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Abstract
Purpose  The goal of this study is to describe characteristics of cataract surgery patients who previously underwent 
laser in situ keratomileusis/photorefractive keratectomy (LASIK/PRK) in comparison to non-LASIK/PRK cataract 
surgery patients including psychiatric comorbidities, as well as describe refractive prediction error after cataract 
surgery while accounting for axial length (AL) using the Barrett True-K and Barrett Universal II formulas.
Methods  This was a retrospective study of patients from the University of Colorado Cataract Outcomes Reg-
istry. The primary outcomes were refraction prediction error (RPE), mean absolute RPE, and median absolute 
RPE. Outcomes were stratified by five axial length groups. Univariate and multivariate models for RPE were 
stratified by the AL group.
Results  Two hundred eighty-one eyes with prior LASIK/PRK and 3101 eyes without are included in the study. Patients 
with prior LASIK/PRK were significantly younger: 67.0 vs 69.9 years, p < 0.0001. The LASIK/PRK group had sig-
nificantly better mean pre-operative BCVA in comparison to the non-LASIK group, logMAR 0.204 vs logMAR 0.288, 
p = 0.003. The LASIK/PRK group had significantly lower rates of cardiovascular disease (18.5% vs 29.3%, p < 0.001), 
hypertension (49.1% vs 59.3%, p < 0.012), and type 2 diabetes (10.7% vs 26.0%, p < 0.001), and no significant dif-
ference in psychiatric disease. The absolute RPE was higher for the LASIK group for all ALs, but only significantly 
higher for eyes with AL less than 25 mm.
Conclusion  Patient eyes with prior LASIK/PRK surgery undergoing cataract surgery were significantly younger, had sig-
nificantly less comorbidities, and a significantly better pre-operative BCVA. Using the Barrett formulas, absolute prediction 
error for eyes with longer ALs was not significantly worse for LASIK/PRK eyes than those without and the difference was 
smaller for eyes with longer AL.
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Introduction

Commonly performed corneal refractive surgeries include 
photorefractive keratectomy (PRK) and laser in situ ker-
atomileusis (LASIK), which has a 96% postoperative 
patient satisfaction rate [1]. LASIK offered a revolutionary 
breakthrough in ophthalmology due to the range of correc-
tion available, speed of recovery, and reliability of results 
[2]. Eventually, patients with prior corneal refractive sur-
gery develop age-related cataracts which require surgical 
removal.

Patients with prior corneal refractive surgery have par-
ticularly increased demands for visual function and uncor-
rected visual acuity after their corneal refractive surgery 
and may have similar expectations following their cataract 
surgery [2, 3]. Despite the wide range of approaches and 
formulas that have been developed, intraocular lens (IOL) 
power calculations are less accurate in eyes with prior 
LASIK and PRK in comparison to previously unoperated 
eyes, causing an increased risk of refractive surprise [3–6]. 
Similarly, IOL power calculations in eyes with extremes of 
axial length (AL) but without prior refractive surgery are 
also less accurate making these patients prone to refractive 
surprise following cataract surgery as well [7, 8]. Previous 
studies that have assessed refractive outcomes after cataract 
surgery in patients with prior LASIK/PRK did not control 
for AL, which is an important confounder.

LASIK and other refractive surgeries have faced media 
scrutiny despite their proven level of safety and patient 
satisfaction as there have been anecdotal links to sui-
cidality in unhappy patients [9]. However, psychiatric 
complications such as depression, suicidal ideation, psy-
chosis, and attempted or completed suicide following or 
due to LASIK are rare [10]. To date, there is no scientific 

evidence that LASIK is a risk factor for depression [11]. 
However, the patient’s perceived postoperative visual result 
can be impacted by their psychological state [11]. Thus, 
patients with prior psychiatric diagnosis (such as depres-
sion, anxiety, bipolar depression, schizophrenia) may be 
at an increased risk of subjectively unsatisfactory visual 
outcomes after cataract surgery. This prompted interest in 
evaluating whether potentially differing rates of psychiatric 
disease in patients with and without prior LASIK/PRK may 
be linked to objectively different visual results following 
cataract surgery.

