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Objective: In eyes with severe corneal pathology, biometric measurements of the corneal curvature (K) can be challenging. The aims 
of this study were to test whether K mean values from the fellow eye can be used as substitute in lens power calculations and to 
determine if similarity in axial length (AL) in a patient’s two eyes implies similarity also in the corneal curvature.
Methods and Analysis: A retrospective study of optical biometry measurements in 500 adults (1000 phakic eyes) that was scheduled 
for cataract surgery. Inclusion criteria were complete recordings of all parameters in both eyes and a signal-to-noise ratio of at least 10. 
Similar AL was defined as less than 0.3 mm difference between the patient’s two eyes.
Results: The IOL power calculated with K mean from the fellow eye was 0.39 D (standard deviation (SD) 0.57) different from the 
calculation with both AL and K mean from the correct eye. The difference was larger than 1.0 D in 26 (5%) eyes. In patients with 
similar AL in their two eyes (n = 372), the interocular difference in K mean was 0.43 D (SD 0.67 D), compared to 0.45 D (SD 0.49 D) 
for the patients with an AL difference of 0.3 mm or more (n = 128) (p = 0.81).
Conclusion: Lens calculations with keratometry values from the fellow eye as substitute yielded quite similar results as calculations 
with the correct values. Hence, this seems to be an acceptable approach in patients with incomplete keratometry recordings. Similarity 
in AL between a person’s two eyes did not imply more similar corneal curvatures.
Keywords: optical biometry, cataract surgery, axial length, corneal curvature, intraocular lens, IOL, IOL power calculation

Introduction
Cataract surgery is one of the most common surgical procedures in the health care system, with an estimated 20–30 
millions of operations performed globally each year.1 The risk of complications is generally low, and most patients 
expect a successful outcome with marked vision improvement and a satisfactory refractive result.2,3 To achieve 
a predictable postoperative refraction, the intraocular lens (IOL) power calculation requires accurate optical biometry.4 

In most patients with cataract, such measurements are feasible in both eyes. However, adequate keratometry recordings 
may be difficult to obtain in some eyes with serious corneal pathologies, such as traumatic perforation, previous keratitis, 
trachoma or advanced corneal dystrophy.

In case of preoperative measurement errors in one eye, some would consider to use the IOL calculation in the fellow 
eye, based on the assumption that the two eyes are similar in terms of refraction. The scientific basis and clinical 
effectiveness of this approach does not seem to be well documented,5 although normal biometry measures have been 
studied to some extent6,7 and a high degree of interocular symmetry has been shown.5,8–10 Still, exact similarity between 
a person’s two eyes is often not present,5,6 and the difference can be quite considerable in some patients. If the correlation 
between the prediction error in the first eye versus the second eye was consistent, it could be incorporated into the lens 
calculation prior to second eye surgery to improve the refractive outcome.8,11,12 However, several authors have discussed 
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that partial adjustment may be better than full adjustment,11,12 likely related to varying degrees of similarity between 
patients’ two eyes in terms of optical biometry measures.11

Based on the anatomy of the human eye, one might hypothesize that axial length (AL) and corneal curvature are 
highly correlated parameters. If this was true, one would expect that patients with similar ALs in their two eyes would 
also have similar corneal curvatures. We have not identified any studies specifically addressing this question, and we 
wanted to test this hypothesis by analyzing optical biometry measurements from a high number of eyes. The aims of the 
present study were thus to test whether K mean values from the fellow eye can be used as substitute in lens power 
calculations and to determine if similarity in AL in a patient’s two eyes can predict similarity also in corneal curvature.

Materials and Methods
This retrospective study analyzed optical biometry measurements of 1000 phakic eyes in 500 adult patients scheduled for 
cataract surgery in the first half of 2020 in the Department of Ophthalmology at Oslo University Hospital. Inclusion 
criteria were complete optical biometry recordings of AL, corneal curvature and anterior chamber depth (ACD) in both 
eyes and a signal-to-noise ratio (SNR) of at least 10. Examinations were performed with NIDEK optical biometer 
(NIDEK Biometer AL-scan, NIDEK Co., Ltd, Gamagori, Japan). For corneal curvature, we used the K mean measured in 
the 2.4 mm central zone of the cornea. Similarity in AL in the two eyes of a patient was defined as a difference of less 
than 0.3 mm, in accordance with the alert threshold of the optical biometer. The main analysis was also performed using 
a more restrictive inclusion criterion, requiring an SNR above 15 in both eyes. In addition, we performed a subgroup 
analysis of interocular differences for patients with normal biometry measures, defined as AL of 22–26 mm and K mean 
of 40–48 D in both eyes, as compared to the patients with abnormal biometry measures (outside these limits) in one or 
both eyes.

