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Background: For patients with both cataract and pterygium, combined surgery reduces the burden and cost associated with two
separate procedures. However, the accuracy of intraocular lens (IOL) power calculation is compromised in eyes with pterygium, as the
lesion disturbs the corneal surface and tear film, leading to erroneous keratometry measurements. This often results in unpredictable
postoperative refraction and a tendency toward myopic shift. Therefore, developing a reliable method to determine true corneal power
for IOL calculation in such eyes is essential to improve refractive outcomes after combined surgery.

Purpose: This study aimed to develop and validate a topography-guided selective keratometry input method to improve the accuracy
of intraocular lens power calculation in eyes undergoing combined cataract and pterygium surgery.

Methods: In this comparative study, patients were randomly allocated to two groups. In the control group (Uncorrected Corneal
Power Group), the IOL power was calculated using the standard keratometry (K1, K2) values obtained directly from the IOLMaster’s
integrated Barrett Universal I formula. In the study group (Corrected Corneal Power Group), a novel topography-guided method was
employed: the flat keratometry (K1) was derived from the average of simulated keratometry (SimK) readings along the vertical
meridian within the central 3mm zone on the Pentacam axial map, while the steep keratometry (K2) was taken from the contralateral
(temporal) quadrant. These customized K-values were manually entered into the Barrett Universal 1I calculator. All patients underwent
combined phacoemulsification and pterygium excision. Postoperative outcomes, including visual acuity, refraction, and the Mean
Absolute Error (MAE) of the predicted versus actual spherical equivalent, were compared between groups.

Results: Postoperative corneal power increased significantly only in the ipsilateral quadrant on the pterygium side, while remained largely
unchanged in the vertical and contralateral quadrants. The study group (corrected method) achieved significantly better uncorrected distance
visual acuity (UDVA) and a mean spherical equivalent closer to target, compared to the control group. Most importantly, the Mean Absolute
Error (MAE) was significantly lower in the study group (0.22 + 0.18 D) than in the control group (1.18 £ 0.95 D) (P <0.001), demonstrating
superior predictive accuracy of the novel calculation method.

Conclusion: The novel topography-guided selective keratometry method, which utilizes the contralateral quadrant and vertical
meridians for IOL calculation, significantly improves the predictive accuracy (as evidenced by a markedly lower Mean Absolute
Error) and enhances the refractive and visual outcomes in patients undergoing simultaneous cataract extraction and pterygium
excision.
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Introduction

Pterygium is a common ocular surface lesion originating from the limbal conjunctiva within the palpebral fissure with
progressive involvement of the cornea, with an increased incidence in latitudes nearer the equator and in individuals with
a history of increased UV exposure.'> Approximately 90% of patients with pterygium present with grade 1 or 2 lesions,
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where the affected area does not extend into the central 3 mm optical zone.>* A cataract is a clouding of the lens in the
eye, leading to a decrease in vision, which is most commonly due to aging.’ Pterygium induces corneal curvature
changes, astigmatism, and keratometry errors. Therefore, for patients with both conditions, the optimal sequence has
traditionally been to perform pterygium excision first, followed by cataract surgery. The combined operative procedure is
recommended because neither pterygium excision nor cataract extraction can restore full visual recovery in such cases.®’
A combined procedure is time-saving, cost-effective, and spares patients the burden of two separate surgeries. However,
for combined surgeries, the postoperative refractive status is difficult to predict and a myopic shift often occurs. Although
the mean absolute error in refractive prediction following cataract surgery in patients with pterygium is comparable to
that of normal subjects, its distribution exhibits significantly greater dispersion. Moreover, the magnitude of prediction
error shows a positive correlation with pterygium size.® Kamiya et al investigated the predictability of IOL calculation
after combined surgery and proposed a regression formula. However, such a formula lacks individualization and is
difficult to apply accurately across different cases.” Kim et al found that pterygium exceeding a length of 2.0 mm induced
a significant corneal power change after surgery and recommended the mean K predicted from the regression analysis for
pterygium surgery.'’

