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Abstract

OBJECTIVES: To evaluate long term intraocular pressure (IOP) following
phacoemulsification with intraocular lens implantation in glaucoma and normal patients.
MATERIAL AND METHODS: A retrospective analysis of 208 patients who had
undergone phacoemulsification by the same surgeon at Panyananthaphikkhu Chonprathan
Medical Center between February 2011 and February 2015. The patients were divided
into 3 groups: no glaucoma (NG), primary open-angle glaucoma (POAG) and primary
angle-closure glaucoma (PACG). Preoperative and postoperative best-corrected visual
acuity (VA), IOP, and the number of glaucoma medications were recorded. IOP was
evaluated before surgery and post-surgery for 1 month, 3 months, and last follow-up
(mean 40 months). Repeated measure ANOVA and Post hoc by Scheffe test was used
to compare IOP between 3 groups over time. Paired t-test was conducted to determine
the relationship between preoperative IOP and postoperative IOP. The p-value of less
than 0.05 was set for statistically significant.

RESULT: There were 86 patients in the NG group, 61 patients in the POAG group, and
61 patients in the PACG group. The first month saw the mean IOP significantly decrease
in all groups (p <0.001): NG group decreased 2.06 + 2.21mmHg, POAG group 2.97 +
3.25 mmHg, and PACG group 3.18 + 2.77 mmHg. At 3 months the mean IOP was
significantly decrease in all group(p < 0.001):NG group decreased 2.44 + 2.14 mmHg,
POAG group 2.72 + 2.73 mmHg, and PACG group 3.51 + 2.78 mmHg. At the final
follow-up visit the mean IOP still significantly decrease in all group (p < 0.001): NG
group decreased 1.45 £+ 1.96 mmHg, POAG group 2.17 +2.98 mmHg, and PACG group
3.32 + 2.84 mmHg. Eye with higher preoperative IOP has the greatest IOP- lowering
effect. The number of glaucoma medication slightly decreased even though they are
both the groups of open and closed angle (p = 0.002 VS p < 0.001). Visual acuity was
significantly improved after phacoemulsification in all group.

CONCLUSION: Phacoemulsification not only improves the visual acuity but also provides
a long term significant decrease in IOP and glaucoma medication. This IOP-lowering effect
is proportional to preoperative IOP.

Keywords: phacoemulsification, intraocular pressure, primary-open angle glaucoma,
primary-angle closure glaucoma, antiglaucoma

s life expectancy of the world population increases, there are
Amore diseases that can occur in the elderly. Among those cataracts

and glaucoma are categorized in the group of diseases related to
longevity. Both cataract and glaucoma cause blindness in Thailand
and worldwide.'-* Nowadays, cataract surgery has developed into
phacoemulsification because of the small surgical wound, rapid visual
recovery and the suitability for glaucoma patients. Accordingly, it does not
affect conjunctiva in surgery and filtering surgery occurs after
phacoemulsification. Therefore, there are the studies which found that
phacoemulsification affects a drop of intraocular pressure.®'* However, there
is a difference in the resulting decreasing IOP,'"'* and there is an argument
for specific patients that can benefit from phacoemulsification.

In addition, there are limited studies on the long term change of IOP after
cataract surgery in Thailand. The average patient follow up was less than 1.5
years."*'7 Thus, the researcher is interested in long term IOP change after
phacoemulsification with intraocular lens implantation in glaucomatous and
non-glaucomatous patients.
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Material and Methods

A retrospective study of patients who have undergone
uncomplicated, clear cornea phacoemulsification with
intraocular lens implantation by the same surgeon (CS) at
Panyananthaphikkhu Chonprathan Medical Center between
February 2011 and February 2015. The study was approved
by the Ethics Committee in human research from
Panyananthaphikkhu Chonprathan Medical Center. There are
208 patients in the study, divided into 3 groups:

1. Nonglaucoma (NG)

2. Primary open-angle glaucoma (POAG)

3. Primary angle-closure glaucoma (PACG)

POAG was defined as eye with open-angle (posterior
trabecular meshwork was visible for 360 degrees on
gonioscopy), untreated IOP more than 21 mmHg and
glaucomatous optic neuropathy with corresponding visual field
loss. For PACG, those who have a close angle of eyes
(appositional contact between the peripheral iris and trabecular
meshwork over and equal 180 degrees), untreated IOP more
than 21 mmHg and glaucomatous optic neuropathy with
corresponding visual field loss. However, patients not
included in the study include those with a postoperative follow
up of less than 3 months, previous intraocular surgeries, and
patients with secondary glaucoma.

