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Purpose: To evaluate the outcomes of scleral-fixated intraocular lenses (IOLs) implanted using either Yamane technique or Gore-Tex 
suture fixation, in comparison to intracapsular lens fixation, and to assess the efficacy of various lens formulas in achieving predicted 
refractive targets.
Patients and Methods: This study included 45 eyes from 44 patients with scleral-fixated IOLs, comprising 37 Yamane eyes and 8 
Gore-Tex eyes. Preoperative refractive predictions from various formulae were compared with final postoperative refraction. 
Outcomes assessed included effective lens position (ELP), postoperative predictive error, and changes in visual acuity. The ELP of 
scleral-fixated IOLs was compared with that of intracapsular IOLs in fellow eyes.
Results: Average ELP for Yamane IOLs was 0.62 mm more posterior relative to intracapsular IOLs but was not significantly different 
for Gore-Tex IOLs. Average postoperative logMAR acuity change was significant at –1.30 (p=4.5x10−11) and –1.65 (p=5x10−4) for 
Yamane and Gore-Tex eyes, respectively. Mean prediction error for Yamane eyes was +0.29±1.3 D, −0.53±0.40 D, +0.80±1.4 D, and 
+0.43±1.4 D using Barrett Universal II, Holladay, Hill-RBF, and Hoffer QST formulas, respectively. Mean prediction error for Gore- 
Tex eyes was –0.37±1.24 D and +0.53±1.19 D using Barrett Universal II and Holladay formulas, respectively.
Conclusion: Different scleral fixation techniques result in variations in ELP compared to intracapsular IOL placement. In our hands, 
when using the Yamane technique, surgeons should aim for a myopic refractive target to offset hyperopic errors when employing the 
Barrett Universal II, Hill-RBF, or Hoffer QST formulas, and a hyperopic target when using the Holladay formula. For Gore-Tex IOLs, 
a slightly hyperopic target is recommended to counter myopic error when using the Barrett Universal II formula, whereas a slightly 
myopic target is advised with the Holladay formula to offset hyperopic error. A limitation of our study is the small sample size for 
patients who underwent Gore-Tex suture fixation.
Keywords: secondary intraocular lens, Yamane technique, flanged technique

Introduction
During cataract surgery, intracapsular placement of the intraocular lens (IOL) is not only the most common method of 
lens implantation, but also the most desirable. However, other methods of IOL fixation are necessary when there is a loss 
of capsular support, such as in patients with a history of subluxated IOLs, damage to the capsular bag from surgery, 
pseudoexfoliation syndrome, or trauma.1,2 The Yamane technique is an increasingly popular method of secondary IOL 
implantation via scleral fixation, which involves passing a lens haptic through the sclera via two sclerotomies created by 
30-gauge needles that are positioned 2.0 mm posterior to the corneal limbus and spaced 180 degrees apart.3,4 Low- 
temperature cautery is then used to create a flange at the end of the haptic, which is subsequently buried into the external 
sclera to secure the IOL.1,3 Compared to iris fixated or anterior chamber IOLs, scleral fixation has fewer associated 
complications, such as glaucoma, peripheral anterior synechiae, and corneal endothelial decompensation.2,3 However, 
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scleral fixation is technically challenging and associated with a unique set of complications, including suture breakage 
and erosion of the suture material.2,5 Flanged haptic techniques have gained popularity as they reduce these risks; 
however, they can be associated with increased rates of tilt and decentration.2

Given patients’ increasingly demanding postoperative expectations in the modern era, it is critical to ensure that the 
best possible refractive outcome is achieved with scleral-fixated intraocular lenses. Most of the formulae for calculation 
of IOL power assume that the lens is placed within the capsular bag. When an IOL is scleral-fixated, lens calculation 
parameters such as effective lens position (ELP) and anterior chamber depth (ACD) may be altered, introducing 
unpredictability to surgical outcomes.6 It is therefore important to better understand how these parameters differ between 
a scleral fixated versus intracapsular IOL. The aim of this study was to evaluate the postoperative ELP and the resulting 
residual refractive error following scleral fixation of IOL with Yamane technique or Gore-tex suture fixation versus 
intracapsular IOL placement.

Materials and Methods
This retrospective chart review analyzed patients who underwent secondary IOL placement via scleral fixation between 
March 2019 and March 2023. Patient data was collected from the electronic medical record from January 2019 to 
February 2024. Eligible participants were all individuals aged 18 years or older who received a scleral fixated IOL with 
or without sutures within the study period. The study was submitted for review to the Wayne State University 
Institutional Review Board and deemed as exempt research by, and consent was waived due to its retrospective nature. 
All data was maintained with confidentiality. The study adhered to the Declaration of Helsinki.

