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Cataract Patients 

Tsuyoshi Sato 

Department of Ophthalmology, Sato Eye Clinic, Nemoto 3-3, Matsudo-shi, Chiba-ken, Japan; 

overlord1944@m8.gyao.ne.jp; Tel: +81-47-702-9822; Fax: +81-47-703-6081 

Abstract 

Purpose: We investigated the long-term effects of cataract surgery by the eight-chop technique on 

intraocular pressure (IOP) in cataract patients. Methods: The patients were classified into three 

groups (Grade II, III, and IV) according to the lens hardness. The operative time, phaco time, 

aspiration time, cumulative dissipated energy, and volume of fluid used were measured 

intraoperatively. The best-corrected visual acuity and corneal endothelial cell density were 

measured. The IOP was monitored for 5 years. Based on the preoperative IOP, eyes were classified 

into two groups for analysis: IOP > 15 mmHg and < 15 mmHg. Results: The operative time in Grades 

II, III, and IV were 4.63 ± 0.88 min, 5.48 ± 1.52 min, and 7.77 ± 1.47 min, respectively. The rate of corneal 

endothelial cell density loss was 1.9 ± 8.3% at 19 weeks. Postoperatively, the IOPs at 1 year were 12.6 

± 2.4 mmHg, 13.2 ± 2.3 mmHg, and 11.7 ± 2.2 mmHg, and at 5 years were 13.1 ± 2.5 mmHg, 12.0 ± 2.0 

mmHg, and 12.0 ± 0.6 mmHg, in Grades II, III, and IV, respectively. In patients with a preoperative 

IOP < 15 mmHg, the IOP remained significantly lower even after 5 years of surgery. Conclusions: 

The eight-chop technique can lower the IOP and this effect persists for 5 years. This procedure is 

short and is associated with a minimal reduction in corneal endothelial cell density. Thus, this 

technique is very effective in lowering IOP in patients with cataracts. 

Keywords: cataract surgery; phacoemulsification; corneal endothelial cell; intraocular pressure; 

eight-chop technique 

 

Introduction 

Phacoemulsification can reduce the intraocular pressure (IOP) in patients with primary open-

angle glaucoma (POAG) [1,2], primary angle-closure glaucoma,[3,4] and pseudoexfoliation glaucoma 

[1,5]. Investigating changes in IOP following phacoemulsification in patients with glaucoma may be 

important when considering glaucoma treatment. However, it is difficult to assess how 

phacoemulsification and intraocular lens implantation affect IOP in glaucoma patients with 

uncontrolled IOP. 

Previous studies showed that phacoemulsification changes IOP in patients with cataract without 

glaucoma [6,7], although there is conflicting evidence regarding the extent of IOP reduction, and it 

remains unclear to what extent phacoemulsification and lens implantation reduce IOP in normal 

eyes. 

Previous studies reported changes in IOP following phacoemulsification performed using 

various techniques, such as the divide-and-conquer technique [2,8]; however, there are no reports on 

phacoemulsification performed using the eight-chop technique [9,10]. Furthermore, no previous 

studies have evaluated the intraoperative parameters, therefore, surgery details are unknown. 

In the eight-chop technique [9,10], the nucleus under the ophthalmic viscosurgical device is 

manually divided prior to phacoemulsification. Compared to conventional grooving, divide-and-

conquer, and phaco-chop techniques, the operative time is drastically reduced, and the aspiration 
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time and the volume of the fluid used are significantly lower when the eight-chop technique is used 

[9,10]. 

In our previous study, we improved the prechop technique [11] and developed the eight-chop 

technique. In this technique, the lens nucleus is divided into eight segments instead of only four as 

in the prechop technique. 

Investigating postoperative changes after phacoemulsification using the eight-chop technique 

will help in understanding how phacoemulsification and lens implantation affect IOP in settings of 

minimal surgical involvement. 

