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Dry Eye After Cataract Surgery
and Associated Intraoperative Risk Factors
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Purpose: To investigate changes in dry eye symptoms and diagnostic test values after cataract surgery and to
address factors that might influence those symptoms and test resullts.

Methods: Twenty-eight eyes from 14 patients with preoperative dry eye (dry eye group) and 70 eyes from 35
patients without preoperative dry eye (non-dry eye group) were studied prospectively. In each group, we
measured values such as tear break-up time (tBUT), Schirmer | test (ST-I), tear meniscus height (TMH), and
subjective dry eye symptoms (Sx), and evaluated the postoperative changes in these values. We also evaluated
the influence of corneal incision location and shape on these values. The correlations between these values and
microscopic light exposure time and phacoemulsification energy were investigated.

Results: In the dry eye group, there were significant aggravations in Sx at 2 months postoperatively and in TMH at
3 days, 10 days, 1 month, and 2 months postoperatively, compared with preoperative values. All dry eye test
values were significantly worse after cataract surgery in the non-dry eye group. With regard to incision location,
there was no difference in tBUT, Sx, ST-I, or TMH in either the dry eye group or the non-dry eye group at any
postoperative time point. Regarding incision shape, there was no difference in tBUT, Sx, ST-I or TMH at any
postoperative time point in the dry eye group. In the superior incision sub-group of the non-dry eye group, tBUT
and Sx were worse in the grooved incision group at day 1. In the temporal incision sub-group of the non-dry eye
group, Sx were worse in the grooved incision group at 1 day, 3 days, and 10 days postoperatively. In both groups,
significant correlations were noted between microscopic light exposure time and dry eye test values, but no
correlation was noted between phacoemulsification energy and dry eye test values.

Conclusions: Cataract surgery may lead to dry eye. A grooved incision can aggravate the symptoms during the
early postoperative period in patients without dry eye preoperatively. Long microscopic light exposure times can

have an adverse effect on dry eye test values.
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Dry eye-associated symptoms, such as foreign body sensa-
tion and fatigue, frequently occur after cataract surgery.l'6
Affected patients may experience red or watery eyes along
with constant foreign body sensation.” Several published
studies have documented the aggravation of dry eye symptoms
and signs after LASIK and PRK.>® Some studies have even
reported aggravation of dry eye symptoms and signs after
cataract surg:{e:ry.3’4 However, the follow-up of dry eye symp-
toms after cataract surgery and analysis of correlating risk
factors has not been undertaken. We studied changes in dry
eye symptoms (Sx) and diagnostic test values such as tear
break-up time (tBUT), Schirmer I test (ST-I) and tear meni-
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scus height (TMH) after cataract surgery, and sought to
determine the intraoperative factors that might affect these
symptoms and test results.

Materials and Methods

This prospective study was approved by the Institutional
Review Board. A total of 98 eyes from 49 patients with
bilateral cataracts were included in this study. Exclusion
criteria were: pre-existing ocular disease such as glaucoma or
uveitis, disorders of the lid or nasolacrimal pathway, and pre-
vious ocular surgery. We excluded the data of patients who
were current smokers. Patients who had ocular allergies,
pterygia, or blepharitis were also excluded because those
factors could have an influence on the dry eye test results.””
We compared the test values between the right and left eyes
of each patient to account for individual differences. Preopera-
tively, we divided patients into four operative method groups
as follows (Table 1): bilateral superior incisions with grooved
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Table 1. Preoperative classification of 4 operative method groups

No. of eyes Incision location Incision shape No. of dry eye : No. of non-dry eye

Method I" Right eye 5 Superior Grooved 2:3

Left eye 5 Superior Single plane 2:3
Method 11" Right eye 13 Temporal Grooved 5:8

Left eye 13 Temporal Single plane 5:8
Method IIT* Right eye 17 Temporal Grooved 5:12

Left eye 17 Superior Grooved 5:12
Method IV* Right eye 14 Temporal Single plane 2:12

Left eye 14 Superior Single plane 2:12
Total 98 28 : 70

" bilateral superior incisions with grooved incision of the right eye and single plane incision of the left eye; " bilateral temporal incisions with

grooved incision of the right eye and single plane incision of the left eye;

bilateral grooved incisions with temporal incision of the right eye

and superior incision of the left eye; ¥ bilateral single plane incisions with temporal incision of the right eye and superior incision of the left eye.

incision of the right eye and single plane incision of the left
eye; bilateral temporal incisions with grooved incision of the
right eye and single plane incision of the left eye; bilateral
grooved incisions with temporal incision of the right eye and
superior incision of the left eye; bilateral single plane incisions
with temporal incision of the right eye and superior incision
of the left eye. We constructed these groups so we could
compare the effect of incision location without the effect of
incision shape and compare the effect of incision shape
without the effect of incision location. The time interval
between operation on the right eye and on the left eye was 1
day.

