently acceptable refractive measurements.
These findings highlight the importance of maintaining stable IOL positioning and careful postoperative assessment to
ensure optimal visual performance with both toric and multifocal IOL designs.”®

Late Effective Lens Position Shifts

Progressive capsular contraction syndrome may posteriorly displace or tilt the IOL. Conversely, early postoperative
movement or lens instability in large bags may cause forward shifts, altering refractive power weeks after surgery. JA
Davison first described capsular contraction syndrome as a postoperative phenomenon characterized by progressive
fibrosis and shrinkage of the capsular bag, which can lead to intraocular lens (IOL) displacement, tilt, or decentration.
Such capsular bag contraction may alter the effective lens position (ELP) and produce refractive shifts even months after
otherwise uncomplicated cataract surgery.”® Similarly, Hayashi et al reported that changes in capsular bag configuration
and zonular tension can influence the stability and position of the implanted IOL, particularly in eyes with large capsular
bags or weakened zonules. These positional changes may cause either anterior or posterior displacement of the IOL optic,
leading to myopic or hyperopic refractive shifts respectively. Together, these findings demonstrate that postoperative
capsular dynamics can significantly influence refractive stability and represent an important cause of delayed refractive
surprise after cataract surgery.®

Progressive Corneal or Macular Pathology

Unrecognized macular edema, epiretinal membrane, or initial keratoconus progression may mimic refractive error or
degrade quality of vision, leading to misinterpretation as a “surprise.” Conceicao Lobo et al reported that pseudophakic
cystoid macular edema (PCME) remains one of the most common causes of reduced visual quality following otherwise
uncomplicated cataract surgery, and it may mimic residual refractive error by causing blurred vision and decreased
contrast sensitivity despite apparently acceptable refractive outcomes.®' Similarly, Yonekawa and Kim emphasized that
postoperative macular conditions such as cystoid macular edema or epiretinal membrane can significantly impair visual
acuity and contrast perception, often leading clinicians to initially suspect refractive error when the underlying cause is
retinal pathology. In addition, progressive corneal ectatic disorders such as keratoconus may alter corneal curvature over
time, producing irregular astigmatism and visual distortion that can be misinterpreted as refractive surprise if careful
corneal imaging is not performed. Collectively, these studies highlight the importance of thorough posterior segment
evaluation and corneal assessment in patients with unexpected visual symptoms after cataract surgery to differentiate true
refractive error from structural ocular disease.®*
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Dry Eye & Ocular Surface Disturbance

Postoperative inflammation, preservatives, and drops frequently destabilize the tear film, creating fluctuating refractions
or pseudo-astigmatism. Similarly, Kim et al demonstrated that tear-film instability following cataract surgery can
significantly affect visual quality and refractive stability, emphasizing the importance of ocular surface optimization
when evaluating unexpected visual outcomes.®®

Capsular Block Syndrome and Anterior Capsular Contraction

Late capsular block can shift the IOL forward, causing a myopic shift and often responds to Nd:YAG capsulotomy;
anterior capsular contraction can induce IOL tilt, astigmatism and late refractive change. Miyake et al described capsular
block syndrome, a condition in which fluid accumulation behind the intraocular lens (IOL) causes anterior displacement
of the optic and results in a myopic refractive shift that often resolves after Nd:YAG laser posterior capsulotomy.®* In
addition, Davison et al reported that anterior capsular contraction syndrome may produce progressive capsular fibrosis
and shrinkage, leading to IOL tilt or decentration with consequent astigmatism and delayed refractive changes. Together,
these studies highlight that postoperative ocular surface instability and capsular bag dynamics are important contributors
to fluctuating or delayed refractive outcomes following cataract surgery.””

Posterior Capsular Opacification And Nd:YAG Effects

Posterior capsule opacification can reduce vision despite stable refraction; Nd:YAG capsulotomy may (in some cases)
relate to changes in toric rotational stability, and should be considered in toric eyes with late change. Raj et al noted that
posterior capsule opacification (PCO) is the most common late postoperative cause of reduced visual quality after
cataract surgery and can significantly impair high- and low-contrast acuity even when the refractive state itself is
relatively unchanged.®® With respect to Nd:YAG capsulotomy, Cinar et al reported that in toric IOL eyes, capsulotomy
may induce measurable toric IOL rotation, tilt, and decentration, with consequent change in cylindrical correction,
although the average effect in their series was small. These findings support the view that PCO should be considered in
patients with late visual decline despite apparently stable refraction, and that Nd:YAG capsulotomy in toric eyes should
be undertaken with awareness of possible postoperative rotational change.®

IOL Exchange as an Endpoint Marker of Severe Problems

IOL exchange is uncommon but clinically important; an 8-year cohort reported an incidence of approximately 2 per 1,000
surgeries, strongly associated with adverse surgical events and pre-existing ocular comorbidity. Greenberg et al reported that
intraocular lens (IOL) exchange is an uncommon but clinically significant postoperative event that usually reflects severe
refractive error, lens-related complications, or visual dissatisfaction following cataract surgery. In a large retrospective cohort
study with long-term follow-up, the incidence of IOL exchange was approximately 2 per 1,000 cataract surgeries, highlighting
its rarity but also its importance as a marker of complex postoperative problems. The study further demonstrated that IOL
exchange was strongly associated with intraoperative complications, such as posterior capsular rupture, as well as pre-existing
ocular comorbidities including pseudoexfoliation and prior ocular surgery. These findings emphasize that although most
refractive surprises can be managed conservatively or with refractive enhancement procedures, a small subset of patients
ultimately require IOL exchange to restore visual function.®’

Patient-Specific Anatomical and Systemic Contributors

Factors that increase refractive unpredictability include: extreme axial length, irregular cornea/ectasia, prior refractive
surgery, pseudoexfoliation (capsular contraction/dislocation risk), thyroid eye disease, and post-vitrectomy eyes (where
lens position and formula performance may differ). Olsen et al emphasized that patient-specific anatomical factors remain
important determinants of refractive predictability in cataract surgery, particularly in eyes with extreme axial lengths
where intraocular lens (IOL) power calculation formulas demonstrate reduced accuracy and increased prediction error.**
Similarly, Wang and Koch et al reported that irregular corneal morphology, previous corneal refractive surgery, and
ectatic disorders significantly disrupt the normal relationship between corneal power and axial length, thereby increasing
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the risk of postoperative refractive surprise.”® In addition, Hayashi et al demonstrated that pseudoexfoliation syndrome
may compromise zonular stability and capsular bag behavior, increasing the likelihood of postoperative intraocular lens
decentration or displacement. Other systemic or ocular conditions, such as thyroid eye disease and prior pars plana
vitrectomy, have also been associated with altered ocular biomechanics and differences in effective lens position, which

can affect formula performance and refractive outcomes.®”

Identification of Refractive Surprises in Optometric Practice

Stepwise Optometric Assessment

The accurate identification of refractive surprises following cataract surgery requires a deliberate, stepwise diagnostic
framework that integrates clinical history, targeted examination techniques, and advanced imaging modalities. Optometrists
frequently serve as the first point of postoperative evaluation; therefore, a meticulous and methodical approach is essential to
differentiate between expected early fluctuations, modifiable optical factors, and true refractive errors requiring surgical or
procedural intervention (Table 2).'° Charlesworth et al emphasized that postoperative refractive management after cataract
surgery benefits from a structured optometric approach that begins with confirmation of the intended refractive target and
proceeds through systematic assessment of refraction, ocular surface status, and the source of residual visual symptoms. Their
Delphi-based recommendations highlighted the importance of consistent target-refraction discussions, careful postoperative
refractive evaluation, and clear pathways for determining when optical correction is appropriate versus when further surgical
review is required.®® Similarly, Saigal et al noted that optometrists play an increasingly important role in cataract co-
management, particularly during postoperative care, where careful refraction, slit-lamp biomicroscopy, and timely recognition
of unexpected findings help distinguish benign postoperative variability from clinically meaningful refractive error or surgical
complications.® Complementing this, Aristodemou et al showed that robust evaluation of postoperative refractive outcomes is
essential for detecting outliers and identifying cases that warrant further investigation, reinforcing the need for a deliberate,
stepwise framework in routine practice. Collectively, these studies support the view that optometrists are often the first and
most critical point of postoperative assessment, and that a methodical diagnostic strategy is central to identifying true
refractive surprise and guiding appropriate management.®’

