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Purpose: To evaluate the difference of the lens nuclear density measured before and after mydriasis by using the IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany) and the Pentacam Scheimpflug imaging (Pentacam HR, Oculus Incorporation, Wetzlar, Germany) and investigate the relationship between the measurement data and the phacoemulsification parameters.

Methods: Patients with age-related nuclear cataracts diagnosed on the slit-lamp examination were enrolled in the age range of 53–76 years. No patient had a history of ocular surgery, laser treatment, or general disorders affecting vision. The mean optical density (OD) was measured by the IOLMaster 700 by using the Image-Pro® Plus software before and after mydriasis. The Pentacam nucleus densitometry (PND) was obtained automatically from the Pentacam Scheimpflug imaging and compared with OD. The correlation between OD and effective phacoemulsification time (EPT), PND, and EPT were analyzed, respectively.

Results: In this study, 53 eyes of 52 patients were evaluated. Before and after mydriasis, the mean OD values were 64.34 ± 23.31 and 63.81 ± 23.21 pixel units, respectively; the mean PND values were 28.51 ± 11.42 and 25.41 ± 11.31, respectively; and the mean EPT value was 6.24 ± 3.49. The Bland–Altman analysis showed that the lens nuclear densities of the two devices were highly consistent. There was no significant difference in the OD values (t = 0.455, p > 0.05) before and after mydriasis, but the difference has existed in the PND values (t = 2.509, p < 0.05). The OD and PND values were positively correlated with EPT before and after mydriasis (rOD−Before = 0.604, rOD−After = 0.593, rPND−Before = 0.701, and rPND−After = 0.891, p < 0.01).

Conclusion: The combination of the IOLMaster 700 and the Image-Pro® Plus software can quantitatively evaluate the degree of the cataract lens opacification. It has good consistency with the Pentacam and is positively correlated with the phacoemulsification parameters. It is expected to become a new method to predict the phacoemulsification parameters before and during cataract surgery.
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INTRODUCTION

A cataract is a common public health issue and the major cause of blindness in the world (1). Quantitative measurement of the lens density of cataracts is vital in evaluating the possible risk factors and optimizing the therapeutic schedule. The Lens Opacities Classification System III (LOCSIII), a subjective method of assessing cataracts, is considered as the standard classification system for evaluating the cataract morphology and opacification (2–4). However, the practical application of thesubjective methods is limited by the observer bias and repeatability of measurements to some extent (5). Therefore, the objective quantitative lens density measuring is of great significance for evaluating the possible treatment risk factors and optimizing treatment plans. Moreover, in some cases of cataract surgery, such as cataracts in the post-keratotomy and in keratoconus, the intraoperative ultrasound energy may cause the dehiscence in the radial scars (6). Thus, it can be seen that the measurement of the lens nucleus density before cataract surgery is particularly important. Intraoperative phacoemulsification energy can be estimated by measuring the lens density of the cataract before the operation and then the corneal condition after the operation can be inferred.

The Scheimpflug tomography (Pentacam HR, Oculus Incorporation, Wetzlar, Germany) has been proved to be a reliable objective method for classifying the lens density (7–10). It is non-contact diagnostic imaging equipment for ophthalmology based on the Scheimpflug optical principle. The instrument sets a 50-scan acquisition mode to capture 25,000 elevation data points in 2 s. Operators can achieve a three-dimensional image of the whole lens in real-time (11, 12). Lens density can be measured accurately by the Pentacam after mydriasis (13). However, the Pentacam measurement is limited by many external factors, such as the excessive lens opacity will lead to light blocking, which will affect the accuracy of the measurement results (14).

In addition to the optical biometry, swept-source optical coherence tomography (SS-OCT) technology is based on time-varying spectral interferometry (15). In short, the wavelength scanning laser source is divided into the sample arm and the reference arm. A-scan is obtained by the Fourier transform of the interference signal and provides the reflectivity profile on uniaxial. A plurality of the individual A-scans is combined laterally to generate a cross-sectional image reconstruction forming a B-scan. A three-dimensional reconstruction can be obtained by acquiring B-scans at the different continuous positions. The high acquisition speed of the swept-source device allows multiple scans at the same location, which can improve the image quality through image averaging (16). Because of its imaging principle, it is not only used in the diagnosis of the retinal diseases, but also in the research of the cataract. Brás et al. have reported that the SS-OCT measurements allowed the quantification and documentation of the cataract density (17). The IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany), a high-precision instrument also based on the SS-OCT principle, shows the vertical structure of the entire eye and its center wavelength of the light source is 1,055 nm, which scans from the six directions. It provides a full-range OCT mode and can clearly display the cornea, iris, lens, and the other anterior segments of the ocular structures. Therefore, it is possible to reflect the opacity of the cataract lens intuitively.