Clinical Data Collection

We measured the TMH, ST-I and tBUT in that order pre-
operatively and assessed subjective dry eye symptoms. The
time interval between ST-I and tBUT was at least 10 minutes.

Tear film stability was assessed using fluorescein tBUT. A
fluorescein-impregnated strip wet with non-preserved saline
solution was placed in the inferior fornix and the patient was
asked to blink several times. Using a cobalt blue filter and slit
lamp microscopy, we determined the time required for the
first area of tear film break-up to appear after a complete
blink. The test was repeated three times, and the average was
calculated.

We evaluated the ST-I without corneal anesthesia. The test
lasted 5 minutes, and the length of wetted paper was directly
read off the scale on the paper itself. The Schirmer test was
only performed once.

The TMH was evaluated by reading the scale on slit lamp
microscopy without fluorescein.

We quantified the intensity of dry eye symptoms from 0 to
4 as follows; 0=none, 1=mild, 2=moderate, 3=severe, 4=very
severe. The frequency of dry eye symptoms was quantified
as follows; 0=none, 1=some of the time, 2=half of the time,
3=most of the time, 4=all of the time. The aggravation of dry
eye (when blink frequency is reduced such as while watching
TV, computer monitors, driving) was quantified as follows;
O=none, 1=mild, 2=moderate, 3=severe, 4=very severe. The
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total dry eye symptom score was calculated as follows'”:
intensity score + frequency score + aggravation score. Scores
ranged from 0 to 12, with higher scores indicating more
severe symptoms. We classified the 98 eyes into two groups
according to the preoperative values of ST-I. We classified
those eyes with preoperative ST-I<10 mm into the dry eye
group and those with preoperative ST-I>10 mm into the
non-dry eye group.'"'* The high negative predictive value of
diagnostic criteria using ST-I<10 mm/5min can inhibit potential
dry eye patients from being classified as the non-dry eye group.
Thus, with this criteria, we can suggest that the appearance of
dry eye signs following cataract operation should be newly
developed signs not affected by potential pre-operative, pre-
existing dry eye. During the operation, the total length of micro-
scopic light exposure was noted, along with phacoemulsifica-
tion power and time. Total phacoemulsification energy was
calculated as follows: phacoemulsification power x phacoemul-
sification time.

Postoperatively, the tBUT, TMH, and Sx were examined
at 1, 3, and 10 days and 1 and 2 months. ST-I was examined
at 10 days, 1 month, and 2 months. We also analyzed changes
in these test variables according to corneal incision location
and shape in the dry eye group and the non-dry eye group. We
evaluated the influence of microscopic light exposure time
and phacoemulsification energy on these dry eye test values
in both the dry eye group and the non-dry eye group.

Preoperative and Postoperative Topical Medication and
Treatment

Before cataract surgery, levofloxacin and NSAID eye drops
were instilled four times a day for 1 day. Eye drops with 2.5%
percent phenylephrine and tropicamide were used to dilate
the pupil an 90 minutes before cataract surgery. Eye drops
used after cataract surgery included levofloxacin four times a
day for 1 month, dexamethasone four times a day for 1 week
and fluorometholone eye drops four times a day in the su-
cceeding 3 weeks. One corneal suture was removed at 1
month postoperatively.
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Table 2. Preoperative characteristics of the dry eye group and the non-dry eye group

Dry eye group (mean+SD, range)

Non-dry eye group (mean+SD, range)

