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ABSTRAK

Latar belakang: Fakoemulsifikasi merupakan tindakan 
yang saat ini sering dilakukan untuk mengatasi katarak. 
Fluktuasi tekanan intra okular selama fakoemulsifikasi dapat 
mempengaruhi ketebalan lapisan serabut saraf retinal nerve 
fiber layer (RNFL) peripapil. Penelitian ini bertujuan untuk 
mengetahui perubahan ketebalan RNFL peripapil dan rerata 
deviasi lapang pandang sesudah fakoemulsifikasi pada pasien 
glaukoma kronis dan non-glaukoma.

Metode: Studi ini menggunakan desain kohort prospektif 
dan pengambilan subyek secara konsekutif didapatkan 26 
mata (13 mata glaukoma kronik dan 13 mata non-glaukoma) 
yang menjalani fakoemulsifikasi. Ketebalan RNFL dan 
rerata deviasi lapang pandang diukur sebelum dan sesudah 
fakoemulsifikasi, dan dibandingkan menggunakan uji t 
berpasangan. Perbandingan kelompok glaukoma dan non-
glaukoma dilakukan dengan uji t tidak berpasangan.

Hasil: Tidak terdapat perubahan yang bermakna secara 
statistik antara ketebalan RNFL peripapil pasca fakoemulsifikasi 
pada rerata seluruh kuadran dan kuadran inferior di kedua 
kelompok, serta pada kuadran nasal di kelompok glaukoma. 
Pada kelompok glaukoma, rerata ketebalan RNFL seluruh 
kuadran adalah 94,9±20,0 dan 99,1±21,3 μm (p>0,05). 
Sedangkan pada kelompok non-glaukoma, ketebalan rerata 
seluruh kuadran 100,2±11,1 μm dan 101,7±6,8 μm (p>0,05). 
Pada kelompok glaukoma terjadi penurunan rerata deviasi 
lapangan pandang yang tidak bermakna secara statistik 
(p=0,071). Sedangkan pada kelompok non-glaukoma terjadi 
peningkatan yang bermakna (p=0,005). 

Kesimpulan: Terdapat kecenderungan peningkatan ketebalan 
serabut saraf retina peripapil pasca-fakoemulsifikasi pada 
glaukoma dan non-glaukoma. Pada kelompok glaukoma terjadi 
kecenderungan penurunan lapang pandangan, sedangkan 
pada kelompok non-glaukoma terjadi peningkatan yang 
bermakna secara statistik.

ABSTRACT

Background: Phacoemulsification is a common cataract 
operation nowadays. During phacoemulsification, variation 
in intraocular pressure (IOP) may occur, which might change 
the retinal nerve fiber layer (RNFL) thickness. This study 
was aimed to evaluate the change in peripapillary RNFL 
thickness and mean deviation (MD) of visual field after 
phacoemulsification in chronic primary glaucoma and non-
glaucoma patients. 

Methods: Cohort prospective study was done on 26 
patients (13 chronic glaucoma eyes and 13 non-glaucoma 
eyes) who underwent phacoemulsification. The changes in 
peripapillary RNFL thickness and MD of visual field were 
measured as the primary outcome. Comparison between 
pre- and post-surgery was analyzed with paired t-test, while 
unpaired t-test was used for comparison between groups.

Results: There were no significant changes in RNFL thickness 
on both groups. Average RNFL thickness in glaucoma group 
before and after phacoemulsification were 94.9±20.0 μm 
and 99.1±21.3 μm, respectively (p>0.05). Average RNFL 
thickness in non-glaucoma group were 100.2±11.1 μm and 
101.7±6.8 μm, respectively (p>0.05). Glaucoma patients 
yielded decreasing mean deviation (MD) of visual field, but 
it was not statistically significant (p=0.071). In contrast, the 
MD of visual field after surgery was significantly increased in 
non-glaucoma group (p=0.005).