Patient demographics, medical history, diagnoses, and indications for surgical intervention were extracted from 
medical records. Patient data were collected retrospectively from all preoperative and postoperative visits. Interval 
examinations at each visit included slit lamp exams and pupil dilation with posterior segment exam. Preoperative 
measurements for IOL calculations were obtained using the IOL Master 700 (Carl Zeiss Meditec, Jena, Germany). 
Preoperative visual acuity and manifest refraction were also recorded.

At our institution, sclerotomy sites for the Yamane procedure are placed 2.0 mm posterior to the limbus. For the Gore- 
tex fixated technique, sutures are positioned 2.5 mm posterior to the limbus. All surgeries were performed by a single 
surgeon (X.L.) in the same operating room at our institution. All patients underwent scleral-fixated IOL placement 
without any intraoperative complications for both the Yamane and Gore-tex fixated groups.

Postoperatively, all patients had a manifest refraction to assess their refractive error after a stabilization period of two 
months. A predicted refractive error was then calculated. Predicted refractive error is equal to the spherical equivalent of 
the actual refraction measured after surgery minus the refraction that was predicted before the surgery using the intended 
IOL calculation formula. The ELP was also determined 2 months post-operatively after scleral fixation. This was 
calculated by UBM or utilizing IOL Master 700 using anterior chamber depth as a surrogate value. The refractive 
error of the scleral fixated lens was also compared to intracapsular lens placement in the fellow eye.

A two-tailed Student’s t-test was performed to compare IOL position and postoperative residual refractive error in 
eyes with scleral-fixated IOLs compared to intracapsular IOLs. A p-value of <0.05 was used to determine statistical 
significance. All analyses were performed on GraphPad Prism 6 software.

Results
This study included 45 eyes from 44 patients that received a scleral fixated IOL. The Yamane technique using an Alcon 
MA60AC lens (Alcon, Fort Worth, Texas) was utilized in 37 eyes, whereas 8 eyes underwent the Gore-Tex suture 
technique using an Akreos AO60 lens (Bausch & Lomb, Bridgewater, New Jersey). The majority of participants were 
male (31 out of 45), with an age range of 30 to 91 years (Table 1). The most prevalent indications for surgery included 
post-surgical aphakia without an intact capsular bag in 22 patients, traumatic subluxation of the crystalline lens in 9 
patients, and dislocation of an artificial IOL in 8 patients (Table 2). The mean preoperative uncorrected and postoperative 
best corrected logMAR acuity in the Yamane group were 2.01± 0.13 and 0.71± 0.11, respectively, with a mean difference 
of −1.30 (p = 4.5×10-11). For the Gore-Tex group, the mean preoperative uncorrected and postoperative best corrected 
logMAR acuity were 1.94± 0.30 and 0.29± 0.10, respectively, with a mean difference of −1.65 (p = 5×10-4).
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Lens positioning was evaluated based on the postoperative effective lens position (ELP). Postoperative ELP data was 
available for 23 of the Yamane patients and 2 of the Gore-Tex patients. The average ELP in post-Yamane patients was 
5.01 ± 0.55 mm. Of these patients, 8 had intracapsular posterior chamber IOLs in the contralateral eye with an average 
ELP of 4.39 ± 0.78 mm, a difference of 0.62 mm (p = 0.021) between the more posterior final position of the Yamane- 
fixated IOLs versus intracapsular IOLs. In contrast, the average ELP in patients with Gore-Tex suture fixated IOLs was 
3.50 ± 0.37 mm, which was 0.77 mm (p = 0.11) more anterior in comparison to an ELP of 4.27 ± 0.17 mm in their 
contralateral eyes with intracapsular IOLs (Table 3).

Table 1 Patient Demographics

Demographic

Patients (no.) 44

Eyes (no.) 45

Age (mean [range]) 65 [30–91]

Male (%) 68

Ethnicity

African American (no.) 29

White (no.) 11

Middle Eastern (no.) 2

Asian (no.) 1

Hispanic (no.) 1

Table 2 Patient Condition Necessitating Placement of Scleral-Fixated Intraocular Lens

Reason for Surgery Number of Eyes

Post-Surgical Aphakia Without Intact Capsule 22

Traumatic Subluxation of Crystalline Lens 9

Dislocated Intraocular Lens 8

Subluxation of Crystalline Lens Secondary to Connective Tissue Disease 2

Extracapsular Cataract Extraction 2

Intracapsular Cataract Extraction 1

Chronic Endophthalmitis 1

Total 45

Table 3 Effective Lens Position (ELP) for Scleral-Fixated versus Intracapsular Intraocular Lenses

Scleral Fixation 
Method

Average Scleral 
Fixated ELPa  

(mm)

Average 
Intracapsular 
ELPa (mm)

Difference in 
ELPa (mm)

Statistical 
Significance

Yamane 5.01 ± 0.55 4.39 ± 0.78 +0.62 p=0.021

Gore-Tex Suture 3.50 ± 0.37 4.27 ± 0.17 −0.77 p=0.11

Note: aEffective-Lens Position.
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In the Yamane cohort, the mean predictive errors of the Barrett Universal II, Holladay, Hill-RBF, and Hoffer QST 
formulae were +0.29 ± 1.3 D, −0.53 ± 0.40 D, +0.80 ± 1.4 D, and +0.43 ± 1.4 D, respectively (Table 4).

