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Background: Phacoemulsification is inevitably accompanied by loss of corneal endothelial cells, and microcornea eyes with crowded 
anterior segments may be more susceptible to this damage.
Purpose: This study aimed to compare endothelial cell loss (ECL) after cataract phacoemulsification surgery between eyes with 
microcornea and those with normal-sized corneas.
Methods: This retrospective study included 50 eyes from 50 patients with microcornea and 120 eyes from 120 patients with normal- 
sized corneas who underwent phacoemulsification. Demographic data and biometric parameters were evaluated preoperatively. 
Postoperative corneal endothelial cell parameters were measured 3 months after surgery.
Results: Compared with the normal controls, the microcornea group had a shallower anterior chamber, thicker lens and shorter white- 
to-white distance (WTW) (P < 0.01). Additionally, at 3 months postoperatively, the microcornea group had significantly greater ECL 
(662.20 ± 496.79 cells/mm2) than the control group did (360.53 ± 364.29 cells/mm2) (P < 0.001). The increase in the mean cell area in 
the microcornea group (185.38 ± 144.04 μm2) was significantly greater than that in the control group (75.56 ± 92.48 μm2) (P < 0.001). 
Multiple regression analysis revealed that WTW (Beta=−0.330, P<0.001) and average phaco energy (Beta=0.288, P=0.030) were 
significant determinants of postoperative ECL in patients with normal-sized corneas. WTW was also a statistically significant risk 
factor for ECL in all patients (Beta=−0.331, P<0.001).
Conclusion: Compared with normal-sized corneas, microcorneas were more prone to endothelial cell loss after phacoemulsification. 
WTW was a significant risk factor for postoperative ECL. Preoperative measurement of WTW may serve as a useful risk stratification 
tool to identify patients who may require additional endothelial protective measures during cataract surgery.
Keywords: microcorneas, phacoemulsification, corneal endothelial cell loss

Introduction
Corneal endothelial cell loss (ECL), a major complication that occurs after cataract surgery, can lead to corneal edema 
and decompensation if the cell density decreases to 450–800 cells/mm2.1,2 Previous studies have revealed that several 
clinical parameters may influence the risk of ECL after phacoemulsification surgery. An increased risk of ECL is 
associated with significant lens nucleus hardness, advanced age, a long phacoemulsification time (Phaco time), the use of 
high-energy ultrasound, diabetes mellitus and a short axial length.3–8

Additionally, phacoemulsification surgery is performed in a limited and confined space. Narrow space can aggravate 
the damage induced by the phacoemulsification procedure. Although ophthalmic viscosurgical devices (OVDs) and the 
soft-shell technique are routinely used to protect the endothelium in crowded spaces, the risk of ECL may still be 
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elevated in eyes with pre-existing anatomical constraints. Microcornea is a rare congenital anomaly, with an estimated 
prevalence of approximately 1 in 100,000 births, in which the horizontal diameter of the cornea is less than or equal to 
11 mm; hence, cataract surgery in eyes with microcornea is challenging because of the narrow space for 
phacoemulsification.9–11 However, to our knowledge, no published studies have specifically reported ECL following 
routine phacoemulsification in microcornea eyes. Existing reports have mainly focused on postoperative visual outcomes 
and complication rates, rather than quantitative ECL.12–14 Given the rarity of this condition and the lack of robust 
evidence, characterizing ECL and its risk factors in microcornea eyes is of considerable clinical importance.

Therefore, this comparative study was designed to assess ECL after cataract phacoemulsification surgery in eyes with 
microcornea versus those with normal-sized corneas. We hypothesized that microcornea eyes would experience greater 
postoperative ECL. We also examined the effects of several clinical parameters on postoperative ECL to identify 
potential risk factors. Understanding these risk factors may better inform approaches for reducing the risk of intraopera
tive corneal endothelial injuries in patients with microcornea.