The purpose of this study was to determine a new objective method for grading the cataract severity by using the average lens nuclear density measured by IOLMaster 700 and to evaluate the correlation between the lens density and the phacoemulsification parameters for the age-related nuclear cataract compared with the Pentacam before and after the pupil dilation. This study shows the comparison of the lens density measured by the two optical devices before and after mydriasis and the correlation with the energy parameters of phacoemulsification.



MATERIALS AND METHODS


Patient Selection

Subjects were recruited from August 2019 to January 2020 at the Fourth Affiliated Hospital of China Medical University. About 52 patients (53 eyes) with the age-related nuclear cataract diagnosed on the slit-lamp examination were enrolled in the age range of 53–76 years. No patient had a history of ocular surgery, laser treatment, or general disorders affecting vision. After receiving full information of the details and possible risks of the study, all the patients provided informed consent. The study was performed in accordance with the tenets of the Declaration of Helsinki and approved by The Ethics Committee of the Fourth Affiliated Hospital of China Medical University and registered at www.chictr.org.cn. (study registration no. ChiCTR2000029380).



Swept-Source Optical Coherence Tomography Measurements and the Scheimpflug Measurements

All the subjects were performed the IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany) and the Scheimpflug system (Pentacam HR Oculus Incorporation, Wetzlar, Germany) examinations before and after mydriasis and the clear lens images of these two optical devices were captured by the same examiner, respectively. It has been confirmed that some areas of the lens are more representative of the opacity and the changes in the severity of nuclear sclerosis (or lens density) compared to others (5, 10). So, we defined a standard rectangular region of interest (ROI) that excluded the lens cortex and the mean optical density (OD) of ROI means the lens nuclear density with the IOLMaster 700. After exporting the two-dimensional image data captured with the SS-OCT of the IOLMaster 700 to the Image-Pro® Plus software (Media Cybernetics, Inc.), the OD value was measured in the pixel units of intensity in the range of 0–255. We selected ROI with high precision and then made a concrete analysis (Figures 1A–C). This method was repeated three times for all the automatic six angles acquisition of each eye and the average lens nuclear density was calculated. The three-dimensional lens images acquired by the Pentacam consistent with the six directions of the IOLMaster 700 were selected to analyze the average lens nuclear density and quantified on a scale of 0 to 100 (0 = no cloudiness; 100 = completely opaque lens). Through the image analysis software of the Pentacam, the lens nucleus area was selected for analysis and the system automatically generated the Pentacam nucleus densitometry (PND) value (Figure 1D).


[image: Figure 1]
FIGURE 1. The lens image of the IOLMaster 700 was exported to the Image-Pro® Plus software for measuring the lens opacity degree in the region of interest indicated by the red area. (A) The lens images obtained by the IOLMaster 700; (B) Selected lens nucleus area of the IOLMaster 700; (C) The optical density (OD) value of the lens nucleus density was analyzed by Image-Pro® Plus software; and (D) The lens image was obtained by the Pentacam.




Phacoemulsification and Effective Phacoemulsification Time

All the phacoemulsifications with the same operation parameters were performed in the capsular bag by using the Stellaris System (Bausch & Lomb® Laboratories) by a single experienced surgeon. The routine stop-and-chop quadrant-aspiration technology and linear mode were selected; the height of the perfusion bottle was 90 cm; the cortical suction negative pressure was 450 mm Hg, the upper energy limit was 100%, the flow rate was 45 ml/min; and the cortical suction negative pressure was 600 mm Hg and the flow rate was 40 ml/min. Balanced salt solution (BSS plus; Alcon® Laboratories) was used as an irrigation solution. At the end of each surgery, the mean ultrasound energy and torsional time were recorded automatically on the screen and the effective phacoemulsification time (EPT) was also calculated (mean ultrasound energy × torsional time/100%) (9).



