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Purpose: To compare the accuracy of the intraocular lens (IOL) power calculation formulas 
for predicting the postoperative refraction in eyes with a target of emmetropia or intentional 
myopia.
Patients and Methods: This is a retrospective study conducted at Kobe City Eye Hospital, 
Kobe, Japan. Fifty eyes of 50 patients with axial myopia who underwent uncomplicated 
phacoemulsification and single-type IOL implantation for a target of emmetropia (plano to 
−0.5 D) or intentional myopia (−2.0 D to −3.0 D) were selected. Preoperative ocular 
biometry was performed using IOLMaster700 in all eyes. Refractive prediction errors of 6 
IOL formulas integrated into IOLMaster700 were compared between eyes with a target of 
emmetropia and intentional myopia.
Results: The mean numerical errors of SRK/T (Sanders, Retzlaff, and Kraft/theoretical), 
Holladay 1, Hoffer Q, and Holladay 2 significantly differed between the two groups (p < 
0.001, p = 0.008, 0.02, and 0.007, respectively). The values for mean numerical errors in 
eyes with a target of intentional myopia were smaller, showing relatively myopic outcome, as 
compared with those in eyes with a target of emmetropia. In eyes with a target of emme-
tropia, the mean numerical errors of Holladay 1 (p < 0.001, 95% confidence interval [CI]: 
0.32 to 0.63), Hoffer Q (p = 0.001, 95% CI: 0.12 to 0.42), and Barrett Universal II (p = 
0.007, 95% CI: 0.06 to 0.35) were significantly different from zero (hyperopic trend). 
Furthermore, in eyes with a target of intentional myopia, the mean numerical error of 
SRK/T (p = 0.001, 95% CI: −0.61 to −0.17) and Holladay 2 (p = 0.023, 95% CI: −0.43 to 
−0.04) were significantly different from zero (myopic trend).
Conclusion: In patients with axial myopia, some IOL formulas may show a myopic trend in 
the refractive outcome when targeting intentional myopia as compared to emmetropia.
Keywords: cataract surgery, postoperative refraction, intentional myopia, axial myopia, 
IOLMaster700

Introduction
Modern cataract surgery has evolved to include a refractive procedure with 
improvements in ocular biometry and intraocular lens (IOL) power calculation 
formula. Patients undergoing cataract surgery have an opportunity to achieve 
a preferred postoperative refraction. Patients who are originally myopic often 
want to retain myopia to maintain good vision at near-distance. Therefore, targeting 
intentional myopia is an option in addition to targeting emmetropia in patients with 
myopia. For targeting intentional myopia, a target refraction of −2.0 D or −3.0 D is 
generally acceptable.1,2 The IOL power calculation formulas are considered to 
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develop for achieving emmetropia after cataract surgery, 
and previous reports have mainly assessed their accuracy 
when targeting emmetropia. However, an important con-
cern that has been suggested in few reports is that the IOL 
power calculation formulas might be less accurate for 
targeting myopia as compared to emmetropia.3,4 So far, 
there is limited research done on this topic. The purpose of 
this study was to compare the accuracy of IOL power 
calculation formulas for predicting the postoperative 
refraction in eyes with a target of emmetropia and inten-
tional myopia.

Methods
This retrospective study was performed in accordance with 
the Declaration of Helsinki and was approved by the 
Medical Ethics Committee of the Kobe City Medical 
Center General Hospital (Kobe, Japan). We applied an opt- 
out arrangement to obtain the informed consent for this 
observational study, which involved the analysis of medi-
cal records. The confidentiality of patient data was 
maintained.

We reviewed the medical records of patients who 
underwent uncomplicated phacoemulsification, and 
implantation of a DCB00V (AMO, Santa Ana, CA, 
USA) IOL. The inclusion criteria were as follows: (1) 
originally myopic (2) axial length (AL) between 24.5 
and 26.0 mm; (3) target refraction was emmetropia 
(between 0 and −0.50 D) or intentional myopia (between 
−2.00 and −3.00 D). Exclusion criteria included a history 
of corneal diseases (pterygium, n = 2; keratoconus, 
n = 1), previous ocular surgery (trabeculectomy, n = 4; 
scleral buckling, n = 1), poor-quality ocular biometry (n 
= 2), lack of postoperative data (n = 2), postoperative 
refraction data collected within 2 weeks of surgery (n = 
28), and a postoperative corrected distance visual acuity 
worse than 20/40 (n = 0). Additionally, if both eyes of 
one patient were eligible (20 patients), one eye was 
randomly selected taking into account the correlation 
between the eyes.5 Overall in our study, 26 eyes of 26 
patients with a target of emmetropia, and 24 eyes of 24 
patients with a target of intentional myopia were 
included.