When investigating the relationship between phacoemulsification and IOP, it is necessary to 

consider the effects of surgery on intraocular tissues. More accurate results can be obtained if changes 

in IOP are examined by measuring intraoperative parameters and considering the surgical 

involvement of the intraocular tissues. Furthermore, it is important to examine how IOP changes in 

the long term when considering the treatment for chronic glaucoma; however, there are very few 

studies on the long-term IOP-lowering effects of clear corneal phacoemulsification. 

This study aimed to evaluate the long-term effects of phacoemulsification performed using the 

eight-chop technique on IOP in normal eyes over 5 years. 

Methods 

Patients with cataracts who underwent phacoemulsification and posterior chamber intraocular 

lens (IOL) implantation between January 2016 and December 2022 were enrolled. Patients who had 

visited the clinic with a diagnosis of cataracts were enrolled in the study. The exclusion criteria were 

the presence of corneal disease or opacity, uveitis, pupillary dilation problems, and a history of 

trauma or surgery. 

The study protocol adhered to the guidelines of the Declaration of Helsinki and was approved 

by the Sato Eye Clinic review board (approval number, 160101). Informed consent was obtained from 

all patients before initiating the study. Preoperatively, all patients underwent slit-lamp and retinal 

examinations, and their best-corrected visual acuity (BCVA) and IOP were measured. Patients 

enrolled in this study had no abnormalities on Humphrey 30-2 visual field defects (3 contiguous 

points greater than -5 dB or 1point greater than -10 dB) during follow-up, or had no history of 

glaucoma, no ocular medications, and did not have glaucomatous optic nerve changes defined as a 

cup-to-disc ratio of more than 0.7, disc asymmetry, total or partial thinning of the neural rim, and 

peripapillary atrophy. Corneal endothelial cell density (CECD; cells/mm2) was measured using a 

noncontact specular microscope (EM-3000, Topcon, Hasunumacho, Tokyo, Japan). The firmness of 

the nucleus was graded using the Emery classification [12], based on which patients were classified 

into three groups (Grade II, Grade III, or Grade IV). Grade IV included Grades IV and V cataracts. 

Phacoemulsification was performed by the same surgeon, who was experienced in the eight-chop 

technique, using the Centurion® phacoemulsification unit (Alcon Labs Inc., Fort Worth, Texas, USA). 

Three new surgical instruments were designed and developed for performing the eight-chop 

technique [9,10]. The research team designed these eight-choppers and requested a manufacturing 

company to produce them. The tip of the Eight-chopper I (SP-8193; ASICO, Westmont, Illinois, USA) 

was smaller than that of the conventional prechopper, with a length and width of 3.2 mm and 1.4 

mm, respectively, as well as a sharp leading edge, and was used for Grade II patients. The Eight-

chopper II (SP-8402; ASICO, Westmont, Illinois, USA) used for Grade III patients had a smaller tip 

(2.5 mm long and 0.8 mm wide) that was angled so that it could be inserted vertically into the lens 

nucleus. For Grade IV patients, the Lance-chopper (SP-9989; ASICO, Westmont, Illinois, USA) was 

used that had a 3.0 mm long and 1.3 mm wide tip with a sharper leading edge. 

In all surgeries, a temporal, clear corneal incision was made using a 3.0-mm steel keratome. After 

injecting sodium hyaluronate into the anterior chamber, a 6.2–6.5 mm continuous curvilinear 

capsulorhexis was created using capsule forceps. The soft-shell technique [13] was used for Grades 

III and IV patients. Brilliant Blue G (0.025%) was used to improve capsule visualization in cases with 

dense cataracts or corneal opacity. Hydrodissection was performed using a 27-G cannula; however, 
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hydrodelineation was not performed. The lens nucleus was cracked into eight segments using Eight-

chopper I for Grade II patients, Eight-chopper II for Grade III patients, and Lance-chopper for Grade 

IV patients. A sideport incision was made using a 23-G micro-vitreoretinal knife at 90° from the main 

incision using the Lance-chop technique. The Lance-chop is an eight-chop technique that uses a 