Right eye Left eye p value” Right eye Left eye )4 value” p value
Age 67.5+6.37, 64.20+10.00, p=0.10
60 ~85 24 ~78
67.54+6.37 67.54+6.37 >0.05 64.24+10.0 64.24+10.0 >0.05
Preoperative tBUT ~ 5.54+1.68, 10.86+2.62, p=0.00
3~9 3~15
5.43+1.69 5.64+1.74 >0.05 10.842.61 10.84+2.66 >0.05
Preoperative Sx 3.25+1.23, 0.84+1.25, p=0.00
2~6 0~5
3.14+1.23 3.35+1.27 >0.05 0.83+1.22 0.86+1.30 >0.05
Preoperative 0.42+0.11, 0.50+0.21, p=0.09
TMH 0.2~0.5 0.2~1.0
0.44+0.11 0.41+0.12 >0.05 0.50+0.21 0.49+0.22 >0.05
Preoperative 6.46+2.45, 17.46+6.15, p=0.00
ST-I 2~9 10~35
5.93+2.64 7.00+2.21 >0.05 17.1+£5.93 17.7+6.43 >0.05
: p value=Mann-Whitney U test, comparing right eye and left eye; i p value=Mann-Whitney U test, comparing the dry eye group and the
non-dry eye group.
Surgical Technique

AMO Sovereign was used for cataract surgery. A standard
phacoemulsification technique was used, beginning with the
administration of retrobulbar and Nadbath anesthesia by a
single surgeon. A 3.2 mm-sized corneal incision was made
using a shallow grooved incision or single plane incision at
the superior or temporal location. A 1.0 mm-sized paracen-
tesis was made about 50° apart from the main incision. A
foldable acrylic PC-IOL was implanted in the capsular bag.
After irrigation and aspiration, a corneal suture was placed.
An assistant hydrated the cornea upon the surgeon’s command
or when the assistant felt like hydration was necessary.
Postoperatively, the eye was covered for 1 day.

Statistical Analysis

Data were analyzed by using the Mann-Whitney U test
and Wilcoxon Signed Ranks test. SPSS 11.5 for Windows
was used for analysis. Spearman’s correlation test was used
to determine the associations between variables. A p<0.05
was considered statistically significant.

Results

Table 2 shows the preoperative characteristics in the dry
eye group and the non-dry eye group. Although we classified
the eyes with preoperative ST-I<10 mm into the dry eye
group, tBUT values in the dry eye group were less than 10
sec. Preoperative tBUT, Sx, and ST-I values were significantly
different between the dry eye group and the non-dry eye
group (p<0.05, Mann-Whitney U test). However, in both
groups, the preoperative values for tBUT, Sx, ST-I, and TMH
were not different between the right and left eyes, as ex-
pected (p>0.05, Mann-Whitney U test).

A. Postoperative changes over time in the dry eye group
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B. Postoperative changes over time in the non-dry eye group
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Fig. 1. Postoperative changes in tear break-up time (tBUT, second),
dryness symptoms (Sx), Schirmer test I (ST-I, mm) and tear me-
niscus height (TMH, mm) over time in both the dry eye (A) and
non-dry eye group (B). In the dry eye group, there were significant
aggravations in Sx at 2 months postoperative and in TMH at 3 days,
10 days, 1 month, and 2 months postoperative (p<0.05). In the
non-dry eye group, almost all dry eye test values were significantly
worse after cataract surgery (p <0.05).
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Table 3. Changes of tear break-up time (tBUT), dryness symptoms (Sx), Schirmer I test value (ST-I) and tear meniscus height
(TMH) over time in the dry eye group and the non-dry eye group

Pre-op Postop 1 d Postop 3 d Postop 10 d Postop 1 M Postop 2 M
Dryeye tBUT 5.54+1.68 5.43+2.06 6.5742.63 6.18+2.46 5.00+1.78 4.64+2.26
group  p value” p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
Sx 3.25+1.23 3.89+1.79 3.46+1.59 3.75+1.60 3.46+1.64 4.14+1.45
p value' p>0.05 p>0.05 p>0.05 p>0.05 p=0.01
ST-I 6.46+2.45 5.81+3.25 6.7342.96 6.29+3.11
p value* p>0.05 p>0.05 p>0.05
TMH 0.42+0.11 0.44+0.10 0.28+0.12 0.17+0.12 0.13+0.04 0.14+0.08
p value® p>0.05 p=0.00 p=0.00 p=0.00 p=0.00
Non tBUT 10.86+2.62 7.3243.10 7.8442.29 7.7042.09 7.3441.92 6.80+2.10
dryeye  p value p=0.00 p=0.00 p=0.00 p=0.00 p=0.00
group gy 0.84+1.25 2.00+1.79 1.79+1.65 1.78+1.63 1.24+1.45 1.06+1.29
p value' p=0.00 p=0.00 p=0.00 p>0.05 p>0.05
ST-I1 7.46+6.15 14.96+7.28 13.08+4.52 13.71+6.54
p value* p=0.01 p=0.00 p=0.00
TMH 0.50+0.21 0.48+0.19 0.35+0.21 0.34+0.21 0.28+0.17 0.31+0.17
pvalue p>0.05 p=0.00 p=0.00 p=0.00 p=0.00