Preoperative ocular biometry was performed using the 
IOLMaster 700 (Carl Zeiss Meditec, Jena, Germany). All 
surgeries were performed by one of the eight surgeons at 
the Kobe City Eye Hospital, between January 2020 and 
March 2021. The manifest refraction at the follow-up visit 
between 2 weeks and 3 months was recorded as the 

postoperative refraction. In case of multiple visits, the 
latest value was selected. We used Japanese standard 
visual acuity chart presented at five meters distance in 
order to obtain the manifest refraction. Prior to statistical 
analyses, the manifest refraction was adjusted to six 
meters, as suggested by Simpson and Charman.6 The pre-
dicted refraction values of the implanted IOL, calculated 
by integrating formulas (SRK/T [Sanders, Retzlaff, and 
Kraft/theoretical], Holladay 1, Hoffer Q, Holladay 2, 
Haigis, Barret Universal II) into the IOLMaster 700, 
were retrospectively recorded. The ULIB-optimized 
(User Group for Laser Interference Biometry) IOL con-
stant was used. In one eye with a target of emmetropia, the 
predicted refraction with Holladay 2 was unavailable due 
to insufficient data. The prediction error was calculated by 
subtracting the predicted refraction value from the post-
operative refraction value (numerical error), and the abso-
lute error was defined as the absolute value of the 
numerical error. A negative numerical error indicated 
a myopic error, and a positive numerical error indicated 
a hyperopic error. The prediction error of each formula 
was compared between the eyes with refractive target of 
emmetropia and the eyes with target of intentional myopia. 
In addition, the prediction errors of the six calculation 
formulas for intentional myopia were compared. All sta-
tistical analyses were performed using SPSS version 25 for 
Windows (SPSS Inc, Chicago, IL, USA). The categorical 
variables were compared using Chi-square test, and the 
continuous variables were compared using unpaired t-test. 
One-sample t-tests were used to determine whether the 
numerical errors were statistically significantly different 
from zero for both groups (with targets of emmetropia 
and intentional myopia). Absolute errors between the six 
IOL calculation formulas was compared using repeated 
measures analysis of variance (ANOVA). Statistical sig-
nificance of all tests was set at p ≤ 0.05.

In this study, eyes with high myopia (AL > 26.0 mm) 
were excluded from the main analyses due to the reduced 
accuracy of IOL calculation formulas reported for such 
cases.7 These eyes were separately included in the study 
within secondary analyses. Inclusion and exclusion criteria 
for these secondary analyses were the same as for the main 
analyses except for the aforementioned AL requirement 
(AL > 26.0 mm). In total, 11 eyes of 11 patients with 
a target of emmetropia and 23 eyes of 23 patients with 
a target of intentional myopia were included in the sec-
ondary analyses. The prediction errors of the six formulas 
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were compared between the two groups in the same man-
ner as described for the main analyses.

Results
Fifty eyes of 50 patients (female patients: 18) were 
included in the study. Mean (± SD) age of these 50 
patients was 72.1 ± 9.2 years. Among these patients, 26 
eyes were targeted for emmetropia (between 0 and −0.50 
D) and 24 eyes were targeted for intentional myopia 
(between −2.00 and −3.00 D).

Table 1 shows the clinical characteristics of the patients 
and the implanted IOL in eyes with a target of emmetropia 
and intentional myopia. There were no significant differ-
ences in the demographic and biometric data between the 
two groups. The mean power of the implanted IOL was 
significantly smaller in eyes with a target of emmetropia 
than in eyes with a target of intentional myopia.