Methods
Patients
This retrospective study included patients who underwent phacoemulsification at the Eye and ENT Hospital of Fudan 
University between January 2023 and December 2023. The exclusion criteria were as follows: a history of ocular surgery, 
any serious intraoperative or postoperative complications, corneal disease (eg., dystrophy, scarring), and other severe 
ocular comorbidities (eg., trauma, glaucoma, uveitis, coloboma, and nanophthalmos (axial length < 20.5 mm)). In 
addition, patients who were unable to attend the 3-month postoperative follow-up visit were also excluded. Ultimately, 
50 eyes from 50 patients with microcornea and 120 eyes from 120 patients with normal-sized cornea were enrolled. 
Microcornea was defined as a horizontal corneal diameter ≤11 mm, while normal controls had a horizontal corneal 
diameter >11 mm. All enrolled patients had grade III–IV nuclear cataracts. The severity of cataracts was graded 
according to the Lens Opacities Classification System III (LOCS III) by a single observer physician trained in the use 
of LOCS. The primary outcome was absolute ECL, defined as preoperative corneal endothelial cell density (CECD) 
minus postoperative CECD. Percentage ECL was calculated as (absolute ECL/preoperative CECD) × 100%. The study 
was approved by the ethics committee of the Eye and ENT Hospital of Fudan University and was conducted in 
accordance with the tenets of the Declaration of Helsinki. Informed consent was obtained from all patients.

Preoperative Examinations
Preoperatively, all patients underwent comprehensive ophthalmologic examinations, including slit‒lamp microscopy, 
intraocular pressure (IOP) measurement and B-mode ultrasound. The white-to-white distance (WTW, defined as the 
horizontal corneal diameter by the limbal position), anterior chamber depth (ACD), axial length (AL) and lens thickness 
(LT) were measured using an IOL Master 700 optical biometer (Carl Zeiss Meditec AG). The lens position (LP) was 
calculated using the following formula: ACD + 1/2 LT.15 Corneal endothelial cell analysis, including CECD, coefficient 
of variation (CV) of the cell area, mean cell area (MCA), percentage of hexagonal cells (HEX) and central corneal 
thickness (CCT), was performed with a specular microscopy device (EM-3000; Tomey Corporation).

Phacoemulsification Surgery
All eyes were subjected to uncomplicated phacoemulsification with IOL implantation by an experienced surgeon (TYZ, 
with over 10 years of experience and approximately 8,000 cataract surgeries performed). First, a 2.3-mm self-sealing 
temporal cornea incision was made, and the same cohesive viscoelastic (sodium hyaluronate 1.5%, Qisheng Biological 
Preparation Co. Ltd. Shanghai, China) was injected into the anterior chamber. A capsulorhexis approximately 5.5 mm in 
diameter was created, and then lens–nucleus hydrodissection was performed. All phacoemulsifications were conducted 
using the phaco-and-chop technique with torsional phacoemulsification on a Centurion system (Alcon Surgical, Texas, 
USA). The machine settings were: vacuum 320 mmHg, aspiration rate 28 cc/min, and bottle height 90 cm. After 
phacoemulsification, an acrylic IOL (PCB00, Abbott Medical Optics, Santa Ana, CA, USA) was implanted, and then the 
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corneal incision was hydrated. The following variables were recorded at the end of the surgery: average phaco energy 
(%) and total phaco time (seconds). Since conventional cumulative dissipated energy (CDE) was developed for long
itudinal ultrasound and does not directly apply to torsional mode, total phaco energy was defined as average phaco 
energy (%) × phaco time (seconds), expressed in %·

Postoperative Follow-Up
Postoperative follow-up at 3 months was chosen because corneal endothelial cell loss stabilizes by this timepoint after 
uncomplicated phacoemulsification, and earlier measurements may be confounded by transient postoperative inflamma
tion and corneal edema. At this visit, IOP and corneal endothelial cell parameters, including the CECD, CV, MCA, HEX 
and CCT, were recorded.