The objective of this study is to describe characteristics 
of cataract surgery patients (including prior psychiatric 
disorders) who previously underwent LASIK/PRK in com-
parison to non-LASIK/PRK cataract surgery patients, as 
well as describe Barrett formula refractive prediction error 
after cataract surgery while accounting for the important 
confounder of AL.

Patients and methods

This retrospective study included patient eyes that were part 
of the University of Colorado Department of Ophthalmol-
ogy’s Cataract Outcomes Registry from March 2018 through 
December 2019. The Colorado Multiple Institutional Review 
Board approved this study (COMIRB#17–0629). Data were 
collected from patient’s electronic medical records, and the 
information was entered into a secure cataract outcomes 
database, described in detail elsewhere [12–14]. In brief, 
each cataract surgery patient had comprehensive review of 
their medical record. Demographic information, medical and 
psychiatric history, pre-operative and postoperative findings, 
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and intra-operative and post-operative complications were 
collected. An additional administrative review of prior diag-
nosis codes of psychiatric diagnoses (including depression, 
anxiety, bipolar, post-traumatic stress disorder, schizophre-
nia, psychosomatic disorder) was performed using ICD-10 
codes. Psychiatric diagnoses were identified according to 
the Diagnostic and Standard Manual of Mental Disorders, 
Fifth edition [15].

Preoperative biometry including axial length was 
obtained using the IOLMaster 700 optical biometer (Carl 
Zeiss Meditec AG), and cataract phacoemulsification sur-
gery was performed using femtosecond laser or standard 
clear corneal incisions, per surgeon preference. Complex 
surgery was defined as surgery requiring the use of iris 
expansion device (Malyugin ring, iris hooks, or stretch 
pupilloplasty), capsular tension ring, or dye staining of 
the anterior capsule due to poor visualization. Postopera-
tive refractions were collected at the visit with the best-
corrected visual acuity (BCVA) between 3 and 26 weeks 
following cataract surgery. Refraction prediction for the 
IOL implanted in patients without prior LASIK/PRK was 
retrospectively calculated using the Barrett Universal II 
formula version 1.05 (https://​calc.​apacrs.​org/​barre​tt_​unive​
rsal2​105/). Using the Barrett True-K No History formula 
version 2.5, refraction prediction for IOL implanted in 
patients with prior LASIK/PRK was calculated (https://​
calc.​apacrs.​org/​Barre​tt_​True_K_​Unive​rsal_​2105/). The 
myopic LASIK/PRK option within the calculator was 
used for those with myopic LASIK/PRK, and the hyper-
opic LASIK/PRK option was used for those with prior 
hyperopic LASIK/PRK. Refraction prediction error was 
calculated as actual postoperative refraction minus for-
mula predicted refraction.

Exclusion criteria included patients less than 18 years of 
age, eyes with traumatic cataract, prior ocular surgery other 
than LASIK/PRK, prior radial keratotomy, combined ocular 
surgery, and eyes with post-operative BCVA of was worse 
than 20/40. Eyes with poor visual acuities were excluded to 
maximize the accuracy of utilized refractions as refraction 
accuracy decreases with visual acuity [16].

Statistical analysis

Information was collected from patients with one or both 
eyes included in the database. Frequencies and percentages 
for patient eyes with prior LASIK/PRK and non-LASIK/
PRK eyes are presented. The two groups were compared 
using linear and logistic regressions with general estimating 
equations to account for intrasubject correlation. The pri-
mary outcome of refraction prediction error (RPE) was cal-
culated as mean refraction prediction error (RPE) and stand-
ard deviation, mean (MAE) and median absolute refraction 

prediction error (MedAE), and standard deviation stratified 
by five axial length groups (< 23 mm, 23 to < 24 mm, 24 
to < 25 mm, 25 to < 26 mm, and 26 + mm). Multivariable 
regression models were performed to adjust for factors that 
were significantly different between LASIK and non-LASIK 
patient eyes and associated with RPE. Univariate and multi-
variate models for RPE were stratified by axial length group. 
p values less than 0.05 were considered statistically signifi-
cant. The SAS software (version 9.4, SAS Institute, Inc) was 
used for statistical analysis.

