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Purpose: The ability to predict corneal edema and understand its relationship with imaging parameters enables optimization of
decision-making in terms of cataract surgery. Therefore, we aimed to elucidate the immediate tomographic alterations after
phacoemulsification.

Patients and Methods: In this prospective study, we evaluated clinical and corneal tomographic data of 30 patients with cataracts,
obtained using a rotating Scheimpflug tomographic system before and after cataract surgery with a phacoemulsification system.
Corneal thickness and volume were measured, and Pentacam Nucleus Staging, keratometry, and specular microscopy were performed
preoperatively and immediately postoperatively. The Wilcoxon signed-rank test was used to compare pre-and postoperative values. We
calculated the correlations between the changes in these values and multiple parameters related to phacodynamics, including
“ultrasound (US) elapsed” (phaco time), “US average” (average power used), and “US absolute” (energy effectively dissipated,
a product of the other two parameters).

Results: There were increases in corneal volume (p<0.0001) and pachymetry (p<0.0001), and a decrease in endothelial cell count
(p<0.0001) after surgery. The mean differences in pre- and postoperative specular microscopy, corneal volume, and pachymetry were
—335.13+236.21 cells/mm>, 1.33+0.56 mm>, and 61.33+23.73 microns, respectively. The difference in pre-and postoperative corneal
volume in patients with US elapsed >40 s was 0.75 mm? greater than that in patients with US elapsed <40 s (95% confidence interval
[CI]: 0.24-1.25; p=0.005); that of pachymetry in patients with US elapsed >40 s was 31.76 microns greater than that in patients with
US elapsed <40 s (95% CI: 9.55-53.97; p=0.007). Spearman correlation revealed that, for every 1% increase in cataract density, the
US average value increased by 0.31% (coef.: 0.3110; 95% CI: 0.0741-0.5490; p=0.012).

Conclusion: Knowledge of Pentacam Nucleus Staging and the effect of US elapsed on differences in corneal volume and pachymetry
before and after cataract surgery should be of particular value for surgeons who routinely encounter patients with hard cataracts.
Keywords: cataract surgery, corneal volume, pachymetry, phacoemulsification, ultrasound

Introduction
Cataract surgeons face a considerable challenge in achieving satisfactory results, considering the patients’ expectations of
satisfactory refractive outcomes. Beyond good uncorrected visual acuity with good quality of vision, patients value the
minimization of complications and a speedy recovery. Several pre- and intraoperative factors can affect the final result.'~
Therefore, the understanding of the interrelationships between preoperative corneal properties and the parameters used in
phacoemulsification is paramount.” Such knowledge would minimize intraoperative damage to corneal tissue and
facilitate predictability.

Factors such as the corneal incisions, keratometric measurements, and posterior corneal astigmatism have already been
discussed at length.* For instance, the location and size of incisions play a role in the outcome of cataract surgery.® ® There is
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scientific evidence that a small corneal incision (2.8 mm) induces little refractive change, at least in eyes with low preoperative
corneal cylinders, regardless of its site.”

Preoperative measurements with modern, sophisticated equipment, accompanied by state-of-the-art formulas and
artificial intelligence, were reported as positive predictive factors in terms of the outcomes of cataract surgery.”'® The
Pentacam system, for example, is a non-contact computed tomographic scanner that provides tomographic maps of the
anterior and posterior corneal surfaces, corneal thickness, lens densitometry, and anterior chamber depth. It uses
a Scheimpflug swivel camera to image the anterior segment of the eye with proven effectiveness and precision.'''*
Corneal volume (CV) is one of the many morphological parameters that can be measured with this system.™'* The CV is
a single value that describes topographic and pachymetric changes. The Pentacam system also comes with optional
software, called Pentacam Nucleus Staging (PNS), that can be used to quantify cataract density from the Scheimpflug
images. This software measures the volume and optical density of the cataract to classify it into one of five stages.

The concurrent use of ultrasound (US) and PNS may provide the surgeon with supplemental information during
evaluation of the impact of cataract surgery on keratometric measurements. Using US in this study, we aimed to evaluate
the immediate tomographic changes in the postoperative cataract period.

Materials and Methods

Patients

Our study involved 30 consecutive individuals diagnosed with cataracts (17 women and 13 men; 15 right eyes and 15 left
eyes; mean + standard deviation age: 69+8.4 years) who underwent cataract operations at Instituto de Olhos Renato
Ambosio between July 25, 2021 and August 30, 2020. Their demographic and clinical data were collected. The study
protocol was approved by the Ethics Committee of the Federal University of Sdo Paulo. Informed consent was waived as
the data were collected as a part of the standard practice of care and adhered to the tenets of the Declaration of Helsinki.
Only patients with operable cataracts and no history of corneal disease were included in the study. Patients who
developed any postoperative complications were excluded. A patient was deemed to have against-the-rule astigmatism
if they had a corneal astigmatism axis of 90 & 20 degrees (negative cylinder) or 180 £ 20 degrees (plus cylinder), based
on preoperative keratometry readings.