Lance-chopper and nucleus sustainer for cases with a hard lens nucleus.[9] The eight segments were 

phacoemulsified and aspirated from the depth of the iris plane. The capsular bag was aspirated with 

an irrigation/aspiration tip to remove the cortical material. An ophthalmic viscosurgical device was 

injected and a foldable IOL (Alcon Labs Inc., Fort Worth, Texas, USA) with polymethyl methacrylate 

haptics was inserted into the capsular bag using an injector system. The ophthalmic viscosurgical 

device was then aspirated. The Centurion® phacoemulsification unit (Alcon Labs Inc, Fort Worth, 

Texas, USA) was used in all cases with a flow rate adjusted to 32 mL/min, a maximum ultrasound 

power of 80%, and a 1.1-mm tip. If necessary, the wound was sealed by stromal hydration. At the 

end of the surgery, the anterior chamber was replaced with a balanced salt solution containing 

moxifloxacin (0.5 mg/mL). 

The intraoperative outcome measures included operative time (min), phaco time (s), aspiration 

time (s), cumulative dissipated energy (CDE), volume of fluid used (mL), and occurrence of 

intraoperative complications. Operative time was defined as the duration between the beginning of 

the corneal incision and the end of the ophthalmic viscosurgical device aspiration. Patients were 

followed up on postoperative days 1 and 2, at 1, 3, 7, and 19 weeks, and at 1, 2, 3, 4, and 5 years. The 

postoperative outcome measures were BCVA, IOP, and CECD (cells/mm2). For BCVA and CECD 

evaluations, data obtained on postoperative weeks 7 and 19 were used. For IOP measurements, data 

obtained on postoperative weeks 7 and 19, and years 1, 2, 3, 4, and 5 were used. The eyes were 

assigned to two groups for analysis: preoperative IOP > 15 mmHg and preoperative IOP < 15 mmHg, 

according to the method of Poley et al. [14]. 

Statistical analyses were performed using the one-way analysis of variance (ANOVA), Kruskal-

Wallis test, or Kruskal-Wallis test followed by the Steel-Dwass post-hoc test using Excel Toukei® 

(version 7.0, Esumi Co. Ltd., Shimane, Japan). Paired t-test was used to compare preoperative and 

postoperative IOPs. A p-value < 0.05 was considered statistically significant. 

Results 

This study included 86 eyes of 59 patients with cataracts who underwent phacoemulsification 

and posterior chamber IOL implantation. Patient characteristics and intraoperative parameters are 

shown in Table 1. There were no significant differences in the mean age of all groups (p = 0.192, 

Kruskal-Wallis test). The operative time was significantly different among groups (p < 0.01, Kruskal-

Wallis test). Furthermore, the operative time was significantly different between Grades II and III (p 

= 0.04, Steel-Dwass post hoc test) although no significant difference was observed between Grades III 

and IV (p = 0.064, Steel-Dwass post hoc test). The operative time in Grade II was significantly shorter 

than that in Grade IV (p < 0.01, Steel-Dwass post hoc test). The phaco time was significantly different 

among groups (p < 0.01, Kruskal-Wallis test). The phaco time was significantly different between 

Grades II and III (p = 0.018, Steel-Dwass post hoc test); however, no significant difference was 

observed between Grades III and IV (p = 0.268, Steel-Dwass post hoc test). The phaco time was 

significantly shorter in Grade II compared to that in Grade IV (p = 0.010, Steel-Dwass post hoc test). 

Although the aspiration time was significantly different among groups (p < 0.01, Kruskal-Wallis test), 

there were no significant differences between Grades II and III (p = 0.110, Steel-Dwass post hoc test) 

and between Grades III and IV (p = 0.091, Steel-Dwass post hoc test). However, the aspiration time 

was significantly shorter in Grade II compared to that in Grade IV (p = 0.011, Steel-Dwass post hoc 

test). Similarly, there were significant differences in CDE among groups (p < 0.01, Kruskal-Wallis test). 

