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abstract

The objective of this study is to analyze the differences of the tear film before and after phacoemulsification with temporal clear 
corneal incision. Thirty four eyes from 32 patients, who undergone phacoemulsification with temporal corneal incision were enrolled 
in this one group pre test and post test design cohort study. All subjects were measured for Tear Break Up Time, Fluorescein Staining 
Test and Schirmer I Test before surgery and on the day 1, day 7 and day 30 after phacoemulsification. This study included 18 men 
and 16 women, with age were all above 50 years. There were statistically decline in TBUT on day 1 (2.24 seconds) and day 7 (3.62 
seconds) after surgery, compared to pre operative measurement (5.37 seconds) and increase to pre operative level on day 30 after 
surgery (5.24 seconds). Fluorescein Staining Test showed significant worsening of corneal score on day 1 (1) and day 7 (0.6) post 
operatively compared to the preoperative measurement (0), but getting better on day 30 (0.2), although never got back to pre operative 
level. For the Schirmer I test, statistically, there were significant rise on day 1 (15 mm) and day 7(12 mm) after surgery and then 
declined to pre operative level (5.50 mm) on day 30 (6 mm) in conclusion. There were significant differences of the tear film before 
and after phacoemulsification.
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introduction

Cataract is the major cause of blindness in the world and 
in Indonesia also, where it affects 1,78% of the population 
due to Riskesdas 2007, it means that it rises from 1,2% from 
Survey in 2001. Cataract can only be resolved by surgery 
at present and the small incision technique is increasingly 
popular.1,2 In 2005, American Society of Cataract and 
Refractive Surgery stated that phacoemulsification accounts 
for 73% of cataract surgery in United States.3 Some 
advantages of phacoemulsification are quick recovery of 
vision, relatively minimal astigmatism and post operative 
inflammation. But, after phacoemulsification, many patients 
complain of ocular dryness, burning, foreign body sensation 
or stickiness of the eyelid. It means that they suffer from 
dry eye syndrome, a condition that show a dysfunction of 
tear film that should provide protective function, nutririon 
supportive and ocular surface stability. Several factors 
known to exacerbate dry eye after phacoemulsification, 

including disruption of corneal nerves with corneal incision, 
ocular toxicity of ophthalmic medications, perioperative 
medications including antibiotics, steroids and non steroids 
anti inflammation.

The aim of this study is to analyze the difference of the 
tear film before and after phacoemulfiscation by measuring 
TBUT, Fluorescein staining and Schirmer I test.

methods

The study design was longitudinal observasional with 
one group pre test – post test design. Ethical approval for 
this study was obtained from Soetomo General Hospital 
ethics committee.

Thirty two patients (age 50–80 years, 18 males and 
16 females) undergoing phacoemulsification at Soetomo 
General Hospital were recruited consecutively from 
March–September 2011, after obtaining signed consent. 
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0.001) on day 30 after surgery, the same as pre operative 
level (p = 0.153). 

In this study, we compare corneal staining before 
surgery and day 1, day 7 and day 30 after surgery. And the 
results was there were significant raise in corneal score 
between before surgery and day 1 (p = 0.000), day 7 (0.000) 
and day 30 after surgery (0.023).

In this study also, we measured tear production using 
Schirmer I Test (SIT). And the result was there were 
statistically rise of SIT on the 1st day (p = 0.000) and 7th 

day (p = 0.000) after surgery compared to before surgery 
and going down to pre operative level on the 30th day after 
surgery (p = 0.693).

discussion

From 34 patients in this study, 18 (52.94%) were male 
and 16 (47.06%) were female. This results didn’t matched 
with Beaver Dam Eye Study nor Blue Mountain Eye study 
which showed different distribution of sex, where female 
subjects was greater in number.6 It could be caused by there 
were 6 drop out subjects in this study and 5 of them were 
female. The age of the subjects were 8 subjects (23.53%) 
were 50–59 years old, 22 subjects (64.70%) were 60–69 
years old and the rests were 4 subjects (11.77%) were 
70–79 years old.