The modern corneal topography instruments can measure and show corneal power point-to-point in situ, which
enables ophthalmologists to analyze the surgery-induced refractive change by comparing the preoperative and post-
operative corneal power point to point.'" Previous studies showed that the corneal power increased after pterygium
excision and and suggested that pterygium leads to corneal flattening.'> However, we found that only the ipsilateral
quadrant corneal power increased and the contralateral quadrant and the other vertical quadrants changed little after
pterygium excision, indicating that the tear film between the corneal apex and pterygium head caused the corneal power
measuring difference. Therefore, we hypothesized that selectively using corneal power from unaffected regions could
improve IOL calculation accuracy in combined surgery. The postoperative refractive errors in simultaneous cataract and
pterygium removal surgery can be reduced by neglecting the ipsilateral quadrant corneal power and using the contral-
ateral quadrant and its other vertical quadrants corneal power to calculate IOL power.

Patients and Methods

A comparative study was conducted at the Hainan Eye Hospital, Zhongshan Ophthalmic Center, from January 2018 to
August 2019. The study protocol for the research project conformed to the provisions of the Declaration of Helsinki.
Approval was obtained from the Institutional Review Board (IRB)/ Ethics Committee. This study was registered in the
Chinese Clinical Trial Registry. Ethical approval was obtained from the Ethics Review Committee of Hainan Eye
Hospital (Reference Number: ChiCTR2200057893; Ethics number: 2016—-001). All the patients provided written consent
to being randomized and to participating in the study and anonymity was preserved. All the data were approved for
acquisition and analysis.

Patients who were older than 55 years old with a diagnosis of age-related cataract and pterygium, for which
phacoemulsification cataract extraction with IOL plantation and pterygium excision with conjunctival autograft were
planned to be conducted, were recruited to participate. Other inclusion criteria were a dilated pupil of 7.0 mm or larger
and a corneal endothelial cell count greater than 1200 cells/mm?. Patients were excluded if they had other eye or general
disorders affecting vision, such as diabetic retinopathy, glaucoma, age-related macular degeneration, uveitis, or previous
intraocular surgery. Patients with unilateral pterygium were included in this study. Patients were excluded if they had
bilateral pterygia or if the pterygium reached the 3 mm central cornea.

After the patients were enrolled and provided informed consent, standard preoperative examinations were performed,
which included lens nucleus density grading according to the Lens Opacities Classification System II (LOCS II). All
patients were analyzed using an anterior eye segment analysis system (Pentacam; Miinchholzhiuser, Germany). The pre-
and postoperative corneal powers of the four quadrants in the central 3 mm were compared and statistically analyzed
point-to-point separately.

IOL power calculations were performed using the Barrett Universal II Formula V1.05 based on the axial length
measured by the IOL Master 500™ (Carl Zeiss Meditec, Jena, Germany). Patients were randomly allocated to one of two
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groups. The randomization was performed using a permuted block design and was conducted by an independent party
not involved in the study. The IOL calculation strategy differed between the two groups as follows:

Control Group (Uncorrected Corneal Power Group, UCG): The IOL power was the direct output from the
IOLMaster’s integrated Barrett Universal II calculation. The device automatically used its own measured K1 (flat
keratometry) and K2 (steep keratometry) values.

Study Group (Corrected Corneal Power Group, CCG): A manual input strategy was employed using Pentacam HR
(Oculus, Wetzlar, Germany) topography to derive customized keratometry values. Specifically, the Axial (Sagittal)
Curvature Map was used. The flat keratometry (K1) was defined as the average of the SimK readings along the vertical
meridian (approximately 70-110 degrees) within the central 3mm zone on this map. The steep keratometry (K2) was
the SimK value from the topographic hemisphere contralateral (temporal) to the pterygium, as reported by the device.
These two specifically selected K1 and K2 values were then manually entered into the online Barrett Universal 11
calculator (https://calc.apacrs.org/barrett universal2105/) to derive the final IOL power.

