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Abstract

Aim To investigate the effects of uneventful pha-

coemulsification on central corneal thickness (CCT)

and corneal volume (CV) in pseudoexfoliative eyes

during a 3 months postoperative period and compare

these changes to eyes without pseudoexfoliation

(PEX) syndrome. Another purpose of this study was

to compare the CCT measurements done by ultra-

sound pachymetry (UP) with those done by the Oculus

Pentacam.

Material and method A total of 42 eyes of 42

consecutive patients with cataracts and PEX syndrome

that underwent uneventful phacoemulsification were

enrolled in this prospective study. A control group of

42 eyes of 42 patients with cataracts/without PEX was

employed for comparison. CV and CCT measure-

ments were obtained preoperatively and at 1 and

3 months postoperatively with the Pentacam. CCT

values were also measured with UP. T test and

Wilcoxon sign test were used to compare the

variables.

Results The mean age of the patients was 72.1 ± 8.3

and 66.6 ± 9.6 years in PEX and non-PEX group,

respectively. In both groups, there were no significant

differences between preoperative and postoperative

CV (Fig. 1), CCT by the Pentacam (Fig. 2) and CCT

by UP (Fig. 3) values (p[ 0.05). CCT measurements

obtained by two devices were also similar, and there

were no statistically significant differences (p[ 0.05).

Changes in CV and CCT remained stabile at 3 months

postoperatively.

Conclusion Eyes with and without PEX syndrome

exhibit similar corneal features before and after

phacoemulsification. A surgery in early stages of

cataracts in PEX syndrome, not only provides a non-

complicated surgery, but also leads to a less damaged

cornea similar to eyes without PEX.

Keywords Central corneal thickness � Corneal
volume � Phacoemulsification � Pseudoexfoliation �
The Pentacam

Introduction

Pseudoexfoliation syndrome is a common age-related

disorder that is characterized by the development of

abnormal fibrillar material in intra- and extraocular

tissues [1–3]. Presence of pseudoexfoliative material

in anterior segment is strongly related to intraocular
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complications such as poor pupillary dilatation, pha-

codonesis, zonular rupture and corneal endothelial

decompensation [4–6]. Studies with specular micro-

scopy report that in patients with PEX, corneal

endothelium shows different features like reduced

cell density(800–1500 cell/mm2), higher variation in

cell size and lower percentage of hexagonal cells

[1, 7]. In clinical practice, melanin deposition in

corneal endothelium, retrocorneal opacities and an

irregular Descemet membrane could be detected [7].

Cornea may be more susceptible to the effects of

phacoemulsification surgery in the presence of pseu-

doexfoliative endotheliopathy [1, 7].

CCT measurement is an important step for pseu-

doexfoliative eyes that are about to undergo pha-

coemulsification. Besides traditional ultrasound

pachymetry, the Pentacam (Oculus Inc., Wetzlar,

Germany), with a rotating Scheimpflug camera, cap-

tures images of the anterior segment of the eye and it is

another quantitative method to evaluate CCT [8, 9].

The Pentacam also gives us valuable information

about corneal volume which is a noninvasive method

to evaluate corneal endothelium. 3.0, 5.0, 7.0 and

10.0 mm CV measurements could be obtained from

the device [10, 11].

In this prospective study, we aimed to investigate

the effects of uneventful phacoemulsification on CCT

and CV(10 mm) in pseudoexfoliative eyes during a

3 months postoperative period and compare these

changes to eyes without PEX. Another purpose of this

study was to compare the CCT measurements done by

ultrasound pachymetry (Alcon, 40 MHz) with those

done by the Oculus Pentacam.

Materials and Methods

This study was conducted in Ankara Numune Educa-

tion and Research Hospital between April 2014 and

February 2015. A total of 42 eyes with cataracts of 42

consecutive patients (22 females, 20 males) with PEX

syndrome that underwent uneventful phacoemulsifi-

cation were enrolled in this prospective study. A

control group of 42 eyes of 42 patients (24 females, 18

males) with cataracts/without PEX was employed for

comparison. Patients with any type of glaucoma,

history of previous ocular surgery or trauma, angle

closure, phacodonesis, co-existing ocular disease were

excluded. The study protocol adhered to the tenets of

the Declaration of Helsinki. Informed consent was

obtained from each patient prior to any procedure.

PEX syndrome was identified when presence of

PEXmaterial was noted on lens capsule, iris or corneal
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Fig. 1 Preoperative, 1st and 3rd month postoperative measure-

ments of 10 mm corneal volume (CV). Pex: p = 0.16/Control:

p = 0.15, *Pex and control group: ANOVA test
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Fig. 2 Preoperative, 1st and 3rd month postoperative measure-

ments of central corneal thickness by Pentacam (PCCT), Pex:

p = 0.41/Control: p = 0.9, *Pex group: Kruskal–Wallis test,

Control group: ANOVA test
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Fig. 3 Preoperative, 1st and 3rd month postoperative measure-

ments of central corneal thickness by ultrasonic pachymetry

(CCT), Pex: p = 0.57/Control: p = 0.77, *Pex group: ANOVA

test, Control group: Kruskal–Wallis test
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endothelium with repeated in-office IOP measure-

ments\ 21 mmHg, no evidence of glaucomatous

optic neuropathy and absence of any perimetric defect.

