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A B S T R A C T

The purpose of this study is to investigate the effect of ultrasound energy used during 
phacoemulsification on corneal structure, which is the most important refractive part 
of the eye. This will be achieved with the comparison of preoperative and postopera-
tive parameters related to corneal thickness and endothelium and their correlation 
with clinical, intrasurgical and imaging diagnostic findings.

Methods: This is a clinical prospective study conducted in Evangelismos G.H.A. 
The patients’ enrollment was based on detailed medical history assessment, medica-
tion records as well as meticulous slit lamp examination, tonometry, best corrected 
visual acuity evaluation and thorough fundoscopy. Nuclear cataract sclerosis was 
evaluated with Lens Opacities Classification System III, and patients were scheduled 
for surgery. Preoperatively, with the use of specular microscopy (Tomey EM-3000; 
Tomey, Tennenlohe, Germany), CCT and several endothelial indices were recorded. 
The same measurements took place the 1st, 7th and 30th postoperative day. All the sur-
gical operations were done without complications.

Results: Statistical analysis from preoperative and postoperative data showed that 
central corneal thickness, although elevated during the 1st and 7th postoperative day, 
did not present statistical significant difference in the final evaluation, with a mean 
elevation of only 3,9μm. Endothelial cell density levels though were reduced in all 
postoperative measurements (p<0,001). The final ECL% was 18,58%, with the most 
profound loss being accounted in the first postoperative week. Corneal edema and en-
dothelial cell loss were correlated with poor visual acuity, reduced corneal curvature, 
increased nuclear sclerosis and prolonged time of ultrasound metrics.

Conclusion: The use of confocal microscopy is a useful tool in pointing significant 
differences of corneal structure after uneventfull cataract phacoemulsification. The 
evaluation of a larger cohort of patients and a prolonged follow up procedure could 
give further information concerning corneal alterations after surgery.
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CV: coefficient of variation
ECD: endothelial cell density
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IN  T R ODU   C T ION   

Cataract is still one of the major causes of blindness world-
wide and cataract surgery remains one of the most widespread 
operations in medicine.1,2 Today, phacoemulsification has 
replaced older cataract surgery techniques in most cases. The 
advantages of phaco surgery compared with extracapsular ex-
traction include faster healing with less corneal edema, lower 
complication rates and more predictable refractive results. 
Ongoing research and development of more efficient technical 
equipment, viscoelastics and intraocular lenses have created 
even more promising surgical achievements. 

Pre-operative and post-operative diagnostic procedures 
have also been improved. The use of Scheimpflug corneal 
topography, ocular coherence tomography wavefront analysis 
and especially confocal microscopy led to better understanding 
the refractive capabilities before and after surgery both in un-
complicated and complicated cases, and to better demonstrate 
the changes that an operation may induce.3 

The purpose of this study is to investigate the impact of 
phacoemulsification on corneal structure. In order to reveal 
corneal alteration due to surgery, a thorough comparison of 
preoperative and postoperative parameters will be attempted. 
This study will try to analyse corneal thickness and endothelial 
profile changes and to correlate them with clinical data like 
age, sex, preoperative refraction, corneal curvature, anterior 
chamber depth and ocular axial length. Furthermore, possible 
intraoperative parameter correlations were analysed, such as 
ultrasound placation time and total energy used.

M A T E R I A L S  A ND   M E T HOD   S

S e tt  i n g

This is a clinical-based prospective study. The protocol 
adhered to the tenets of the Helsinki Declaration and written 
informed consent was given by all participants. The study was 
conducted at the Ophthalmology Department of Evangelismos 
General Hospital of Athens, Greece, from January 2017 until 
November 2017.

Part   i c i pa n ts

Volunteers were recruited from the outpatient service of 
the Department of Ophthalmology of Evangelismos General 
Hospital, in a consecutive-if-eligible basis. The patients were 
selected after registering family and personal history, logMAR 
standard visual acuity, intraocular pressure with Goldmann 
applanation tonometer, and meticulous ocular examination 
of anterior and posterior segment. Maximum, minimum and 
mean corneal curvature was measured with Righton Speedy-i 
K-model kerato-refractometer. During slit lamp examination 
with mydriasis, the density of crystalline lens was calculated 

using the LOCSIII lens opacification grading system.4 All 
patients were scheduled for cataract removal.