Statistical Analysis
All statistical analyses were performed using SPSS 19.0 (IBM Corp., Armonk, NY, USA). Continuous variables were 
compared using an independent t test. A paired t test was used to compare the corneal endothelial cell parameters before 
surgery with those after surgery. Categorical variables were compared using the chi-square test. The associations of risk 
factors with postoperative ECL were examined via univariate and multivariate regression analyses. Contributing factors 
with a P value<0.2 in the univariate analysis were subsequently included in the multivariate regression model. Given the 
rarity of microcornea, a formal power analysis was not performed prior to data collection. However, our microcornea 
sample size (n = 50) is the largest reported to date for postoperative endothelial analysis in this condition, and the control 
group (n = 120) was selected to provide adequate statistical power for detecting clinically meaningful differences in ECL 
between groups. A P value <0.05 was considered to indicate statistical significance.

Results
Participants’ Clinical Data
One hundred seventy eyes of 170 patients were included in this study. The microcornea group included 50 eyes, and the 
normal control group included 120 eyes. Table 1 shows the preoperative, intraoperative and postoperative clinical data of 
these patients and the potential risk factors for postoperative ECL. Compared with the normal controls, the microcornea 

Table 1 Preoperative, Intraoperative and Postoperative Clinical Data

Parameter (Mean ± SD) Normal Microcornea P Value

Preoperative parameter
Sex (female/male) 56/64 18/32 0.201
Age 68.37±8.25 70.48±7.15 0.116

Diabetes mellitus (no/yes) 18/102 11/39 0.269

IOP (mmHg) 14.08±2.78 14.73±2.70 0.164
AL (mm) 23.90±1.27 24.20±3.30 0.548

ACD (mm) 3.16±0.34 2.78±0.50 <0.001*

LT (mm) 4.39±0.39 4.62±0.49 0.001*
LP (mm) 5.36±0.26 5.09±0.38 <0.001*

WTW (mm) 11.73±0.36 10.76±0.24 <0.001*

Intraoperative parameter
Average phaco energy (%) 21.37±5.45 19.60±8.77 0.191

Total phaco time (s) 38.04±26.97 48.18±33.77 0.063

Total phaco energy (%*s) 862.61±808.42 1058.60±1029.15 0.234
Postoperative parameter
IOP (mmHg) 13.23±3.21 13.97±2.95 0.160

Notes: *Statistically significant (P <0.05). 
Abbreviations: SD, standard deviation; IOP, intraocular pressure; AL, axial length; ACD, 
anterior chamber depth; LT, lens thickness; LP, lens position; WTW, white-to-white.
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group had a shallower anterior chamber, thicker lens, and shorter WTW (P < 0.01). In the microcornea group, the mean 
WTW was 10.76 ± 0.24 mm, the mean ACD was 2.78 ± 0.50 mm, the mean LT was 4.62 ± 0.49 mm, and the mean LP 
was 5.09 ± 0.38 mm. In the control group, the mean WTW was 11.73 ± 0.36 mm, the mean ACD was 3.16 ± 0.34 mm, 
the mean LT was 4.39±0.39, and the mean LP was 5.36 ± 0.26 mm.

Changes in Corneal Endothelial Cells After Phacoemulsification
The endothelial cell density and morphometry values as well as the CCT measurements assessed preoperatively and at 3 
months after surgery and their preoperative-postoperative changes are summarized in Table 2. No significant difference 
was observed preoperatively between the microcornea group and the normal control group in any of the endothelial cell 
parameters or in the CCT, except the CV (Table 2). Patients with microcornea had a significantly lower CV than patients 
with normal-sized corneas did (P=0.035). Postoperatively, patients with microcornea had a significantly lower CECD and 
a significantly larger MCA than the normal controls did (both P < 0.001, Table 2). Both groups experienced a significant 
decrease in the CECD, a significant increase in the MCA and a significant decrease in the HEX (P < 0.01, Figure 1). The 
mean ECL was 662.20 ± 496.79 cells/mm2 (24.67 ± 18.49%) in the microcornea group and 360.53 ± 364.29 cells/mm2 
(13.75 ± 14.18%) in the control group. Compared with the control group, the microcornea group had significantly greater 
ECL (Table 2, P < 0.001; Cohen’s d = 0.741, indicating a moderate-to-large effect size). Additionally, the enlargement of 
the MCA in the microcornea group (185.38 ± 144.04 μm2, 48.56 ± 37.39%) was significantly greater than that in the 
control group (75.56 ± 92.48 μm2, 19.57 ± 23.32%) (Table 2, P < 0.001; Cohen’s d = 0.998, indicating a large effect 
size). Outlier analysis using the IQR method did not reveal any extreme values that disproportionately influenced the 
group comparisons.