Table 2 Depicts the Common Refractive Surprise Patterns for Optometric Clues and Next Diagnostic Steps

S. No Presentation Likely Underlying Issue(s) Key Optometric Clues Priority Tests / Actions

| Unexpected hyperopia | Post-myopic LASIK biometry History of LASIK/PRK; Topography/tomography; confirm target
(distance blur; poor error; ELP estimation error; wrong | flat Ks; “hyperopic refraction; liaise with surgeon re formula /
near) IOL power; posterior shift surprise” pattern post-refractive calculator use

2 Unexpected myopia Capsular block (forward IOL shift); | Myopic shift after initial Slit-lamp for capsular block; urgent referral
(distance blur; better wrong |OL power; early corneal good vision; shallow AC; | if suspected; YAG may be indicated by
near than expected) oedema/wound effects early postop timing surgeon

3 High residual cylinder / | Toric misalignment/rotation; Toric marks off-axis; axis | Check toric axis; topography; urgent
ghosting after toric posterior corneal astigmatism instability; symptoms referral if misalignment likely (>~10° or
1oL errors; irregular cornea within days—weeks large cylinder)

4 Fluctuating refraction DED / tear film instability; MGD; Variable acuity, “good and | Ocular surface work-up; treat and repeat
and variable VA epithelial irregularity bad days”, staining/MGD refraction/keratometry after optimisation

5 Poor VA not explained | CME, ERM, AMD, glaucoma, optic | No meaningful OCT macula; check IOP/optic nerve; refer
by refraction (“BCVA neuropathy; IOL issues improvement with appropriately
limited”) refraction/pinhole;

metamorphopsia

6 Good refraction Multifocal/EDOF dysphotopsia; Symptoms worse at night; | Confirm residual SE/cylinder; counsel
butdissatisfaction residual ametropia or astigmatism | reduced contrast neuroadaptation; communicate with
(glare/haloes) intolerance surgeon about options
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Comprehensive History and Target Verification

A detailed postoperative history forms the cornerstone for accurate interpretation of refractive outcomes following
cataract or refractive lens surgery. Essential components include clarification of the preoperative refractive goal, such as
whether the intended target was emmetropia, monovision, near bias, or a deliberately planned mild myopic offset.
Careful review of biometric data is also critical, particularly the accuracy of axial length measurements, keratometry
readings, and corneal symmetry, as errors in these parameters are among the most common causes of refractive
deviation.>® The type and characteristics of the implanted intraocular lens (IOL) must also be considered, including
toric lens alignment, selection of multifocal or extended depth of focus (EDOF) lenses, and the use of specialized
formulas or IOL designs for post-refractive surgery eyes. In addition, any history of prior ocular surgery—such as
LASIK, PRK, radial keratotomy, corneal cross-linking, pterygium excision, or vitrectomy must be documented, as these
procedures alter corneal biomechanics and affect the accuracy of biometric assumptions. Finally, intraoperative compli-
cations such as posterior capsular rupture, zonular instability, sulcus IOL placement, or the use of capsular tension rings
can significantly influence postoperative refractive outcomes. Comprehensive documentation of these factors enables the
optometrist to determine whether the observed refractive result aligns with the intended surgical target or represents an
early deviation that warrants further evaluation or intervention.'® Hoffer et al emphasized that accurate interpretation of
postoperative refractive outcomes requires careful review of preoperative biometric parameters and the intended
refractive target. Errors in axial length measurement, keratometry, or inappropriate formula selection remain among
the most common causes of postoperative refractive deviation after cataract surgery.70

Postoperative Refraction Strategy

Optometrists should adopt a structured and systematic refraction methodology to accurately identify and characterize
postoperative refractive outcomes. Manifest refraction serves as the initial step to detect early spherical or cylindrical
discrepancies and provides a baseline assessment of the patient’s functional refractive state.** Cycloplegic refraction is
particularly valuable in distinguishing true refractive error from accommodative influences, as it helps unmask accom-
modative spasm or pseudomyopic shifts, especially in younger pseudophakic patients or in individuals with multifocal
intraocular lenses experiencing dysphotopsia. Jackson Cross Cylinder (JCC) refinement is essential for accurately
assessing astigmatic components, although clinicians should remain cautious in cases of irregular astigmatism, where
endpoints may be unstable or inconsistent. Additionally, fogging techniques play an important role in confirming true
hyperopic shifts and preventing over-minus prescriptions. This combined approach of manifest and cycloplegic refraction
ensures accurate differentiation between genuine refractive error and variability related to accommodation, tear film
instability, or measurement artifacts, thereby supporting appropriate clinical decision-making and optimal postoperative
visual outcomes (Figure 3).”’

Slit-Lamp Examination: Clues to Underlying Etiology
A careful anterior segment evaluation often reveals the structural basis of refractive deviation:

Corneal Findings

Careful assessment of corneal findings is essential when evaluating unexpected or suboptimal refractive outcomes. Ocular
surface abnormalities such as dry eye disease or epithelial irregularity can lead to fluctuating vision and may result in
inaccurate keratometry measurements, thereby contributing to refractive prediction errors. Surgical factors, including inci-
sional astigmatism or poorly constructed or positioned corneal wounds, can induce unexpected cylindrical refractive changes
that deviate from the intended outcome.”* Additionally, the presence of irregular astigmatism should prompt consideration of
underlying causes such as corneal ectasia, prior refractive surgery, or active corneal surface disease. Identifying these corneal
factors is critical, as they may represent modifiable contributors to refractive error and can guide appropriate management
strategies, including ocular surface optimization, optical correction, or further diagnostic evaluation.”® Nichols et al high-
lighted that ocular surface disease, particularly dry eye disease, can significantly alter corneal surface regularity and tear-film
stability, leading to fluctuating visual acuity and variability in keratometric measurements used in cataract surgery planning
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Figure 3 Optometric diagnostic framework for evaluation of refractive surprises. The schematic illustrates a systematic approach beginning with patient history and
refraction, followed by ocular surface assessment, slit-lamp examination, and targeted imaging to differentiate corneal, |OL-related, and retinal causes.
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and postoperative evaluation.”* Similarly, Matossian et al reported that untreated ocular surface abnormalities may introduce
measurement errors in corneal curvature and contribute to unexpected refractive outcomes after cataract surgery. In addition to
ocular surface disturbances, surgical factors such as wound architecture and incision placement can influence postoperative
corneal curvature (Figure 4).”

Optical Quality and Surface Evaluation

Assess tear film stability and signs of DED/blepharitis/MGD. Treating visually significant ocular surface disease before
repeat biometry is recommended by ASCRS and is supported by evidence that DED affects keratometry and refractive
accuracy. Trattler et al reported that ocular surface disease, particularly dry eye disease (DED), is highly prevalent among
patients presenting for cataract surgery and may significantly influence keratometric measurements and intraocular lens
(IOL) power calculations. Their multicenter study demonstrated that a substantial proportion of patients with otherwise
asymptomatic cataracts exhibit signs of tear-film instability that can compromise biometric accuracy.”® Similarly,
Epitropoulos et al showed that hyperosmolar dry eye can cause significant variability in keratometry measurements,
potentially leading to clinically meaningful errors in IOL power selection and postoperative refractive outcomes. Based
on such evidence, the American Society of Cataract and Refractive Surgery (ASCRS) clinical algorithm emphasizes the
importance of identifying and treating visually significant ocular surface disease prior to performing definitive biometry
or repeat measurements. Collectively, these findings support routine assessment of tear-film stability and management of
conditions such as blepharitis, meibomian gland dysfunction, and dry eye disease before finalizing refractive calculations
to improve postoperative refractive accuracy.”’

