Intraocular Pressure and Foveal Thickness After
Phacoemulsification
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® PURPOSE: To evaluate the natural course of intraocular
pressure (IOP) and foveal thickness during the postop-
erative period, and the correlation between them.

® DESIGN: Prospective observational case series.

® METHODS: This institutional study comprised 30 eyes
of 30 cataract patients scheduled for phacoemulsification.
IOP and foveal thickness by optical coherence tomogra-
phy (OCT) were measured preoperatively and three, six,
nine, 12, 15, 18, 21, 24 hours, five days, one month, and
two months postoperatively.

® RESULTS: The IOP was 4.7 * 2.4 mm Hg at three
hours postoperatively. The IOP increased to 23.4 = 8.1
mm Hg at six hours and 23.5 * 7.3 mm Hg at nine hours
postoperatively. The IOP was 1.9 mm Hg lower at one
month or two months postoperatively than preopera-
tively. The foveal thickness was 202.1 * 19.2 pum and
significantly higher at three hours postoperatively, and
was 182.3 * 20.5 pm, 183.2 * 22.3 pm, and signifi-
cantly lower at nine and 12 hours postoperatively than
preoperatively. The correlation between mean IOP and
mean foveal thickness is statistically significant. Fovea
thickness (microns) = 207.0476 — 1.019759 x IOP
(mm Hg), P value < .0001, adjusted R* = .8699.

® CONCLUSIONS: We found initial hypotony, an IOP
spike during six to nine hours, and a decrease of IOP at
one month and two months postoperatively. An initial
increase of the foveal thickness, a significant reduction at
nine hours and 12 hours, and an equivocal increase at
one month or two months postoperatively were also
noted. A significant negative correlation between IOP
and foveal thickness was shown. (Am ] Ophthalmol
2007;144:203-208. © 2007 by Elsevier Inc. All rights

reserved.)

MALL-INCISION CATARACT SURGERY WITH IMPLAN-
tation of a foldable intraocular lens (IOLs) is cur-
rently the preferred technique among cataract
surgeons. A rise in intraocular pressure (IOP) and some
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degree of macular edema continue to occur after unevent-
ful cataract surgery. An increase in IOP is the most
frequent complication in the early postoperative period
after cataract surgery,! and the incidence of angiographic
cystoid macular edema was 19% after uneventful phaco-
emulsification.?

Although an increase in IOP after small-incision cata-
ract surgery has been widely reported,>-16 IOP was mea-
sured only once or twice in the early postoperative period
in most studies. Only a few studies evaluated the natural
course of IOP after small-incision cataract surgery.!41¢

The introduction of optical coherence tomography
(OCT) has enabled clinicians to measure macular thick-
ness quantitatively. The latest OCT model (StratusOCT
[OCT3]; Carl Zeiss Meditec, Dublin, California, USA) was
made commercially available in 2002. It provides a theo-
retical axial resolution =10 m, although this has not yet
been proven in practice.!? OCT had been used to evaluate
macular thickness changes after uneventful cataract sur-
gery,18-25 but most studies evaluated macular thickness
in the late postoperative period. Several recent reports
showed that OCT may be useful in detecting hypotony
maculopathy,26-2° while there was no report investigating
the macular thickness changes as correlated with IOP.

The purpose of this study was to evaluate the natural
course of IOP and foveal thickness during the postopera-
tive period and the correlation between them.

METHODS

THIS PROSPECTIVE STUDY COMPRISED 30 EYES OF 30 CON-
secutive cataract patients scheduled for small clear corneal
incision cataract surgery and implantation of a foldable
IOL. Exclusion criteria were diabetes mellitus, previous
ocular surgery, glaucoma or ocular hypertension, or any
retinal disorder. Patients were excluded if the IOP re-
corded before inclusion ever exceeded 21 mm Hg; if they
were taking corticosteroids, which could increase IOP; or if
they had a corneal abnormality that prevented a reliable
IOP measurement. Patients were also excluded if any
macular lesion was detected by OCT; or if cataract was
so dense that an OCT examination was impossible or
unreliable.