Conclusion: Phacoemulsification tended to increase 
peripapillary RNFL thickness in glaucoma or non-glaucoma 
patients. The visual field tended to decrease in glaucoma 
patients, but was significantly increased in non-glaucoma 
patients.
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In the past years, the diagnosis of glaucoma is 
determined by the cupping of the optical disc, but 
this method of evaluation is not sensitive enough to 
detect minimal optic nerve damage. Evaluation of 
optic-cup disc is subjective and dependent on the 
clinical interpretation of the physician. Because of 
these limitations, the more accurate and objective 
method is needed to evaluate the change in the 
peripapillary retinal nerve fiber layer (RNFL) 
structure and to detect its progressivity. Optical 
coherence tomography (OCT) represents a 
method which can detect the retinal morphology 
qualitatively and quantitatively.1  

Peripapillary RNFL lies under the internal 
limiting membrane and is the continuation of the 
ganglion cell. Peripapillary RNFL then fuses with 
the posterior aspect of the eye globe and forms 
the optical nerve and is called peripapillary 
RNFL.2,3 Damage on the ganglion cells and their 
axons will cause the thinning of peripapillary 
RNFL and is correlated with the decrease of the 
visual field. This can be a challenge for clinician 
because this condition can cause permanent 
damage.1-4

Increased intraocular pressure (IOP) will cause 
direct compression on the axon fibers and 
supporting structures of the anterior optical 
nerve. It will also damage the lamina cribrosa and 
disturb the axoplasmic flows that can lead to the 
necrosis of ganglion cells and consequently will 
cause the thinning of RNFL.5 

Phacoemulsification is a common cataract 
operation nowadays. This technique allows the 
operator to use a maximal vacuum to finish the 
operation quickly, however, this method can 
compromise the stability of the anterior ocular 
chamber. During phacoemulsification, variation 
in IOP may occur, which can induce the transient 
increase of IOP, and consequently changes the RNFL 
thickness. In every stage of phacoemulsification 
procedure, the IOP fluctuates.6 

Cataract and glaucoma are two of the most 
frequent diseases that cause blindness in the 
elderly. It is predicted that approximately, there 
will be 79.6 million blindness of glaucoma in 
2020.7 In Cipto Mangunkusumo Hospital (CMH), 
Jakarta, the number of glaucoma patients 
increases every year. Between 2001–2010, as 
much as 11.5% (371 cases) glaucoma suspected 

patients were found in CMH.8 Primary glaucoma 
with an open angle or closed angle, is more 
common than secondary glaucoma.7,9,10 Several 
studies had been conducted on how the increasing 
IOP, either acutely or chronically, can damage the 
peripapillary nerve fibers on glaucoma and non-
glaucoma patients.6,11,12 The studies about the 
influence of phacoemulsification on the macula 
and peripapillary RNFL thickness have been done 
in non-glaucoma patients, but not in the glaucoma 
patients. 

Based on the above knowledges, this study 
aimed to evaluate how the IOP fluctuation during 
phacoemulsification may change the peripapillary 
RNFL thickness in glaucoma and non-glaucoma 
patients. Additionaly, this study will also address 
the changes of mean deviation (MD) of visual field 
in both groups.

METHODS

This was a prospective cohort study conducted at 
Cipto Mangunkusumo Hospital, Jakarta, between 
June to December 2013. The subjects of this 
study were devided into either glaucoma or non-
glaucoma group depending on their condition. 
Thirteen subjects in each group have been 
included in this study. Protocol of this study has 
been approved by the Ethics Committee, Faculty 
of Medicine, Universitas Indonesia (No. 702/II2.
F1/ETIK/2013).

Inclusion criteria were cataract patients aged 
between 40–70 years old, with best corrected 
visual acuity (BCVA) 3/60, no refractive errors 
or have refractive errors between +3D to -6D, 
IOP ≤21 mmHg and the cataract must be on 
grade nuclear color (NC3-NC4) according to 
lens opacities classification system version 
III (LOCS III). In the glaucoma patients, we 
included primary chronic glaucoma of all type 
(IOP ≤21 mmHg), whose intraocular pressure 
had been treated for a long term with or without 
medication. Exclusion criteria were patients 
with visual field impairment and optic nerve 
damage not due to glaucoma, refraction media 
opacities that will disturb the OCT, history of 
trauma, and refractive eye surgery such as laser 
assisted in-situ keratomileusis (LASIK). The 
patients who participated in this study had to 
sign informed consent form.
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The cataract surgery was done by single 
competence ophthalmologist (VDO) from Cipto 
Mangunkusumo Kirana Hospital using Alcon-
Infiniti® phacoemulsification machine. Visual 
acuity and visual field were measured before 
and four weeks after phacoemulsification. The 
primary outcome of this study was the RNFL 
thickness in superior, inferior, temporal and nasal 
quadrants. Nerve fiber layer was measured by 
spectral-domain OCT (SD-OCT) using 3D-OCT 
1000 (TOPCON, Paramus, New Jersey, USA) and 
the value was assessed by single ophthalmologist. 
Visual acuity was measured by using Snellen chart 
and visual field was measured by Humphrey field 
analyzer (HFA). An accurate HFA examination 
requires false positive response of 15%, false 
negative response >20-30%, and fixation loss 
>20%. We took the value of MD of visual field 
which is defined as the average difference 
between patient’s value with desirable values of 
the same group age. 