Wllcoxon-Slgned Ranks test, compared values of tBUT (tear break-up time, second) between preoperative and postoperative values at
specified time point; Wllcoxon Signed Ranks test, compared values of Sx (dry eye symptom) between preoperative and postoperative

values at specified time point;

Wllcoxon-Slgned Ranks test, compared values of ST-I (Schirmer test I, mm) between preoperative and

postoperative values at specified time point;’ Wllcoxon-Slgned Ranks test, compared values of TMH (tear meniscus height, mm) between

preoperative and postoperative values at specified time point.

Postoperative Changes over Time

Table 3 and Figure 1 show changes in tBUT, Sx, ST-I, and
TMH over time.

In the dry eye group, there were significant aggravations in
Sx at 2 months postoperative and in TMH at 3 days, 10 days,
1 month, and 2 months postoperative (p<0.05, Wilcoxon
signed rank test).

In the non-dry eye group, almost all dry eye test values were
significantly worse after cataract surgery (p<0.05, Wilcoxon
signed rank test).

Comparison of Values according to Incision Location

Figure 2 compares values for tBUT, Sx, ST-I, and TMH
over time, according to incision location in the dry eye group.

There was no difference in tBUT, Sx, ST-I, or TMH according
to incision location in the single plane incision sub-group at
any postoperative time point (»>0.05, Mann-Whitney U test).

There was no difference in tBUT, Sx, ST-I, or TMH
according to incision location in the grooved incision sub-
group at any postoperative time point (p>0.05, Mann-Whitney
U test).

Figure 3 compares values for tBUT, Sx, ST-I, and TMH
over time, according to incision location in the non-dry eye
group.

There was no difference in tBUT, Sx, ST-I, or TMH
according to incision location in the single plane incision
sub-group at any postoperative time point (»p>0.05, Mann-
Whitney U test).
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There was no difference in tBUT, Sx, ST-I, or TMH
according to incision location in the grooved incision sub-
group at any postoperative time point (p>0.05, Mann-Whitney U
test).

Comparison of Values according to Incision Shape

Figure 4 shows changes in tBUT, Sx, ST-I, and TMH over
time, according to incision shape in the dry eye group.

There was no difference in tBUT, Sx, ST-I or TMH
according to the incision shape in the superior incision sub-
group or the temporal incision sub-group at any postoperative
time point (p>0.05, Mann-Whitney U test).

Figure 5 shows changes in tBUT, Sx, ST-I, and TMH over
time, according to the incision shape in the non-dry eye
group.

tBUT were shorter and Sx were worse with the grooved
incision than the single plane incision at postoperative day 1
in the superior incision sub-group (p=0.04, Mann-Whitney U
test).

Sx were worse in the grooved incision sub-group at 1 day,
3 days, and 10 days postoperative in the temporal incision
sub-group (p=0.00, p=0.01, p=0.01, Mann-Whitney U test).

Correlation with Exposure Time to Microscopic Light and
Phacoemulsification Energy

Table 4 shows the correlations between dry eye work-up
values and microscopic light exposure time as well as between
dry eye work-up values and phacoemulsification energy. In
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A. Postoperative changes over time according to incision location
with single plane incision in the dry eye group.

preop 1d 3d 10d 1M 2M
Time

B. Postoperative changes over time according to incision location with
grooved incision in the dry eye group.

preop 1d 3d 10d iM 2M
Time
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Sx (superior)
-~ Sx (temporal)
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—e— STl (temporal)
—+— TMH (superior)
—=— TMH (temporal)

Fig. 2. Postoperative changes in tear break-up time (tBUT, second),
dryness symptoms (Sx), Schirmer test I (ST-I, mm) and tear me-
niscus height (TMH, mm) over time according to incision location
with a single plane (A) or grooved incision (B) in the dry eye group.
There was no difference in tBUT, Sx, ST-I, or TMH according to
incision location in the single plane incision sub-group at any post-
operative time point (p >0.05). There was no difference in tBUT,
Sx, ST-I, or TMH according to incision location in the grooved in-
cision sub-group at any postoperative time point (p >0.05).