All patients were operated by the same surgeon
(Y.C.L.). Tropicamide 0.5% was given for mydriasis 30
minutes before surgery. Topical alcaine anesthesia, tempo-

© 2007 BY ELSEVIER INC. ALL RIGHTS RESERVED. 203



ral clear corneal incision, soft-shell technique3® with Duo-
visc (Alcon Laboratories, Inc, Fort Worth, Texas, USA),
divide-and-conquer phacoemulsification, implantation of a
single-piece foldable IOLs (Acrysof Single-Piece IOL;
Alcon Laboratories, Inc, Fort Worth, Texas, USA), rock’n
roll technique3! to remove the ophthalmic viscosurgical
devices (OVD) as possible, closure of the clear cornea
wound with one stitch 10-0 nylon suture, and wound
sealing confirmed by intraoperative Seidel testing were
applied to all the patients.

Betamethasone ophthalmic solution 0.1% and gentamy-
cin ophthalmic solution 0.3% were applied every three
hours on the first postoperative day, four times a day in the
following four days. Then the medication was changed on
day six into betamethasone ophthalmic solution 0.1% and
sulfamethoxazole ophthalmic solution 4% four times a day
until two months postoperatively.

IOP was measured by a noncontact pneumotonometer
(NT 2000, Nidek Co, Ltd, Gamagori, Japan), and foveal
thickness was measured and analyzed by StratusOCT3
with software version 4.0. On capturing images of OCT,
standard procedures were followed to obtain optimal qual-
ity scans for analysis. The subjects were asked to look into
the objective lens and determine if the point of intersec-
tion of the red scan lines was coincident with the center of
the green fixation target. If so, the subjects were asked to
fix on the green fixation target and no further fixation
adjustment was needed. Those who could not see the green
fixation target or red scan lines were excluded. The Fast
Macular Thickness Acquisition scan was used to acquire
six 6.0 mm scans over 1.92 seconds of scanning. Care was
taken to select scans that identified the retina’s inner
limiting membrane (ILM) and the retinal pigment epithe-
lium (RPE). Only analysis prints that displayed an accu-
rately identified ILM and RPE boundary were acceptable.
Retinal thickness was measured as the distance between
these two interfaces at each measurement point along the
x-axis of the scan. Foveal thickness was defined as the
average retinal thickness of a central disk area, 1.0 mm in
diameter, centered on the fixation of the patient. The
measurements of IOP and foveal thickness were performed
by the same experienced operator at just before operation,
every three hours on the first postoperative day (that is
three, six, nine, 12, 15, 18, 21, and 24 hours postoper-
atively), five days, one month, and two months postop-
eratively. Three readings were taken for both IOP and
OCT, and the average of the three readings was used each
time. We certified that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this research.

® STATISTICAL ANALYSIS: Paired t test was used to
compare the differences between preoperative and postop-
erative IOP and foveal thickness measurements. A P value
of .05 or less was considered statistically significant. How-
ever, because of the large number of comparisons (11 for
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TABLE 1. The Intraocular Pressure Measurements Before
and After Phacoemulsification (n = 30)

Time IOP (mm Hg) P value
Postoperative (baseline) 145 +2.9
Postoperative 3 hours 47*24 <.0001”
Postoperative 6 hours 23.4 + 8.1 <.0001*
Postoperative 9 hours 235+73 <.0001*
Postoperative 12 hours 22.0 +6.2 <.00017
Postoperative 15 hours 19.4 +5.0 <.00017
Postoperative 18 hours 18.8 = 4.9 <.00017
Postoperative 21 hours 172 £42 .0003*
Postoperative 24 hours 16.9 = 4.7 .0086
Postoperative 5 days 13.2+ 3.4 .0122
Postoperative 1 month 12.6 = 3.0 .00017
Postoperative 2 months 12.6 £ 2.7 <.00017

IOP = intraocular pressure.
“Comparison was significantly different from baseline at the
.05 level by paired t test and the Bonferroni adjustment.
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FIGURE 1. Bar graph showing intraocular pressure (IOP)
before and after phacoemulsification. (*)Comparison with pre-
operative IOP was significantly different at the .05 level by
paired t test and the Bonferroni adjustment.

both IOP and foveal thickness measurements), the Bon-
ferroni adjustment was used to lower the chance of a
statistically significant difference based on chance alone.
The significance level was divided by the number of
comparisons (11) using the Bonferroni adjustment. Thus,
the P value must be less than .0045 to be considered
statistically significant. Simple linear regression was used
to detect the correlation between IOP and foveal thick-
ness. The Student ¢t test was used to compare the foveal
thickness between those who had IOP equal to or less than
5 mm Hg and those whose IOP measurements were higher
than 5 mm Hg at three hours postoperatively. The software
Stata 8.0 (StataCorp LP, College Station, Texas, USA)
was used for statistical analysis.