In this study, the TBUT was significantly decrease on 
1st day after surgery compared to pre surgery and getting 
better on the 7th day and got back to pre operative level on 
the 30th day after surgery. All subjects in this study had 
abnormal TBUT (5,37 seconds, or under 10 seconds) 7 and 
the age were all above 50 years old and according to Dry 
Eye WorkShop in 2007, dry eye syndrome prevalence was 
raised after the age of 50 years.8 Our result was similar with 
the studied conducted previously by Liu Z,9 Roberts et al.4 
and Liu X.10 TBUT described the stability of the tear film, 
that consisted of lipid, aqueous, and mucine components. 
The stability could be disturbed if there were any changes 
in the tear film components. In phacoemulsification, there 
were some factors that influenced tear film stability. Phaco 
tip and light exposure could caused damage to ocular 
surface integrity. Surgery it self caused many inflammatory 
mediator release.1,9,11 Inflammation of the ocular surface 
was the key mechanism of ocular surface damage, as 
a cause and a result of cell damage. Ocular surface 
inflammation induced squamous metaplasia (changes 
from wettablenonkeratinized epithelia intononwettable 

Figure 3.	 Ocular Surface Integrity Before and After 
Phacoemulsification

Table 3.	 C o r n e a l  S t a i n i n g  B e f o r e  a n d  A f t e r 
Phacoemulsification

Corneal staining Median (Min–Max) p

Pre op 0 (0,00–1,00)
Post op day 1 1 (0,40–3,00) 0.000*
Pre op 0 (0,00–1,00)
Post op day 7 0,6 (0,00–3,00) 0.000*
Pre op 0 (0,00–1,00)
Post op day 30 0,2 (0,00–3,00) 0.023*
Post op day 1 1 (0,40–3,00)
Post op day 7 0,6 (0,00–3,00) 0.000*
Post op day 1 1 (0,40–3,00)
Post op day 30 0,2 (0,00–3,00) 0.000*
Post op day 7 0,6 (0,00–3,00)

Post op day 30 0,2 (0,00–3,00) 0.000*

*: p < 0.05 (significant)

Table 4.	 Schirmer Test Before and After Phacoemulsification

SIT Median (Min–Max) p

Pre op 5,50 (0,00–17,00)
Post op day 1 15,00 (5,00–30,00) 0,000*
Pre op 5,50 (0,00–17,00)
Post op day 7 12,00 (3,00–19,00) 0,000*
Pre op 5,50 (0,00–17,00)
Post op day 30 6,00 (0,00–15,00) 0,693
Post op day 1 15,00 (5,00–30,00)
Post op day 7 12,00 (3,00–19,00) 0,000*
Post op day 1 15,00 (5,00–30,00)
Post op day 30 6,00 (0,00–15,00) 0,000*
Post op day 7 12,00 (3,00–19,00)

Post op day 30 6,00 (0,00–15,00) 0,000*

*: p < 0.05 (significant)

Figure 4.	 T e a r  P r o d u c t i o n  B e f o r e  a n d  A f t e r 
Phacoemulsification
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keratinized epithelia), lost of glycocalyx and rreduced 
Goblet cell density. Ocular surface inflammation also 
caused the ocular surface to become irregular, forming 
focal points that induced tear film break and tear film 
composition changes.12

In this study we also found that on the 30th day after 
surgery, the TBUT had reached pre operative level. It 
was similar with studies conducted by Liu X,10 Khanal 
et al.13 and Liu Z.9 But Sitompul et al. (2008) and 
Gharaee et al. (2009) showed different results, there 
was no significant difference in TBUT before and after 
phacoemulsification. It could be explained by the fact that 
on the 30th day the inflammation had decreased naturally or 
by medicamentous.1,14 Besides, in this study, the TBUT of 
all the subjects were abnormal that mean there was already 
an abnormality in their tear film and it meant that they were 
in a high risk of tear film disturbance.4

In this study, we also found that there was worsening in 
ocular surface integrity on 1st day after surgery compared 
to before surgery. And even it was getting better on the 7th 
day and 30th day, but it had never reached pre operative 
state. This result was similar with Liu Z (2002) and Liu 
X (2008), that showed significant rising fluorescein 
staining on the 1st day after surgery and gradually decresed 
to normal condition on 90th day after surgery.9,10 In 
phacoemulsification, there were some factors that causing 
damage of the corneal epithelia, ie corneal incision would 
induce a series of inflammation process that damaging 
corneal surface, corneal exposure to phacoemulsification 
tip and microscope light also causing ocular surface damage 
that in turn disturbed tear film stability.11,15 The use of 
topical eye drop perioperative, especially antibiotics and 
steroids, giving toxic effect to ocular surface,4 although in 
this study we used non preservative eye drop to minimize 
this effect. But, also in this study we could’t use the same  
eye drop for all subjects. Some subjects were given 
polimyxin – neomycin – dexamethason eye drop (52.9%) 
and the rest (47,1%) were given tobramycin – dexamethason. 
The steroid componentof the two kinds of drug had the same 
concentration: dexamethasone 1 mg/ml, and as the best of 
our knowledge there was no different of corneal toxicity 
effectaf tobramycin and polimyxin – neomycin. And like 
had mentioned previously, all of the subjects in this study 
were above 50 years old. It mean that they had greater risk 
of having tear film disturbance and ocular surface damage. 
Also, in pre operative evaluation we had found that the 
Schirmer I Test were all less than normal (5.50 mm) and 
the TBUT were all also less than normal (5.37 seconds) 
that mean there were already abnormalities in the tear film 
of these subjects, so it raised the risk of the cornea to be 
damaged by all the factors mentioned above and the surgery 
intervention it self.