The data collected were analyzed using 
computerized statistical program. Kolmogorov-
Smirnov test was used to determine the 
homogeneity of data distribution. Unpaired 
t-test was used to compare the difference in 
peripapillary RNFL thickness pre- and post-
surgery between both groups. Paired t-test 
was used to compare the peripapillary RNFL 

Characteristics Glaucoma (n) Non-glaucoma (n)
Gender

Male 9 9
Female 4 4

Age 
≤65 years old 7 7
>65 years old 6 6

Table 1. Demographic characteristics of subjects in each 
group

Table 2. Baseline clinical characteristic of each group

Glaucoma Non-glaucoma p*
BCVA (logMAR) 0.5 (0.0–1.0) 0.8 (0.3–1.3) 0.045
UCVA (logMAR) 0.6 (0.3–1.0) 0.8 (0.3–1.8) 0.030
IOP (mmHg) 18.0 (8.0–23.0) 10.3 (8.3–17.7) 0.007
Cataract Grade 

NC2 NO3 1 0
NC3 NO3 7 8
NC3 NO4 4 4
NC4 NO4 1 1

Visual field mean deviation -6.9 (-20.9–0.5) -10.5 (-28.0–-4.2) 0.061
Total RNFL 94.9±20.0 100.2±11.1 0.418
Superior 115.5±25.2 123.9±12.2 0.287
Inferior 110.9±32.4 124.8±20.2 0.555
Temporal 75.3±20.8 79.0±16.9 0.624
Nasal 77.1±20.2 74.1±15.2 0.672

thickness pre- and post-surgery within each 
group. The difference in visual field was analyzed 
using Mann-Whitney rank test. The differences 
are considered significant if p<0.05.

RESULTS  

Twenty six eyes from 26 patients were involved 
in this study. The demographic characteristics 
among the subjects are shown on table 1. The 
average patients age were 64 years old in 
glaucoma group and 60 in non-glaucoma group. 
There were more males in this study than females.

As shown on table 2, the pre-operative BCVA 
in non-glaucoma group was better than the 
glaucoma group (0.8 vs 0.5). The IOP in the non-
glaucoma group (10.3 mmHg) was better than the 

UCVA: uncorrected visual acuity, BCVA: best corrected visual acuity, IOP: intra occular pressure, NC: nuclear color, NO: nuclear 
opalescence, *Mann Whitney test
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glaucoma group (18 mmHg) and the difference 
was statistically significant (p<0.05), although the 
IOP in both groups was still within normal range 
(≤21 mmHg). The pre-operative peripapillary 
RNFL thickness in both groups showed no 
statistically significant difference. 

In table 3 we can see that within each group, 
there were no statistically significant difference 
between the value of peripapillary RNFL 
thickness before and after phacoemulsification (∆ 
peripapillary RNFL thickness). The comparisons 
of ∆ peripapillary RNFL thickness between the 
groups were also not statistically significant.

Quadrant Pre Post ∆ p
Glaucom

Average* 94.92±20.0 99.08±21.3 4.15±8.3 0.677
Superior 115.46±25.2 121.61±26.4 6.15±14.3 0.687
Inferior* 110.92±32.4 116.54±33.3 5.61±6.1 0.351
Temporal 75.31±20.8 77.46±17.9 2.15±17.7 0.512
Nasal* 77.08±20.1 80.85±25.7 3.77±10.5 0.428

Non-glaucoma
Average* 100.15±11.1 101.69±6.8 1.54±6.7 0.423
Superior 123.92±12.2 124.85±11.1 0.92±7.0 0.642
Inferior* 124.77±20.2 126.23±15.4 1.46±15.9 0.746
Temporal 79.00±16.9 81.46±12.2 2.46±10.1 0.399
Nasal* 74.08±15.2 74.62±10.6 0.54±14.7 0.897

Table 3. Pre- and post-phacoemulsification values of peripapillary RNFL thickness in glaucoma and non-glaucoma patients

Table 4. Pre- and post-phacoemulsification values of visual acuity and IOP in glaucoma and non-glaucoma patients

Table 5. Mean deviation (MD) of visual field defects pre- and post-phacoemulsification (decibels=dB)