RESULTS

THE MEAN AGE OF 21 MEN AND NINE WOMEN WAS 68.4 + 9.4
years (range, 53 to 85 years). Table 1 and Figure 1 shows
the course of IOP over time. Compared with preopera-
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TABLE 2. The Foveal Thickness Before and After
Phacoemulsification (n = 30)

Time OCT-Fovea P value
Postoperative (baseline) 191.0 = 22.0
Postoperative 3 hours 202.1 £19.2 .00247
Postoperative 6 hours 186.6 = 22.0 .0701
Postoperative 9 hours 182.3 £20.5 .0004*
Postoperative 12 hours 183.2 = 22.3 .0026”
Postoperative 15 hours 186.2 = 24.6 .0834
Postoperative 18 hours 187.5 = 24.2 .2604
Postoperative 21 hours 188.5 = 20.5 .2680
Postoperative 24 hours 190.5 = 22.4 .8324
Postoperative 5 days 190.2 £ 22.7 .7084
Postoperative 1 month 197.3 = 22.7 .0372
Postoperative 2 months 196.6 = 19.8 .0345

OCT = optical coherence tomography.
“Comparison was significantly different from baseline at the
.05 level by paired t test and the Bonferroni adjustment.
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FIGURE 2. Bar graph showing foveal thickness before and
after phacoemulsification. (*)Comparison with preoperative
intraocular pressure (IOP) was significantly different at the .05
level by paired t test and the Bonferroni adjustment.

tively, the IOP was significantly lower at three hours, one
month, or two months postoperatively and significantly
higher at six, nine, 12, 15, 18, or 21 hours postoperatively.

Table 2 and Figure 2 shows the course of foveal
thickness. The foveal thickness was significantly higher at
three hours postoperatively, and was significantly lower at
nine and 12 hours postoperatively than preoperatively.

Figure 3 shows the relationship between IOP and
foveal thickness. Fovea thickness (microns) = 207.0476
—1.019759 X IOP (mm Hg), the P value < .0001, and the
adjusted R? = .8699. The correlation between IOP and
foveal thickness is statistically significant.

There were 22 patients with IOP measurements equal to
or less than 5 mm Hg and eight patients with IOP higher
than 5 mm Hg at three hours postoperatively. In those
patients who had IOP measurements equal to or less than
5 mm Hg, the foveal thickness was 202.7 = 19.0 pm. In
those patients with IOP higher than 5 mm Hg, the foveal
thickness was 200.6 = 20.9 wm. There was no significant
difference between these two groups.
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OCT-fovea = 207.0476 - 1.019759 x IOP,
p<0.0001, Adj R®= 0.8699
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FIGURE 3. The correlation between intraocular pressure
(IOP) and foveal thickness before and after phacoemulsifica-
tion. Each ¢ represented the mean IOP and mean foveal
thickness at a given time. A significant negative correlation
between mean IOP and mean foveal thickness was found.