Piggyback IOL '\J ’

IOL exchange

Most invasive

Level 4

Arcuate keratotomy
Toric IOL repositioning

Level 3
Corneal laser enhancement
(LASIK / PRK)
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Figure 4 Management spectrum for refractive surprises after cataract surgery. The treatment pyramid illustrates stepwise escalation from observation and optical
correction to corneal laser enhancement and intraocular procedures such as toric IOL repositioning, piggyback IOL implantation, or IOL exchange.
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Intraocular Lens Clues

Careful evaluation of intraocular lens (IOL) position and stability can provide important clues when investigating
unexpected refractive outcomes. Toric IOL misalignment is a well-recognized cause of residual astigmatism, with
even 10 degrees of rotational deviation reducing the intended cylindrical correction by approximately 33%, thereby
significantly compromising visual outcomes.”® IOL tilt or decentration is another important consideration, particularly in
eyes implanted with multifocal or aspheric lenses, where optical performance is highly sensitive to precise centration and
alignment. Capsular phimosis, resulting from excessive contraction of a small capsulorhexis, may exert mechanical
forces on the IOL optic, altering its effective lens position (ELP) and leading to refractive shifts.”” Similarly, unintended
sulcus placement of the IOL, whether due to intraoperative complications or surgical decision-making, can result in
anterior or posterior displacement of the optic, producing hyperopic or myopic refractive surprises, respectively.
Recognizing these anatomical and positional factors is essential for accurate diagnosis and guiding appropriate manage-
ment, including observation, optical correction, or surgical repositioning where indicated (Table 3).5

Posterior Segment Indicators

Evaluation of the posterior segment is an essential component in the assessment of unexpected visual symptoms
following cataract or refractive lens surgery, as underlying retinal pathology may mimic or contribute to apparent
refractive error. Macular abnormalities such as epiretinal membrane (ERM) or cystoid macular edema (CME) can reduce
visual acuity and contrast sensitivity, creating the impression of residual refractive blur despite accurate refractive
correction.®! Similarly, vitreous opacities may lead to symptoms such as monocular diplopia, ghosting, or visual
distortion, which may be misinterpreted as refractive in origin. Identifying these posterior segment causes is critical,
as they require retinal evaluation and management rather than refractive intervention, ensuring accurate diagnosis and
appropriate treatment planning. These findings help categorize refractive surprises into corneal, lenticular (IOL), or
retinal causes.®> Henderson et al reported that posterior segment pathology is an important cause of suboptimal visual
outcomes following cataract surgery, even when refractive targets are accurately achieved. In particular, conditions such
as cystoid macular edema (CME) remain among the most common causes of reduced postoperative visual acuity and
contrast sensitivity. Similarly, epiretinal membrane (ERM) can produce metamorphopsia and blurred vision that may be
mistaken for residual refractive error.*?

Imaging-Based Diagnostic Enhancement
Advanced imaging technologies have become indispensable for accurate characterization of refractive surprises.

Corneal Topography/Tomography

Corneal topography and tomography play a critical role in the evaluation of unexpected refractive outcomes by providing
detailed analysis of corneal shape and optical quality. These imaging modalities are essential for detecting irregular
astigmatism, keratoconic patterns, post-LASIK ectasia, and subtle corneal decentration that may not be evident on routine
examination. In addition, tomography provides valuable information on posterior corneal curvature, which is particularly
important for verifying the accuracy and performance of toric intraocular lenses (IOLs), as anterior keratometry alone may

Table 3 Depict the Impact of Toric IOL Rotation on Cylinder

Correction
S. No | Rotation (Degrees) | Loss of Cylinder Correction (%)
| 5° 17%
2 10° 33%
3 20° 66%
4 30° 100%
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underestimate total corneal astigmatism.®* Corneal imaging can also reveal artefacts caused by tear-film instability, which may
lead to unreliable biometric measurements and inaccurate IOL calculations. Identifying such ocular surface—related distortions
allows clinicians to optimize the tear film and corneal surface before considering refractive enhancement or recalculation of
IOL power, thereby improving the accuracy of subsequent refractive interventions.''

Optical Coherence Tomography (OCT)

Optical coherence tomography (OCT) is an indispensable diagnostic tool in the evaluation of suboptimal visual outcomes
following cataract or refractive lens surgery, as it enables high-resolution assessment of retinal and optic nerve structures.
Macular OCT is particularly valuable for identifying subtle pathologies such as epiretinal membrane (ERM), cystoid
macular edema (CME), subretinal fluid, or drusen, all of which can impair visual acuity and contrast sensitivity and may
be mistakenly attributed to refractive error. In addition, retinal nerve fiber layer (RNFL) OCT allows detection of pre-
existing or early optic neuropathy, such as glaucomatous damage or other optic nerve disorders, which may not be
clinically evident during routine examination. Recognizing these structural abnormalities is essential for distinguishing
true refractive error from retinal or optic nerve—related visual limitation, ensuring appropriate management and avoiding
unnecessary refractive intervention.®

Anterior Segment OCT

Anterior segment optical coherence tomography (AS-OCT) provides precise, cross-sectional imaging of intraocular lens
(IOL) position and surrounding anterior segment structures, making it an invaluable tool in the evaluation of unexpected
refractive outcomes. It allows objective confirmation of IOL tilt or decentration, capsular fibrosis, unintended sulcus
placement, or the presence of a Soemmerring ring, all of which can alter the effective lens position (ELP) and contribute
to refractive error. In addition, AS-OCT enables accurate measurement of the IOL’s spatial relationship within the
capsular bag, offering a more reliable and quantitative assessment of effective lens position compared with slit-lamp
estimation alone. This enhanced visualization helps clinicians distinguish between biometric calculation error and
postoperative positional shifts, thereby guiding appropriate management decisions such as observation, optical correc-
tion, or surgical intervention.®

Scheimpflug Imaging

Scheimpflug imaging provides comprehensive analysis of corneal structure and biomechanics, offering valuable insights
when evaluating unexpected refractive outcomes. This modality enables precise quantification of corneal thickness distribu-
tion (pachymetry), assessment of corneal curvature, and detection of subtle biomechanical abnormalities that may influence
refractive stability. It is particularly useful in identifying postoperative wound-induced astigmatism, irregular corneal shape, or
early ectatic changes that may contribute to refractive deviation.®” By integrating Scheimpflug imaging with other diagnostic
tools such as corneal topography, optical coherence tomography, and clinical refraction, clinicians can more accurately
determine whether a refractive surprise originates from optical factors, structural abnormalities, or neural and retinal causes.
This comprehensive assessment ensures accurate diagnosis and supports appropriate management strategies, including optical
correction, ocular surface optimization, or surgical intervention where necessary. These tools help determine whether
a refractive surprise is optical, structural, or neural in origin.*®

Integration into a Structured Diagnostic Workflow

A streamlined and systematic approach is essential for accurately identifying the cause of refractive deviation and minimizing
unnecessary referrals for surgical enhancement. The evaluation should begin by verifying the intended refractive target,
including whether the surgical goal was emmetropia, monovision, or a deliberate refractive offset. This should be followed by
both manifest and cycloplegic refraction to differentiate true refractive error from accommodative or tear film-related
variability.?* Careful assessment of the ocular surface is crucial, as dry eye disease or epithelial irregularity may contribute
to fluctuating vision and inaccurate measurements. A detailed slit-lamp examination should then be performed to evaluate
wound integrity, intraocular lens (IOL) centration, capsular status, and other anterior segment findings. Advanced imaging
modalities such as optical coherence tomography (OCT) and corneal tomography should be used as indicated to assess
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macular integrity, IOL position, and corneal structure.® Based on these findings, the source of refractive error should be
classified as corneal, IOL-related, or retinal in origin. Corneal causes may include surface irregularity or astigmatic shifts,
IOL-related causes may involve lens rotation, tilt, or effective lens position error, and retinal causes may include macular
pathology affecting visual clarity. Once the underlying cause is identified, the urgency of referral to the surgeon should be
determined, and an appropriate management plan should be developed, whether through optometric correction, ocular surface
optimization, or surgical enhancement. Optometrists who follow such structured pathways significantly reduce diagnostic
ambiguity and enhance comanagement efficiency. A comprehensive, structured diagnostic workflow—integrating precise
refraction techniques, slit-lamp analysis, and multimodal imaging—allows optometrists to accurately identify refractive
surprises, minimize misdiagnosis, and expedite appropriate refractive rehabilitation or surgical enhancement.”