A box and whisker plot of the numerical error for each 
IOL calculation formula is shown in Figure 1, and 
a comparison of the mean numerical error of the 6 IOL 
calculation formulas between the two groups is shown in 
Table 2. We found that the mean numerical errors of the 
SRK/T, Holladay 1, Hoffer Q, and Holladay 2 formulas 
statistically significantly differed between the two groups 
(p < 0.001, p = 0.008, p = 0.02, and p = 0.007, respec-
tively). For these four formulas, the values for mean 
numerical errors in eyes with a target of intentional myo-
pia were smaller, showing a relatively myopic outcome, as 
compared with eyes with a target of emmetropia. 
Moreover, in eyes with a target of emmetropia, the mean 
numerical errors of Holladay 1 (p < 0.001, 95% confidence 
interval [CI]: 0.32 to 0.63), Hoffer Q (p = 0.001, 95% CI: 
0.12 to 0.42), and Barrett Universal II (p = 0.007, 95% CI: 
0.06 to 0.35) were significantly different from zero 

Table 1 Characteristics of the Patients and Implanted IOLs

Target p value

Emmetropia (n = 26) Intentional Myopia (n = 24)

Age (years), mean±SD 74.1 ± 8.3 69.8 ± 9.9 0.10

Female, n (%) 8 (30.8%) 10 (41.7%) 0.42

Axial length (mm)
Mean ± SD 25.15 ± 0.43 25.19 ± 0.40 0.76

Range 24.56–26.00 24.53–25.96

Average keratometry (D)

Mean ± SD 43.49 ± 1.55 44.24 ± 1.14 0.06

Range 39.86–47.87 42.65–47.19

Anterior chamber depth (mm)

Mean ± SD 3.32 ± 0.30 3.37 ± 0.36 0.57
Range 2.69–4.02 2.75–4.05

Lens thickness (mm)
Mean ± SD 4.37 ± 0.47 4.31 ± 0.47 0.66

Range 3.30–5.18 3.33–5.11

Central corneal thickness (μm)

Mean ± SD 551.61 ± 30.75 545.12 ± 39.69 0.52
Range 503.00–620.00 454.20–612.01

White to white (mm)
Mean ± SD 11.98 ± 0.44 11.92 ± 0.26 0.57

Range 11.05–12.74 11.20–12.43

IOL power (D)

Mean ± SD 16.6 ± 2.6 19.4 ± 1.9 <0.001*

Range 9.0–22.0 13.5–22.5

Notes: *Significant at p <0.05 (unpaired t-test or chi-square test). 
Abbreviations: IOL, intraocular lens; SD, standard deviation.
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(hyperopic trend). Lastly, the mean numerical error of 
SRK/T (p = 0.001, 95% CI: −0.61 to −0.17) and 
Holladay 2 (p = 0.023, 95% CI: −0.43 to −0.04) in eyes 
with a target of intentional myopia were significantly 
different from zero (myopic trend).

We also compared the mean absolute errors for the six 
IOL calculation formulas between the two groups 
(Table 3). The mean absolute error for the SRK/T formula 
in eyes with a target of intentional myopia was statistically 
significantly larger as compared with eyes with a target of 
emmetropia (p = 0.02). Overall, we found that there were 
no statistically significant differences in the mean absolute 
errors between the six IOL calculation formulas when 
targeting intentional myopia (p = 0.39 via repeated mea-
sures ANOVA).

The results of the secondary analyses that included 
eyes with high myopia (AL > 26.0 mm) are presented in 
the supplemental materials (Supplemental Tables 1–3 and 
Supplemental Figure 1). For all formulas, the values of 
mean numerical errors in eyes with a target of intentional 
myopia were comparatively reduced, showing a relatively 
myopic outcome as compared with the values in eyes with 
a target of emmetropia, although these differences were 
not statistically significant.