Before surgery, with the use of confocal microscopy 
(Tomey EM-3000; Tomey, Tennenlohe, Germany), the au-
thors recorded several corneal structure indices like, central 
corneal thickness, amount and density of endothelial cells, the 
standard deviation (SD) of cell area and the coefficient of vari-
ation (CV) of cell area. The same measurements were repeated 
at day 1, day 7 and day 30 after the operation. Preoperative 
calculations also included axial length, anterior chamber depth 
and intraocular lens calculation with OcuScan RxP Ophthalmic 
Ultrasound System from Alcon Laboratories. 

During surgery, local chemoprophylaxis included the topi-
cal use of 5% povidone iodine solution for 30 sec before the 
operation. All eyes were operated by the same surgeon with 
the same methods (divide and conquer) using the Alcon Infiniti 
System (Alcon, FortWorth, TX). The same viscoelastic was 
used in all cases (Viscoat – Provisc combination), phaco was 
applied with a straight phaco tip facing downwards and the 
same intraocular lens was inserted in the posterior chamber 
(IQ Alcon). All operations were uneventful and sutureless. 
After surgery topical ointment of tobramycin- dexamethazone 
was instilled.

E x c l u s i o n  cr  i t e r i a

	 1.	Any kind of complication during surgery.
	 2.	Endothelial cell number <1500/mm2 before surgery.
	 3.	History of ocular trauma, severe ocular inflammation and 

previous ocular surgery.
	 4.	Any other pathological cataract beside age related one.
	 5.	Pseudoexfoliation syndrome.
	 6.	Any kind of keratopathy or corneal dystrophy.
	 7.	Diabetes mellitus.

S T A T I S T I C A L  A N A LY  S I S

Clinical and imaging parameters, like central corneal thick-
ness, standard deviation of cell area, coefficient of variation 
of cell area, visual acuity, axial length, lens density and phaco 
duration were listed in excel tables. All measurements were 
repeated on day 1,7 and 30. The percentage of endothelial 
cell loss (ECL%) was calculated from endothelial cell density 
(ECD) according to the following equation: ECL% = {(ECD 
preop - ECD postop) / ECD preop} × 100. 

Statistical analysis was performed with SPSS (statistical 
software version 15; SPSS, Inc, IBM, Chicago, IL 13). After 
sample distribution analysis, independent t-test was used to 
compare preoperative and postoperative values. Clinical and 
imaging data were correlated using the Pearson correlation 
test (SPSS, WESSA Software38). Statistical significance was 
set to p<0,05.
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R E S UL  T S

Eighty eyes from a total of 80 patients (36 male and 44 
female) were included in the study. Mean age was 76,7 years 
old (mean deviation ±5,82, range 63-89). Mean visual acuity 
was 2,9/10 (±1,27), and nuclear sclerosis ranged from +2 to 
+5 LOCSIII. Mean axial length was 22,67mm ±0,62 and mean 
phaco duration 38,38±18,89 sec.

Central corneal thickness (CCT), ECD, SD of cell area, 
CV of cell area, mean values and ECL% values measured at 
the final examination are presented in Table 1. 

During statistical analysis it is shown that CCT did not 
present statistical differences between preoperative and final 
examination, despite its significant increase on day 1and 7. 
(p<0,001) with a mean value of increase of 3,9μm±7,3. On 
the contrary, ECD was significantly decreased in all follow 
up examinations (p<0,001) (Figures 1, 2). The mean ECL% 
was 18,58%, while the biggest loss was noted in the first post-
operative week.

Similar results were found for the rest of endothelial 
indices. SD and CV were increased in all postoperative days, 
especially on day one, when the worse corneal edema was 
noticed (p<0,001) (Table 2, Figure 3).