Postoperative Assessment & Diagnosis

History and Symptom Review

A thorough postoperative history and symptom review is the foundation of diagnosing refractive surprises after cataract
surgery. During this phase, the optometrist should explore the patient’s subjective visual experience, including complaints
such as blur, monocular diplopia, ghosting, glare, halos, and other dysphotopsias that may indicate residual ametropia,
IOL misalignment, or early ocular surface compromise.”* The temporal pattern of symptoms—whether constant,
intermittent, or task-specific, provides additional diagnostic clues. Equally important is determining whether the patient’s
current visual function aligns with their preoperative expectations, especially in premium lens patients. Dissatisfaction in
multifocal or EDOF IOL users may arise from normal neuroadaptation challenges rather than true refractive error,
whereas toric IOL users with fluctuating clarity may be experiencing rotational misalignment.”! Reviewing preoperative
biometry, the intended refractive target, surgical notes, and any history of corneal refractive surgery or ocular pathology
further contextualizes the presenting symptoms. This historical framework helps differentiate between symptoms arising
from residual refractive error, optical aberrations, ocular surface disease, or macular pathology, ensuring that subsequent
diagnostic steps are accurately directed.”

Clinical Examination

The clinical examination phase integrates objective and imaging-based assessments to identify the underlying cause of
unexpected refractive outcomes. A precise manifest refraction is essential for quantifying spherical and cylindrical errors
and should be complemented by cycloplegic refraction when accommodative factors or pseudomyopic shifts are
suspected. Keratometry and corneal tomography provide valuable information about corneal curvature, incisional
astigmatism, posterior corneal elevation, and irregular astigmatism findings that may point toward corneal surface
disease, ectasia, or post-refractive surgery abnormalities.’® Slit-lamp evaluation allows detailed observation of the
anterior segment, including corneal clarity, ocular surface integrity, wound healing patterns, and the position and
centration of the intraocular lens within the capsular bag. Signs such as toric IOL off-axis rotation, capsular phimosis,
zonular laxity, or optic tilt may explain unexpected refractive shifts.”® Anterior segment OCT enhances this assessment
by providing high-resolution imaging of IOL tilt, decentration, capsular bag configuration, and sulcus placement features
that cannot be fully appreciated clinically. Concurrently, macular OCT is indispensable for ruling out epiretinal
membranes, cystoid macular edema, or other macular pathologies that may present as blurred or distorted vision rather
than true refractive error. Together, these examination components establish whether the refractive surprise arises from
corneal, lenticular, or retinal origins and direct appropriate management.”*

Determining Refractive Stability

Determining the stability of refractive measurements is critical before initiating any corrective intervention. Early
postoperative refractive values may fluctuate due to ocular surface instability, corneal edema, residual inflammation,
variable incision healing, or ongoing capsular bag dynamics affecting the effective lens position. In most uncomplicated
pseudophakic cases, refractive measurements stabilize by 4-6 weeks, but this period may extend in multifocal, toric, or
post-refractive surgery patients, where neuroadaptation or slow capsular contraction may influence clarity and comfort.”>
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Repeat refractions and serial keratometry or tomography are essential to confirm whether residual error is stable,
progressive, or fluctuating. Clinicians must also recognize circumstances in which intervention is inappropriate—for
example, persistent dry eye, unaddressed meibomian gland dysfunction, unstable corneal topography, active inflamma-
tion, or unresolved macular edema. Premature enhancement, whether optical or surgical, may worsen visual outcomes if
the underlying cause has not been stabilized. By carefully evaluating refractive stability, clinicians can determine the
optimal timing for intervention, prevent unnecessary procedures, and ensure that any enhancement—spectacle-based,
corneal-based, or intraocular is performed under the most favourable conditions.”®

Management Strategies

The management of refractive surprises after cataract surgery requires a tailored, etiology-driven approach that integrates optical,
corneal, and intraocular solutions while balancing patient expectations and visual priorities. Non-surgical management remains
the initial and often most practical strategy for low-magnitude or early postoperative refractive deviations.”’ Prescription
eyeglasses can effectively correct small residual spherical or cylindrical errors, while specialty contact lenses—particularly
rigid gas-permeable or scleral lenses—offer superior optical quality for patients with irregular astigmatism, ocular surface
disease, or post-refractive corneas. Optimizing the tear film is essential because ocular surface instability can mimic refractive
error and degrade visual quality; therefore, lubricants, lid hygiene, anti-inflammatory therapy, and punctal occlusion play
important adjunctive roles.”® Patient counseling is equally important, especially in premium IOL recipients, where even small
deviations from target can result in disproportionate dissatisfaction. Clear communication regarding adaptation, timelines for
refractive stabilization, and available enhancement options helps align expectations and strengthen comanagement plans. When
optical correction is insufficient or when patients desire spectacle independence, corneal refractive surgery becomes a powerful
enhancement tool.”” PRK and LASIK can reliably correct residual ametropia once refraction has stabilized, typically after
612 weeks. These procedures are particularly effective in monofocal IOL recipients with stable corneal topography and
adequate pachymetry. However, PRK is generally preferred in patients with multifocal or EDOF IOLs to minimize risks of flap-
related complications and postoperative dry eye, both of which could worsen dysphotopsias. Contraindications such as epithelial
basement membrane dystrophy, forme fruste keratoconus, or uncontrolled dry eye must be carefully ruled out preoperatively.'®
For premium IOL patients—especially those with multifocal optics—the threshold for refractive accuracy is tighter, and
enhancement is often essential to achieving high-quality distance and near vision. In cases where the refractive surprise results
from an intraocular lens—related issue, intraocular solutions provide targeted correction. Piggyback IOLs placed in the sulcus
offer reversible and predictable correction of significant residual hyperopia or myopia, especially when capsular stability
precludes safe IOL exchange. IOL exchange may be indicated when a substantial biometry-related power mismatch occurs,
though it is generally reserved for early postoperative periods when capsular fibrosis is minimal.'®" Toric IOL misalignment
remains a common cause of residual astigmatism, and realignment procedures can restore the intended cylindrical effect if
performed promptly; each degree of misalignment results in approximately 3.3% loss of toric correction, making early
identification crucial. For residual regular astigmatism, arcuate keratotomy—either manual or femtosecond-assisted—can refine
corneal cylinder with high accuracy, particularly in patients who are not ideal candidates for excimer laser enhancement. Light-
adjustable lenses (LAL) offer an advanced solution where postoperative titration of refractive power is possible, providing
unparalleled precision in complex or post-refractive cases (Table 3).'*

A structured management algorithm enables optometrists and surgeons to make consistent, evidence-based decisions.
Low-magnitude errors and unstable refractions warrant conservative optical correction and ocular surface optimization,
while stable moderate errors may benefit from corneal refractive surgery. Significant spherical deviations, IOL malposi-
tion, or toric rotation require intraocular solutions, with final selection guided by capsular bag status, IOL type, timing
from surgery, and patient expectations.'®® Through this systematic process, clinicians can match the therapeutic inter-
vention to the magnitude and origin of the refractive error, ensuring a safe, efficient, and patient-centered resolution of
postoperative refractive surprises. Management of refractive deviation following cataract or refractive lens surgery is best
approached in a structured, tiered manner that prioritizes reversible causes and minimizes unnecessary surgical inter-
vention. The initial step involves identifying and optimizing missed reversible factors, such as ocular surface disease,
posterior capsular opacification (PCO), or early intraocular lens (IOL) positional instability, all of which can contribute to
transient or correctable refractive error. Once reversible causes have been addressed, the next step is to provide functional
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visual correction through spectacles or contact lenses, which may offer effective and non-invasive visual rehabilitation,
particularly in cases where surgical intervention is not immediately indicated or desired. Finally, enhancement procedures
—such as laser refractive correction, IOL rotation, piggyback IOL implantation, or IOL exchange—should be considered
only when the refractive error has stabilized and the underlying cause is clearly identified and amenable to surgical
correction. This tiered approach ensures that management is both evidence-based and patient-centered, reducing

unnecessary interventions while optimizing visual outcomes.>”