In the Gore-Tex suture-fixated group, the mean predictive errors of the Barrett Universal II and Holladay formulae 
were –0.37 ± 1.24 D and +0.53 ± 1.19 D, respectively. The Hill-RBF and Hoffer QST formulae were not evaluated in this 
cohort because they required a preoperative anterior chamber depth, which was only available for two patients.

Discussion
Our study demonstrates that there are significant differences in lens positioning and refractive outcomes between primary 
intracapsular IOL placement and secondary IOL implantation by scleral fixation techniques. When compared to the 
intracapsular IOLs in the contralateral eyes, IOLs fixated with the Yamane technique had a more posterior final position 
(delta ELP = −0.62 mm) while those that were Gore-Tex suture fixated were more anterior (delta ELP = +0.77 mm). In 
the Yamane cohort, the mean predictive errors of the Barrett Universal II, Holladay, Hill-RBF, and Hoffer QST formulae 
were +0.29 ± 1.3 D, −0.53 ± 0.40 D, +0.80 ± 1.4 D, and +0.43 ± 1.4 D, respectively (Table 4). In the Gore-Tex suture- 
fixated group, the mean predictive errors of the Barrett Universal II and Holladay formulae were –0.37 ± 1.24 D and 
+0.53 ± 1.19 D, respectively.

Residual refractive errors following scleral fixation of IOLs in the literature have been variable. Schranz et al reported 
an average ELP of 4.05 mm using the Yamane technique and variability in predictive error across depending on the IOL 
power formula used: the SRK/T formula tended towards myopic errors, while the Holladay 1 and Hoffer Q formulas 
typically resulted in hyperopic errors. However, regardless of the type of error, their multivariable analysis demonstrated 
that ELP significantly influences predictive error irrespective of the formula used.1 Aykut et al employed a Yamane 
technique and noted a hyperopic error of +0.85 D ± 1.15 D. This comparison was relative to preoperative intracapsular 
calculations using the SRK/T formula for eyes with an axial length of 22–26 mm and the Haigis formula for eyes with 
axial length of more than 26 mm.7 Similarly, Lee et al also reported a hyperopic refractive error of +0.39 D ± 1.42 D, 
relative to preoperative intracapsular calculations using the Barrett Universal Formula.8 McMillin et al consistently found 
a hyperopic predictive error for eyes with the Yamane technique across several formulas: +0.48 D with Holladay 1, +0.46 
D with Barrett Universal II, +0.57 D with SRK/T, and +0.67 D with Hoffer Q, with the predictive error for each formula 
being statistically significant.4

Conversely, Rocke et al did not observe a significant residual refractive error in eyes with scleral fixation using the Yamane 
technique relative to those with intracapsular placement.9 Similarly, Yamane’s original study also did not demonstrate 

Table 4 Predictive Errors of Intraocular Lens Calculation Formulas

Yamane

Formula Overall Predictive 
Error (Diopters)

Mean Absolute 
Error

Barrett Universal II +0.29 ± 1.3 1.08

Holladay −0.53 ± 0.4 0.63

Hill-RBF +0.80 ± 1.4 1.28

Hoffer QST +0.43 ± 1.4 1.02

Gore-Tex

Formula Overall Predictive 
Error (Diopters)

Mean Absolute 
Error

Barrett Universal II −0.37 ± 1.24 1.18

Holladay +0.53 ± 1.19 1.30

Abbreviations: ELP, Effective Lens Position; IOL, Intraocular Lens.
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a significant mean refractive error using the SRK/T formula.3 However, the reason for this discrepancy is unclear as neither 
group evaluated the effect of ELP on final outcomes. Interestingly, a similar study that was previously done at our institution 
also did not identify a significant overall residual refractive error in patients that underwent scleral fixation with the Yamane 
technique. Holladay 2, SRK, and Barrett Universal II resulted in a mild myopic error (−0.55, −0.18, and −0.20 D), while 
Haigis and Hill-RBF (Radial Basis Function) resulted in mild hyperopic error (+0.28 and +0.28 D). Hoffer Q and Holladay 1 
were the most accurate (−0.02 D and −0.08 D).10

In this current study, a hyperopic error was observed for the Barrett Universal II formula, Hill-RBF, and Hoffer QST, 
while the Holladay 2 produced a myopic error when all patients with fixation using the Yamane technique were included 
in the calculation. The Holladay 2 formula resulted in a smaller standard deviation and thus less variability with this 
calculation, though further study is necessary to determine if this remains true with a larger sample size.