the dry eye group, significant correlations were detected
between microscopic light exposure time and tBUT and Sx at
postoperative day 1. However, there were no correlations

A. Postoperative changes according to incision location with single plane incision
in the non-dry eye group.

Time

B. Postoperative changes according to incision location with grooved incision
in the non-dry eye group.

—4— tBUT (superior)
—&— {BUT (temporal)
Sx (superior)
~—  Sx (temporal)
—s—  ST-| (superior)
—e— ST-| (temporal)
—+— TMH (superior)
—=— TMH (temporal)

Fig. 3. Postoperative changes in tear break-up time (tBUT, second),
dryness symptoms (Sx), Schirmer test I (ST-I, mm) and tear me-
niscus height (TMH, mm) over time according to incision location
with a single plane (A) or grooved incision (B) in the non-dry eye
group. There was no difference in tBUT, Sx, ST-I, or TMH accord-
ing to incision location in the single plane incision sub-group at any
postoperative time point (p >0.05). There was no difference in tBUT,
Sx, ST-1, or TMH according to incision location in the grooved in-
cision sub-group at any postoperative time point (p >0.05).

between phacoemulsification energy and dry eye test variables.
In the non-dry eye group, significant correlations were noted
between the microscopic light exposure time and Sx at 1 day,
3 days, 10 days, and 2 months postoperative and in tBUT at
2 months postoperative. There was no correlation between
phacoemulsification energy and dry eye test variables.
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Table 4. Correlation between dry eye test values and microscopic light exposure time and between dry eye test values and
phacoemulsification energy in the dry eye group (A) and the non-dry eye group (B)

A. Dry eye B. Non-dry
Test Follow up Exposure time’ Phaco energy Exposure time' Phaco energy

R’ p value R’ p value R’ p value R’ p value

tBUT* 1 day -0.496 0.008 -0.255 0.199 -0.204 0.092 0.005 0.964
3 day -0.177 0.376 -0.035 0.861 0.057 0.659 0.055 0.673

10 day 0.056 0.783 -0.095 0.637 -0.079 0.540 -0.006 0.962

1 month 0.267 0.179 -0.264 0.183 -0.126 0.306 0.204 0.098

2 month -0.277 0.162 0.170 0.396 -0.260 0.030 -0.210 0.083

Sx* 1 day 0.459 0.016 -0.112 0.579 0.307 0.010 -0.106 0.385
3 day 0.300 0.128 0.016 0.938 0.278 0.020 -0.107 0.381

10 day 0.264 0.183 -0.037 0.856 0.378 0.001 -0.143 0.249

1 month 0.073 0.718 0.090 0.654 0.228 0.057 -0.051 0.677

2 month 0.113 0.576 0.074 0.712 0.275 0.021 0.118 0.336

ST-I" 10 day 0.186 0.374 0.240 0.248 -0.144 0.286 0.035 0.797
1 month 0.365 0.073 0.034 0.872 -0.157 0.230 0.025 0.850

2 month 0.356 0.069 -0.058 0.775 -0.254 0.078 0.068 0.645

TMH' 1 day 0.271 0.171 0.235 0.239 0.007 0.957 0.193 0.132
3 day 0.294 0.137 0.161 0.423 0.109 0.415 0.055 0.687

10 day 0.048 0.813 0.148 0.461 0.054 0.677 -0.050 0.702

1 month 0.081 0.687 -0.161 0.421 -0.153 0.248 -0.253 0.056

2 month 0.219 0.281 -0.110 0.592 -0.185 0.140 0.071 0.576

*R=Spearmann Correlation Coefficient; TExposure Time =Exposure Time to microscopic light; HBUT =tear break-up time; §Sx=dry

eye symptom; UST-1=Schirmer test I; “TMH =tear meniscus height.

Discussion

Dry eye sensation frequently occurs after cataract surgery.
Affected patients may experience red or watery eyes and
constant foreign body sensation. Lesions such as superficial
punctate keratitis and epithelial defects may be seen on the
cornea.