CDE was significantly different between Grades II and III (p < 0.01, Steel-Dwass post hoc test) 

although no significant difference was observed between Grades III and IV (p = 0.109, Steel-Dwass 

post hoc test). CDE was significantly lower in Grade II compared to that in Grade IV (p < 0.01, Steel-

Dwass post hoc test). The volume of fluid used during the surgery was significantly different among 
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groups (p < 0.01, Kruskal-Wallis test), although no significant differences were observed between 

Grades II and III (p = 208, Steel-Dwass post hoc test) and between Grades III and IV (p = 0.091, Steel-

Dwass post hoc test). The volume of fluid used was significantly lower in Grade II compared to that 

used in Grade IV (p = 0.010, Steel-Dwass post hoc test). 

As shown in Table 2, there were significant differences between preoperative BCVA, 7 weeks 

postoperative BCVA, and 19 weeks postoperative BCVA (p < 0.01, Kruskal-Wallis test). Preoperative 

BCVA was significantly different from 7 weeks postoperative (p < 0.01, Steel-Dwass post hoc test) and 

19 weeks postoperative BCVA (p < 0.01, Steel-Dwass post hoc test). However, there was no significant 

difference in BCVA at 7 and 19 weeks postoperatively (p = 0.963, Steel-Dwass post hoc test). 

Compared to the preoperative value, CECD decreased by 0.6% at 7 weeks and 1.9% at 19 weeks 

postoperatively (Table 2) although the change was not statistically significant (p = 0.772, Kruskal-

Wallis test). 

As shown in Table 3, there were no significant differences in IOP among groups preoperatively 

(p = 0.972, one-way ANOVA) and postoperatively (p = 0.146–0.646, one-way ANOVA). In all groups, 

the IOP was significantly decreased (p < 0.01, paired t-test) at 7 weeks postoperatively and then 

increased until 1 year postoperatively, although the values remained significantly lower than the 

preoperative IOP. Over the next 4 years, the IOP continued to decrease significantly in all groups, 

and the decrease remained significant (p < 0.01, paired t-test) at 5 years postoperatively. Changes in 

the IOP of groups with preoperative IOP > 15 mmHg and < 15 mmHg are shown in Table 4. In the 

group with preoperative IOP > 15 mmHg, IOP significantly decreased (p < 0.01, paired t-test) at 7 

weeks postoperatively and then increased until postoperative year 4, although the postoperative IOP 

remained significantly lower than the preoperative IOP. Furthermore, in the group with a 

preoperative IOP < 15 mmHg, a similar trend was observed. 

Table 1. Preoperative characteristics and intraoperative parameters. 

Characteristics/Parameters Grade II Grade III Grade IV Total P-value 

Number of eyes 62 (72%) 20 (23%) 4 (5%) 86  

Age (y) 71.1 ± 7.8 73.4 ± 7.4 75.3 ± 5.7 71.8 ± 7.7 
0.308⁎, 0.829⁎, 

0.438⁎ 

Sex Male 22 (81%) 4 (15%) 1 (4%) 27  

    Female 40 (68%) 16 (27%) 3 (5%) 59  

Operative time (min)  4.63 ± 0.88 5.48 ± 1.52 7.77 ± 1.47 4.97 ± 1.13 
0.04†, 0.064⁎, < 

0.01†  

Phaco time (s)  13.3 ± 4.2 18.3 ± 7.7 23.9 ± 6.4 15.0 ± 6.0 
0.018†, 0.268⁎, 

0.010† 

Aspiration time (s)  72.6 ± 14.1 84.3 ± 24.5 99.3 ± 5.7 76.5 ± 18.0 
0.110⁎, 0.091⁎, 

0.011†⁎ 

CDE 5.72 ± 1.89 8.42 ± 3.13 12.50 ± 3.97 6.67 ± 2.79 
< 0.01†, 0.109⁎, 

< 0.01† 

Volume of fluid used (mL)  27.8 ± 5.8 31.3 ± 9.6 39.3 ± 3.8 28.9 ± 7.2 
0.208⁎, 0.091⁎, 

0.010† 

Values are expressed as mean ± SD or numbers with percentages unless otherwise mentioned. P-values derived 

from the Steel-Dwass post hoc test are shown in the following order: Grade II vs. Grade III, Grade III vs. Grade 

IV, and Grade II vs. Grade IV. CDE, cumulative dissipated energy. ⁎No significant differences among groups 

(Kruskal-Wallis test followed by the Steel-Dwass post hoc test). †Significant difference among groups (Kruskal-

Wallis test followed by Steel-Dwass post hoc test). 
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Table 2. Pre- and post-operative BCVA and CECD values. 