Statistical Analysis

The statistical analysis was performed by using GraphPad Prism 7.0. The sample size was calculated as follows: n = Z2 × δ2/e2 [Z (CI) = 1.96; δ (SD) = p (1-p), p = 0.5; e (sampling error range) = 10%; n, sample size]. As the sample size exceeds the overall capacity by 5%, the sample size shall be adjusted [n' = (n + N)/(n + N-1) (n, original sample size; N, overall capacity; n', adjusted sample size)]. The Kolmogorov–Smirnov test was used to test whether the measured data were normally distributed. The results showed that the data were in accordance with the normal distribution. The paired t-test was used to evaluate the difference between the OD and PND values before and after mydriasis. The relationship between the OD value and PND value was analyzed by using the Bland–Altman plots. In addition, the Pearson correlation analysis was performed to evaluate the relationship between the OD value and EPT value and the PND value and EPT value. p < 0.05 was considered as statistically significant.




RESULTS

In this study, about 53 eyes of 52 patients (25 female and 27 male) were evaluated. The mean age of the patients was 61.2 ± 4.9 years (range 53–76 years). According to the IOLMaster 700 lens images, the mean OD value measured with the image analysis software was 64.34 ± 23.31 and 63.81 ± 23.21 pixel units before and after mydriasis, respectively. There was no significant difference between the two groups (t = 0.455, p > 0.05). The mean PND value obtained from the Pentacam was 28.51 ± 11.42 and 25.41 ± 11.31 before and after mydriasis, respectively. On the contrary, the difference was statistically significant (t = 2.509, p < 0.05) (Figure 2).


[image: Figure 2]
FIGURE 2. Comparison of the lens density before and after mydriasis obtained with the IOLMaster 700 and the Pentacam Scheimpflug imaging. There was no significant difference between the two groups (t = 0.455, p > 0.05) in the IOLMaster 700. The difference was statistically significant (t = 2.509, p < 0.05) in the Pentacam Scheimpflug imaging. *p < 0.05.


The Bland–Altman plots for the comparisons between the values of OD and PND were presented in Figure 3. The data were standardized owing to the discordance of the units of these two values. Lens nuclear density measured by the IOLMaster 700 and the Pentacam showed a high degree of consistency whether mydriasis is present or not. The 95% limits of agreement (LoA) (95% uniformity bounds) were in a narrow range as shown in Figure 3.


[image: Figure 3]
FIGURE 3. (A,B) The Bland–Altman plots for the comparisons between the values of OD and the Pentacam nucleus densitometry (PND) before and after mydriasis. The 95% limits of agreement (LoA) (95% uniformity bounds) were in the narrow range.


The average EPT was 6.24 ± 3.49, there was a positive correlation between the OD value and EPT value (r = 0.604 and r = 0.593, respectively, both p < 0.01), and between the PND value and EPT value (r = 0.701 and r = 0.891, respectively, both p < 0.01) before and after mydriasis (Figure 4).


[image: Figure 4]
FIGURE 4. The correlations between the OD value and effective phacoemulsification time (EPT) value and the PND value and EPT value. Graphs (A,B) showing the correlation between the OD value and EPT value before and after mydriasis. Graph (C,D) showing the correlation between the PND value and EPT value before and after mydriasis. There was a positive correlation between the OD value and EPT value (r = 0.604 and r = 0.593, respectively, both p < 0.01) and between the PND value and EPT value (r = 0.701 and r = 0.891, respectively, both p < 0.01) before and after mydriasis.




DISCUSSION

Nowadays, cataract is still the leading cause of blindness in the world and the risk factors of cataract increase with age. Lacking the objective measurements of the lens opacification is an obstacle to the diagnosis and prognosis of cataracts. The slit-lamp examination, based on the LOCSIII, is a common method to judge the density of the lens nucleus (18). However, it is very subjective because the results of multiple examinations may vary due to the different doctors (5).