Results

Eyes (3382) were included in the study: 281 LASIK/PRK 
eyes and 3101 non-LASIK/PRK eyes. Patient character-
istics and select clinical characteristics (including psy-
chiatric diagnosis) are shown in Table 1. Patients with 
prior LASIK/PRK were significantly younger than non-
LASIK/PRK patients: 67.0 ± 8.4 versus 69.9 ± 9.5 years, 
p < 0.0001. Black/African American and Hispanic patients 
had significantly lower rates of LASIK/PRK in compari-
son to Caucasian patients, both p < 0.0001. Patients with 
prior LASIK/PRK were more likely to have private insur-
ance and less likely to have Medicare, Medicaid, or to 
be uninsured. Furthermore, patients with LASIK/PRK 
had significantly lower rates of cardiovascular disease 
(p = 0.001), type 2 diabetes (p < 0.0001), and treatment 
for chronic hypertension (p = 0.012). Overall, patients with 
LASIK/PRK had a slightly higher rate of any psychiatric 
diagnosis (18.2%) in comparison to patients with non-
LASIK/PRK (16.4%), but the difference was not statisti-
cally significant (p = 0.58).

Table  2 presents the ocular characteristics in the 
LASIK/PRK versus non-LASIK/PRK groups. Eyes in 
the LASIK/PRK group had significantly better mean pre-
operative BCVA, 0.204 ± 0.24 logMAR (Snellen equiva-
lent: 20/32), in comparison to the non-LASIK/PRK group 
with a pre-operative best-corrected VA 0.288 ± 0.37 
logMAR (Snellen equivalent: 20/39), p = 0.003. There 
were no significant differences in spherical equivalent 
of pre-operative refraction, and post-operative BCVA 
between the two groups. There was a significant differ-
ence in AL between the LASIK/PRK and non-LASIK/
PRK groups: 25.4 ± 1.6 mm versus 24.1 ± 1.4 mm respec-
tively, p < 0.0001. However, when stratified by the five AL 
groups, mean and median ALs were statistically similar 
between the LASIK/PRK and non-LASIK/PRK groups for 
each of the five defined AL groups

Table 3 shows ocular comorbidities, characteristics of 
surgery, and surgical complications. LASIK/PRK patient 
eyes were significantly less likely to have a history of pseu-
doexfoliation (0.4% versus 1.3%, p = 0.012) and diabetic 

https://calc.apacrs.org/barrett_universal2105/
https://calc.apacrs.org/barrett_universal2105/
https://calc.apacrs.org/Barrett_True_K_Universal_2105/
https://calc.apacrs.org/Barrett_True_K_Universal_2105/
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retinopathy (0.7% versus 7.0%, p < 0.0001). Furthermore, 
for patients with diabetes, the rate of retinopathy was 2/30 
(6.7%) in the LASIK/PRK patients versus 217/806 (27%) 
in the non-LASIK/PRK patients, p = 0.0008. In addi-
tion, LASIK/PRK eyes had significantly fewer complex 
surgeries in comparison to non-LASIK/PRK eyes, 7.8% 
and 15.2%, respectively, p = 0.0001. There was no signifi-
cant difference in overall rate of surgical complications 
between the two groups

Refractive surprise using the Barrett Universal II 
and Barrett True-K formulas stratified by AL group is 
shown in Table 4. There were 721 eyes that were miss-
ing RPE and are not included. There were no signifi-
cant differences in RPE between the LASIK/PRK and 

non-LASIK/PRK eyes in any of the axial length groups. 
However, absolute RPEs were higher in all of the 
LASIK/PRK groups in comparison to the non-LASIK/
PRK groups, and significantly higher for three of our 
AL subgroups with smaller AL: 24 ≤ AL < 25  mm 
(0.662D versus 0.409D, p = 0.033), 23 ≤ AL < 24 mm 
(0.787D versus 0.400D, p = 0.027), and AL < 23 mm 
(1.079D versus 0.439D, p < 0.0001). Multivariable 
models for each of these AL groups were also adjusted 
(data not shown) for potential confounding variables of 
type 2 diabetes, baseline BCVA, and complex surgery. 
However, these potential confounders had very little 
effect on the main association and did not impact the 
significance.