In this study it was also attempted to correlate endothelial 
cell loss and corneal edema (the difference of preoperative 
and postoperative corneal thickness) with several clinical and 
imaging parameters. Axial length, initial corneal thickness and 
endothelial cell number, CV and SD indices were not related to 
the final endothelial cell loss or final corneal edema. Instead, 
increased age correlated with more severe cell loss (p<0,01). 
Furthermore, nucleus sclerosis and deterioration of visual 
acuity showed a positive correlation with corneal edema and 
cell loss postoperatively (p<0,001).

Mean corneal curvature was negatively correlated with 
edema and cell loss (p<0,03, p<0,04 respectively) while higher 
astigmatism predisposed for more severe edema. Anterior 
chamber depth showed a borderline significant correlation 
with endothelial changes (p<0,05). Finally, increased phaco 
duration led to more severe edema and endothelial cell loss 
(p<0,001) (Tables 3, 4 and 5).

Table 1. Mean values and standard deviation of preop and postop. values. preop 1d postop: 1st postop day, 7th postop 
day, 30d postop: 30th day from surgery.

CCT ECD SD CV ECL%
Preop 529,7±26,8 2520,9±252 167,3±48 41,5±7,4 (-)

1d postop 623,9±79,6 2037,2±307 313,8±164 62,8±22,7 (-)

7d postop 565,9±33,7 2051,4±297 237,6±76,9 48,3±8,8 (-)

30d postop 533,7±26,1 2049,1±288 224,8±81,1 46,3±9,1 18,56±9,2

Table 2. Statistic analysis. 

Statistical  
differences

CCT ECD SD CV

1d postop P<0,001 P<0,001 P<0,001 P<0,001

7d postop P<0,001 P<0,001 P<0,001 P<0,001

30d postop P<0,1* P<0,001 P<0,001 P<0,05
*not significant
1d postop, 7d postop, 30d postop

Figure 1. Preop and postop endothelial cell number: bar 1: 
preop cell number, bar 2: cell number day1, bar 3: cell number 
day 7, bar 4: cell number day 30.

Figure 2. CCT preop and postop. Bar 1: preop CCT, Bar 2: 
CCT day 1, Bar 3: CCT day 7, Bar 4: CCT day 30.
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Figure 3. SD and CV changes preop and postop.

Preop	 1st day	 7th day	 30th day

Table 4. Correlation of best corrected visual acuity with 
corneal edema and ECL%, BCVA: best corrected visual 
acuity, r: Pearson correlation coefficient.

BCVA
CCT difference r:-0.32

P<0,04

ECL% r:-0,47
P<0,003

Table 5. Correlation of anteriorchamber depth (ACD), 
mean cornealcurvature and astigmatism with corneal edema 
and ECL%, r: Pearson correlation coefficient.

ACD Mean corneal 
curvature

Αstigmatism

CCT difference r: 0,34
p<0,05

r: -0,35
p<0,03

r: 0,04
p<0,77*

ECL% r:- 0,02
p<0,8*

r: -0,33
p<0,04

r: 0,38
p<0,009

* not significant.

Table 3. Correlation of clinical-imaging indices with corneal edema and ECL%. 

ΑXL CCT 
PREOP

ECD 
PREOP

Gender Age US time BCVA NS

CCT difference r:+0,05
P<0,7*

r:-0,23
P<0,15*

r:-0,06
P<0,7*

r:-0,03
P<0,18*

r:+0,18
P<0,25*

r:+0,34
P<0,02

r:-0.32
P<0,04

r:+0,29
P<0,006

ECL% r:+0,25
P<0,18*

r:+0,04
P<0,7*

r:+0,14
P<0,37*

r:-0,029
P<0,06*

r:+0,37
P<0,01

r:+0,61
P<0,001

r:-0,47
P<0,003

r:+0,5
P<0,001

AXL: axiallength, US TIME: phaco duration, BCVA: best corrected visual acuity, NS: nuclear sclerosis, r: Pearson correlation coefficient 
*not significant.