For the 8 patients in our study undergoing the Gore-Tex suture technique, the average ELP was 3.50 ± 0.37 mm, 
compared to 4.27 ± 0.17 mm for intracapsular IOLs in the fellow eyes. This places the IOL at an average of 0.74 mm 
more anteriorly, though the difference was not statistically significant. It is worth nothing that the Holladay formula led to 
more hyperopic outcomes (predictive error of about +0.53 D) than the Barrett Universal II formula (predictive error of 
about −0.37D). However, determination of statistical significance is limited by the small sample size of this cohort, and 
further study is warranted.

For Gore-Tex suture fixation, the predicted refractive error appears to vary between different authors utilizing the 
same technique. Su et al found a nonsignificant mean predicted error of –0.43 ± 0.71 D for Gore-Tex fixation 3 mm 
posterior to the limbus and significantly myopic error of –1.35 ± 1.32 D for fixation 2 mm posterior to the limbus.11 In 
our institution, we perform Gore-Tex fixation at 2.5 mm posterior to the limbus. Wei et al demonstrated a nonsignificant 
error of −0.17 D ± 0.60 D using the SRK-T formula.12 In contrast, Li et al observed a myopic error in patients with 
a Gore-Tex sutured IOL across multiple formulas, including SRK/T, Holladay 1, Hoffer Q, Haigis, and Barrett II.13 

Similarly, Botsford et al, Hayashi et al, and Fass et al described myopic predictive errors in the placement of suture- 
fixated lenses.14–16 Though these results are similar, the variability in results is likely due to both surgeon- and patient- 
specific factors, though further study is needed.

The average pre-op and post-op best corrected logMAR acuity for the Yamane group was 2.01 ± 0.13 and 0.71 ± 0.11, 
respectively, with a difference of −1.30 (p<0.001). For the suture-fixated group, the average pre-operative and post-operative 
best corrected logMAR acuity was 1.94 ± 0.30 and 0.29 ± 0.10, respectively, with a difference of −1.65 (p<0.001).17,18 Other 
studies have shown similar increases in vision after the placement of a scleral-fixated lens via both the Yamane and suture- 
fixated techniques.19–21 Though we did not assess this in our study, another factor potentially influencing visual acuity is the 
degree of IOL tilt, which is common but does not appear to significantly worsen visual outcomes.22–24

This study provides valuable insights into the practical applications and outcomes of newer scleral fixation methods. 
The detailed measurements of ELP allow for a better understanding of the resulting position of the IOL postoperatively. 
The diversity in patient demographics, with ages ranging from 30 to 91 and various surgical indications such as aphakia, 
subluxation, and lens dislocation, broadens the study’s applicability to a wider patient population.

However, the study also presents certain limitations. As surgical technique plays a critical role in refractive outcomes, the 
results may not be generalizable to other practices using different techniques for fixation. However, this study provides 
a framework that others may use to determine the optimal method to approach lens calculations for intrascleral fixation of 
intraocular lenses. The small number of patients undergoing the Gore-Tex suture technique limits the statistical power of the 
comparisons involving this method, potentially affecting the generalizability of these specific results. As a retrospective study, 
it is more prone to bias and the effects of confounding variables. Moreover, the absence of long-term follow-up data restricts 
our ability to assess the durability and stability of the lens placements, as well as the long-term refractive outcomes and 
complications in these patients. Lastly, this study does not include comparisons with more traditional secondary lens methods 
such as anterior chamber intraocular lenses.

Conclusion
Our study provides an increased understanding regarding the anatomical and refractive differences with different scleral 
fixation techniques. IOL fixation with the Yamane technique resulted in a more posterior ELP compared to intracapsular 
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fixation. Based on data from our surgical technique, with IOL fixation using the Yamane technique, surgeons should aim 
for a myopic refractive target to offset hyperopic errors when employing the Barrett Universal II, Hill-RBF, or Hoffer 
QST formulas, and a hyperopic target when using the Holladay formula. For a Gore-Tex IOL, a slightly hyperopic target 
is recommended to counter myopic error when using the Barrett Universal II formula, whereas a slightly myopic target is 
advised with the Holladay formula to offset hyperopic error. Individual surgeons may wish to assess the performance of 
these formulas in a similar manner in their own practice.
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