Table 1   Patient demographic 
and clinical characteristics

LASIK/PRK patients Non-LASIK/PRK patients p-value

Total 281 3101
Sex

  Male 114 (40.6%) 1,235 (39.8%)
  Female 167 (59.4%) 1866 (60.2%) 0.851

Age, mean (SD) 67.0 (8.4) 69.9 (9.5)  < 0.0001*
      Range 34–86 20–97

Eye operated
  Right 151 (53.7%) 1561 (50.3%)
  Left 130 (46.3%) 1540 (49.7%) 0.057

Race
  White/Caucasian 242 (86.1%) 2223 (71.7%) Reference
  Black/African American 5 (1.8%) 273 (8.8%)  < 0.0001*
  Hispanic 9 (3.2%) 290 (9.4%)  < 0.0001*
  Asian 10 (3.6%) 140 (4.5%) 0.261
  Other/unknown 15 (5.3%) 175 (5.6%) 0.444

Insurance status
  Medicare 196 (69.8%) 2354 (75.9%) Reference
  Medicaid 6 (2.1%) 190 (6.1%) 0.007
  Private 70 (24.9%) 420 (13.6%) 0.002
  Uninsured 3 (1.1%) 84 (2.7%) 0.040
  Other 6 (2.1%) 52 (1.7%) 0.580

Medical history
  Current/former smoker 113 (40.2%) 1398 (45.1%) 0.222
  Cardiovascular disease 52 (18.5%) 909 (29.3%) 0.001*
  Treatment for chronic hypertension 138 (49.1%) 1840 (59.3%) 0.012*
  Type 2 diabetes 30 (10.7%) 806 (26.0%)  < 0.0001*
  Autoimmune disease 20 (7.1%) 285 (9.2%) 0.310

Psychiatric history
  Depression 30 (10.7%) 291 (9.4%) 0.604
  Anxiety 28 (10.0%) 316 (10.2%) 0.925
  Bipolar 2 (0.7%) 0 -
  PTSD 0 15 (0.5%) -
  Schizophrenia 0 8 (0.3%) -
  Psychosomatic 7 (2.5%) 44 (1.4%) -
  Any of these psychiatric conditions 51 (18.2%) 510 (16.4%) 0.584
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Discussion

In this study, we compared the characteristics and visual 
outcomes of phacoemulsification cataract surgery in 
patients with prior LASIK/PRK and patients without his-
tory of LASIK/PRK. Patients with prior LASIK/PRK were 
significantly younger and had a significantly lower rate of 
cardiovascular disease, chronic hypertension, and diabe-
tes. Furthermore, patients with prior LASIK/PRK had sig-
nificantly better pre-operative BCVA, a significantly lower 
rate of complex cataract surgery, and a significantly higher 

MAE for refraction prediction error among eyes with axial 
lengths less than 25 mm using the Barrett formulas. There 
was no significant difference in rate of pre-operative psychi-
atric medical conditions between the two groups so further 
associations between psychiatric illness and visual outcomes 
were not pursued.

Our findings are similar to Manning et al., who reported 
that patients with prior LASIK/PRK were significantly 
younger and had better pre-operative BCVA in comparison 
to controls [3]. The LASIK/PRK patients in this study also 
had significantly less complex cataract cases in compari-
son to non-LASIK/PRK patients. It is possible that patients 
with prior refractive surgery have a lower tolerance for 
visual symptoms due to cataract and will seek help sooner 
in comparison to patients with no-prior refractive surgery 
[3]. Another explanation for the significantly younger age in 
LASIK/PRK patients is that due to a combination of photo-
oxidative and acoustic stress, corneal surgery is catarac-
togenic [3]. Additionally, patients with prior LASIK/PRK 
may request cataract surgery earlier, not because of visual 
symptoms, but to reverse the lenticular myopic shifts (and 
subsequent ametropia) to maintain or restore their refractive 
status and spectacle independence gained following LASIK/
PRK [3].

In our cohort, Black/African American and Hispanic 
patients had significantly lower rates of LASIK/PRK in 
comparison to Caucasian patients. To our knowledge, there 
are no reports evaluating racial disparities in refractive sur-
gery nationally or worldwide. However, a recent study from 
Best et al. reported that racial disparities persist among the 
use of surgical procedures in the USA regardless of insur-
ance status, hospital teaching status, and US census division 
[17]. Several reasons for this disparity have been proposed 

Table 2   Ocular characteristics

LASIK/PRK patients Non-LASIK/
PRK patients

p-value

Axial length (mm)
  n 280 3,099
  Mean ± SD 25.4 (1.6) 24.1 (1.4)
  Median 25.4 23.9  < 0.0001*