Since this was a retrospective quality study, data were registered without any personally identifiable information, and 
no additional information was obtained from medical records. The study and the publication of the results were approved 
by the Oslo University Hospital Data Protection Office/local Ethics Committee, which waived the need for approval by 
the Regional Ethical Committee or written informed consent. The study adhered to the tenets of the Declaration of 
Helsinki and is reported in accordance with the SQUIRE guidelines (Standards for QUality Improvement Reporting 
Excellence).13 Data may be considered for sharing upon reasonable request.

Statistics
The statistical analysis was performed with SPSS, version 25.0 (IBM Corp., Armonk, USA). The results have been 
presented as mean (SD) unless otherwise noted. Additional IOL power calculations with corneal curvature values from 
the fellow eye as substitute were performed using the SRK II formula, which is easily available for calculations in large 
datasets. The differences in AL, ACD and K mean between the patients’ two eyes were calculated as absolute values (ie 
either 0 or a positive value) to determine the mean interocular difference for each parameter. In addition, each parameter 
was compared statistically between the eyes with a paired-samples t-test, in which the interocular differences were 
consequently calculated as the value in the right eye minus the value in the left eye, which could be either 0, a negative or 
a positive value for each patient.

Results
Optical biometry measurements were obtained from 500 adult patients (1000 eyes) with a mean age of 70.1 (SD 12.7) 
years, and 53% women.

Intraocular Lens Power Calculations
The mean difference in IOL power for emmetropia between each patient’s two eyes, calculated as absolute (positive) 
values, was 0.79 D (SD 1.14 D). The interocular difference was larger than 0.5 D in 228 (46%) patients and larger than 
1.0 D in 114 (23%) patients. The mean IOL power for emmetropia in right eyes versus left eyes is shown in Table 1.

The IOL power calculated by using the K mean from the fellow eye (left) as substitute differed by 0.39 D (SD 0.57 D) 
compared to the calculation with both AL and K mean from the correct eye (right). This difference was larger than 0.5 D in 
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121 (24%) patients and larger than 1.0 D in 26 (5%) patients. Similar results were found when calculating the IOL power for 
the left eye by using K mean values from the right eye as substitute. Substituting the K mean value from the fellow eye 
yielded a significantly better result than simply using the IOL power for emmetropia from the fellow eye (p < 0.001).

Symmetry in Axial Length and Corneal Curvature
The mean differences in optical biometry measures between each patient’s two eyes in absolute (positive) values were 
0.27 mm (SD 0.41 mm) for AL, 0.43 D (SD 0.63 D) for K mean and 0.11 mm (SD 0.16 mm) for ACD. A total of 372 
(74%) patients had similar AL in their two eyes (<0.3 mm difference), and these patients had an interocular difference in 
K mean of 0.43 D (SD 0.67 D), compared to 0.45 D (SD 0.49 D) for the 128 patients with a larger difference in AL (p = 
0.81). When the analysis only included measurements with an SNR above 15 (n = 351 altogether), the corresponding 
results were 0.44 D (SD 0.68 D) and 0.43 D (SD 0.40 D), respectively (p = 0.95).

Furthermore, the same comparison was performed within the group of 404 patients defined as having normal 
biometry measures in both eyes and within the group of 96 patients with abnormal measures in one or both eyes. In 
neither group was the interocular difference in K mean significantly different between patients with similar AL versus 
patients with a larger variation in AL. However, the interocular difference in K mean was smaller in the group of normal 
eyes compared to the group of abnormal eyes; 0.38 (SD 0.42) D versus 0.66 (SD 1.13) D, respectively (p = 0.02), as were 
also the interocular differences in AL in these two groups; 0.23 (SD 0.29) mm versus 0.47 (SD 0.70) mm, respectively 
(p = 0.001).