Preoperative and Postoperative Measures

Keratometry was performed before surgery and in the immediate postoperative period, by using the Pentacam system
(Oculus Optikgeriate GmbH, Wetzlar, Germany). Its rotating Scheimpflug camera was used to determine the CVs in zones
around the center of the cornea (diameters of 3, 5, and 7 mm), as well as the central corneal thickness at 0, 2, 4, and 6 mm
from the center of the cornea.

The patients were seated and their heads stabilized by using a chin rest and forehead strap. They were instructed to
look at a fixed target for approximately 1.5-2 s while the Scheimpflug camera was rotated. All measurements were
performed by the same observer. Patient biometrics were obtained by using the IOLMaster 500 optical biometer (Carl
Zeiss AG, Oberkochen, Germany), for partial coherence interferometry. The power of the intraocular lens (IOL) was
calculated by using the optimized Haigis formula.

The PNS software automatically generates a cylindrical template for densitometry. The template volume used in the
study was defined as follows: 2.0-mm diameter, 0.6-mm height, 8.0-mm front curvature, and 4.0-mm back curvature.
This three-dimensional template was placed in the center of the nucleus, excluding the anterior and posterior cortices.
The average and maximum density parameters were observed for each densitometric mode.

Surgical Procedure

On the day of surgery, the patient’s pupil was dilated with drops of 0.8% tropicamide and 5% phenylephrine. The surgery
was performed with the patient under retrobulbar anesthesia. All surgeries were performed by one of the authors, who is
an experienced surgeon (A.M.). A sterile, disposable 2.75-mm blade was used to create a self-sealing, triplanar corneal
tunnel incision near the corneal limbus, extending into the clear corneal zone by 1 mm. Continuous curvilinear
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capsulorhexis was performed with a 26G cystotome through the main tunnel under a hydroxypropyl-methylcellulose
viscoelastic covering. Blue trypan 0.4% was used in white cataracts, preceded by an air bubble, to avoid contact with the
corneal endothelium. Hydrodissection were subsequently performed. Cataracts were removed via phacoemulsification
with the Millennium Microsurgical System (Bausch & Lomb Surgical, Laval, Canada). The technique used (phaco chop
in all instances) was at the surgeon’s discretion. The lens was inserted into the main incision by using an injector.
A single polymethylmethacrylate IOL was implanted into the capsular bag. The self-sealing incision was left unsutured
after verification that there was no leakage. The patients had ketorolac 0.5%, moxifloxacin 0.5%, and prednisolone 1% as
a postoperative drop regimen.

Statistical Analysis

Data were analyzed using STATA 14.0 software (StataCorp LP, College Station, TX, USA). Frequency tables were used
for descriptive analyses. Continuous variables were evaluated for normality using the Shapiro—Wilk test. Pre-and
postoperative continuous variables were compared using the Wilcoxon signed-rank test. Uni- and multivariable linear
regression analyses were used to assess the effect of covariates on pre- vs postoperative differences; stepwise forward
selection was used for modeling, with increments of 0.2. Spearman correlation test was used to assess the correlation
between continuous variables. A two-sided p-value less than or equal to 0.05 was considered statistically significant.

Results

Table 1 summarizes the characteristics of the 30 included patients. Table 2 contains the US values for the surgical
procedure. There were statistically significant increases in astigmatism (p=0.0350), CV (p<0.0001), and pachymetry
(p<0.0001) in the postoperative period compared with the preoperative period (Table 3). There was also a statistically
significant decrease in cell count upon specular microscopy (p<0.0001) in the postoperative period compared with the

Table | Patient Characteristics

Variable Value
Sex, n (%)

Female 13 (43)

Male 17 (57)
Laterality, n (%)

Yes 15 (50)

No 15 (50)
Type of cataract, n (%)

N2 3 (10)

N3 12 (40)

N4 8 (27)

White 6 (20)

Red 1 (3)
ACD, mm mean+SD (median) 2.59+0.40 (2.65)
ACV, mm mean+SD (median) 144.33+44.87 (137.00)
Density, %, mean+SD (median) 16.62+9.24 (13.80)
PNS, mean+SD (median) 2.46x1.17 (2.00)
VA logMAR, meantSD (median) 1.18+0.37 (1.22)
BCVA logMAR, meantSD (median) 1.10£0.44 (1.16)