Pre-operative best-corrected visual acuity (logMAR)
  n 280 3,092
  Mean ± SD 0.204 (0.24) 0.288 (0.37) 0.003*
  Median 0.176 0.176

Post-operative best-corrected visual acuity (logMAR)
  n 242 2,626
  Mean ± SD 0.032 (0.09) 0.037 (0.09) 0.510
  Median 0.0 0.0

Spherical equivalent of pre-operative refraction (D)
  n 278 3,018
  Mean ± SD  − 1.02 (2.33)  − 1.48 (3.31) 0.239
  Median  − 0.75  − 0.88

Table 3   Ocular comorbidities LASIK/PRK patients Non-LASIK/PRK patients p-value

History of:
  Pseudoexfoliation 1 (0.4%) 41 (1.3%) 0.012*
  Prior intraocular injections 4 (1.4%) 79 (2.6%) 0.212
  Mature cataract 3 (1.1%) 71 (2.3%) 0.064
  Glaucoma 11 (3.9%) 100 (3.2%) 0.644
  Age-related macular degeneration 17 (6.1%) 232 (7.5%) 0.474
  Retinal detachment 5 (1.8%) 19 (0.6%) 0.162
  Diabetic retinopathy 2 (0.7%) 217 (7.0%)  < 0.0001*

Characteristics of cataract surgeries:
  Complex surgery 22 (7.8%) 471 (15.2%) 0.0001*

Type of lens implanted:
  Monofocal 234 (83.3%) 2,686 (86.6%) Reference
  Monofocal toric 32 (11.4%) 220 (7.1%) 0.097
  Multifocal or extended depth of focus 15 (5.3%) 195 (6.3%) 0.674
  Any surgical complication 1 (0.4%) 21 (0.7%) 0.389
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including decreased access to care and Black patients’ avoid-
ance of seeking medical care out of fear of discrimination, 
amongst other social and systemic factors [17]. Thus, it is 
possible that the lower rate of LASIK/PRK in our cohort is 
a reflection of a nationwide racial disparity in surgical pro-
cedure use. The cohort of patients with prior LASIK/PRK 
in our study was more likely to have private insurance and 
less likely to have Medicaid, Medicare, or to be uninsured. 
Also, patients with LASIK/PRK in our cohort had signifi-
cantly lower rates of cardiovascular disease, treatment for 
chronic hypertension, and type 2 diabetes. Previous studies 
have shown low socioeconomic status to be significantly 
associated with higher risk of developing cardiovascular 
disease and type 2 diabetes [18, 19]. Differences in cardio-
vascular disease and diabetes persisted even after adjustment 
for age and race/ethnicity which is likely reflective of dif-
ferences in socioeconomic status of patients that can afford 
LASIK/PRK. Furthermore, for the patients with diabetes in 
our cohort, diabetic retinopathy was significantly higher in 
the non-LASIK/PRK group in comparison to the LASIK/
PRK, which may also reflect unmeasured socioeconomic 
factor differences among patients who developed diabetes 
among each of the groups.

Prior studies have demonstrated that eyes with 
AL < 22 mm or > 24.5 or 25 mm have shown worse refrac-
tive outcomes after cataract surgery compared to eyes with 
more average AL [20, 21]. In our study, the three groups 
with the shortest axial lengths (< 23 mm, 23 to < 24 mm, 
and 24 to < 25 mm), patients with prior LASIK/PRK suf-
fered larger refractive surprises using the Barrett True-K 
formula in comparison to non-LASIK/PRK patient eyes 
using the Barrett Universal II formula, p < 0.0001, p = 0.023, 
and p = 0.033, respectively. However, there was no statisti-
cal difference in MAE/MedAE between the LASIK/PRK 
and non-LASIK/PRK groups with longer axial lengths 
(25 mm or greater), and these groups also had the small-
est magnitude difference in MAE and MedAE between 

groups. This finding is important, as existing reports on 
refractive errors in patients with prior corneal refractive 
surgery largely implicate the altered corneal curvature as a 
result of the prior refractive procedure as the reason for the 
higher rate of refractive error [4]. Our data demonstrates 
that when using the Barrett formulas for eyes with long axial 
length (> 25 mm), refraction prediction error is more simi-
lar between eyes that have and have not had prior LASIK/
PRK. This suggests that long axial length and its association 
with unpredictable refractive predictions may be contrib-
uting more strongly to the refractive error than previously 
expected.