Discussion
This study compared the performance of 6 IOL power 
calculation formulas, among two groups of eyes with 
different postoperative refractive targets: emmetropia or 
intentional myopia. The results suggest that the refractive 
outcomes from some of the IOL power calculation formu-
las were different among eyes with a target of emmetropia 
and intentional myopia. The mean numerical errors of 
SRK/T, Holladay 1, Hoffer Q, and Holladay 2 were sta-
tistically significantly more myopic in the eyes targeted for 
myopia as compared to emmetropia. The mean numerical 
errors of Haigis and Barret Universal II were also more 
myopic in the eyes targeted for myopia as compared to 
emmetropia, although these differences were not statisti-
cally significant. Consequently, there was a significant 
myopic trend in the refractive outcome using SRK/T and 
Holladay 2 in eyes targeted for intentional myopia. 
Moreover, the significant hyperopic trend of the refractive 
outcomes using Holladay 1, Hoffer Q and Barret Universal 
II in eyes targeted for emmetropia was not found in eyes 
targeted for intentional myopia.

Intentional myopia is an option for target refraction 
after cataract surgery. In a previous report, about 10% of 
eyes were planned for myopia in a large Swedish cataract 

Figure 1 Box and whisker plots of numerical errors in eyes with a target of emmetropia and intentional myopia (SRK/T = Sanders, Retzlaff, and Kraft/theoretical). The 
horizontal line in the box represents the median. The top and bottom of the box represent the upper and lower quartiles, respectively. The whisker above the box 
represents the values within 1.5 times the interquartile range plus the upper quartile, and the whisker below the box represents the values within 1.5 times the interquartile 
range minus the lower quartile. Values, which are not included between whiskers, were plotted as outliers.
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cohort study that included over 17,000 eyes.8 Note that, in 
patients who originally had myopia, a Japanese cohort 
reported that a vast majority (about 85%) were planned 
for myopia.9 It is well known that the prevalence of 
myopia is increasing worldwide, especially in Southeast 
Asia, including Japan.10,11 Therefore, considering the 
expected increase in the frequency of cases, the refractive 

outcome of intentional myopia should be closely 
examined.

Few reports thus far have studied the accuracy of IOL 
power calculation formulas when targeting myopia. 
Geggel et al reported that the Haigis formula was less 
accurate when targeting myopia (−1.0 D) than when tar-
geting emmetropia.12 Turnbull et al conducted a paired- 

Table 2 Comparison of the Mean Numerical Errors of the IOL Power Calculation Formulas Between Eyes with Target of Emmetropia 
and Intentional Myopia

Target

Emmetropia (n = 26***) Intentional Myopia (n = 24) p value

SRK/T
Numerical error (D), mean ± SD 0.09 ± 0.40 −0.39 ± 0.53** <0.001*

Myopic error (%) 10 (38.5%) 18 (75.0%)

Holladay 1
Numerical error (D), mean ± SD 0.48 ± 0.38** 0.14 ± 0.48 0.008*

Myopic error (%) 4 (15.4%) 10 (41.7%)

Hoffer Q
Numerical error (D), mean ± SD 0.27 ± 0.37** −0.02 ± 0.48 0.02*

Myopic error (%) 6 (23.1%) 13 (54.2%)

Holladay 2
Numerical error (D), mean ± SD 0.11 ± 0.38 −0.23 ± 0.47** 0.007*

Myopic error (%) 11 (42.3%) 18 (75.0%)

Haigis
Numerical error (D), mean ± SD 0.03 ± 0.35 −0.13 ± 0.48 0.17

Myopic error (%) 12 (46.2%) 15 (62.5%)

Barrett Universal II
Numerical error (D), mean ± SD 0.21 ± 0.36** −0.01 ± 0.48 0.08

Myopic error (%) 9 (34.6%) 13 (54.2%)

Notes: *Significant at p <0.05 (unpaired t-test). **Significantly different from zero at p <0.05 (one sample t-test). ***Holladay 2: n = 25. 
Abbreviations: SRK/T, Sanders, Retzlaff, and Kraft/theoretical; SD, standard deviation; Myopic error, Postoperative refraction is relatively myopic compared to predicted 
refraction.