Abbreviations: ACD, anterior chamber depth; ACV, anterior chamber volume; PNS,
Pentacam Nucleus staging; VA, visual acuity; BCVA, best-corrected visual acuity; logMAR,
logarithm of the minimal angle of resolution; SD, standard deviation.
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Table 2 Ultrasound Values Referring to the
Surgical Procedure

Variable

MeanzSD (Median)

US Average, %

14.90+6.35 (14.00)

US Elapsed, s

45.53+27.81 (38.00)

US Absolute

0.08+0.08 (0.05)

Abbreviations: SD, standard deviation; US, ultrasound.

Table 3 Comparison of Astigmatism, Specular Microscopy, Corneal Volume, and Pachymetry Before and
Immediately After Surgery

Variable Preoperative Postoperative p-value
MeantSD (Median) MeantSD (Median)
Astigmatism, D 1.24+1.04 (0.80) 2.00+1.80 (1.25) 0.0350

Specular microscopy, cells/mm? 2329.13+382.36 (2356.00) 1994.00+422.58 (2029.50) <0.001

Corneal volume, mm?® 13.35+0.70 (13.25) 14.68+0.93 (14.55) <0.001

Pachymetry, microns 569.33+28.53 (566.50) 630.67+40.78 (628.00) <0.001

Note: Significant differences in bold. (p < 0.05).
Abbreviation: SD, standard deviation.

preoperative period. Figure 1 illustrates the mean differences in postoperative astigmatism, specular microscopy, CV, and
pachymetry compared to the preoperative period were 0.76+1.83 D, —335.13+236.21 cells/mm?®, 1.33£0.56 mm>, and
61.33+23.73 microns, respectively.

Uni- and multivariable linear regression analyses were applied to evaluate the effects of average (%), elapsed (s) and
absolute values of US on observed differences in astigmatism, specular microscopy, CV, and pachymetry after adjustment
for preoperative values and interaction between US average and elapsed. No statistically significant effects of US
average, US elapsed, US absolute, or preoperative parameters on the differences between pre- and postoperative
astigmatism or specular microscopy cell counts were observed (p>0.05). Table 4 summarizes the uni- and multivariable
regression analyses for CV and pachymetry. Although US average, US absolute, preoperative CV, and the interaction
between US average and US elapsed did not have an effect on the observed differences between preoperative and
postoperative CV (p>0.05), US elapsed had a statistically significant effect (p=0.005). The difference in pre- and
postoperative CV in patients with US elapsed >40 s was 0.75 mm® greater than that in patients with US elapsed <40
s (coef.: 0.75; 95% confidence interval [CI]: 0.24 to 1.25; p=0.005). Likewise, although US average, US absolute,
preoperative corneal pachymetry, and the interaction between US average and US elapsed had no effect on the observed
differences between preoperative and postoperative pachymetry values (p>0.05), US elapsed did have a statistically
significant effect (p=0.007). The difference in pre- and postoperative pachymetry in patients with US elapsed >40 s was
31.76 microns greater than that in patients with US elapsed <40 s (coef.: 31.76; 95% CI: 9.55 to 53.97; p=0.007).

Figure 2 illustrates the relationship between US average and cataract density. For every 1% increase in cataract
density, according to the Scheimpflug grading score, the US average value increased by 0.31% (coef.: 0.3110; 95% CI:
0.0741-0.5490; p=0.012).

Discussion
Despite the advances in surgical techniques and devices used in cataract surgery, there are still notable differences

between the preoperative and immediate postoperative corneal anatomy.'>'® In this study, these differences are
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Figure | Box plots for astigmatism, specular microscopy, corneal volume, and pre- and postoperative pachymetry.

summarized in Table 3. The influence of, eg, laser-assisted cataract surgery and the use of US during the procedure on the
final results are well documented.'”'®
The literature has already demonstrated utilizing diagnostic imaging tools in cataract surgery prediction. For example,

119

in a retrospective study, Fernando Faria-Correia et al~ showed a good correlation between lens densitometry and

phacodynamics. Therefore, the Pentacam device, including the PNS, is a good tool for preoperative cataract surgery
planning and predicting cataract hardness.?’*'

The parameters used in phacoemulsification influence the CV and postoperative astigmatism.??>* Especially with
very hard cataracts, the absolute ultrasound time directly influences the degree of corneal edema in the immediate
postoperative period, as described in this study. The surgeon determines the phacoemulsification parameters according to
the same principle regardless of the device used. These settings are displayed as “US AVE”, “US Elapsed”, and “US
Absolute”. US AVE is the average phaco power used during the surgery, US Elapsed is the elapsed phaco time, and US
absolute is a product of the phaco power and time. The mean values for US average, US elapsed, and US absolute used
by the surgeon in this study were 14.90% =+ 6.35%, 45.53 £ 27.81 s, and 0.08 = 0.08, respectively. In our study, neither
these parameters nor the interaction between US average and US elapsed had a statistically significant effect on the
differences in pre- and postoperative astigmatism, specular microscopy, or pachymetry results.