Non-Surgical Management in Optometric Practice

Spectacle Correction

For many monofocal IOL patients, spectacles provide rapid resolution and remain the most accessible option, particularly
where surgical enhancement is not readily available. When a patient has a planned myopic target or monovision,
“surprise” may reflect misunderstanding of intended outcome; reframing expectations and prescribing task-specific
spectacles may be sufficient.®* Lundstrom et al demonstrated that a proportion of postoperative patients continue to
experience residual refractive error despite otherwise successful surgery, and optical correction remains an effective and
practical solution in routine clinical practice. In many cases, spectacles provide rapid visual rehabilitation and are
especially valuable in settings where surgical enhancement procedures such as laser vision correction or IOL exchange
are not readily available.'? In addition, when cataract surgery is intentionally planned with a myopic target or monovision
strategy, postoperative visual dissatisfaction may arise from misunderstanding of the intended refractive goal rather than
a true refractive error. Studies evaluating patient satisfaction after cataract surgery emphasize the importance of patient
counseling and expectation management in such scenarios. Therefore, careful refraction, clarification of the original
refractive target, and the prescription of task-specific spectacles for distance, near, or intermediate vision often represent

an appropriate first-line management approach before considering further surgical intervention.'®*

Contact Lenses

Contact lenses can be superior for: irregular corneal astigmatism (RGP/scleral), significant anisometropia, or where
spectacle-induced aniseikonia is symptomatic. In post-refractive surgery corneas with irregularity, a diagnostic RGP
over-refraction can help attribute visual degradation to corneal optics vs other causes (a point emphasised in post-
refractive LAL outcome discussions).'®> Rabinowitz et al and subsequent corneal literature have shown that rigid gas
permeable (RGP) lenses can neutralize irregular corneal astigmatism by masking anterior corneal surface irregularities,
thereby improving visual quality in conditions such as keratoconus or post-refractive surgery corneas. Similarly, scleral
lenses have been increasingly utilized for eyes with irregular corneal topography because the tear reservoir between the
lens and cornea creates a smooth optical surface that enhances visual acuity.”* Contact lenses are also advantageous in
cases of postoperative anisometropia, where spectacles may induce symptomatic aniseikonia or image size disparity. In
addition, performing a diagnostic RGP over-refraction can help differentiate corneal optical irregularity from other
causes of reduced vision, such as intraocular lens (IOL) tilt, retinal pathology, or posterior capsule changes. This
diagnostic strategy is particularly valuable in patients with previous corneal refractive surgery, where irregular corneal

optics may contribute to degraded visual quality despite seemingly acceptable refractive metrics.'*®

Ocular Surface Optimisation

Treating DED/MGD (lubricants, lid hygiene, anti-inflammatory therapy when indicated, demodex management, etc.) can
reduce refraction fluctuation, improve quality of vision and reduce keratometry error when further surgical planning is
considered. A systematic review concluded that DED treatment before repeating biometry reduces mean absolute error
and improves refractive accuracy.'”’ Trattler et al demonstrated that a significant proportion of patients presenting for
cataract surgery have previously undiagnosed dry eye disease (DED), which can adversely affect corneal measurements
and postoperative visual outcomes. Tear-film instability and meibomian gland dysfunction (MGD) can lead to fluctuating
keratometry readings and variable refraction, thereby contributing to apparent refractive surprises. Consequently, treat-
ment strategies such as preservative-free lubricants, lid hygiene, thermal therapies for MGD, anti-inflammatory agents
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including topical cyclosporine or lifitegrast, and management of Demodex infestation may help restore tear-film stability
and improve optical quality.’®

Referral for PCO or Capsular Block Syndrome Management

If PCO is the limiting factor, referral for Nd:YAG capsulotomy is appropriate. If capsular block syndrome is suspected
with myopic shift, timely referral is important; Nd:YAG can be therapeutic in surgeon care.'® Raj et al reviewed
posterior capsule opacification (PCO) as the most common late complication of cataract surgery and noted that it can
reduce visual quality even when the refractive state itself is relatively stable, making it an important non-refractive cause
of postoperative visual dissatisfaction.®® Elgohary and Dowler et al similarly showed that PCO can impair visual function
in both monofocal and multifocal intraocular lens (IOL) eyes, so referral for Nd:YAG capsulotomy is appropriate when
capsular opacity is the main limiting factor.'® In contrast, Kanclerz and Wang et al described capsular block syndrome as
a distinct postoperative entity that may present with deterioration in vision and an unexpected myopic shift, and
concluded that Nd: YAG posterior capsulotomy is generally the standard and effective treatment in appropriately selected
cases. Collectively, these studies support prompt referral when PCO or capsular block syndrome is suspected, as

management is typically procedural and surgeon-led rather than optometric.''”

Surgical Enhancement Pathways

Optometrists generally do not perform intraocular enhancements, but they are essential in identifying candidates,
providing objective measurements (stable refraction/topography/OCT), and ensuring timely referral when early reposi-
tioning or exchange is time-sensitive.''' Abdelghany et al reviewed the management of residual refractive error after
cataract surgery and emphasized that successful surgical enhancement depends on first identifying the underlying cause
of the refractive error and selecting the appropriate corrective approach, such as corneal refractive surgery, piggyback
IOL implantation, or IOL exchange.'® Similarly, Sales et al noted that careful postoperative assessment is essential before
enhancement, because stable refraction and accurate characterization of the error determine whether corneal or intrao-
cular correction is most appropriate. These studies support the clinical role of optometrists in documenting stable
refraction and identifying patients who require timely surgical referral rather than continued conservative

management.''?

While most contemporary literature on refractive outcomes after cataract surgery focuses on phacoe-
mulsification, it is important to acknowledge that alternative surgical techniques such as manual small-incision cataract
surgery (SICS) and extracapsular cataract extraction (ECCE) continue to be widely practiced, particularly in resource-
limited settings.”® These techniques are associated with distinct refractive challenges. In SICS, surgically induced
astigmatism (SIA) is often higher and less predictable due to larger, self-sealing scleral incisions, which may lead to
greater variability in postoperative refractive outcomes. Similarly, ECCE is associated with even larger incisions, delayed
wound healing, and higher degrees of postoperative astigmatism, all of which contribute to increased refractive
unpredictability when compared to phacoemulsification In addition to surgical factors, socioeconomic constraints play
a critical role in determining refractive outcomes.”® In many settings, patients may not opt for premium intraocular lenses
(IOLs), such as toric or multifocal lenses, due to financial limitations. The inability to implant toric IOLs in patients with
significant pre-existing corneal astigmatism may result in residual refractive error, even when appropriate indications are
present. This highlights that refractive surprise is not solely a consequence of biometric or surgical inaccuracies but may
also arise from limitations in access to advanced technologies. Therefore, an unbiased and comprehensive evaluation of
refractive surprises must incorporate variability related to surgical technique as well as patient-specific economic
considerations. Recognizing these factors is particularly important in developing countries, where a significant proportion
of cataract surgeries are performed using non-phacoemulsification techniques and cost constraints influence IOL

selection.”®

Toric Intraocular Lens Repositioning

Large series report repositioning surgery incidence around 0.65% and suggest that timing matters; one ophthalmology
cohort concluded repositioning should be performed about 1 week after implantation for best outcomes.''> A practical
optometric indicator for referral is the presence of significant residual astigmatism in eyes implanted with a toric

Clinical Optometry 2026:18 hetps: 21



Gurnani and Kaur

intraocular lens, particularly when clinical examination suggests meaningful axis misalignment commonly greater than
10° or when the resulting refractive impact exceeds approximately 0.50 diopters. In such cases, early referral to the
operating surgeon is advisable. Timely intervention, often within the first few postoperative weeks before capsular
fibrosis stabilizes the lens position, may allow effective toric IOL realignment and improved refractive outcomes, as

emphasized in studies evaluating toric IOL rotational stability.''*

Intraocular Lens Exchange
IOL exchange can correct large spherical surprises or address intolerable presbyopia-correcting IOL dysphotopsia, but
risk increases with time as capsular scarring progresses. Exchange is uncommon overall (=2/1,000 surgeries in one 8-year

cohort) and is strongly associated with surgical adverse events and ocular comorbidity.''?