Control subjects were individuals without evidence of

pseudoexfoliation deposits on anterior segment struc-

tures, who had repeated IOP readings of\ 21 mmHg,

no evidence of glaucomatous optic neuropathy and

absence of any perimetric defect. In both groups, the

evaluation of optic disk and retinal nerve fiber layer

(RNFL) was made with optical coherence tomography

(Zeiss Stratus; Carl Zeiss, Inc., NY, USA). All patients

have a similar degree of nuclear opacification (NO3,

NO4) and cortical opacification (CO2, CO3) accord-

ing to The Lens Opacities Classification System III

(LOCS III).

Pre- and postoperatively all patients underwent

corrected visual acuity assessment using the Snellen

chart, anterior and posterior segment examination,

IOP measurement by Goldmann applanation tonom-

etry (pachymetry corrected), preoperative gonioscopy

using a Goldmann three-mirror lens and optic disk

evaluation.

CCT measurements were performed by ultrasonic

pachymetry and the Oculus Pentacam. Ten millimeter

CV was also evaluated using the Pentacam.

Pentacam measurements were taken in a room

under standard dim illumination without pupil dila-

tion. The Oculus Pentacam uses a rotating Scheimp-

flug camera and a monochromatic slit-light source that

together rotate 360� around the optical axis of the eye.
The system acquires 25 images of the anterior segment

of the eye.

All surgeries were performed by one surgeon

(OEK) under topical or sub-tenon anesthesia, using a

superotemporal clear corneal incision. A continuous

curvilinear capsulorhexis size of 5.5–6 mm was

ensured. Intracameral adrenalin (%0.0001) was used

for pupil dilation for all patients. Following hydrodis-

section, the nucleus was emulsified using the stop and

chop technique, using Alcon Ozil IP system. For the

stop and chop technique, torsional mode was adjusted

as follows: linear torsional amplitude 85% continuous

mode, vacuum limit 330 mm Hg, aspiration rate

32 ml/min and bottle height at 90 cm. Cortical clean

up was performed, and a one-piece foldable hydropho-

bic acrylic intraocular lens (Acrysof SA60AT, Alcon)

was inserted. The incision was closed with stromal

hydration.

Postoperatively, patients were prescribed topical

antibiotics four times daily for a week and steroids six

times daily for 2 weeks. Topical steroids tapered

during one-month period. At postoperative 1st and 3rd

month, CCT and CV measurements were repeated and

recorded in both groups.

Statistical analysis was performed with Eviews.

Numerical variants were reported as means ± Stan-

dard deviations (SD). While ANOVA and Kruskal–

Wallis tests were used to compare the variables in pre

and postoperative period in one group, t test and

Wilcoxon Sign test were used to compare these values

between two groups. CCT measurements obtained by

UP and the Pentacam were also compared using t test.

A value of p\ 0.05 was considered statistically

significant.

Results

The mean age of the patients was 72.1 ± 8.3 and

66.6 ± 9.6 years in PEX and control group respec-

tively. While in PEX group, there were 22 females and

20 males; control group had 24 females and 18 males.

There were no significant differences in age and sex

distribution in both groups (p[ 0.05). Tables 1, 2 and

3 show the mean CV, PCCT (by the Oculus Pentacam)

and CCT (by UP) values in both groups preoperatively

and at postoperative month 1 and 3. In both groups,

there were no significant differences between preop-

erative and postoperative CV, (Fig. 1), PCCT (Fig. 2)

and CCT(Fig. 3) values (p[ 0.05). When two groups

were compared with each other, changes in these

parameters were similar and not statistically signifi-

cant (p[ 0.05). CCT measurements obtained by two

devices were also similar, and there were no statisti-

cally significant differences (p[ 0.05). Changes in

Table 1 Pre- and postoperative CV parameters

CV (mm3) PEX group Control group

Preoperative 57.73 ± 5.04 58.81 ± 3.04

Postoperative month 1 59.91 ± 5.36 60.07 ± 3.35

Postoperative month 3 59.33 ± 5.83 59.92 ± 3.22

Mean ± standard deviation. CV Corneal volume

Pex: p = 0.16/control: p = 0.15
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CV, PCCT and CCT remained stabile at 3 months

postoperatively.

Discussion

Corneal volume and central corneal thickness could be

considered as indirect indicators of corneal endothelial

function. Corneal endothelial cells are assessed by

specular microscopy although it is difficult to evaluate

all the corneal layers other than the central 1 mm2

[12, 13]. Scheimpflug Pentacam calculates 3, 5, 7,

10 mm3 CV and gives us information about the entire

cornea [11, 14]. In a Pentacam study, Doganay [15]

et al. evaluated CV in PEX syndrome, PEX glaucoma

and control group and found no statistical difference.