Because we did not find any significant difference in 
psychiatric history between the LASIK/PRK and the non-
LASIK/PRK patients, we did not further pursue whether 
differences in objective visual outcomes between the two 
groups varied by psychiatric diagnosis state. Existing lit-
erature reports no association between LASIK and depres-
sion [11] or between patients getting PRK and increased 
anxiety/distress [22]. A cohort study by Chen et al. showed 
that patients with cataracts have a higher risk of developing 
depression, compared to non-cataract controls, after adjust-
ing for cofounders [23]. In addition, the risk of depression is 
significantly lower in patients who undergo cataract surgery 
in comparison to those who do not undergo surgery [23].

While the retrospective nature of this study allowed for 
a larger sample size than might be otherwise unattainable, 
it is also a limitation. Another limitation is the sample sizes 
in some of our AL groups, which may have been too small 
to detect statistically significant differences. Furthermore, 
the data on medical and/or psychiatric comorbidities might 
be incomplete since we collected diagnosis from the patient 
chart retrospectively and it is possible patients may seek 
care with providers in other institutions and information 
may have not been in our electronic medical record system. 
Another limitation is our database did not collect informa-
tion about socio-economic status, and therefore have no data 

Table 4   Refractive error/surprise using the Barrett Universal II and Barrett True-K formulas

RPE refraction prediction error, MAE mean absolute error, MedAE median absolute error

Axial length (AL) mm Refractive surgery status Mean RPE ± SD p-value MAE ± SD MedAE p-value

AL ≥ 26 LASIK/PRK (n = 66) 0.123 ± 1.065 0.750 0.681 ± 0.824 0.404 0.099
Non-LASIK/PRK (n = 204) 0.058 ± 0.842 0.498 ± 0.681 0.289

25 ≤ AL < 26 LASIK/PRK (n = 66) 0.014 ± 0.705 0.829 0.482 ± 0.512 0.338 0.460
Non-LASIK/PRK (n = 317)  − 0.008 ± 0.633 0.420 ± 0.472 0.275

24 ≤ AL < 25 LASIK/PRK (n = 50)  − 0.146 ± 0.963 0.505 0.662 ± 0.709 0.471 0.033*
Non-LASIK/PRK (n = 641) 0.028 ± 0.590 0.409 ± 0.426 0.290

23 ≤ AL < 24 LASIK/PRK (n = 26)  − 0.358 ± 1.035 0.761 0.787 ± 0.749 0.605 0.027*
Non-LASIK/PRK (n = 810) 0.010 ± 0.556 0.400 ± 0.387 0.315

AL < 23.0 LASIK/PRK (n = 15) 0.224 ± 1.625 0.919 1.079 ± 1.203 0.600  < 0.0001*
Non-LASIK/PRK (n = 466)  − 0.024 ± 0.630 0.439 ± 0.451 0.315
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on this parameter, but we do include data on insurance sta-
tus. Thus, there may be some unmeasured difference in our 
two study groups that we cannot account for.

In conclusion, our study shows that patients with prior 
LASIK/PRK surgery undergoing cataract surgery are sig-
nificantly younger and have significantly fewer comorbidi-
ties such as chronic hypertension, diabetes, and cardiovas-
cular disease. These patients also have a significantly better 
pre-operative BCVA, but post-operative BCVA was similar 
to non-LASIK/PRK patients. For the AL groups less than 
25 mm, patients with prior LASIK/PRK had higher Bar-
rett True-K absolute refractive prediction errors following 
cataract surgery than those without prior LASIK/PRK when 
using the Barrett Universal II formula. However, for eyes 
in the longer AL groups, the difference in absolute predic-
tion errors between LASIK/PRK eyes and non-LASIK/PRK 
eyes was smaller than for shorter eyes and the difference did 
not reach statistical significance. This is a novel finding in 
that refractive prediction errors using the Barrett formulas 
for these eyes with AL greater than 25 mm did not become 
significantly worse in the setting of prior LASIK/PRK as 
expected, indicating that LASIK/PRK may not affect refrac-
tive prediction accuracy as much in long eyes.
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