 Preoperative 
7 weeks 

postoperatively 

19 weeks 

postoperatively 
P-value 

BCVA (logMAR) 

(n = 86) 
0.18 ± 0.10 -0.065 ± 0.035 -0.066 ± 0.034 

< 0.01†, 0.963⁎, < 

0.01† 

CECD (cells/mm2) 

(n = 32)  
2546.7 ± 261.9 2520.0 ± 238.7 2489.9 ± 284.3 0.894⁎, 0.983⁎, 0.741⁎ 

CECD loss (%) - 0.6 ± 8.7 1.9 ± 8.3 - 

Values represent mean ± SD. BCVA, best-corrected visual acuity; MAR, minimum angle of resolution; CECD, 

corneal endothelial cell density. P-values derived from the Steel-Dwass post hoc test are shown in the following 

order: preoperative vs. 7 weeks postoperatively, 7 weeks postoperatively vs. 19 weeks postoperatively, and 

preoperative vs. 19 weeks postoperatively. †Significant differences between groups (Kruskal-Wallis test followed 

by Steel-Dwass post hoc test). ⁎No significant differences between groups (Kruskal-Wallis test followed by Steel-

Dwass post hoc test). 

Table 3. Mean IOP (mmHg) and mean decrease in IOP (mmHg) over time. 

 Mean IOP (Decrease) (n = 86)  

Examination Grade II Grade III Grade IV Total P-value 

Preoperative 14.7 ± 

2.5 

- 14.5 ± 

2.1 

- 14.6 ± 

1.5 

- 14.6 ± 

2.4 

-  0.972⁎ 

7 weeks 12.2 ± 

2.6 

(2.5 ± 

1.7) 

11.6 ± 

2.3 

(2.9 ± 

1.9) 

10.3 ± 

2.4 

(4.3 ± 

1.1) 

12.0 ± 

2.5 

(2.6 ± 

1.7) 

< 

0.01† 

0.274⁎ 

19 weeks 12.2 ± 

2.5 

(2.4 ± 

1.4) 

12.4 ± 

1.9 

(2.1 ± 

1.9) 

10.8 ± 

2.2 

(3.7 ± 

0.9) 

12.2 ± 

2.3 

(2.4 ± 

1.5) 

< 

0.01† 

0.466⁎ 

1 year 12.6 ± 

2.4 

(2.0 ± 

1.0) 

13.2 ± 

2.3 

(1.3 ± 

1.5) 

11.7 ± 

2.2 

(2.9 ± 

1.5) 

12.7 ± 

2.4 

(1.9 ± 

1.2) 

< 

0.01† 

0.476⁎ 

2 years 12.7 ± 

2.5 

(2.0 ± 

1.4) 

13.1 ± 

1.7 

(1.4 ± 

1.4) 

12.2 ± 

1.3 

(2.4 ± 

0.3) 

12.8 ± 

2.3 

(1.9 ± 

1.4) 

< 

0.01† 

0.646⁎ 

3 years 12.7 ± 

2.6 

(1.9 ± 

1.2) 

13.1 ± 

2.3 

(1.4 ± 

1.6) 

11.5 ± 

2.6 

(3.0 ± 

1.9) 

12.8 ± 

2.5 

(1.9 ± 

1.4) 

< 

0.01† 

0.501⁎ 

4 years 13.1 ± 

2.7 

(1.6 ± 

1.3) 

13.2 ± 

2.1 

(1.4 ± 

1.6) 

11.9 ± 

1.6 

(2.7 ± 

0.7) 

13.0 ± 

2.6 

(1.6 ± 

1.4) 

< 

0.01† 

0.639⁎ 

5 years 13.1 ± 

2.5 

(1.6 ± 

1.2) 

12.0 ± 

2.0 

(2.5 ± 

1.7) 

12.0 ± 

0.6 

(2.6 ± 

1.0) 

12.8 ± 

2.4 

(1.8 ± 

1.4) 

< 

0.01† 

0.146⁎ 

Values represent mean ± SD. ⁎No significant differences among groups (one-way ANOVA). †Significant 

difference between preoperative and the corresponding postoperative time point (paired t-test). 