DISCUSSION

WE FOUND INITIAL HYPOTONY WITHIN THE THREE HOURS
after surgery. Our finding was similar to that of Shingleton
and associates®? who found initial hypotony (<5 mm Hg)
in 20.5% of eyes 30 minutes postoperatively, and of
Vasavada and associates' who found initial hypotony
within two hours after surgery. The hypotony in our study
was transient and IOP was elevated to 23.4 * 8.1 mm Hg
six hours postoperatively. A recent study by Masket and
Belani suggested that IOP remained reasonably stable
relative to the level set at the conclusion of the procedure
in the presence of a sealed clear corneal wound.?? In their
study, IOP was measured intraoperatively at the conclu-
sion of each procedure and set between 15 mm Hg and 20
mm Hg. No patient had an IOP less than 10 mm Hg
between two hours and six hours after the conclusion of
each procedure. They suggested proper wound construc-
tion to prevent short-term ocular hypotony after corneal
incision cataract surgery. In our study, wound sealing was
also confirmed at the conclusion of each procedure, but
initial hypotony was noted in most cases. We believe that
the key is the IOP setting at the conclusion of procedure.
Our surgeon set the IOP low at the conclusion of the
procedure for prevention of high IOP spike postopera-
tively. The IOP might remain stable during the early hours
postoperatively, just as Masket and Belani suggested. There
was reasonably initial hypotony in our study.

The course of IOP increase after cataract surgery was
different between previous two studies. In the study of
Rainer and associates, peribulbar anesthesia and chon-
droitin sulfate 4%-sodium hyaluronate 3% (Viscoat; Al-
con Laboratories, Inc, Fort Worth, Texas, USA) as OVD
were used, and the IOP was measured by Schigtz tonom-
etry and adjusted to 20 mm Hg at the end of surgery. The
mean IOP reached the peak increase of 13.4 = 9.4 mm Hg
after one hour.1¢ In the study of Vasavada and associates,
hydroxypropyl methylcellulose 2% (Viscomet; Milmet
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Laboratories Pvt, Ltd, Baroda, India) was used as OVD,
and the IOP peaked between six hours and 10 hours
postoperatively.'4 Qur data showed that the IOP spike
occurred between six hours to nine hours postoperatively,
similar to the study of Vasavada and associates.

The IOP was significantly lower at one month (12.6 +
3.0 mm Hg) and two months (12.6 = 2.7 mm Hg)
postoperatively than preoperatively (14.5 = 2.9 mm Hg).
A similar finding was noted in the study of Schwenn and
associates.® Although statistical significance was not iden-
tified, they reported a decrease of 0.6 mm Hg in the
sclerocorneal tunnel group and a decrease of 1.5 mm Hg in
the clear corneal group at five months postoperatively. In
our study with temporal clear corneal incision, the mean
IOP at two months postoperatively was 1.9 mm Hg lower
than the mean IOP preoperatively.

Since the introduction of OCT, the study of changes of
macular thickness after cataract surgery has drawn much
interest. However, a conclusive result has not been
reached yet. Some studies found no statistical differ-
ence.!920 Some studies reported that macular thickness
increased after cataract surgery.'821.24 Others reported a
decrease of foveal thickness after cataract surgery,2223
though measurement with retina thickness analyzer (RTA) as
the key instrument was criticized in Cohen and Patel’s
study.?* In spite of the diversity of results, a consensus is
that the changes, if they exist, occur primarily in the
central macular region.21:2324 Therefore, foveal thickness
was used as the main parameter in our study.

The foveal thickness measurement was 191.0 = 22.0
pm preoperatively, increased to 202.1 = 19.2 pm at three
hours postoperatively, and then decreased to 182.3 = 20.5
pm at nine hours and 183.2 * 22.3 wm at 12 hours
postoperatively. After that, it increased and measured
196.6 = 19.8 pm at two months postoperatively. The
P value of the comparison from preoperative baseline was
.0372 for postoperative one month and .0345 for post-
operative two months. They did not reach statistical
significance because we used a strict statistical method —
the Bonferroni adjustment. Statistical use of the Bon-
ferroni adjustment is sometimes questionable. It is
highly conservative and reduces the type I error, but it
may falsely increase the type II error and may miss real
differences.

Previous reports showed that OCT may be useful in
detecting hypotony maculopathy after filtering sur-
gery,26-29 and an increase of retinal thickness in the fovea
with hypotony was noted.2628 In our study, the foveal
thickness was increased from 191.0 * 22.0 wm preopera-
tively to 202.1 = 19.2 wm three hours postoperatively,
when hypotony was also noted. The foveal thickness was
significantly reduced at nine hours and 12 hours postoper-
atively, when elevation of IOP was also noted. Thus, the
dynamic changes of the mean foveal thickness seemed to
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run an inverse course to mean [OP. A significant negative
correlation between mean IOP and mean foveal thickness
was found in our study.