All surgeries were performed by the same surgeon who had undergone phacoemulsification cataract extraction with
IOL insertion and pterygium excision with a conjunctival autograft (see Video S1 for surgical details). Standard
phacoemulsification cataract extraction and IOL insertion techniques were used with the Infiniti Vision System with
Torsional continual mode (Alcon, CA, USA), as introduced by Yizhi Liu.'* The surgical technique consisted of
capsulorhexis, nucleus and cortex extraction, and a monofocal IOL (ZCB00, AMO, IL, USA) implantation through
a temporal 2.8 mm clear corneal incision. We selected emmetropia or the least myopia as the target refraction. After
subconjunctival injection of lidocaine epinephrine (1:100,000) into the tissue, the pterygium head was bluntly lifted from
the cornea, and the pterygium head and body were excised 3—4 mm from the limbus. Abnormal subconjunctival fibrous
tissue was trimmed away, and abnormal scarring of the cornea was polished. A conjunctival autograft was taken from the
superior bulbar conjunctiva in order to cover the defect area with 8—0 absorbable polyglycolic sutures without using
mitomycin C. Postoperatively, tobramycin/dexamethasone ophthalmic suspension 0.3% / 0.05% (ToraDex, Alcon, TX,
USA) and antibiotics (0.3% levofloxacin, Santen, Osaka, Japan) were topically administered 4 times daily for 2 weeks,
with the dose being reduced gradually thereafter postoperative corneal power, corneal astigmatism, refractive errors, and
spherical equivalent were obtained using autorefraction (RM-8000A, Topcon, Tokyo, Japan).

The postoperative outcomes were assessed by an examiner who did not participate in the surgery and was not aware
of the treatment assignment. Patients were followed-up for 1 d, 7 days, 30 days, and 3 months postoperatively. The
postoperative logMAR UDVA, logMAR CDVA, corneal power, corneal astigmatism, and SE were documented and
statistically analyzed 1 and 3 months later.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows (version 18.0; IBM, USA). In addition to the
comparisons of visual acuity and refractive outcomes, the predictive accuracy of the IOL calculation was assessed by
calculating the Mean Absolute Error (MAE) and Median Absolute Error (MedAE) of the predicted versus the actual
postoperative spherical equivalent refraction for each group. The standard deviation (SD) of the prediction error and the
percentages of eyes within £0.25 D, £0.50 D, +0.75 D, and £1.00 D of the predicted refraction were also reported.
Changes in corneal power after surgery were evaluated by Analysis of Variance. The differences in UCVA, CCVA,
corneal power (CP), corneal astigmatism (CA), and SE between groups were evaluated using the independent sample
t-test. Statistical significance was set at p < 0.05.

Results
A total of 56 eyes (56 patients) in the CCG group and 56 eyes (56 patients) in the UCG group were enrolled in the study.
The mean patient age was 69.5+19.3 (SD) years, and no statistically significant differences between the groups were
found by Independent Samples 7-Test (P>0.05). The nuclear density grade comparison was not statistically significant by
X? (Chi-square) test (P>0.05).

One posterior capsule rupture occurred in the CCG and two in the UCG. Because the effused vitreous had to be
cleared by anterior vitrectomy and could potentially affect the outcome, these two cases were excluded from the final
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analysis. The intraoperative differences in Ultrasound Time (UST) and mean cumulative dissipated energy (CDE)
between the two groups were not statistically significant. No postoperative complications such as fibrin formation,
synechias, macrophages on the IOL optic, or endophthalmitis were observed in any patient during the short-term
observation. No postoperative complications associated with pterygium excision, such as recurrence, corneal scarring,
corneal perforation, strabismus, non-healing epithelial defects, or scleral melt, were observed during the follow-up.

In the CCG group, 92.8% (52/56) of eyes achieved a refractive outcome within #0.5 D. In stark contrast, none of the
eyes in the UCG group (0/56) fell within this range. Additionally, 10.7% (6/56) of patients achieved outcomes ranging
from £0.5 D to £1.0 D, and the majority, 89.3% (50/56), had refractive results between £1.0 D and £2.0 D.