Table 4. Mean IOP (mmHg) and mean decrease in IOP (mmHg) of the two groups (preoperative IOP < 15 mmHg 

or > 15 mmHg). 

 Mean IOP (Decrease) 

Time point Preoperative IOP > 15 

mmHg group (n = 45) 

P-value Preoperative IOP < 15 

mmHg group (n = 41) 

P-

value 

Preoperative 16.7 ± 1.2 -  12.7 ± 1.1 -  

7 weeks  13.9 ± 1.8 (2.8 ± 1.9) < 0.01† 10.2 ± 2.3 (2.5 ± 1.6) < 0.01† 

19 weeks  13.9 ± 1.6 (2.8 ± 1.7) < 0.01† 10.6 ± 1.6 (2.1 ± 1.3) < 0.01† 
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1 year  14.7 ± 1.3 (2.0 ± 1.2) < 0.01† 10.9 ± 1.7 (1.7 ± 1.2) < 0.01† 

2 years  14.6 ± 1.5 (2.2 ± 1.2) < 0.01† 11.1 ± 1.6 (1.6 ± 1.4) < 0.01† 

3 years  14.6 ± 1.9 (2.1 ± 1.4) < 0.01† 11.1 ± 1.7 (1.6 ± 1.3) < 0.01† 

4 years  15.0 ± 1.7 (1.7 ± 1.3) < 0.01† 11.2 ± 1.7 (1.5 ± 1.4) < 0.01† 

5 years  14.6 ± 2.0 (2.1 ± 1.6) < 0.01† 11.1 ± 1.1 (1.6 ± 1.2) < 0.01† 

Values represent mean ± SD. †Significant difference between preoperative and the corresponding time point 

(paired t-test). 

As shown in Figure 1, the rate of reduction in IOP was 16.8–30.0% at 7 weeks postoperatively 

and 9.1–19.8% at 1 year postoperatively. Over the next 4 years, the rate of reduction in IOP was 

maintained at 8.8–21.2% while at postoperative year 5, the rate of reduction in IOP was 10.6–17.4%. 

No intraoperative complications were observed and no capsulorhexis tears occurred in any of 

the three groups. 

 

Figure 1. Changes in IOP after phacoemulsification performed using the eight-chop technique in patients with 

cataracts. 

Discussion 

Herein, we showed that the eight-chop technique requires less operative time (4–6 min) for 

Grades II and III patients compared to other techniques that usually take 10–19 min [13,15,16]. Even 

in patients with hard lens nuclei, the eight-chop technique can be completed in less than 8 min, which 

is shorter than the operative time required when the phaco-chop technique is used (12 min) [17]. 

Furthermore, eight-chop requires less phaco time and has a lower CDE compared to other techniques. 

Moreover, the eight-chop technique requires approximately one-third to one-fourth volume of fluid 

used in other techniques [16,18]; thus, the ultrasound and irrigation/aspiration tips are inserted into 

the eye for a shorter period of time, which may prevent damage to the trabecular meshwork cells, 

Schlemm's canal cells, and corneal endothelial cells. 

CECD represents the true summation of intraocular insults received during surgery, thus, it is 

important to assess CECD when comparing the efficacy of various techniques.[19] Previous studies 

have reported a 5–16% reduction in CECD after cataract surgery during the first few postoperative 

months [13,15,16,20]; however, in the present study, the decrease was 0.6% at 7 weeks postoperatively 

and 1.9% at 19 weeks postoperatively in all the groups. These results indicate that the eight-chop 
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technique is advantageous in terms of the surgical involvement of intraocular tissues, including the 

trabecular meshwork and Schlemm's canal. 