Comparison Between Left and Right Eyes
Differences in AL, ACD and K mean between right and left eyes calculated as part of a paired-samples t-test 
(consequently, the right minus the left eye) are shown in Table 1. The difference was not statistically significant for 
AL (p = 0.22), borderline significant for ACD (p = 0.05) and significant for K mean (p = 0.02) with a slightly higher 
value for left eyes compared to right eyes. Each of these parameters was highly correlated between the two eyes 
(Table 1). Furthermore, AL and K mean were found to be significantly correlated measures, with r = −0.378 (p < 0.001) 
in right eyes (Figure 1), and r = −0.378 (p < 0.001) in left eyes.

Discussion
In eyes with serious corneal pathology, it can be challenging to perform optical biometry examinations. In such cases, 
one may consider to use the values from the fellow eye as substitute in the IOL power calculations. In the present study, 
we analyzed optical biometry measurements of 1000 phakic eyes in 500 patients scheduled for cataract surgery in 
a university hospital. The results showed that IOL power calculations with the K mean from the fellow eye as substitute 
yielded acceptable results. However, patients with similar AL in their two eyes did not necessarily have more similar 
corneal curvatures than others; hence, similarity in AL did not seem to be a reliable predictor of full interocular 
symmetry.

Table 1 Optical Biometry in 500 Patients (1000 Eyes): Axial Length, Anterior Chamber Depth (ACD), and 
Corneal Curvature (K Mean). Results are Presented as Mean (Standard Deviation)

OD (n = 500) OS (n = 500) Difference (OD – OS)a P

Axial length 24.02 (1.60) 24.00 (1.61) 0.03 (0.49) 0.22 (r: 0.953, p <0.001)

ACD (n = 509) 3.06 (0.40) 3.08 (0.41) −0.02 (0.20) 0.05 (r: 0.881, p<0.001)

K mean 2.4 (D) 43.56 (1.84) 43.64 (1.89) −0.08 (0.76) 0.02 (r: 0.917, p<0.001)

IOL powerb 19.74 (3.71) 19.73 (3.77) 0.005 (1.39) 0.94 (r: 0.931, p<0.001)

Notes: aCalculated as part of the significance test (paired samples t-test) as the value in the right eye (OD) minus the value in the left eye (OS). 
bCalculated with the SRK II formula to achieve emmetropia. 
Abbreviations: ACD, anterior chamber depth; D, diopters; OD, oculus dexter (right eye); OS, oculus sinister (left eye); r, Pearson’s correlation 
coefficient.
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In today’s cataract surgery, patients’ expectations are high and seem to be increasing, not least regarding refractive 
outcomes. Implantation of an IOL with suboptimal lens power has been identified as one of the largest groups of 
malpractice claims after cataract surgery and one of the main reasons for IOL explantation.2 Even in cases of apparently 
good biometry measurements, prediction errors may occur, and various calculation formulas and adjustments for second 
eye surgery have been suggested for improvement.11 Still, in some eyes, it is challenging to obtain any biometry 
measures at all, and in particular for some ocular conditions it can be difficult to measure the corneal curvature, such as in 
eyes with corneal perforation, prior keratitis, or in cases of pronounced corneal oedema, eg, due to Fuch’s dystrophy.

In planning for cataract surgery in such eyes, one may consider to use the biometry measurements of the fellow eye to 
compensate for missing values, based on the assumption that the two eyes of a person are symmetric and almost similar. 
Since this assumption is not always true, we wanted to test the approach by performing IOL power calculations with the 
value from the fellow eye as substitute. Further, we wanted to determine if we can predict when interocular symmetry is 
present by analyzing high-quality optical biometry measurements of 500 patients (1000 phakic eyes) scheduled for 
cataract surgery. The results showed that using the K mean from the fellow eye as substitute yielded a mean difference in 
lens power of 0.39 D compared to calculations with the correct values, with only 5% of the patients having a difference 
larger than 1.0 D. This result was better than simply using the calculated lens power from the fellow eye, which yielded 
a mean difference of 0.79 D, and a difference larger than 1.0 D in 23% of the patients. Further, the results showed that 
patients with similar AL in their eyes did not have more equal corneal curvatures than patients with a larger difference in 
AL. Nevertheless, it seems that we can expect a smaller interocular difference for AL and corneal curvature in patients 
with ocular biometry measures within the normal range.