In our study, we discovered moderate linear correlation between PNS and US parameters. This supplemental information
may help the surgeon to predict corneal edema when faced with hard nucleus cataracts or corneal endothelial fragility.
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Table 4 Multiple Linear Regression Analyses for Differences Between Pre- and Postoperative Outcomes

CORNEAL VOLUME
UNIVARIATE MULTIVARIATE
Coefficient (95% ClI) p-value Coefficient (95% Cl) p-value
US average —0.0131 (—0.0470 a 0.0208) 0.435 —0.0417 (—0.0952 a 0.0118) 0.121
US elapsed
<40 s Reference - Reference -
240 s 0.4259 (0.0300 a 0.8218) 0.036 0.7471 (0.2424 a 1.2518) 0.005
US absolute
<0.07 Reference - Reference -
20.07 —0.0429 (—0.4714 a 0.3857) 0.839 —0.4728 (—0.9938 a 0.0481) 0.073
Preoperative corneal volume 0.0745 (—0.2367 a 0.3858) 0.627 — —
ACD, mm —0.3962 (—0.9227 a 0.1302) 0.134 —0.2756 (—0.9339 a 0.3826) 0.396
ACY, mm —0.0033 (—0.0080 a 0.0013) 0.156 — —
Density —0.0069 (—0.0303 a 0.0165) 0.551 — —
PNS —0.0588 (—0.2439 a 0.1263) 0.521 — —
Interaction US average/elapsed | 0.0028 (—0.0240 a 0.0296) 0.831 —0.0082 (—0.0417 a —0.0253) | 0.617
PACHYMETRY
UNIVARIATE MULTIVARIATE
Coefficient (95% ClI) p-value Coefficient (95% Cl) p-value
US average —0.3111 (—1.7544 a 1.1321) 0.435 —0.1742 (—2.6995 a 2.3510) 0.888
US elapsed
<40 s Reference - Reference -
240 s 13.4375 (-3.9031 a 30.778l) 0.124 31.7585 (9.5455 a 53.9715) 0.007
US absolute
<0.07 Reference - Reference -
20.07 —6.3839 (—24.3185 a 11.5507) | 0.472 —17.0680 (—39.6010 a 5.4650) | 0.131
Preoperative pachymetry 0.1756 (—0.1392 a 0.4903) 0.263 — —
ACD, mm —11.8668 (—34.5553 a 10.8219) | 0.293 — —
ACV, mm 0.0063 (—0.1985 a 0.2110) 0.950 — —
Density —0.1933 (—1.1849 a 0.7982) 0.693 —0.1049 (—1.1234 a 0.9136) 0.834
PNS 3.3277 (—4.4407 a 11.0961) 0.388
Interaction US averagel/elapsed | —0.2719 (—1.3986 a 0.8583) 0.628 —0.7667 (—2.2834 a 0.7500) 0.308

Note: Significant differences in bold. (p < 0.05).
Abbreviations: Cl, confidence interval; US, ultrasound; ACD, anterior chamber depth; ACYV, anterior chamber volume; PNS, Pentacam Nucleus

Staging.

Notably, US elapsed had a statistically significant effect on the difference in CV and pachymetry between the pre- and

postoperative periods. A larger US elapsed value was associated with a more clinically significant increase in those

parameters, leading to a larger degree of edema immediately after surgery.
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Figure 2 Regression analysis showing a moderate linear correlation between US average and cataract density.

Conclusion

PNS may help the surgeon to predict cataract hardness and, thus, provide an estimate for the degree of US required for
each cataract. US elapsed is another important predictive factor and phacoemulsification parameter; its indiscriminate use
may increase corneal pachymetry and volume. In addition, the concurrent use of tomographic measurements, obtained
immediately after cataract surgery, and US parameters, obtained during phacoemulsification, proved helpful. This data is
of particular value for surgeons who routinely encounter patients with hard cataracts.

Abbreviations
CI, confidence interval; CV, corneal volume; IOL, intraocular lens; PNS, Pentacam Nucleus Staging; US, ultrasound.
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