Supplementary Sulcus-Fixated “Add-On” |OL’s (Polypseudophakia / DUET)

Contemporary designs (eg Sulcoflex, AddOn, Reverso) were developed to reduce risks seen with older piggyback
techniques. A 2025 review summarised that specially designed sulcus-fixated supplementary IOLs reduce complications
associated with early “two-in-the-bag” approaches and expand options for correcting residual refractive error and even
reversible multifocality. However, optometrists should be aware of potential complications (pigment dispersion, dyspho-

topsia, IOP rise, decentration/rotation, and—less commonly with modern designs—UGH syndrome/iris chafing).''®

Laser Vision Correction (LASIK/PRK)

ASCRS guidance frames corneal laser enhancement as a common approach for residual error because it avoids entering
the eye, but it may exacerbate ocular surface disease, has age-related healing considerations, and may be less predictable
in post-refractive corneas. The ASCRS report also summarises comparative studies suggesting LASIK may achieve
higher predictability for achieving SE within £0.50 D than lens-based approaches in some series (while acknowledging

evidence limitations).""”

Light-Adjustable Lens (LAL) and Emerging Adjustable Platforms

Adjustable IOL technology is increasingly relevant to refractive surprise prevention and management. In eyes with prior
corneal refractive surgery, a group at high risk of surprise—second-generation LAL studies report excellent refractive
accuracy. A large series of post-refractive eyes reported ~67% within £0.25 D and ~87% within £0.50 D after
adjustment, highlighting the advantage of postoperative adjustability where formula accuracy rarely exceeds ~70%
within £0.50 D. A separate post-LASIK/PRK series with second-generation LAL reported 97.1% within £0.50 D of

plano target and illustrates “co-managed” care models where postoperative light treatments occur at separate facilities.''®

Counselling and Follow-Up

Effective counselling and structured follow-up are central to the successful management of refractive surprises, as they
directly influence patient satisfaction, treatment adherence, and long-term outcomes. Optometrists, who often serve as the
primary point of postoperative contact, play a pivotal role in setting realistic expectations and guiding patients through the
decision-making process. Early discussions should clarify the nature of refractive variability after cataract surgery, emphasiz-
ing that vision may fluctuate during the healing phase and that additional interventions—optical, corneal, or intraocular—may
be required to achieve the desired refractive target.''” Patients must be informed about the range of available management
options, their associated risks, expected recovery timelines, and the likelihood of achieving spectacle independence,
particularly in the context of premium IOL technologies where visual demands are high and tolerance for error is low.
Equally important is the documentation of patient concerns, dissatisfaction, or unexpected visual disturbances. A transparent
record of subjective symptoms and objective findings creates continuity in comanagement with the surgeon and helps ensure
medicolegal robustness should expectations not be immediately met.'*® Longitudinal follow-up enables the optometrist to
monitor refractive stability, ocular surface optimization, and the progression or resolution of dysphotopsias or binocular
imbalance. Follow-up visits also provide opportunities for reinforcing education, revisiting expectations as the clinical picture
evolves, and reassessing the need for enhancement procedures once refraction stabilizes. Ultimately, thoughtful counselling
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combined with structured, empathetic follow-up fosters shared decision-making, enhances patient trust, reduces unnecessary

anxiety, and significantly improves postoperative satisfaction, solidifying the optometrist’s role as a key partner in the surgical

care continuum (Table 4 and Figure 5).

121

Guidelines, Implementation and Interdisciplinary Considerations

Guidance Relevant to Optometric Co-Management
UK Post-Operative Care and Refraction Timing

UK-based practice resources commonly advise a structured post-operative review and sight test at approxi-

mately 4 weeks after surgery, with refraction and visual function assessment, and clear pathways for re-referral if

outcomes are not as expecte

d.122

ESCRS Guideline for Cataract Surgery

The ESCRS guideline provides explicit definitions of target refraction (including emmetropia and monovision ranges),

recommends shared decision-making for target selection, suggests toric [OLs be considered for corneal astigmatism >1.0

Table 4 Management Options for Refractive Surprises: Indications, Advantages and Limitations

lens (technology
pathway)

cases (post-refractive);
desire for precision

adjustability; high %
within £0.50 D in
studies

S. No Option Typical Indications Advantages Limitations/Risks Optometrist’s Practical Role
| Observation + Early postop; refraction still Avoids premature Delays spectacle Explain stabilisation timeline; schedule
temporary Rx shifting; mild error intervention independence; may repeat refraction; document stability
frustrate “premium IOL”
patients
2 Spectacles Most residual SE/cylinder, Fast, accessible, safe Aniseikonia with Prescribe; counsel adaptation and task-
especially monofocal anisometropia; may not specific options
meet expectations
3 Contact lenses (soft Irregular astigmatism; Better optics; reduces Handling tolerance; dry Fit and monitor; use diagnostic RGP
toric/RGP/scleral) anisometropia; high aniseikonia eye; cost over-refraction to localise aberration
cylinder source
4 Ocular surface Fluctuating refraction; Improves May require weeks; Treat; repeat K/refraction; coordinate re-
treatment DED/MGD; pre- measurement persistent symptoms biometry if needed
enhancement optimisation reliability and vision possible
quality
5 Nd:YAG PCO limiting VA; capsular Rapid VA improvement | IOP spikes; potential toric Identify and refer; post-YAG refraction
capsulotomy block-related myopic shift rotation risk; retinal risk in update and monitoring
(surgeon) predisposed
6 Toric IOL Large residual cylinder with Directly addresses Time-sensitive; surgical risk | Detect axis error; urgent referral when
repositioning toric misalignment cause; fast visual gain clinically meaningful misalignment
(surgeon) suspected
7 IOL exchange Wrong IOL power; Addresses fundamental Higher risk with capsular Confirm stable refraction; provide
(surgeon) intolerable premium IOL cause fibrosis; uncommon overall measurements and counselling;
optics; large SE error coordinate referrals
8 Supplementary Residual SE/cylinder; desire Reversible; modern Pigment dispersion/ Identify candidates; monitor post-op IOP/
sulcus-fixated add- for reversible multifocality; | designs reduce historic dysphotopsia/lOP issues inflammation; educate about symptoms
on IOL (surgeon) avoid exchange risks possible
9 Corneal laser Stable residual error; Avoids intraocular Dry eye risk; corneal limits; Ensure surface is optimised and
enhancement suitable cornea surgery; high challenges in prior LASIK refraction stable; provide pre-
(LASIK/PRK) predictability in many flaps enhancement refraction/topography data
10 Light adjustable High-risk predictability Postoperative Requires UV light Support co-managed follow-up; verify

treatment visits; protocol
adherence

“final stable” refraction; counsel on

regimen
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Patient with postoperative visual dissatisfaction
(4-6 weeks postop)

u Corneal cause
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Magnitude of refractive error |

<050D | 05-1.5D | >2.0D

I l

¢ 3

or spectacles LASIK / PRK

IOL exc hange /
piggyback IOL

Figure 5 Flowchart of clinical management algorithm for refractive surprises following cataract surgery. After confirming refractive stability, patients are evaluated for
corneal, IOL-related, or retinal causes. Management decisions are guided by the magnitude of residual refractive error and may include observation, laser enhancement, or
intraocular surgical correction.

D (with strongest benefit at higher astigmatism), and supports OCT when VA is worse than expected. It also highlights
that pre-operative DED affects measurements and outcomes and that prior refractive surgery requires additional
assessment and counselling regarding refractive predictability and potential need for further correction.*®
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ASCRS Clinical Committee Guidance

The ASCRS report provides a prevention-to-management continuum: repeat and cross-validate measurements in unusual
eyes; perform topography/tomography before drops; treat ocular surface disease; recognise rare iatrogenic mistakes; and
select enhancement modality based on error magnitude, corneal suitability, IOL type and tolerance. It also emphasises
that multifocal IOLs are less tolerant of residual sphere/cylinder (typically around 0.50 D).