Several studies [6,7] have reported a reduction in IOP after phacoemulsification cataract 

extraction and intraocular lens implantation in patients without any preexisting disease. Irak-Dersu 

et al. observed a 4–8% reduction in IOP after cataract surgery.[8] Shingleton et al. reported a slightly 

higher (9–10%) reduction in IOP after clear corneal phacoemulsification in healthy patients [21]. Poley 

et al. reviewed the charts of 223 eyes of healthy patients who underwent phacoemulsification and 

reported that IOP reduction was 8.8% (1.4 mmHg) at 1 year postoperatively, although the mean 

reduction was 10.0% (1.6 mmHg) at 10 years postoperatively.[14] Furthermore, the authors reported 

that the change in postoperative IOP is proportional to that in preoperative IOP. In the group with a 

mean preoperative IOP of 12.7 mmHg, a mean increase of 0.1% (0.2 mmHg) was observed 4 years 

postoperatively [14]. In the present study, the rate of reduction in IOP was 9.1–19.8% at 1 year 

postoperatively and 10.6–17.4% at 5 years postoperatively, which is higher than that reported 

previously. Furthermore, in the group with preoperative IOP < 15 mmHg, the IOP significantly 

decreased (p < 0.01, paired t-test) at 7 weeks and remained significantly lower at 5 years 

postoperatively. The mean preoperative IOP of this group was 12.7 mmHg, which is similar to that 

of the lowest preoperative IOP group in the study by Poly et al [14]. However, compared to the 

preoperative IOP, we observed that the IOP remained significantly lower by 1.6 mmHg at 5 years 

postoperatively, while Poly et al. reported a 0.2 mmHg increase in the postoperative IOP [14]. This 

suggests that the eight-chop technique is superior to the divide-and-conquer and phaco-chop 

techniques in terms of surgical involvement of the intraocular tissues. Our results showed that 

phacoemulsification can lower the postoperative IOP, and the higher the preoperative IOP, the 

greater its IOP-lowering effects. It has been suggested that surgical techniques may influence the 

effects of phacoemulsification on IOP reduction. Poly et al. were unable to detect IOP reduction in the 

group with the lowest preoperative IOP, which suggests that the surgical technique used might have 

significantly counteracted the effects of phacoemulsification on IOP reduction. The eight-chop 

technique is less invasive and minimally influences the IOP-lowering effects of phacoemulsification. 

In POAG, there is a loss of trabecular meshwork cells [22,23], which results in a reduced outflow 

facility [22]. We observed that the decrease in CDCE following cataract surgery performed using the 

eight-chop technique is much lower compared to that performed using the divide-and-conquer and 

phaco-chop techniques. We speculate that the loss of trabecular meshwork cells might be lower when 

the eight-chop technique is used, and it is possible that a normal trabecular meshwork function is 

maintained, resulting in IOP reduction which is sustained for a longer period. 

Previous histological examinations have shown that during glaucoma development, fibronectin 

accumulation occurs in the trabecular meshwork and endothelial lining of the Schlemm’s canal 

[24,25]. Increased fibronectin accumulation in the drainage outflow system of the trabecular 

meshwork may impair the regulation of outflow mechanisms and contribute to abnormally high 

resistance in POAG. Furthermore, a decrease in the trabecular meshwork cell number may increase 

fibronectin accumulation. We previously reported that bovine trabecular meshwork cells grow 

slower and have significantly higher fibronectin protein levels when cultured in a high-glucose 

medium [26]. It might be possible that the use of divide-and-conquer and phaco-chop techniques 

may reduce the number of trabecular meshwork cells, leading to the accumulation of fibronectin, 

which results in lower IOP reduction after the surgery. 