One month or three months after surgery, the difference in corneal power in the upper, lower, and contralateral
quadrants compared with those before surgery was not statistically significant through variance analysis (P>0.05). Slit-
lamp photography (Figure 1A) and corresponding preoperative topography (Figure 1B) showed a lower corneal curvature
of the pterygium surface and its ipsilateral tear lakes between the pterygium and corneal apex than the other three

Axial Curvature (Anterior Surface)
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Curvature
True Net

Curvature
True Net 8 4 0 4 8

Figure | Representative photographs and corneal topography maps before and after pterygium excision. (A) Preoperative slit-lamp photograph showing the nasal
pterygium. (B) Preoperative axial curvature map from Pentacam. The solid inner circle demarcates the central 3mm zone for keratometry analysis. The larger outer dashed
circle indicates the 6mm analysis zone. The black arrow points to the inferonasal quadrant between the pterygium head and the corneal apex, where the corneal power was
measured at 41.8 D, notably lower than other quadrants. (C) Postoperative slit-lamp photograph following pterygium removal. (D) Postoperative axial curvature map. The
solid inner circle indicates the central 3mm zone. The smaller inner dashed circle approximates the pupillary area. The black arrow points to the same quadrant as in (B),
showing an increase in corneal power to 45.9 D postoperatively, while curvatures in the contralateral, superior, and inferior quadrants remained relatively unchanged.
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equivalents. However, after surgery, the pterygium ipsilateral corneal curvature showed little difference compared with
the other three equivalents (Figure 1C and D). The average ipsilateral quadrant corneal power before pterygium excision
was 40.14+4.51 (n=55), while it was 43.51+1.8 (n=55) and 43.79+1.7 (n=55) after 1 and 3 months of operations. The
difference between the preoperative corneal power and 1 month (P<0.001) or 3 months (P<0.001) postoperative corneal
power was statistically significant through variance analysis followed by the Least Significant Difference (LSD) test. The
difference in ipsilateral quadrant corneal power between 1 and 3 months after surgery was statistically significant
(P<0.001) (Table 1).

At 1 or 3 months after surgery, the difference in UDVA between CCG and UCG was statistically significant (P<0.001)
by Independent Samples 7-Test, while the CDVA was not significant (P>0.05). All the patients in the UCG developed
myopia, and the average SE was —1.49+1.25 and —1.43+1.05 (n=55) 1 month and 3 months after surgery, respectively,
while the SE in the CCG developed close to the target diopter —0.1040.50 and 0.02+0.55, respectively, | month and 3
months after surgery. The difference in the SE was statistically significant (P<0.001). The differences in CDVA, corneal
power, and corneal astigmatism between the two groups were not significant (P>0.05) (Table 2).

The analysis of refractive prediction accuracy revealed a marked superiority of the novel method. The Mean Absolute Error
(MAE) was significantly lower in the CCG group (0.22 + 0.18 D) compared to the UCG group (1.18 = 0.95 D) (P < 0.001).

Table | The Preoperative and Postoperative EKR (X + SD) Pair-Wised
Comeparisons in 3mmcentral Corneal by Quadrant to Quadrant

Measuring Time | Upper Lower Contralateral | Ipsilateral

PreOp 44.57+0.99 | 44.01£1.49 | 43.85+0.96 40.14+4.51*
IM PostOp 44.48+1.21 | 44.10£1.18 | 43.94%1.12 43.51+1.8*

3M PostOp 44.63+1.38 | 44.07+1.43 | 43.95+1.48 43.79+1.7*

F 2.777 1.011 0.046 457.292*

P 0.062 0.365 0.955 0.000%*

Notes: No statistically significant difference between the preoperative and postoperative corneal
powers in the upper, lower, and contralateral quadrants was found in the variance analysis.
A significant increase in corneal power was observed in the ipsilateral quadrant postoperatively.
*Indicates a statistically significant difference (P<0.001).

Abbreviations: F, Variance value; P, P value; EKR, Equivalent Keratometry Reading; PreOp,
preoperative; PostOp, postoperative.

Table 2 The LogMAR UDVA, LogMAR CDVA, Corneal Power, Corneal Astigmatism
and Spherical Equivalent (X & SD) Comparison Between the CCG and UCG at |
month and 3 months Postoperatively

logMAR UDVA | logMAR CDVA | CP (D) | CA (D) SE (D)
IM PostOp
CCG —0.09+0.07 —0.12+0.07 44.2+1.4 | 0.85+0.35 | —0.10+0.50
UCG 0.15£0.12 —0.11+0.06 44.1£1.7 | 0.79£0.38 | —1.49£1.25
T -7911* —0.7940 1.882 0.573 16.715%
P 0.000%* 0.429 0.062 0.568 0.000
3M PostOp
CCG —0.11%0.05 —0.12+0.04 44.3+1.6 | 0.78+0.28 | 0.02+0.55
UCG 0.13+0.10 —0.11+0.08 44.0+1.9 | 0.80+0.26 | —1.43%£1.05
T —11.782% —0.562 0.76 1.271 19.038*
P 0.000%* 0.575 0.449 0.205 0.000*