In this study, we realized there were many limitations. 
Phacoemulsifications were performed by more than 
one surgeon, the grade of lens opacity were not noted 
eventhough it could affected the difficulty and the 
ultrasound energy used. But, we had tried to control the bias 

by limiting operating time, to reduced variability in corneal 
exposure to light microscope and phacoemulsification tip. 
We also conducted fluorescein staining in cornea area 
only, considered that in phacoemulsification, surgery 
intervention was limited in corneal area only, and differed 
from conventional ECCE or manual SICS where surgical 
intervention were performed more in conjunctival area, 
i.e. peritomy and cauterization. Although actually, with 
fluorescein we could also examined conjunctiva but since 
our facility didn’t match the requirement of yellow filter, 
we didn’t analyze conjunctival area. We choose fluorescein 
dye, due to recommendation of DEWS (2007) because it 
was relatively not irritative as Rose Bengal so it won’t 
worsen inflammation process on ocular surface.

In this study, Schirmer I Test showed significant rises 
on the 1st day and 7th day after surgery compared to pre 
surgery, that decreased to pre operative level on the 30th  
day after surgery. This result was similar to studies 
by Sitompul et al. (2008), Liu X (2008) and Gharaee  
et al. (2009).1,11,13 It could happen because on the 1st day 
after surgery the tear production increased by irritation 
and inflammation that begin soon after the surgery 
started. Schirmer test here was the resultant of lacrimal 
gland production it self and influences of irritation 
and inflammation. As the time went by, irritation and 
inflammation decreased naturally and also there was the 
role of anti inflammation drug effect. So, later the Schirmer 
I test decreased to pre operative level. Actually, this result 
didn’t match with the theory that mentioned a surgical 
intervention involving cornea would disrupt corneal nerves, 
causing decrease corneal sensitivity. In turn, it caused 
decreased of tear secretion by disrupting the nerve system 
loop in lacrimal functional unit.11,16,17 What happened in this 
study was an increased tear production, showed by raised 
Schirmer I Tes. It could be explained by the phenomenon 
of severe irritation and inflammation on the ocular surface 
within the early days after phacoemulsification that 
induce secretion of the lacrimal gland. As weoknow, the 
lacrimal functional unit, consisted of the lacrimal gland, 
ocular surface and the nervous system connecting them, 
in performing its function to manage the tear film quantity 
and composition, influenced by many factors such as local 
cytokine.12,18,19 So, corneal nerves was not the only factor 
playing a role in tear production. In this study also, corneal 
incisions were performed only in temporal side and it mean 
that corneal nerves in the other area were still intact, no 
altered function in conducting any stimulations from the 
ocular surface. Within first days after surgery, irritation 
and inflammation factors played more important role, it 
was showed by positive corneal staining and increased tear 
production in 1st day and 7th day after surgery compared 
to pre operative stage, but as time went by, it decreased 
naturally and by anti inflammation medication given after 
surgery and reached pre operative level on 30th day after 
surgery. But, we only observed until 30th day after surgery, 
so the condition after that day where inflammation factors 
became minimal and corneal sensitivity played more role 
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couldn’t be observed. Beside that we didn’t measure corneal 
sensitivity after surgery, so that we couldn’t fully concluded 
whether inflammation or corneal sensitivity played greater 
role on tear film after surgery. And also we didn’t evaluate 
the other components of tear film.

conclusion

There were significant changes in tear film after 
phacoemulsification with temporal incision at day 1 and 
day 7. Prescribing artificial tears for the patients underwent 
phacoemulsification might be considered to relieve any 
dry eye syndrome-like symptom and improve the quality 
of life of the patients.
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