The major resistance sites within the trabecular structures likely reside in the cribriform portion 

of the meshwork [27,28]. However, some investigators consider that the main resistance lies slightly 

proximal to the cribriform meshwork tissue [29,30]. This suggests that the resistance site is located 

within the inner wall and the very flimsy basement membrane of the inner wall endothelial cells. The 

cribriform portion of the meshwork is composed of trabecular meshwork cells connected to each 

other and to the inner wall endothelium of the Schlemm's canal and immersed in the extracellular 

matrix. These trabecular meshwork cells are actively phagocytic and are involved in the turnover of 

the extracellular matrix and a dense network of elastic-like fibers connected to the inner wall of the 
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Schlemm's canal by connecting fibrils [31]. Anterior ciliary muscle tendons are anchored within this 

cribriform plexus such that muscle contraction may influence the width of the cribriform layer and 

change the form of the intercellular spaces in this area, thereby influencing outflow resistance [32]. In 

primate eyes with well-developed accommodation, ciliary muscle contraction can expand the 

trabecular meshwork, thereby enhancing the filtration area of the inner wall of Schlemm's canal and 

reducing outflow resistance [32]. After phacoemulsification cataract surgery, traction to the ciliary 

body via the Zonule of Zinn is lost and the physical action of the ciliary muscle on the trabecular 

meshwork may change, resulting in decreased resistance to aqueous humor outflow. 

In previous studies on changes in IOP following phacoemulsification, the divide-and-conquer 

[2,8], stop-and-chop [7,8,33], and other [14,34–37] techniques have been used, and there have been no 

reports on prechop, eight-chop, or phaco-chop techniques. It is important to measure the phaco time, 

aspiration time, CDE, volume of fluid used, and operative time when examining changes in IOP after 

phacoemulsification cataract surgery. However, to the best of our knowledge, no previous studies 

evaluating the effects of phacoemulsification cataract surgery on IOP have analyzed the 

intraoperative parameters. Since the phacoemulsification technique used may influence the extent of 

postoperative IOP reduction, as suggested by Hayashi et al. [35], it is necessary to employ a well-

developed phacoemulsification technique that minimizes the surgical involvement of intraocular 

tissues when examining changes in IOP. Majstruk et al. reported that in patients with medically 

controlled mild or moderate POAG, the decrease in IOP following phacoemulsification is clinically 

insignificant with no change in the number of glaucoma medications at 1 year of follow-up. The 

authors concluded that in POAG patients, additional procedures should be considered since the effect 

of standalone cataract surgery is not very beneficial [2]. However, the study employed the divide-

and-conquer phacoemulsification technique, and intraoperative parameters, including the operative 

time, have not been evaluated. In addition, the posterior capsule rupture rate was extremely high 

(5.71%). 

Our study supports previous reports highlighting the benefits of phacoemulsification surgery 

for managing eyes with cataracts that require IOP reduction. In cases of non-glaucomatous eyes, the 

expected reduction in IOP by 1.6–2.6 mmHg or 10.6–17.4% following cataract surgery is not essential, 

although there is no indication of harmful effects of the lower IOP. The 10.6–17.4% decrease in IOP is 

comparable to the response that can be achieved using a single pharmacological antihypertensive 

agent. Moreover, the effects of phacoemulsification on IOP last for at least 5 years. 

In the present study, we did not compare our results with those obtained in previous studies 

that employed prechop, phaco-chop, and divide-and-conquer techniques, which is a limitation of our 

study. Since several previous studies have used the phaco-chop and divide-and-conquer techniques, 

we believe that the efficiency of the eight-chop technique can be partially evaluated by comparing 

our results with the results of these previous studies. 

Conclusions 

The eight-chop technique requires less operative time, less phaco time, a lower CDE, and less 

volume of fluid used compared to other techniques. This technique is advantageous in terms of the 

surgical involvement of intraocular tissues, including the corneal endothelial cell, trabecular 

meshwork, and Schlemm's canal. Therefore, this technique may preserve a normal trabecular 

meshwork function, resulting in IOP reduction which is sustained for a longer period. Cataract 

surgery should be considered for glaucoma treatment and phacoemulsification techniques that 

minimize damage to the intraocular tissues should be used. 
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Abbreviation 
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= analysis of variance; SD = standard deviation; MAR = minimum angle of resolutions 
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