DI  S C U S S ION 

Phacoemulsification is the gold standard in treating lens 
opacification. The technique of surgery is constantly improv-
ing, including smaller incisions and better refractive results. 
The use of more effective and custom-fit viscoelastics, the new 
forms of phaco tips and the development of more efficient 
phaco software and hardware led to more stable anterior 
chamber during surgery and more predictable results. The 

protection of corneal structures has also been improved. A 
recent evolution in cataract surgery is the use of femptosecond 
laser. Femptosecond laser application results in more accurate 
corneal incisions, astigmatism treatment, predictable capsulor-
rhexis and nucleus fragmentation.5,6 The goal is to decrease 
the amount of ultrasound used, to reduce the postoperative 
corneal edema and the corneal endothelial cell loss.4,7,8

Despite all this technological background, complications 
still occur. Severe intraoperative and postoperative compli-
cations, although rare, include endophthalmitis, posterior 
capsule rupture, nucleus drop, macular edema, retinal de-
tachment and hemorrhage. Complications related to corneal 
dysfunction include corneal striae, persistent corneal edema, 
bullus keratopathy, and refractive changes and the impose a 
great problem to surgeons since they are directly correlated 
with vision deterioration.

Many studies have shown the effect of phacoemulsification 
on corneal physiology. The proper corneal function is based 
on the preservation of corneal endothelial integrity, shape 
and density of endothelial cells. These studies use similar 
endothelial analysis based on confocal microscopy.9 Ozil 
technology (oscillating side-to-side motion by the phaco tip) 
was correlated with better endothelial density and lower paco 
energy released.10 Similar results are presented with the use of 
Ellips™ FX transversal continuous ultrasound.11

Several phaco techniques were also related with corneal 
endothelial status. Both Phaco chop and divide and conquer 
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nucleus fragmentation technique, caused statistically signifi-
cant endothelial aggrevation.12 Similar results were presented 
for stop-and-chop and nuclear preslice methods.13 Their 
difference rests on lower phaco energy application of the 
chopping techniques. Microincision cataract surgery did not 
show significant differences in better preservation of corneal 
endothelium when compared with standard phacoemulcifica-
tion.14 Other parameters, like ocular axial length, phaco tip 
direction when entering the anterior chamber and type of 
viscoelastic were correlated with endothelial differences before 
and after surgery.15,16

Our study tried to take under consideration many clinical 
and imaging indices preoperatively and postoperatively and 
make a thorough comparison. Endothelial cell loss is con-
firmed in this study, with one important notice; most of the 
parameters of corneal endothelial function deteriorate at the 
middle rather than the final phase of the study suggesting that 
cornea is healing as expected. Although ECD and morphology 
alter after surgery, corneal edema is significantly improving, 
reaching preoperative values in the end phase of the study.

Several clinical parameters were correlated with worse 
corneal postoperative profile like lower preoperative visual 
acuity, dense lens opacities and time of phaco application. 
In contrast with previous reports, axial length didn’t show a 
significant correlation with endothelial cell loss. Initial CCT 
and total cell account were also not correlated with endothelial 
dysfunction.

Another important result of this study is the correlation 
of low corneal curvature and higher astigmatism with worse 
corneal status after surgery. Low anterior chamber depth also 
seems to affect corneal edema and cell loss, a finding which 
differs from previous studies.17,18 Finally age is an important 
factor of corneal behavior since older patients show a worse 
endothelial profile after surgery.

C ON  C LU  S ION    –  F U T U R E  A S P E C T S

 The use of confocal microscopy is able to reveal impor-
tant differences in corneal tissue after an uneventful cataract 
operation. A closer look to the results of the study shows how 
crucial is the correct selection of patients, the proper time 
of surgery, the elaborate preoperative examination and the 
detailed surgery planning. Adopting better techniques and 
careful follow up is possible to eliminate severe postoperative 
complication and to improve visual rehabilitation. Moreover, it 
is very important to get familiar with new imaging procedures 
in order to better understand corneal pathology. Finally, ongo-
ing research will be a scaffold to future technological evolution 
and treatment effectiveness. The main target remains; the 
improvement of patient’s quality of life. 
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