Table 3 Comparison of the Mean Absolute Errors of the IOL Power Calculation Formulas Between Eyes with Target of Emmetropia 
and Intentional Myopia

Absolute Error (D), Mean ± SD Target

Emmetropia (n = 26**) Intentional Myopia (n = 24) p value

SRK/T 0.31 ± 0.26 0.54 ± 0.37 0.02*
Holladay 1 0.51 ± 0.33 0.37 ± 0.33 0.13

Hoffer Q 0.38 ± 0.26 0.37 ± 0.29 0.97

Holladay 2 0.31 ± 0.23 0.40 ± 0.32 0.26
Haigis 0.29 ± 0.18 0.39 ± 0.30 0.18

Barrett Universal II 0.33 ± 0.24 0.35 ± 0.32 0.81

Notes: *Significant at p <0.05 (unpaired t-test). **Holladay 2: n = 25. 
Abbreviations: SRK/T, Sanders, Retzlaff, and Kraft/theoretical; SD, standard deviation.
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eye study in patients with planned monovision and 
reported that the SRK/T, Holladay 1, Hoffer Q, Haigis, 
Barrett Universal II, and Hill-RBF version 2.0 (Hill-Radial 
Basis Function) formulas were less accurate when target-
ing myopia (−1.25 D) as compared to targeting 
emmetropia.4 These reports are concerning and highlight 
that the performance of the IOL power calculation formu-
las may be altered when targeting myopia. In this study, 
we found that some formulas may show a relative myopic 
trend in the refractive outcome when targeting myopia as 
compared to emmetropia. Our results are comparable to 
those of a previous report, where the Swedish cataract 
cohort study reported that eyes planned for myopia (≤ 
−1.6 D) became more myopic than initially predicted.8 

However, the IOL power calculation formula was not 
registered as a variable in this study. Recently, Cooke 
et al also reported a myopic trend in the refractive outcome 
using SRK/T (mean numerical error = −0.24 D) for inten-
tional myopia (≤ −1.75 D),13 which is consistent with our 
results. We also found a myopic trend in the refractive 
outcome using the Holladay2 formula when targeting 
intentional myopia, which had not been reported pre-
viously. Thus, possible changes in the performance of the 
IOL power calculation formulas should be kept in mind 
when using specific formulas for intentional myopia. 
Although we did not find any significant differences in 
the accuracy of the 6 IOL power calculation formulas in 
eyes targeted for myopia, further investigation into meth-
ods ideal for targeting myopia is necessary.

Despite being a retrospective study, this study had several 
strengths. First, eyes with a single type of IOL were included 
to eliminate differences in the refractive outcome due to 
variations in the IOL design.14,15 Second, the target refrac-
tion of intentional myopia was limited within the acceptable 
range (between −2.0 D and −3.0 D).1,2 Third, only eyes with 
mild axial myopia were included, as high myopia could 
worsen the refractive outcome.7 Patients with high myopia 
were evaluated separately in the secondary analyses; we 
found a relatively myopic trend in the refractive outcomes 
for eyes with targeted intentional myopia as compared with 
emmetropia. This study also had some limitations, including 
small sample size, multiple surgeons, and a short follow-up 
period. Future prospective studies involving a large number 
of patients with a longer follow-up period are required to 
validate the results of this study.

Even though we found no significant difference in the 
ocular biometric parameters between the two groups, we 
did observe a significant difference in the refractive 

outcomes between eyes with a target of emmetropia 
and intentional myopia using some of the IOL power 
calculation formulas. It is likely that the requirement of 
an IOL with a higher power for targeting myopia may 
have enhanced the effect of any inaccuracy in the calcu-
lation process on predicting postoperative refraction.4 

IOL power calculation formulas are presumed to have 
been developed for achieving emmetropia. Thus far, the 
mechanisms through which the examined formulas cal-
culate refractive predictions for intentional myopia have 
not been well understood. Our results suggest that we 
may need to develop more optimal IOL power calcula-
tion methods for targeting myopia.

Conclusion
Some IOL power calculation formulas including SRK/T, 
Holladay 1, Hoffer Q, and Holladay 2 show a relative 
myopic trend in the refractive outcome when targeting 
intentional myopia as compared to emmetropia. Newer 
generation formulas such as Haigis and Barrett Universal 
II might be less affected by targeting intentional myopia.

Abbreviations
AL, axial length; IOL, intraocular lens; SRK/T, Sanders, 
Retzlaff, and Kraft/theoretical.
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