Table 2 Changes in Corneal Endothelial Cell After Phacoemulsification

Parameter (Mean ± SD) Normal Microcornea P Value

Preoperative
CECD (cells/mm2) 2615.15±229.18 2621.30±367.06 0.913
MCA (μm2) 385.38±34.66 393.34±99.54 0.583

CV (%) 44.14±9.32 40.94±7.94 0.035*

HEX (%) 47.68±7.64 49.68±10.12 0.214
CCT (μm) 540.48±44.16 552.26±41.39 0.108

Postoperative
CECD (cells/mm2) 2254.62±407.62 1959.10±501.66 <0.001*
MCA (μm2) 460.93±101.61 578.72±176.29 <0.001*

CV (%) 43.53±9.76 42.88±10.31 0.700

HEX (%) 42.47±9.32 42.32±12.26 0.932
CCT (μm) 546.69±41.78 557.08±38.67 0.133

Pre-Post
CECD (cells/mm2) 360.53±364.29 662.20±496.79 <0.001*
MCA (μm2) −75.56±92.48 −185.38±144.04 <0.001*

CV (%) 0.62±11.72 −1.94±9.24 0.171
HEX (%) 5.22±11.71 7.36±12.54 0.288

CCT (μm) −6.22±26.83 −4.82±25.49 0.754

Pre-Post (%)
CECD 13.75±14.18 24.67±18.49 <0.001*

MCA −19.57±23.32 −48.56±37.39 <0.001*

CV −1.12±25.80 −6.45±27.04 0.228
HEX 8.68±23.46 13.51±24.23 0.227

CCT −1.32±5.14 −1.00±4.50 0.708

Notes: *Statistically significant (P <0.05). 
Abbreviations: SD, standard deviation; CECD, corneal endothelial cell density; MCA, mean 
cell area; CV, coefficient of variation of cell area; HEX, Percentage of hexagonal cells; 
CCT’ central corneal thickness; Pre, preoperative; Post, postoperative.
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Risk Factors for ECL in Normal Patients
Table 3 shows the correlations of the 17 variables from the univariate analysis with the ECL at postoperative month 3. In the 
normal control group, we selected age, preoperative CV, preoperative HEX, preoperative CCT, AL, ACD, LP, WTW, 
average phaco energy, total phaco time and total phaco energy (all P<0.2) for further multivariate linear regression analyses.

Ultimately, we obtained a model comprising WTW (Beta=−0.330, P<0.001) and average phaco energy (Beta=0.288, 
P=0.030) that predicted ECL in the normal control group (P<0.001, adj. R2=0.313 (Table 4). A smaller WTW and higher 
average phaco energy were the best set of independent predictors of greater postoperative ECL.

Risk Factors for ECL in Patients with Microcornea
By univariate analysis, the factors that correlated with a lower postoperative CECD in patients with microcornea were 
patient age, preoperative CECD, preoperative MCA, preoperative CV, average phaco energy, total phaco time and total 
phaco energy (all P<0.2, Table 3). However, after stepwise multiple linear regression analysis, no significant multiple 
regression model was identified in the microcornea group (data not shown).

Figure 1 Changes in corneal endothelial cells after phacoemulsification surgery. (A) Corneal endothelial cell density (CECD). (B) Mean cell area (MCA) of corneal 
endothelial cells. (C) Coefficient of variation (CV) of the cell area. (D) Percentage of hexagonal cells (HEX). (E) Central corneal thickness (CCT). **P<0.01, ***P<0.001.
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Risk Factors for ECL in All Patients
We also conducted univariate and multiple regression analyses for ECL in all patients. Table 3 shows the results of the 
univariate analysis for ECL. We selected age, preoperative CECD, preoperative MCA, preoperative CV, preoperative 
HEX, preoperative CCT, AL, ACD, LT, LP, WTW, average phaco energy, total phaco time and total phaco energy 
(P<0.2, Table 3) for further multiple regression analysis. Multiple regression analysis revealed that the WTW was the 
only statistically significant risk factor for ECL (Beta=−0.331, P<0.001, adj. R2=0.341, Table 5). A shorter WTW was 
significantly associated with greater ECL (Table 5).