We have not identified other publications specifically addressing these same research questions. However, some 
previous studies have examined correlations of ocular biometry measures between a patient’s two eyes, and reported 
a quite high5,8–11 or modest6 degree of correlation for the same parameter. In the present study, each of the parameters 
AL, corneal curvature and ACD had highly correlated values in the two eyes of each patient. The mean values for right 
and left eyes were similar for AL, while they were borderline significantly different for ACD, and significantly different 
for K mean with slightly higher values for left eyes (Table 1). The clinical significance of this latter finding is 
questionable, although it is consistent with a previous study that included a high number of patients.5 It should be 
mentioned that the present study was performed in a tertiary referral clinic with a diversified patient population, and thus 

Figure 1 Scatterplot of the axial length (AL) in mm (Y-axis) and K mean in diopters (D) (X-axis) of the right eyes of all 500 patients. Lines represent the regression equation 
with a 95% confidence interval.
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with a possibly larger variation between the two eyes than in the general population. Still, the average biometry values 
were mostly consistent with previous reports5,6 with an AL of 24.0 mm, K mean of 43.6 D and ACD of 3.1 mm.

The hypothesis of the present study was based on the assumption that the two eyes of a patient are almost similar, 
and further the assumption that the AL and the corneal curvature in an eye are correlated measures. A few previous 
studies have reported some degree of correlation between the AL and the corneal curvature, demonstrating that a longer 
eye is often associated with a slightly flatter cornea.6,14 One study even investigated the genetic scaling of the eye 
anatomy and its symmetry, particularly in relation to AL and corneal curvature.15 However, in a congress abstract, 
Cayette et al16 reported no statistically significant correlation between these parameters. In the present study, we found 
a significant correlation between AL and K mean in the same eye; however, the correlation was far from 1. This is in 
accordance with our finding that similar AL in the two eyes of a patient was not necessarily associated with similarity 
also in corneal curvature. Another factor to consider in eyes with severe corneal pathology, is possible changes in AL 
due to scarring causing excessive flattening or ectasia causing excessive steepening. It should also be mentioned that 
even ALs defined as similar (less than 0.3 mm difference) may result in clinically significant differences in IOL power 
calculations.

The main clinical implications of the present study are that in patients with inadequate keratometry recordings in one 
eye, we cannot assume that the values in the other eye are equal even if there is interocular similarity in AL. Great efforts 
should therefore be taken to perform adequate recordings of both eyes. However, sometimes this is not achievable. It 
seemed that using the keratometry values from the fellow eye in the lens power calculations resulted in quite small 
differences compared to the correct values, and it was better than simply choosing the calculated lens power from the 
fellow eye. Consistent with others5,8–10 we found a quite high degree of symmetry between the eyes. Furthermore, it 
seems that in patients with optical biometry measurements within the normal range, one can assume less interocular 
difference. In preoperative evaluations of eyes with corneal pathology, also other clinical information is helpful to 
evaluate the likelihood of similarity in refraction between the eyes, including use of glasses, known anisometropia, and 
previous keratometry recordings.

A main strength of the present study is the high number of included eyes. As the study only evaluated anonymous 
data, other medical information was not available. For this reason, we did not analyze refractive outcomes and prediction 
errors, and hence, could not determine the likelihood of measurement errors, which is a limitation. However, we excluded 
low-quality measurements that did not meet the inclusion criteria with complete recordings of AL, K mean and ACD in 
both eyes and an SNR of at least 10, or even higher in the additional analysis. Conditions or previous treatment that may 
affect the AL or corneal curvature were expected to have little influence on the mean values, and we also performed 
additional analyses after excluding eyes with abnormal biometry values. The biometry measurements were performed in 
a cataract clinic with a diversified patient population, which is important to consider in the interpretation of the result, as 
the number of patients with interocular differences were possibly higher than normal. The IOL power calculations were 
performed with the SRK II formula, as this is publicly available for calculations in large data sets.

In conclusion, the present study showed that IOL power calculations with the keratometry values from the fellow eye 
yielded quite similar results as with the correct values. Hence, it seems that in eyes with serious corneal pathology, this 
approach is better than simply using the IOL power from the fellow eye. The study further revealed that similar AL in the 
two eyes of a patient did not predict similarity also in corneal curvature. Still, a quite high degree of correlation between 
the two eyes was found, and patients with ocular biometry measures within the normal range had less interocular 
differences for AL and corneal curvature.
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