Notes: The differences in logMAR CDVA, CP, and CA between the CCG and UCG were not statistically
significant by Independent Samples T-Test (P>0.05), whereas the postoperative differences in SE and the
UDVA was statistically significant (P<0.001). *Indicates a statistically significant difference (P<0.001).
Abbreviations: T, T value; P, P value; CCG, corrected corneal power group; UCG, uncorrected corneal
power group; UDVA, uncorrected distance visual acuity; CDVA, corrected distance visual acuity; D, diopter;
logMAR, logarithm of the minimal angle of resolution; CP, corneal power; CA, corneal astigmatism; SE,
spherical equivalent.
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Similarly, the Median Absolute Error (MedAE) was 0.19 D in the CCG versus 0.98 D in the UCG. The standard deviation of the
prediction error, indicating the variability of outcomes, was also substantially smaller in the CCG (0.18 D) than in the UCG (0.95
D). In terms of clinical relevance, 92.9% (52/56) of eyes in the CCG achieved a prediction error within +0.50 D, and 100% were
within +£1.00 D. In stark contrast, only 10.7% (6/56) of eyes in the UCG were within £1.00 D, with the majority (89.3%, 50/56)
exhibiting errors between +1.00 D and £2.00 D, and no eyes achieving an error within £0.50 D. These results demonstrate the
superior predictive accuracy of the corrected calculation method.

Discussion

An accurate intraocular lens power calculation is based on measurements of corneal power, ocular axial length, anterior
chamber depth, and appropriate formulas. Improved instrumentation for measuring the eye’s axial length (AL), anterior
depth, and the use of more precise mathematical formulas have significantly improved the accuracy of IOL power and
reduced postoperative refractive errors.'> Though a new generation of keratometry can provide more accurate corneal
power measurement, healthy corneal epithelial and smooth tear film are essential for accurate corneal power
measurement.'* Any localized or diffuse disturbances on this surface will result in a decreasing accuracy of corneal
power measurements. Small focal disturbances in the corneal periphery typically have little effect on vision. In contrast,
any anomaly producing surface irregularities over the visual axis, although small, will have profound effects. The
presence of a pterygium can significantly influence corneal refraction, including spherical power and astigmatism.'’

Almost all keratometries provide the average corneal power of a corneal meridian, which cannot ensure accurate
corneal power values if asymmetric corneal disturbances exist.'® To our knowledge, this is the first study to assess
pterygium removal surgery-induced corneal power change by analyzing the contralateral and ipsilateral quadrants in the
central cornea separately. Although the measurements of corneal curvature/power can be performed with a variety of
instruments, most commonly a keratometer, IOL Master, or corneal topography device with different measuring
principles, only the central cornea is usually measured for IOL calculations.'”'® We attempted to evaluate the influence
of pterygium on corneal power by choosing a unilateral pterygium that is not large enough to reach a 3 mm central
corneal optical area. By comparing preoperative and postoperative corneal power, we found that pterygium excision
caused the ipsilateral quadrant corneal power to increase, but had little influence on the contralateral quadrant or vertical
quadrants. The ipsilateral quadrant corneal power difference between 1 and 3 months postoperatively was not statistically
significant. Because the pterygium did not reach the 3 mm central cornea, the cornea was not influenced by surgery-
induced opacification, scarring, or traction. The tear film between the corneal apex and pterygium head leads to
a disparity in corneal power measurement, which is consistent with the measurement principles of keratometry, reflecting
the air-tear film surface instead of the tear film-corneal epithelial surface. Through point-to-point preoperative and
postoperative corneal power comparisons, our study verifies Yasar’s opinion that the pooling of tears at the pterygium
apex plays an important role, but fibrovascular traction has no effect on the corneal topographical changes induced by
pterygium.'®?° In addition to the size of the pterygium, pterygium thickness and distance from the corneal apex have
a close correlation with the corneal power change, which is related to the thickness of the tear film.