Table 3 Univariate Analyses of the Associations Between the ECL and the Clinical Parameters

Parameter Normal (120 Eyes) Microcornea (50 Eyes) Total (170 Eyes)

Beta P Beta P Beta P

Age 0.203 0.026* 0.364 0.009* 0.267 <0.001*

Diabetes mellitus −0.036 0.696 0.033 0.818 0.025 0.748
Preoparative IOP (mmHg) 0.041 0.659 0.084 0.560 0.090 0.241

Preoperative CECD (cells/mm2) 0.076 0.407 0.317 0.025* 0.186 0.015*

Preoperative MCA (μm2) −0.075 0.416 −0.322 0.023* −0.185 0.016
Preoperative CV (%) −0.223 0.014* −0.211 0.142 −0.235 0.002*

Preoperative HEX (%) 0.257 0.005* 0.142 0.324 0.225 0.003*

Preoperative CCT (μm) −0.248 0.006* −0.134 0.353 −0.172 0.025*
AL (mm) −0.154 0.094 −0.109 0.450 −0.182 0.017*

ACD (mm) −0.218 0.017* −0.116 0.421 −0.281 <0.001*

LT (mm) 0.060 0.513 0.155 0.284 0.147 0.056
LP (mm) −0.246 0.007* −0.059 0.684 −0.266 <0.001*

WTW (mm) −0.379 <0.001* −0.116 0.421 −0.437 <0.001*

Average phaco energy (%) 0.174 0.058 0.252 0.078 0.164 0.033*
Total phaco time (s) 0.219 0.016* 0.351 0.012* 0.276 <0.001*

Total phaco energy (%*s) 0.245 0.007* 0.287 0.043* 0.252 0.001*

Postoperative IOP (mmHg) 0.001 0.994 −0.072 0.618 0.027 0.726

Notes: *Statistically significant (P <0.05). 
Abbreviations: ECL, corneal endothelial cell loss; IOP, intraocular pressure; CECD, corneal endothelial cell density; MCA, 
mean cell area; CV, coefficient of variation of cell area; HEX, percentage of hexagonal cells; CCT, central corneal thickness; AL, 
axial length; ACD, anterior chamber depth; LT, lens thickness; LP, lens position; WTW, white-to-white.

Table 4 Multivariable Model Predicting the ECL at Eyes with Normal- 
Sized Corneas, P<0.001, Adj. R2 = 0.313

Factors B Std. Error Beta P

(Constant) 6082.372 1233.463 / <0.001*
Age 1.402 4.106 0.032 0.733

Preoperative HEX (%) 1.886 4.960 0.040 0.704

Preoperative CV (%) −11.262 4.183 −0.288 0.068
Preoperative CCT (μm) −1.280 0.660 −0.155 0.055

AL 12.658 24.654 0.044 0.609

ACD 86.074 157.883 0.080 0.587
LP −339.221 208.452 −0.242 0.107

WTW −338.088 83.721 −0.330 <0.001*

Average phaco energy (%) 19.236 8.726 0.288 0.030*
Total phaco time (s) 4.855 4.040 0.359 0.232