Generally, the etiology of dry eye following cataract surgery
is characterized by one of two mechanisms.' One patient
group experienced an increase in pre-existing dry eye symptoms
and the other group experienced surgically-induced dry eye.
There are many factors that might affect the ocular surface
environment after cataract surgery. Topical anesthesia and eye
drops containing preservatives like benzalkonium chloride
are well known to have effects on the corneal epithelium.""
Exposure to light from the operating microscope might also
be associated with postoperative dry eye.1 Most corneal
surgical procedures disrupt the normal organization of the
corneal innervation, and this results in pathologic changes of
the cornea and attendant discomfort.*

Previous studies have shown that tBUT and the barrier
function of the corneal epithelium are affected in the early
postoperative period after cataract surgery. " In our study, we
observed the aggravation of dry eye symptoms and diagnostic
test results after cataract surgery compared with preoperative
measurements.

We also noted the effect of incision shape on dry eye
symptoms and diagnostic test results. Corneal tunnel incisions
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are classified by their wound architecture as single plane
(when there is no groove at the external edge of the incision),
shallow grooved (when the initial groove is less than 400 pum),
or deeply grooved (when they are deeper than 400 pm)."*"
In grooved incisions, there may be difficulties associated with
persistent foreign body sensation and the pooling of mucus
and debris within the groove.'* In the non-dry eye group, we
observed significant aggravation of dry eye symptoms in
patients with grooved incisions over single plane incisions.
In the dry eye group, incision shape did not have an effect on
the test variables.

With the advent of foldable lenses, there has been increasing
interestin temporal corneal incisions. There are obvious ad-
vantages to the temporal location, including easy accessibility,
low astigmatism, and enhancement of the red reflex.'® How-
ever, in our study, with respect to development or aggravation
of dry eye after cataract surgery, there was no difference in
postoperative dry eye test values between the superior and
temporal incision sub-groups in either the dry or the non-dry
eye group.

Most surgical procedures that cause denervation of the
cornea result in impaired epithelial wound healing, increased
epithelial permeability, decreased epithelial metabolic activity
and loss of cytoskeletal structures associated with cellular
adhesion.*'” Corneal sensation is a function of the long ciliary
nerves of the ophthalmic division of the fifth (trigeminal)
cranial nerve. The large nerves of the long ciliary nerve trunk
enter the limbus predominantly at the 9-o’clock and 3-
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A. Postoperative changes according to incision shape with superior incision
in the dry eye group.

preop 1d 3d 10d 1M 2M

Time

B. Postoperative changes according to incision shape with temporal incision
in the dry eye group.

preop 1d 3d 10d 1M 2M

tBUT (superior)
tBUT (temporal)
Sx (superior)
Sx (temporal)
ST-I (superior)
ST-l (temporal)
TMH (superior)
TMH (temporal)
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Fig. 4. Postoperative changes in tear break-up time (tBUT, second),
dryness symptoms (Sx), Schirmer test I (ST-I, mm) and tear me-
niscus height (TMH, mm) over time according to incision shape
with a superior (A) or temporal incision (B) in the dry eye group.
There was no difference in tBUT, Sx, ST-I or TMH according to in-
cision shape in the superior incision sub-group at any postoperative
time point (p >0.05). There was no difference in tBUT, Sx, ST-I or
TMH according to incision shape in the temporal incision sub-group
at any postoperative time point (p >0.05).

o’clock positions. The fact that the long ciliary nerves enter
the eye at these positions explains why corneal sensation is
significantly greater at the temporal and nasal limbus.*'” The
physiologic role of corneal innervation in the normal cornea
is unclear, but it has been suggested that active involvement
of neuroregulation is responsible for maintenance of the

A. Postoperative changes over time according to incision shape with superior
incision in the non-dry eye group.

preop 1d 3d 10d 1™ 2M

Time

B. Postoperative changes over time according to incision shape with temporal
incision in the non-dry eye group.

preop 1d 3d 10d 1M 2M

—4— tBUT (superior)
—&— tBUT (temporal)
Sx (superior)
=~ Sx (temporal)
—s— STl (superior)
—e— ST-| (temporal)
—+— TMH (superior)
—=— TMH (temporal)

Fig. 5. Postoperative changes in tear break-up time (tBUT, second),
dryness symptoms (Sx), Schirmer test I (ST-I, mm) and tear me-
niscus height (TMH, mm) over time according to incision shape
with a superior (A) or temporal incision (B) in the non-dry eye group.
tBUT were shorter and Sx were worse with grooved incision than
single plane incision at postoperative day 1 in the superior incision
sub-group (p=0.04). Sx were worse in the grooved incision sub-
group at 1 day (p=0.00), 3 days (p=0.01), and 10 days (p=0.01)
postoperative in the temporal incision sub-group.