The data including age, gender, and laterality of surgery,
were recorded. If the patients had phacoemulsification in both
eyes, the following data were recorded on the first surgery:
preoperative and postoperative best-corrected visual acuity
(BCVA) by Snellen chart, converted to a logarithm of the
minimal angle of resolution unit (LogMAR) and; the number
of antiglaucoma drugs. Goldman applanation tonometry was
performed before surgery, 1 and 3 months postoperatively and
then a final measurement of the study eye was recorded an
average of 40 months after surgery.

Cataract surgeries were performed by one surgeon (CS)

using the INFINITY vision system (Alcon Laboratories, Inc.,
Fort Worth, TX, USA). After topical anesthesia was

Table 1: Patient Demographics

administered, a 3.0 mm temporal clear corneal incision,
continuous capsulorhexis, hydrodissection, phacoemulsification,
and aspiration of residual lens cortex were performed. A
foldable IOL (AcrySof IQ SN 60 WF) was implanted in the
capsular bag, and the viscoelastic was washed out. Postoperative
treatment consisted of 1% prednisolone acetate and 0.5%
levofloxacin eye drops four times a day for 3 weeks.

Data were presented as mean + standard deviation (SD)
for continuous variables and number (%) for categorical
variables. Repeated measure ANOVA and post hoc by Scheffe
test was used to compare changes in intraocular pressure and
vision. Paired t-test was conducted to determine the relationship
between preoperative IOP and postoperative IOP. A p-value
of less than 0.05 was set as statistically significant.

Result

According to the data collection from 208 participants, the
average age of patients was 70.02 + 8.96 years, 56% were
women. Patients were divided into 3 groups as follows: no
glaucoma (NG) 86 cases, POAG 61 cases, and PACG 61
cases. General baseline characteristics of patients in the three
groups were comparable, except there were more woman in
the PACG group. This matches epidemiology results of the
previous study.? (Table 1)

The mean baseline IOP in NG was lower than the
glaucoma group (p < 0.001) and mean baseline IOP was similar
in the glaucoma group (p =0.095). After phacoemulsification,
there was a statistically significant reduction of the mean IOP
at 1, 3 months and last follow up (mean 41 months). The
postoperative mean IOP reduction was not different between
eyes with open and closed-angle (p = 0.910 at one month,
p = 0.229 at three months, and p = 0.081 for the last follow up)
but a significantly greater reduction in postoperative IOP in
the PACG group when compared with NG group at various
time points (p = 0.049 at one month, p = 0.043 at three months,
and p = 0.001 for the last follow up). Table 2 summarizes the
change in IOP in all groups.

Characteristics Total (n) NG POAG PACG p

n 208 61 61

Sex 0.006
Male 90 30 16
Female 118 31 45

Eye 0.471
Right 109 48 33 28
Left 99 28 33

Age (years) 70.02+896 7035+748 7048+7.39 69.11+11.91 0.641

Mean follow up time (months)

4158893 4117 x7.75

41.82+10.08 41.93+9.38 0.853
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Table 3, 4, and 5 demonstrate the magnitude of IOP
decrease in various ranges of preoperative IOP. All the eyes
were divided into 3 groups base on preoperative IOP; from 9
to 13 mmHg, 14 to 19 mmHg and 20 to 25 mmHg. The most
considerable decrease in mean IOP was found in the group
with highest preoperative IOP decrease by 2.06 +2.11 mmHg
(13.5%) in NG, 4.75 + 2.82 mmHg (22.2%) in POAG and
6.6£2.59 mmHg (29.9%) in PACG. In contrast, we found that
in the group with the lowest preoperative IOP, the postoperative
IOP remained unchanged or increased.

The number of antiglaucoma medications in the POAG
and PACG group had changed significantly by the final
visit. In POAG group, medication decreases from 1.23 + 0.46
to 1.08 £0.53 (p <0.002) and in PACG group, medication
decreases from 1.39 = 0.67 to 1.08 = 0.64 (p < 0.001).

The final post-operative mean LogMAR visual acuity
improved in all patients (p <0.001). At a mean 40 months
postoperatively, the mean LogMAR visual acuity had
improved by -0.43 £ 0.26, -0.37 + 0.21 and -0.41 + 0.23.
There was no blindness due to surgery.

Table 2 : Intraocular Pressure (IOP) Change and Mean Intraocular Reduction

after Phacoemulsification.