Total phaco energy (%*s) −0.125 0.153 −0.277 0.415

Notes: *Statistically significant (P <0.05). 
Abbreviations: ECL, corneal endothelial cell loss; HEX, percentage of hexagonal cells; 
CV, coefficient of variation of cell area; CCT, central corneal thickness; AL, axial length; 
ACD, anterior chamber depth; LP, lens position; WTW, white-to-white.
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Discussion
Lens extraction with phacoemulsification is inevitably accompanied by loss of corneal endothelial cells, and microcornea 
eyes with crowded anterior segments may be more susceptible to this damage.16,17 However, microcornea is a rare 
disease, and knowledge on postoperative ECL in this population remains limited. To our knowledge, no prior study has 
specifically quantified ECL following routine phacoemulsification in microcornea eyes. This is the first to demonstrate 
significantly greater ECL compared to normal-sized corneas, and to identify WTW as a strong risk factor. Understanding 
these results may better inform approaches to minimize corneal endothelial injury intraoperatively and assist in the 
identification of patients at greater risk of future complications.

Not surprisingly, patients with microcornea had significantly smaller corneal diameters than patients with normal- 
sized corneas did. In this study, the horizontal corneal diameters were 10.76 ± 0.24 mm and 11.73 ± 0.36 mm in the 
microcornea group and control group, respectively. Additionally, some characteristic features of microcornea include 
a significantly shallower anterior chamber, thicker lens, and shorter lens position. Wei et al reported a positive correlation 
between the WTW and ACD.18

Endothelial cell parameters were also explored. The preoperative CECD was not significantly different between the 
microcornea and control groups. The CECD was 2621.30 ± 367.06 cells/mm2 and 2615.15 ± 229.18 cells/mm2 in the 
microcornea group and control group (P = 0.913), respectively. Compared with the control group, the microcornea group 
tended to have a significantly greater CV of endothelial cells. This may be because a smaller surface area in the 
microcornea, leading to a compact cell arrangement and less pleomorphism.19 However, as there are few studies that can 
help us understand these exact correlations better, further exploration of the etiology of these relationships is needed.

After cataract surgery, we found that the CECD was significantly lower than that before surgery in both the microcornea 
and control groups. Additionally, the eyes with microcornea had significantly greater ECL (662.20±496.79 cells/mm2, 
24.67±18.49%) than the eyes with normal-sized corneas did (360.53±364.29 cells/mm2, 13.75±14.18%). The reasons for 
these differences may be attributed to the narrower operating space in the eyes with microcornea, which have shallower 
anterior chambers and smaller WTWs. The shallower anterior chamber and smaller WTW reduce the working distance and 
bring the phaco tip closer to the endothelium, limiting the surgeon’s ability to maintain a safe margin.17 Moreover, these 
anatomical features reduce aqueous volume, which may diminish heat dissipation and result in a greater temperature rise for 

Table 5 Multivariable Model Predicting the ECL in Total Eyes, P<0.001, Adj. 
R2 = 0.341

Factors B Std. Error Beta P

(Constant) 4600.605 1441.588 / 0.002*

Age 7.004 4.056 0.130 0.086

Preoperative CECD (cells/mm2) 0.063 0.253 0.041 0.803
Preoperative MCA (μm2) −1.257 1.122 −0.179 0.264

Preoperative CV (%) −6.016 4.256 −0.127 0.160

Preoperative HEX (%) 4.596 4.323 0.091 0.289
Preoperative CCT (μm) −1.277 0.686 −0.130 0.064

AL 18.774 5.631 0.091 0.232
ACD 76.129 109.232 0.067 0.498

LT −47.528 71.366 −0.048 0.506

LP −183.656 108.892 −0.138 0.094
WTW −259.776 57.673 −0.331 <0.001*

Average phaco energy (%) 0.470 6.982 0.007 0.946

Total phaco time (s) 0.798 3.516 0.055 0.821
Total phaco energy (%*s) 0.089 0.133 0.182 0.508

Notes: *Statistically significant (P <0.05). 
Abbreviations: ECL, corneal endothelial cell loss; CECD, corneal endothelial cell density; MCA, 
mean cell area; CV, coefficient of variation of cell area; HEX, percentage of hexagonal cells; CCT, 
central corneal thickness; AL, axial length; ACD, anterior chamber depth; LT, lens thickness; LP, 
lens position; WTW, white-to-white.
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the same ultrasonic energy. In addition, mechanical shockwaves may have less distance to dissipate before reaching the 
endothelium, potentially leading to more concentrated mechanical stress. Consequently, even standard phaco energy levels 
could become more hazardous in microcornea eyes, contributing to disproportionately greater endothelial damage. 
Accordingly, postoperative enlargement of the MCA in the microcornea group was significantly greater than that in the 
control group. The increase in corneal cell area could be perceived as a possible compensatory mechanism in response to 
corneal endothelial cell loss.20

Furthermore, we performed univariate and multiple regression analyses of ECL to identify the significant risk factors 
for ECL in both the microcornea group and the control group.