Corneal power and astigmatism can change with age, showing with-the-rule or against-the-rule astigmatism. Whether
with-the-rule or against-the-rule regular astigmatism, the corneal power of a meridian appears symmetrical, and the side-
to-side difference of the same meridian is smaller than the total difference of its vertical meridian. Because the
contralateral quadrant corneal power of the pterygium changed little, we used it as the meridian power to calculate
IOL power instead of the corneal power provided by keratometry. The absolute value of postoperative refractive errors in
the corrected group (0.10+0.50 (n=55) was smaller than that in the uncorrected groups 1.49+£1.25 (n=55).

A key finding of this study is that pterygium can induce artifactual corneal flattening within the central optical zone
even when its head is outside the standard measurement area. We propose the following pathophysiological mechanism
to explain this phenomenon and the resultant inaccuracy in standard biometry: (1) The elevated body of the pterygium
creates a physical ridge, forming an abnormal tear film meniscus or pool between itself and the corneal apex. (2) This
interposed fluid layer, through surface tension and mechanical coupling, transmits a flattening force anteriorly to the
central corneal surface. (3) Keratometric devices (eg, IOLMaster), which measure the reflection from the air-tear-film
interface, consequently record an artifactually flatter corneal curvature than the true stromal curvature. (4) Following
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pterygium excision, this abnormal fluid bridge is eliminated, allowing the cornea to assume its true, steeper anatomical
curvature. (5) If uncorrected, the use of the preoperatively measured flat K-values leads to an over-powered IOL and
a predictable postoperative myopic shift. Our novel calculation method, which selectively uses topography-derived
K-values from less-affected regions (vertical meridian average and contralateral quadrant), is designed specifically to
circumvent this tear-film-mediated artifact and approximate the eye’s latent corneal power.

Toric IOL has been widely used to reduce postoperative refractive astigmatism and spectacle dependence following
cataract surgery.”! Due to the presence of pterygium, such patients often present with a considerable degree of
astigmatism postoperative corneal astigmatism after pterygium excision and its axis were difficult to predict, and the
monofocal lens was used for refractive correction after cataract extraction in this study. Toric IOL is not recommended
for correcting preexisting astigmatism in patients with cataracts and pterygium until reliable methods to predict post-
operative astigmatism and its axis are found.

Limitations

This study has several limitations. First, it included only patients with unilateral pterygium not involving the central
3 mm cornea, so the findings may not be generalizable to larger or bilateral pterygia. Second, the sample size, though
sufficient to show statistical significance, was moderate. Future studies with larger cohorts and more diverse pterygium
morphology are warranted to validate and refine this method.

Although neglecting the direct measurement of the ipsilateral quadrant corneal power of the pterygium is beneficial
for reducing the average postoperative refractive errors, the limitation of the study is that it may not precisely reflect
the meridian’s corneal power for individual patients. Our method is an easy and effective way to solve the problems of
corneal power measurement in patients with preexisting pterygium and cataracts. If the pterygium is large enough to
reach the central optical area or if nasal and temporal pterygium are simultaneously present, in which the contralateral
corneal power is possibly influenced by the thickened tear film, it is best to calculate the IOL power by avoiding the
horizontal corneal power. Only the corneal power of the vertical meridians can be used to calculate the IOL power. It is
found from the keratometer or IOL master that a smaller corneal curvature is from the meridian of the pterygium. If it
is calculated simply by the higher meridian, according to the SRK II IOL calculation formula, the contribution of
a single meridian to the power of IOL is 1/2; therefore, the myopia drift caused by it is 1/2 of the power of
astigmatism. Therefore, half of the astigmatism degree was subtracted from the calculated IOL power to achieve
emmetropia.

This study has been strengthened by the incorporation of the Mean Absolute Error (MAE), the gold standard metric
for evaluating IOL calculation accuracy. Our reported MAE of 0.22 D for the corrected method not only validates its
precision but also allows for direct comparison with future studies. The strong correlation between the excellent MAE
and the superior UDVA outcomes in the CCG group underscores that improved computational accuracy directly
translates into better unaided visual function for patients.
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