Many studies showed that after phacoemulsification,

due to endothelial damage, corneal volume increases

and swelling of these cells could result in corneal

edema in PEX and non-PEX eyes [16, 17]. In two

different studies, Suzuki et al. [14, 18] reported that 1

and 3 months after surgery, 10.0 mm CV remained

significantly higher than preoperatively. In another

Scheimpflug study, it was shown that, while endothe-

lial cell density measured by specular microscopy

remained stabile, 10 mm CV rose significantly [19].

In our study, we evaluated 10 mm CV with the

Pentacam and these values were similar in both groups

preoperatively. Despite the volumetric rise, there were

no significant differences between preoperative and

postoperative 1 and 3 month CV values in PEX and

control group (p[ 0.05). As we only included early

stages of cataracts to this study, corneal endothelial

swelling caused by phacoemulsification may not have

lasted for a month. In PEX group, because of the fact

that we excluded patients with phacodonesis and angle

closure; damage caused by phacoemulsification might

have been reduced.

Studies with specular microscopy show corneal

endothelial changes including decreased cell density,

higher coefficient of variation in cell size, and lower

percentage of hexagonal cells in PEX [1]. On the other

hand, there are different studies about the CCT

measurements in PEX. While some studies claim that

in PEX, CCT values are significantly lower [20–22]

than those in non-PEX eyes; many writers report that

there is no significant difference in CCT between these

eyes [15, 23].

In patients with pseudoexfoliative keratopathy,

corneal endothelial cells could easily be damaged

during phacoemulsification and this could result in

corneal decompensation [7, 24]. While de Freitas

Valbon et al. [25] showed no significant change in

non-PEX eyes 1 month after phacoemulsification,

Hayashi et al. [16] reported a transient increase in

CCT in eyes with PEX compared to non-PEX eyes.

Demircan et al. [26] also found that at 1 and 7 day after

phacoemulsification, percentage change in CCT was

significantly higher in PEX group than that in the

control group.

In our study, we did not find any significant

differences in preoperative CCT values between

PEX and non-PEX eyes. At 1 and 3 months after

surgery, despite the numerical rise, changes in CCT

measurements were not statistically significant in both

groups. It is possible that corneal endothelial changes

caused by surgical trauma are apparent during the

early stages of the postoperative period. In our study

group, absence of mature cataracts and zonular laxity

in PEX gives us similar results with non-PEX eyes

after phacoemulsification. This similarity may also be

caused by the lack of high ultrasonic power and

prolonged surgical manipulation which are usually

needed in late stages of PEX.

Table 2 Pre- and postoperative PCCT parameters

PCCT (lmm) PEX group Control group

Preoperative 541.26 ± 41.28 541.67 ± 31.70

Postoperative month 1 556.69 ± 51.01 544.98 ± 36.20

Postoperative month 3 551.17 ± 51.62 543.90 ± 34.30

Mean ± standard deviation, PCCT central corneal thickness by

Pentacam

Pex: p = 0.41/control: p = 0.9

Table 3 Pre- and postoperative CCT parameters

CCT (lmm) PEX group Control group

Preoperative 533.07 ± 38.21 538.60 ± 31.69

Postoperative month 1 542.50 ± 44.85 542.07 ± 36.80

Postoperative month 3 540.90 ± 47.67 540.98 ± 35.72

Mean ± standard deviation, CCT central corneal thickness by

ultrasonic pachymetry

Pex: p = 0.57/control: p = 0.77
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CCT values taken by the Pentacam consist of the

area between corneal epithelium and corneal endothe-

lium. Pre-corneal tear film is not included. Central

corneal thickness on pupil center and apex, thinnest

corneal area, could also be obtained from the device

[10, 11]. Gao [27] et al. suggested that topical

anesthetic drops increase CCT up to 63% so UP

measurements are higher than those evaluated by the

optical systems, but there are studies claiming that UP

probe could damage the corneal epithelium so calcu-

lated CCT values remained lower [28, 29]. Many

studies showed that the CCT measurements taken by

the Pentacam and UP were correlated [9, 30]. Similar

to these studies, we found that CCT values obtained by

the Pentacam and UP were similar preoperatively and

postoperatively in PEX and non-PEX eyes. At 1 and

3 months after surgery, despite CCT measurements

taken by the Pentacam were slightly higher than those

taken by UP, this was not statistically significant.

According to our study, it could also be suggested that

CCT measurements taken by Pentacam and UP are

highly correlated in PEX and non-PEX eyes both

preoperatively and postoperatively.

There were some limitations in this study. BSS

volume, energy used for phacoemulsification and

surgical time for each patient were not recorded.

However, since our study and control group comprised

of early stages of cataracts and complicated cases were

not involved, it could be assumed that these param-

eters did not significantly affect our results. In this

study, we focused on the short-term changes in CV and

CCT after uneventful phacoemulsification in PEX and

non-PEX patients and we observed that PEX and non-

PEX eyes exhibit similar corneal features before and

after phacoemulsification. As our study group did not

include late pseudoexfoliative cases with zonular

laxity, mature cataracts or angle closure, surgery led

to clear corneas similar to non-PEX eyes. A surgery in

early stages of cataracts in PEX not only provides a

non-complicated surgery, but also leads to a less

damaged cornea similar to eyes without PEX. How-

ever, long-term follow-up studies in pseudophakic

PEX patients are needed to support our study.
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