NG POAG PACG
(n=286) (n=61) (n=61)
Preoperative 10P 13.58 £ 2.27 15.67 £ 3.47 16.89 + 3.58
Postoperative IOP
1 month 11.52 +2.34 12.7£2.65 13.7 £3.41
3 months 11.14 £2.23 12.95+2.97 13.38 £3.09
Last follow up 1214 £2.41 13.58 £ 2.89 13.72£2.93
(n=76) (n = 56) (n=50)
Mean IOP eduction
1 month 2.06 +2.21 2.97 +3.25 318277
3 months 244 +£2.14 272+273 3.51+278
Last follow up 145+ 1.96 217 +£2.98 3.32+284
p <0.001 <0.001 <0.001

Table 3 : Mean post-operative IOP change based on pre-operative IOP in nonglaucoma group

IOP Group Eyes Mean + SD for IOP (mm Hg)

(mmHg) (M) Pre-op IOP Post op Change Post op Change Final Change Final
at 1 month at 1 month at 3 months at 3 months (%)
19-14 40 15.60+1.35 1253+223 3.08+185 1215+232 345+219 1338x25  2.06+2.11
(13.5%)
139 46 11.83+1.18 10.65%2.09 117 +£2.13 10.26 +1.76 1.57 £1.67 1097 +164 0.88+1.65
(6.9%)
p - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.013
Table 4 : Mean post-operative IOP change based on pre-operative IOP in POAG group
IOP Group Eyes Mean £ SD for IOP (mm Hg)
(mmHg) () Baseline at 1 month Change at 3 months Change Final Change Final
at 1 month at 3 months (%)
25-20 9 21.33+158 14 +£3.00 7.33%2 16.22+228 511+285 16.63+292 475+282
(22.2%)
19-14 32 1644+174 1334+272 3.09+3.06 1328+274 316+£25 13.93+233 252+282
(14.5%)
13-9 20 1.9+091 11.1+£1.45 0.8+ 1.51 10.95+1.99 0.95+1.9 11.44 +2.16 0.25+2.11
NS (2%)
p - <0.001 0.002 <0.001 <0.001 <0.001 <0.001 0.001

NS= Not significant.
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Table 5 : Mean post-operative IOP change based on pre-operative IOP in the PACG group.

IOP Group Eyes

Mean % SD for IOP (mm Hg)

(mmHg)  (n) Baseline at 1 month Change at 3 months Change Final Change Final
at 1 month at 3 months (%)
25-20 10 22.1+1.66 16.90 £ 3.14 52+3.29 16.00 £2.98 6.1+242 155+ 2.76 6.6 +2.59
(29.9%)
19-14 38  17.39+1.13 14.08+2.74 3.32+£26 13.71 £2.59 3.68+254 1434+232 297 +£2.11
(17.1%)
13-9 13 11.38+£1.33 10.15+2.23 1.23 +1.36 10.38 £ 2.14 1+£141 1045+207ns 1.27+2.28
(10.2%)
p = <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001
NS= Not significant
0.60
s
k-
3 0.40-
g
5
L]
= 0.20
0.00 T T
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Post

Figure 1: Pre-operative and post-operative mean visual acuity in 3 groups.

Figure 2: Photographs of a patient with cataract. A: Preoperative. B: One year after phacoemulsification
with intraocular lens implantation.

Discussion

Previous studies have demonstrated the effect of cataract
surgery on IOP, and results seems to vary from study to study
depending on the type of patient.

Some studies have postulated that cataract surgery is a
more effective treatment for PACG patients. However, our

research found that phacoemulsification was able to decrease
IOP in both non-glaucoma and glaucoma groups. The lowering
of IOP in both primary open-angle glaucoma and primary
angle-closure glaucoma show no significant difference.
Futhermore, pressure is more reduced than in the non-glaucoma
group every time.
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Hayashi et al.’ report results in 74 eyes with ACG and 68
eyes with OAG at the 2 years follow up. The decrease in mean
IOP from baseline to postoperative was statistically significant
in both groups (p < 0.001). The PACG group IOP decreased
from 21.4 mmHg to 14.5 mmHg (mean IOP decrease 7.2
mmHg), while the POAG group decreased from 20.7 mmHg
to 15.2 mmHg (mean IOP decrease 5.3mmHg). The PACG
group mean [IOP decreased more than the POAG group
(p = 0.02). The number of medications decreased
significantly after surgery in both groups (p < 0.0001). This
result is similar to our study.