Significant if p<0.05, *: paired t-test, †: wilcoxon test

Pre Post ∆ p
Glaucoma

UCVA (logMAR)* 1.05±0.49 0.23±0.17 0.82±0.48 <0.001
BCVA  (logMAR)† 0.73±0.31 0.03±0.06 0.70±0.29 0.001
IOP* 11.62±2.63 11.27±2.79 0.35±0.48 0.022

Non-glaucoma
UCVA (logMAR)* 0.65±0.24 0.33±0.27 0.32±0.15 <0.001
BCVA  (logMAR)† 0.45±0.34 0.09±0.16 0.36±0.33 0.005
IOP* 16.58±4.48 14.01±4.09 2.57±2.46 0.003

After phacoemulsification, visual acuity was 
significantly improved in all patients in both 
groups. A statistically significant improvement 
is also observed in the value of IOP in each 
group. 

In figure 1 we can see that the thickening of 
peripapillary RNFL post-operative was less in the 
non-glaucoma group compared to the glaucoma 
group. In this group, the biggest change was found 
in the inferior quadrant (1.46±1.59 μm), while 
the least change was found in the nasal quadrant 
(0.54±1.47 μm). But, these changes were not 
statistically significant.

MD perimetry Pre-phacoemulsification Post-phacoemulsification p
Glaucoma -10.5 (-28.0–(-4.2)) -7.6 (-23.7–(-0.9)) 0.071
Non-glaucoma -6.9 (-20.9–0.5) -7.6 (-23.7–(-0.9)) 0.005

Significant if p <0,05, *: Independent t-test
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In the non-glaucoma group, the visual field was 
improved and statistically significant (p=0.005). 
However in the glaucoma group, the visual field 
was declined so we can say that the visual field 
was worsened. The worsening is not statistically 
significant (p=0.071). 

There was a negative correlation between the 
changes in peripapillary RNFL thickness and 
visual field in the glaucoma group (r=-0.39, 
p=0.190). In the non-glaucoma group, in the 
contrary, the correlation was positive (r=0.89, 
p=0.571). Both of these correlations were not 
statistically significant. 

DISCUSSION

This study found that the peripapillary thickness 
was clinically thinner in glaucoma group 
compared to the non-glaucoma group. The 
peripapillary thickness were measured using 
spectral domain optical coherence tomography 
(SD OCT), which according to Schuman13 this 
instrument was superior to time domain (TD) 

 

 

 
Figure 1. The changes of peripapillary RNFL thickness pre-and post-phacoemulsification in glaucoma group (dot line) and in 
non-glaucoma group (continous line). No significant difference of both group in all quadrants (p>0.05)

OCT. SD-OCT produced the tomography if the 
eye with high resolution and the scanning 
process is faster. This device also gives better 
reproducibility in measuring peripapillary RNFL 
and macular thickness. SD-OCT is mainly used to 
measure the sectoral loss of retinal tissue rather 
than measuring the global loss as seen in the 
early phase of glaucoma in which the tissue loss 
occurred focally.   

During phacoemulsification, a high vacuum was 
accompanied with high irrigation pressure. The 
increase in those pressures might cause the 
increase in IOP. Chen D et al6 found that the highest 
IOP during phacoemulsification occurred during 
the emulsification of the nucleus and cortex (68.4 
mmHg in 132±15.1 seconds), approximately 
74.4% from the total time of perfusion. 

In our glaucoma clinic, the patients often 
complained that their visions were getting worse 
after phacoemulsification. However, nowadays, 
there was no study that clarify this statement. It has 
known that in chronic glaucoma the peripapillary 
RNFL were damaged because of the progressivity 
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of the disease. Studies that measured the 
changes in peripapillary RNFL thickness found 
that the changes occurred because of a sudden 
increase of IOP (>40 mmHg in less than 48 
hours).11,12 Eyes with IOP increased of more than 
40 mmHg, had thinner peripapillary RNFL and 
these thinning also occured continuously until 
six months follow-up. In patients who never 
had sudden increase of IOP, the peripapillary 
thinning did not occur.11,12

 
One of the mechanisms of the thinning of 
peripapillary RNFL in glaucoma is axon 
damage resulted from the mechanical and 
ischemic process. In ischemic process, there 
was intraneural ischemia due to the decrease 
of perfusion to the optical nerve from the 
damaged vessels autoregulation. Thereby, 
depriving perfusion and damaging the optical 
nerve, resulted in the thinning of peripapillary 
retinal nerve fiber layer. IOP elevation caused 
RNFL thinning because IOP elevation directly 
compressed axonal fiber and the supporting 
structure in the anterior optic nerve. In addition, 
damages lamina cribrosa plater, interfered 
axoplasmic stream that ended with ganglionic 
cells death and peripapillary RNFL thinning.