Structured Communication for Refractive Surprise Referral

Practical Communication Template

Effective communication between optometrists and surgeons is essential when referring a patient with a suspected refractive
surprise after cataract surgery. Providing a structured and concise clinical summary helps minimize delays in management and
allows the surgeon to quickly identify potential causes and determine the most appropriate corrective strategy.
A comprehensive referral should include the date of surgery, the implanted intraocular lens (IOL) model and intended
refractive target if known, the operated eye, and any reported intraoperative complications. Current refractive findings should
be clearly documented, including sphere, cylinder, axis, best-corrected visual acuity (BCVA), uncorrected distance visual
acuity (UDVA), and evidence of refractive stability across visits. Corneal information is equally important; therefore, a brief
summary of keratometry or corneal topography findings—particularly whether astigmatism appears regular or irregular and
whether the axis corresponds with the refractive cylinder—should be included. In eyes with toric IOLs, assessment of the lens
axis alignment relative to corneal markings can provide valuable information regarding potential rotational misalignment.
Additional details such as ocular surface status and ongoing treatment, macular OCT findings when visual acuity is worse than
expected, and the patient’s visual goals or tolerance for spectacles or contact lenses further assist the surgeon in planning
appropriate management. A standardized communication approach ensures that referrals are clinically informative, facilitates

efficient decision-making, and ultimately improves patient outcomes following cataract surgery.'>

Challenges in Optometric Settings

Key constraints include limited access to enhancement procedures (especially in publicly funded pathways), variation in
how quickly surgical services can review toric misalignment, and incomplete transfer of surgical data (IOL model/target
refraction) into community records. Co-management models (including separate LAL “open-access” light treatment
clinics) illustrate potential solutions but also add coordination complexity.'?

High-Risk Eyes for Refractive Surprise

Certain patient populations present unique biometric and optical challenges that substantially increase the risk of
refractive surprises following cataract surgery. Post-refractive surgery eyes—particularly those with a history of
LASIK, PRK, or RK—have altered anterior and posterior corneal curvature profiles that compromise the accuracy of
standard keratometry and IOL power prediction formulas.>® These patients often demonstrate unpredictable effective lens
position (ELP), making both the identification and correction of refractive errors more complex; therefore, optometrists
must rely on advanced corneal tomography, historical refractive data, and modern post-refractive IOL formulas to
interpret postoperative refractive outcomes. Similarly, eyes with extreme axial lengths, whether exceptionally short
(nanophthalmic) or very long (highly myopic), exhibit heightened sensitivity to small biometric deviations. In long eyes,
even minor IOL power miscalculations may yield large refractive errors, while short eyes are prone to shallow anterior
chamber depth and unpredictable IOL positioning, complicating both diagnosis and management of postoperative
ametropia.'>* Patients with irregular corneas or underlying ectatic disease, including keratoconus or post-crosslinking
morphology, are at particularly high risk for postoperative optical instability. These corneas frequently produce irregular
astigmatism and large discrepancies between anterior and posterior curvature readings, leading to inaccurate keratometric
inputs. Postoperative evaluation in these individuals requires careful topographic and tomographic assessment, and
residual refractive error may necessitate specialty contact lenses rather than surgical enhancement.'? Lastly, individuals
implanted with multifocal or extended-depth-of-focus (EDOF) intraocular lenses constitute a distinct subgroup in which
refractive accuracy is critical. Even small residual errors—especially uncorrected astigmatism or subtle IOL tilt—can
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significantly degrade contrast sensitivity and generate dysphotopsias. These patients often present with heightened visual
expectations, making precise identification of optical, neural, or IOL-related causes of dissatisfaction essential.
Optometrists must therefore apply an elevated level of diagnostic scrutiny in these special populations, integrating

imaging, refraction strategy, and symptom analysis to guide appropriate enhancement or referral decisions.'*¢

Optometric Role in Prevention & Co-Management

Optometrists play an indispensable role in preventing refractive surprises and ensuring optimal outcomes in cataract surgery
through comprehensive preoperative assessment, meticulous ocular surface optimisation, and coordinated co-management
with the surgical team.®”® Prevention begins long before the day of surgery, with optometrists serving as the primary clinicians
responsible for identifying factors that increase the likelihood of postoperative refractive error. During preoperative screening,
optometrists evaluate refractive stability, assess the integrity and biomechanics of the cornea, and conduct detailed anterior and
posterior segment examinations to identify conditions such as epithelial basement membrane dystrophy, subtle keratoconus,
early macular degeneration, epiretinal membranes, or glaucomatous optic neuropathy all of which can influence the accuracy
of biometry, IOL selection, and postoperative visual expectations. By systematically documenting a patient’s refractive
history, contact lens wear patterns, dry eye severity, ocular surgeries, and systemic comorbidities, optometrists create a precise
risk profile that guides IOL planning and patient counseling.®*>3'** A major preventive responsibility lies in optimizing the
ocular surface prior to biometry, as tear film instability, epithelial irregularity, meibomian gland dysfunction, and subclinical
inflammation are among the most common—and most correctable—contributors to inaccurate keratometry and axial length
measurements. Optometrists are uniquely positioned to diagnose and treat these issues using therapeutic warm compresses, lid
hygiene, preservative-free lubricants, punctal occlusion, anti-inflammatory therapy, and strategies to reverse contact-
lens—induced corneal warpage.’®’” Objective improvements in topography regularity and tear-film stability following surface
optimization directly translate into more accurate IOL calculations, thereby reducing postoperative refractive surprises. This
phase is also critical for flagging high-risk eyes, including post-LASIK/PRK/RK corneas, extremely short or long axial
lengths, irregular corneas, pellucid/keratoconus patterns, corneal scars, and prior vitrectomy patients. Optometrists’ ability to
detect such conditions early enables surgeons to apply appropriate IOL formulas, avoid unsuitable IOL designs, or counsel
patients toward realistic expectations regarding premium IOL performance.”*”%"’

Effective prevention also hinges on strong shared-care communication pathways between optometrists and surgeons.
Clear, structured reporting that includes preoperative findings, biometric limitations, astigmatism analysis, macular
status, and risk stratification greatly enhances surgical planning. This shared-care model continues into the postoperative
period, where optometrists typically perform day-1, week-1, and month-1 assessments. Their ability to detect early
warning signs—such as unexpected refractive drift, toric IOL rotation, capsular phimosis, cystoid macular edema, or
ocular surface regression—provides the surgeon with timely information that may prevent chronic refractive error or
visual dissatisfaction.®****! Effective communication also ensures that decisions regarding enhancement—whether
corneal refractive surgery, IOL rotation, piggyback IOL, or IOL exchange—are made collaboratively and at the
appropriate postoperative interval. Finally, optometrists play a critical role in patient education and expectation manage-
ment, which is one of the strongest predictors of postoperative satisfaction. Counseling begins preoperatively, with
detailed discussions on achievable outcomes based on ocular status, limitations of multifocal/ EDOF 1OLs, the possibility
of postoperative glare or halos, and the potential need for enhancements.'®'®>* Postoperatively, optometrists reinforce
realistic timelines for visual stabilization, explain the management of temporary fluctuations, and address anxiety
associated with early dysphotopsias or residual refractive error. This longitudinal relationship provides continuity of
care and greatly reduces dissatisfaction by allowing patients to feel informed, supported, and included in shared decision-
making. In essence, the optometrist’s preventive and co-management role spans the entire surgical continuum—
preoperative screening, ocular surface preparation, risk stratification, perioperative communication, postoperative mon-
itoring, and long-term patient education. By integrating clinical precision with coordinated care pathways, optometrists
significantly minimize refractive surprises, enhance visual outcomes, and elevate the overall patient experience following

cataract surgery.®%1%
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Challenges and Limitations in Optometric Settings