Shingleton et al.” followed up the POAG patients,
glaucoma suspects, and normal patients 3 years after having
phacoemulsification. They found that there was a decrease in
eye pressure with statistical significance with all 3 groups. The
POAG patients showed a decrease in eye pressure at 1.4 mmHg
(p =0.0025), glaucoma suspects a decrease in eye pressure at
1.4 mmHg (p = 0.004), and in normal patients a decrease in
eye pressure at 1.7 mmHg (p = 0.0005). There was no change
in the amount of antiglaucoma drugs after the surgery. This
study postulates that the decrease of IOP is less than that
recorded in our study. The different results in this study may
be due to enrolled patients with pigment dispersion and
pseudoexfoliation in both glaucoma suspects and the
glaucoma group. Shingleton et al.'® have shown that there was
a decrease of mean IOP in both POAG and PACG patients
with statistical significance (p < 0.001) of 1.8 mmHg and 2.1
mmHg at 6 months and 12 months respectively (p = 0.32 at
6 months and p = 0.75 at 12 months). Their result may show
less of a drop in IOP than our study, however, the lower
preoperative IOP in this study could be responsible for this
difference.

Mean IOP reduction in the previous study seems to be
moving in the same direction as our study. Nevertheless, there
is a difference in the value which may due to the methodology
and preoperative IOP status.

In our study, Postoperative mean IOP reduction was 1.45
mmHg in NG, 2.17 mmHg in POAG, and 3.32 mmHg in PACG
at the 41 months follow-up. Although this value is
statistically significant, it does not appear to be clinically
relevant. However, after subgroup analysis, the final mean IOP
reduction in the baseline IOP 25 - 20 mmHg for POAG was
4.7 mmHg (22%), and PACG was 6.6 mmHg (29%). This
would be a more significant IOP reduction than the overall
result. On the other hand, while the baseline IOP is at 13 - 9
mmHg, there was no change from the pressure before surgery
which is 0.25 mmHg in POAG (p = 0.643) and 1.27 mmHg
in PACG (p =0.094). Like the study of Poley, et al."’ they have
studied the effect of phacoemulsification with intraocular lens
(IOL) implantation based on presurgical IOP. They found that
the final mean IOP reduction was 6.5 mm Hg (27%) in the 31
to 23 mm Hg and in the 14 to 9 mm Hg group, the mean IOP
at the final examination was 0.2 mm Hg higher (0.1% increase).
The decrease was most significant in eyes with the highest
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presurgical IOP and IOP remained unchanged in eyes with the
lowest presurgical IOP.

Many theories have been mentioned about the mechanism
that cataract surgery causes to reduce intraocular pressure. Kim
et al.?’ used anterior segment optical coherence tomography
in the study of anterior chamber depth and angle parameters
to compare angle-closure glaucoma and open-angle glaucoma
before and after phacoemulsification. The angle width and
ACD in eyes with glaucoma increased significantly after
phacoemulsification and IOL implantation. Thus, the result is
similar with Siak et al.’ as they found the increase of angle
parameter after phacoemulsification in POAG and PACG
patients. Another study by Zhao et al.?! used swept-source
optical coherence tomography in cataract patients after having
cataract surgery as they found that there an increase of
Schlemm’s canal area, Schlemm’s canal diameter and
trabecular meshwork length resulting in an increase of outflow
facility. The recent study by Alaghband et al.?? studied outflow
facility with electronic Schiotz tonography and found
phacoemulsification enhancement of the facility of outflow.
The decrease of postoperative IOP might be caused by both
anatomical change of the anterior chamber and the increasing
of outflow facility. However, the actual mechanism is still
unknown.

From our study, the persistent long-term reduction of IOP
after phacoemulsification with intraocular lens implantation
has the benefit of decreasing medication in the glaucoma group.
Although current antiglaucoma drugs are able to control eye
pressure well, they have both local and systemic side effects
especially if multiple drugs are used. The failure rate in the
trabeculectomy was 46.9%, and tube-shunt was 29.8% at 5
years follow up.?® Furthermore, there were severe
complications such as persistent corneal edema and retinal
detachment.?* At the very least, phacoemulsification and IOL
implantation can reduce subsequent glaucoma surgery. The
replacement of the cataractous lens with intraocular lens makes
the diagnosis of retina and optic disc easier. It also decreases
the opportunity of having high ocular pressure and sudden
acute angle-closure from cataracts in the future. However,
phacoemulsification is not suitable for every glaucoma patient
because many factors need to be considered, such as target
IOP, stage of the disease, and patient safety.

The limitation of this study is that it is a retrospective study,
based on medical records, with a limitation of available data
collection, and there was a selection bias given that a number
of patients did not follow up due to relocation and death.

Conclusion

Phacoemulsification can decrease intraocular pressure in
normal patients and glaucoma patients without depending on
angle status at both one month and three months as well as at
the follow up of 41 months. The IOP reduction was greater in
the eye with higher preoperative IOP. Later on, after surgery
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patients are using fewer glaucoma medications and have
better vision. Further studies emphasize the need for an
extensive, prospective analysis to evaluate the long term effects
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