Gupta et al. (19) reported in a similar study that there was a strong association between the lens nuclear density evaluated by the Pentacam Scheimpflug imaging and the LOCSIII grading. Edwards et al. (20) found that the lens cortex and nuclear density measured by the Pentacam possessed better repetition. In this study, six slices were selected from a global 360° scan by using the Pentacam rotating Scheimpflug imaging system for a mean value, therefore providing the more accurate measurements (21). However, the results obtained are limited by the peak density of the lens due to the method of linear measurement in the Pentacam Scheimpflug software. The Scheimpflug imaging shows the internal structure of the lens through the front refractive surface (i.e., the cornea and the front surface of the lens), which may distort the shape of the lens. This limitation is particularly evident in the different pupil sizes. In this study, the lens nuclear density is significantly different before and after mydriasis.

In contrast, the IOLMaster 700 based on SS-OCT can display the longitudinal structure of the eye and the overall image of the lens (22, 23), while SS-OCT uses a point detector to record the low coherence interference spectrum signal of the broadband scanning light source in time and achieves the parallel acquisition of the longitudinal results of the eye through the Fourier transform. Therefore, the IOLMaster 700 has better penetrability and repeatability. This study shows that owing to the different principles of the two instruments, the IOLMaster 700 measuring results with better penetration is not affected by the pupil size and there is no significant difference before and after mydriasis. This study also reported that the mean OD and PND values before mydriasis were higher compared to after mydriasis, though no statistical difference in the IOLMaster 700, which may be because more light can enter the eye after mydriasis, resulting in a slight decrease in the density of lens nucleus. In addition, some studies have pointed out that even if the pupil is completely dilated, the Pentacam still has an insufficient display of the posterior capsule of the lens (24, 25), while the IOLMaster 700 can clearly display the cornea, iris, lens, retina, and other intraocular structures. Hence, the IOLMaster 700 has more advantages in the measurement.

This study shows that both the IOLMaster 700 and the Pentacam are highly consistent in the measurement of the lens nuclear density regardless of mydriasis. Therefore, it is feasible to measure objectively and quantitatively the degree of cataract lens opacity by the IOLMaster 700. Moreover, the lens density acquired by the IOLMaster 700 without being affected by the pupil size is more preoperative instructive for some patients who cannot achieve mydriasis such as glaucoma, iris synechia, and other eye diseases. More accurate assessment on the lens opacity degree with the IOLMaster 700 is helpful to avoid the introperative and postoperative complications of phacoemulsification in the cataract population with the above situation. However, the limitation should be noted in this study: the OD value of the IOLMaster 700 is obtained by the image analysis software and it is based on the analysis of image gray level. This method of measurement is too expensive to be used in clinical work, so the combination of the image analysis software with the automatic version and the IOLMaster 700 can greatly improve its practicability.

In addition, the intraoperative energy parameters of phacoemulsification are closely related to the prognosis of the patients after the operation. For example, if the intraoperative energy parameters are too large, the common postoperative complications such as corneal edema on the first day after the operation will be obvious and the postoperative satisfaction will be greatly reduced (26). The degree of lens opacification plays a decisive role in the intraoperative energy parameters. Hence, the preoperative objective quantitative measurement of lens opacification state can predict the intraoperative energy parameters of phacoemulsification and combined with the rich clinical experience of the operator to evaluate the difficulty of the operation, which is conducive to the preoperative explanation, so as to increase the satisfaction of the patients after the operation. Therefore, we explored the influence of lens nuclear density on the energy parameters of phacoemulsification and concluded that the OD value and PND value before and after mydriasis were positively correlated with the EPT, which was the same compared to most research studies (27, 28), i.e., the higher the density of lens nucleus, the stronger the energy required for phacoemulsification during the operation. One of the key factors for the prognosis of cataract surgery is the energy parameters of phacoemulsification during the operation (29, 30). Therefore, the density of the lens nucleus obtained by the IOLMaster 700 can be used to predict the energy and time required for the phacoemulsification during the operation (31), which may help to optimize the treatment plan and better visual effect.

In conclusion, the IOLMaster 700 based on SS-OCT combined with the image analysis software is a feasible technology to measure the lens nuclear density. The result is consistent with that of the Pentacam anterior segment analyzer, which is commonly used in the clinic. It shows that the IOLMaster 700 can reasonably assemble the image analysis software to measure the lens nucleus density instead of the Pentacam Scheimpflug imaging. The IOLMaster 700 can provide patients with cataracts with better vision and visual experience from three aspects: the quantitative analysis of cataract lens opacity before phacoemulsification, measurement of eye biological indicators (32, 33), and surgical treatment.
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