Our results revealed that a smaller WTW and higher average phaco energy were the best set of independent predictors of 
greater ECL in eyes with normal-sized corneas. These findings further corroborate our abovementioned conclusion that eyes 
with normal-sized corneas have significantly less ECL than eyes with microcornea do. However, no significant correlation was 
found between ACD and postoperative ECL in our current study. A possible explanation is that the ACD was significantly 
associated with the WTW (Beta=0.441, P < 0.001). After adjusting for confounders through multiple regression analysis, 
ACD, which was a significant determinant of postoperative ECL in the univariate analyses (P=0.017, Table 3), was excluded 
from the final prediction model.

In addition, consistent with the findings of previous studies, average phaco energy was also proven to have 
a significant influence on ECL in the normal group in our current study.7,21,22 Nevertheless, we did not observe 
a significant correlation between the total phaco time and postoperative ECL, despite previous studies revealing that 
patients with longer phaco times could be at greater risk of corneal endothelial cell loss.4,23,24 We attributed this 
discrepancy to the different inclusion criteria. All the patients included in our study had Grade III–IV nuclei. 
Therefore, for patients with normal-sized corneas and middle-grade nuclei, we recommend that surgeons use low 
phaco energy, even at the cost of a longer total phaco time.

However, we obtained no statistically significant multivariate linear regression models that predicted postoperative 
ECL for eyes with microcornea, possibly because of the insufficient sample sizes of microcornea group.

We also performed univariate and multivariate regression analyses of ECL in all the patients and found that the WTW 
was positively correlated with postoperative ECL, further confirming the results in patients with normal-sized corneas.

Since microcornea can correlate with short AL, we considered whether AL might have confounded the association 
between microcornea and ECL. In our study, patients with nanophthalmos were excluded, AL did not differ significantly 
between groups (P = 0.548, Table 1), and AL was not significant in any regression model. These findings suggest that the 
observed ECL in microcornea eyes is unlikely to be attributable to AL-related factors, reinforcing WTW as the key 
anatomical predictor.

Therefore, phacoemulsification should be performed more carefully in patients with smaller WTW, and we recommend 
higher-viscosity OVDs or soft-shell technique, minimized phaco energy, lower aspiration flow rates, and a chop technique.

Limitations
The current study has several limitations. Only 50 eyes with microcornea were enrolled, so future studies with larger 
sample sizes are warranted to validate our initial findings. Second, eyes with extreme microcornea, defined as a WTW < 
10 mm, were not enrolled; further studies involving patients with extremely small corneas are necessary to verify our 
results. Third, our inclusion of only Grade III–IV nuclear cataracts enhances the homogeneity of the study population but 
also limits the generalizability of our findings to patients with softer or denser cataracts. This design choice was 
intentional to minimize confounding by varying nucleus hardness, but caution is warranted when extrapolating our 
results to all cataract grades.

Conclusions
In conclusion, our current study revealed that eyes with microcornea were more prone to endothelial cell loss after 
phacoemulsification compared to eyes with normal-sized corneas. We also noted that ECL was significantly related to the 
WTW and average phaco energy used during the surgical procedure in eyes with normal-sized corneas, and the WTW 
was further confirmed as a significant risk factor for ECL in all patients. Phacoemulsification in microcornea requires 
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meticulous surgical technique, with careful attention to energy control and endothelial protection. Preoperative WTW 
measurement may serve as a simple and valuable tool for risk stratification, identifying patients who may benefit from 
enhanced endothelial protective strategies.
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