Despite the pivotal role of optometrists in the detection and management of refractive surprises following cataract
surgery, several practical challenges limit the effectiveness of optometric involvement in certain healthcare settings. One
major limitation relates to access to enhancement procedures. Surgical interventions such as corneal laser enhancement,
piggyback or supplementary intraocular lens implantation, and intraocular lens exchange are not uniformly available
across all regions. Availability often depends on local surgical infrastructure, reimbursement models, and healthcare
system policies, including insurance coverage or publicly funded programs. Even when these procedures are clinically
appropriate, logistical barriers such as cost, limited refractive surgery facilities, or referral delays may reduce their uptake
despite evidence demonstrating favourable predictability and outcomes for correcting postoperative refractive error.
Consequently, optometrists must frequently rely on conservative strategies such as spectacle or contact lens correction
while coordinating referral to surgical services when enhancement becomes necessary.'®'®!'? Another important
challenge is the timing disconnect within shared-care pathways. In many co-management models, optometrists conduct
routine postoperative reviews approximately four to six weeks after cataract surgery, by which time certain corrective
interventions—such as toric intraocular lens repositioning or early IOL exchange—may be technically more difficult due
to capsular fibrosis and lens stabilization. Earlier recognition of significant residual refractive error, particularly large
cylindrical error suggestive of toric IOL misalignment, is therefore critical. Establishing clear “fast-track” referral criteria
for early surgical reassessment can help preserve a wider range of corrective options and improve visual outcomes.*'*''?
A further limitation involves heterogeneity in diagnostic equipment across optometric practices. Advanced imaging
technologies such as corneal tomography, anterior segment optical coherence tomography, and macular OCT are
increasingly recommended for evaluating patients with postoperative dissatisfaction, as they help identify subtle corneal
irregularities, IOL tilt or decentration, and retinal pathology that may masquerade as refractive error. However, not all
community practices have access to such equipment, which can limit the depth of diagnostic evaluation and necessitate
additional referrals for comprehensive assessment.***> Finally, effective interdisciplinary communication between
optometrists and cataract surgeons remains essential yet sometimes suboptimal. For enhancement planning to be accurate
and efficient, postoperative findings must be communicated in a surgeon-actionable format, including precise refractive
measurements, astigmatism axis and vector information, stability of refraction across visits, and relevant ocular surface
or retinal findings. Structured reporting systems and standardized documentation of refractive outcomes have been
recommended to improve coordination of care and minimize delays in decision-making. Strengthening these collabora-
tive communication pathways ultimately supports more timely interventions and better patient outcomes in the manage-
ment of postoperative refractive surprises (Table 5 and Table 6).°%%®

Table 5 Depict the Diagnostic Imaging Modalities in Refractive Surprise Evaluation

S. No Imaging Key Parameter Diagnostic Role Typical Findings in Clinical Interpretation
Modality Assessed Refractive Surprise
| Corneal Anterior corneal Detect irregular Asymmetric bow-tie pattern, Suggests keratoconus or
Topography curvature astigmatism and inferior steepening irregular cornea
ectasia
2 Scheimpflug Total corneal power, Evaluate posterior Posterior corneal steepening, Helps explain unexpected
Tomography posterior curvature corneal astigmatism abnormal elevation maps residual astigmatism
3 Optical Biometry | Axial length, anterior Reconfirm biometric Significant deviation from Possible axial length
chamber depth accuracy fellow eye measurements measurement error
4 Anterior Segment | IOL tilt, decentration, Detect IOL position Tilted or decentred IOL optic | Explains refractive error
OCT capsular bag anatomy abnormalities despite normal refraction
5 Macular OCT Retinal structure and Identify retinal causes | CME, ERM, subretinal fluid Visual symptoms not
macular integrity of reduced vision primarily refractive

(Continued)
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Table 5 (Continued).

S. No Imaging Key Parameter Diagnostic Role Typical Findings in Clinical Interpretation
Modality Assessed Refractive Surprise

6 Keratometry Corneal curvature Identify corneal Large variability between Suggests tear film instability
(automated/ measurement devices or measurement error
manual) variability

7 Wavefront Higher-order Evaluate optical Elevated coma, spherical May indicate irregular
Aberrometry aberrations quality of the eye aberration cornea or |OL tilt

8 Slit-lamp IOL centration, capsular | First-line structural Capsular contraction, toric Guides need for surgical
biomicroscopy status assessment misalignment referral

Table 6 Depict the Refractive Error Magnitude Based Management Strategy

good refraction

multifocal IOL

neuroadaptation

S. No Magnitude of Typical Clinical Preferred Alternative Options | Key Clinical Considerations
Refractive Error Scenario Management
| <0.50 D Mild residual Observation or Contact lenses Often well tolerated, especially
refractive error spectacles in monofocal IOLs
2 0.50-1.00 D Small refractive miss | Spectacles or soft toric | Laser enhancement Important in premium IOL
lenses (selected cases) patients
3 1.00-2.00 D Moderate ametropia | Laser refractive Piggyback IOL Requires stable refraction and
surgery (PRK/LASIK) healthy cornea
4 >2.00 D Large spherical error | IOL exchange or Corneal laser Prefer early intervention before
piggyback 10L enhancement (limited) | capsular fibrosis
5 Residual cylinder >1.50 | Toric IOL rotation Toric IOL repositioning | Arcuate keratotomy Time sensitive—best early
D postop
6 Irregular astigmatism Keratoconus, RGP or scleral lenses Corneal procedures Optical correction preferred
corneal scar initially
7 Fluctuating refractive Dry eye or tear Ocular surface Repeat biometry Treat surface before planning
error instability treatment enhancement
8 Dissatisfaction despite Dysphotopsia with Counseling / IOL exchange (rare) Rule out residual refractive

error first

Future Directions
The future of cataract surgery is increasingly shaped by technological advances aimed at reducing postoperative refractive

surprises and improving visual outcomes. Innovations in artificial intelligence, machine learning, and next-generation

biometry are enhancing refractive prediction accuracy and enabling greater personalization of surgical planning. These

tools integrate biometric measurements, corneal imaging, and large clinical datasets to improve intraocular lens (IOL)

selection and postoperative refractive predictability, strengthening both surgical planning and optometric co-

management.”*** Artificial intelligence—based IOL prediction models are transforming refractive planning by identifying

complex nonlinear relationships between biometric variables such as axial length, corneal curvature, anterior chamber depth,

and effective lens position. Algorithms including the Hill-RBF, Kane formula, and other machine-learning systems demon-

strate improved prediction accuracy, particularly in challenging eyes such as those with extreme axial lengths or previous

refractive surgery. These approaches move toward personalized IOL selection based on individual ocular anatomy rather than

population averages.”**® Advances in optical biometry further support refractive precision. Modern swept-source OCT
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biometers provide high-resolution imaging of ocular structures and improved measurement repeatability for axial length, lens
thickness, and corneal parameters. Integration of tomography, aberrometry, and tear-film assessment also helps reduce
measurement variability caused by ocular surface disease.**** Machine learning tools are also improving detection of toric
IOL misalignment and postoperative lens position. Automated imaging analysis can identify subtle rotational shifts that
significantly affect refractive outcomes and guide timely surgical correction.>'''* Future strategies are also focusing on
improved prediction of effective lens position and personalized IOL calculation models. Integration of additional biometric
parameters and Al-based prediction systems may further reduce refractive outliers. Adjustable and modular lens technologies
—such as light-adjustable lenses and supplementary sulcus-fixated IOLs—offer postoperative refractive modification and
flexible management of residual error.''®''® Optimization of corneal metrics and ocular surface health is another critical
component of improving refractive accuracy. Technologies such as total keratometry and posterior corneal measurement
improve corneal power estimation, while evidence shows that dry eye disease significantly affects keratometric reliability and
should be treated prior to biometry.''-”>”” Despite these advances, important evidence gaps remain. Standardized definitions
of refractive surprise that include astigmatism and visual quality symptoms are still lacking, and further research is needed to
evaluate optometrist-led diagnostic pathways and real-world outcomes of enhancement strategies across different IOL types

- 112
and ocular surface conditions.®®

Conclusion

Refractive surprises after cataract surgery remain a significant source of patient dissatisfaction and clinical complexity, but
they are largely preventable through meticulous preoperative planning, structured postoperative evaluation, and timely
optometric intervention. This review highlights the essential role of optometrists in early identification, diagnostic stratifica-
tion, and collaborative management of residual refractive errors. A systematic approach—beginning with accurate history
gathering, careful refraction, detailed slit-lamp assessment, and targeted use of imaging—enables clinicians to distinguish
between optical, corneal, lenticular, and retinal contributors to suboptimal outcomes. Likewise, familiarity with both
nonsurgical and surgical management pathways ensures appropriate escalation and patient counselling.
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