Yoles et al14 described about secondary 
degeneration mechanism. This mechanism 
explained why neuron damage continued to 
occur even with lowered IOP. In this event, a 
propagation of damage occurred at the normal 
neuron around the damaged one. Tsai et al12 
reported that the thickening of retinal nerve 
fiber layer occurs in the first week after the 
acute attack, followed by the thinning of RNFL in 
the involved eye after the fourth and 12th week. 
Liu et al11 reported that since the increased the 
thickness of RNFL occurred in the first week 
after an acute attack, a progressive decreasing 
then occurred after the next six weeks. In 
phacoemulsification, the mechanical effects 
resulted from ultrasound energy and liquid 
regulation in that surgery due to compression 
reaction and hypoxia in the tissue.15

One week after phacoemulsification, the thickness 
of peripapillary RNFL increased in every quadrant 
(superior, inferior, temporal, and nasal) and in the 
mean of all quadrants, even though the differences 
were not statistically significant. The increase 
of peripapillary RNFL thickness was greater in 

glaucoma group compared to non-glaucoma. In 
the glaucoma group, the peripapillary RNFL was 
thickened in every quadrant post-operatively, 
despite the variation of the thickening. The most 
visible change in the glaucoma group was found 
in the superior quadrant in which the thickening 
was 6.15±1.46 μm. The least change was found 
in the temporal quadrant (2.15±17.71 μm). We 
may found the difference between peripapillary 
RNFL in every quadrant before and after 
phacoemulsification in both groups clinically, but 
we found that the difference was not significant 
statistically.

Several previous studies reported a peripapillary 
RNFL examination post-cataract surgery with 
various RNFL measurement techniques. A 
significant increase of peripapillary RNFL post-
surgery have been reported. In those studies, 
the increase of RNFL thickness was related with 
the power of OCT signal and lens opacity. A 
lower signal power before phacoemulsification 
that caused by lens opacity would be increased 
after surgery because of the subsequent clearer 
media.16,17

In this study, the mean of image quality in all 
subjects were nearly similar in both of the groups, 
so the possibility of difference results before and 
after surgery measurement could be ignored. 
A peripapillary RNFL thickness increased in 
this study was caused by the inflammatory 
factors post and a longer healing of retinal layer 
compared with the edema of cornea. In glaucoma 
with peripapillary nerve fiber and ganglion 
cells damage, and with inhibited perfusion, the 
inflammation process, the healing process was 
slower than normal condition. This could be 
observed in figure 1, a mean increase of RFNL 
group was about 4 μm and in non-glaucoma 
group was only 1 μm. 

All of the subjects of this study did not have 
severe corneal edema so we could perform the 
OCT examination in one week after surgery, but 
in the first week of post-phacoemulsification 
there was RNFL edema period of healing 
compared with the improvement of corneal 
edema, so it was seen like RNFL thickness in OCT 
examination.

Visual field is one examinations to detect the 
presence of glaucoma or to find the damage in 
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retinal nerve fiber. At the beginning of glaucoma 
process, there was a destruction of the structure 
such as the ganglion cells apoptosis, loses of 
the RNFL and alteration of optical papil. All of 
the continuing process provided no signs or 
symptoms, and could not be diagnosed until 
functional disorder could be detected as early 
scotoma in the visual field examination.18,19

In this study, we also found a decrease in the mean 
deviation of the visual field in glaucoma group, 
but it was not statistically significant. In contrast, 
post-cataract surgery sensitivity was improving, 
but the visual field narrowed. This indicates 
that a damage of RNFL occurred in glaucoma 
group post-phacoemulsification. In the contrary, 
we found a visual field improvement that was 
statistically significant in non-glaucoma group. 
This improvement of visual field was resulted 
from the improvement of contrast sensitivity 
after the removal of cataract.18,19

In conclusion, the peripapillary RNFL thickness 
in some quadrants were increased after 
phacoemulsification, however these changes were 
not statistically significant in both glaucoma and 
non-glaucoma patients. The differences between 
groups were also not statistically significant. In 
addition, glaucoma patients had decreased visual 
field after phacoemulsification, although the 
changes were not statistically significant. While 
in non-glaucoma patients the visual field were 
significantly improved. 
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