integrity and repair of the corneal epithelium.'” Furthermore,
intact corneal sensation is partially responsible for tear
secretion. With decreased corneal sensation, there is a de-
crease in tear production.17
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LASIK entails the severing of the corneal nerves by
amicrokeratome and photoablation of the anterior stromal
nerves. Both processes damage corneal innervation.>"’ It has
been suggested that this damage is due to the fact that the
superior-hinge flap severs both arms of the branches of the
long ciliary nerves, whereas the nasal-hinge flap preserves
one of the nerve plexuses. Hence, use of a wide hinge and a
nasal rather than a superior hinge preserves more corneal
innervation and reduces the incidence or exacerbation of dry
eye resulting from the procedure.17

We expected that there would be a more significant de-
crease in dry eye test values in the temporal incision group
compared to the superior incision group because we assumed
that there would be a greater decrease in sensation by cutting
the large trunk of corneal nerves entering the limbus pre-
dominantly at the 9-0’clock and 3-o’clock positions, as in
LASIK surgery. However, we found no difference in dry eye
test values according to incision location in either group.
There may be many differences between the incision of
LASIK and that of cataract surgery with respect to incision
width, depth, and location. In cataract surgery, although the
width of the incision is very small, the incision depth extends
to involve the entire cornea.'™"” Therefore, corneal denerva-
tion may differ between the two surgeries.

Many surgeons prefer the grooved incision to the single
plane incision because of the greater wound strength when
pressure is applied to the posterior lip of the wound.”* How-
ever, in this study, grooved incisions significantly exacerbated
dry eye symptoms in the non-dry eye group; there was no
such exacerbation in the dry eye group. We believe this dis-
parity may be due to the following. In the dry eye group, there
were preexisting symptoms and low values on diagnostic tests,
so the aggravation of subjective postoperative symptoms and
test values might be relatively small compared to those seen
in preoperative non-dry, healthy eyes.

We noted changes in dry eye symptoms and signs before
and after corneal suture removal. Although we expected that
removal of the corneal suture would improve dry eye symptoms
and signs, there was aggravation of symptoms in the dry eye
group, but no significant difference in the non-dry eye group.
However, we were unable to examine the pure effect of
suture removal. We examined the dry eye test values and
symptoms 1 month after suture removal, and the effect of
passing time and tapering of eye drops during that period may
have affected outcomes. Generally, the presence of a corneal
suture would aggravate dry eye symptoms and sig,ns.2 However,
in our study, removal of the suture did not improve the dry
eye test values. Furthermore, in the dry eye group, symptoms
were aggravated irrespective of suture removal.

The use of ultrasound in cataract surgery may damage
corneal structures such as the epithelium, stroma, keratocyte,
endothelium, and nerve plexuses.21 In our study, phacoemul-
sification energy did not aggravate dry eye symptoms or
signs in either group.

Many reports have addressed iatrogenic retinal photo-
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toxicity related to operating microscope exposure.”* Aside
from retinal phototoxicity, as mentioned in the results of our
study, microscopic light exposure may aggravate dry eye
symptoms and signs in both the dry eye and non-dry eye
group. Hazards due to specific light components from the
operating microscope may be decreased through the use of
appropriate filters and short exposure times.”

There are some limitations to this study. First, the Schirmer
test and measurements of tBUT and TMH are easy to perform.
However, they may give varied results, and this compromises
their reliability.25 We measured the ST-I, so reflex tearing
was included. Second, the value of dry eye symptoms are
expressed as a numerical value representing subjective
ocular irritation symptoms such as dryness, burning, foreign
body sensation, heaviness of the lids, and ocular fatigue. A
third limitation is the short follow-up period.

In conclusion, we observed that cataract surgery is capable
of aggravating dry eye and affecting dry eye test values. There-
fore, the following should be considered in the perioperative
period. Before surgery, patients should be informed about the
possible increase in dry eye symptoms. Intraoperative exposure
to the microscopic light should be minimized. The clinician
should also be cognizant of the fact that grooved incisions,
despite their advantages in other respects, can aggravate dry eye
symptoms and signs in eyes that were healthy preoperatively.
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