The difference of foveal thickness was not statistically
significant between those who had IOP measurements
equal to or less than 5 mm Hg and those whose IOP
measurements were higher than 5 mm Hg at three hours
postoperatively. Although we separated them into those
who did and did not have hypotony soon after surgery,
there was not much difference of IOP between these two
groups. In fact, seven out of eight patients whose IOP
measurements were higher than 5 mm Hg had IOP less
than 10 mm Hg. Besides, the case number was 22 and eight
in each group, which led to insufficient power to detect the
difference. The standard deviation of macular thickness
was about 20 wm in our study and also in another study.3¢
It takes a large sample size to detect true small difference
with that standard deviation.

The correlation between IOP and foveal thickness was
an interesting finding in our study, though the cause effect
relationship could not be established. We did not think
that IOP alone was causing the changes of foveal thick-
ness. But for inflammatory mediators, profound hypotony
with vessel leakage of just opening the eye, recurrent high
and low IOP of phacoemulsification, etc, IOP might not
be able to cause the changes. As we all know, there are
blood-retina barrier and blood-aqueous barrier. We believe
that only when these barriers are affected can IOP cause
such changes of foveal thickness. Hypotony maculopathy,
which showed increased foveal thickness by OCT, re-
solved after elevation of IOP.?*~?® Kokame and associ-
ates?’ suggested application of a modified concept of the
hypothesis by Starling®®> — F = C X [(Phc - Pht) + (Pcollt -
Pcollc)], where C = constant, Phc = mean hydrostatic
pressure in capillary, Pht = hydrostatic pressure in tissue
fluid, Pcollt = colloid osmotic pressure in tissue fluid, and
Pcollc = mean colloid osmotic pressure in capillary. Low
IOP represents low tissue hydrostatic pressure, resulting in
a higher hydrostatic pressure gradient across retinal capil-
laries, which promotes a net movement of fluid into the
extracellular spaces. Higher IOP means higher hydrostatic
tissue pressure in the Starling law and results in less outflow
of fluid from retinal capillaries. This might also be appli-
cable to macular edema after cataract surgery. If increased
foveal thickness measured by OCT means macular edema,
elevated IOP might have a favorable effect on macular
edema after phacoemulsification. This does not mean
that we should leave high IOP alone, which of course
leads to axon damage. But postoperative, mild, and
short-term elevation of IOP, which is tolerable to optic
nerve, might deserve observation instead of aggressive
treatment to lower IOP. Further study is needed to confirm
this theory.

In summary, we found initial hypotony, an IOP spike
during six to nine hours, and a decrease of IOP at one
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month and two months postoperatively. An initial in-
crease of the foveal thickness, a significant reduction at
nine hours and 12 hours, and an equivocal increase at one

month or two months postoperatively were also noted. A
significant negative correlation between IOP and foveal

thickness was shown.
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REPORTING VISUAL ACUITIES

The AJO encourages authors to report the visual acuity in the manuscript using the same nomenclature that was used in
gathering the data provided they were recorded in one of the methods listed here. This table of equivalent visual acuities
is provided to the readers as an aid to interpret visual acuity findings in familiar units.

Table of Equivalent Visual Acuity Measurements

Snellen Visual Acuities

4 Meters 6 Meters 20 Feet Decimal Fraction LogMAR
4/40 6/60 20/200 0.10 +1.0
4/32 6/48 20/160 0.125 +0.9
4/25 6/38 20/125 0.16 +0.8
4/20 6/30 20/100 0.20 +0.7
4/16 6/24 20/80 0.25 +0.6
4/12.6 6/20 20/63 0.32 +0.5
4/10 6/15 20/50 0.40 +0.4
4/8 6/12 20/40 0.50 +0.3
4/6.3 6/10 20/32 0.63 +0.2
4/5 6/7.5 20/25 0.80 +0.1
4/4 6/6 20/20 1.00 0.0
4/3.2 6/5 20/16 1.25 -0.1
4/2.5 6/3.75 20/12.5 1.60 -0.2
4/2 6/3 20/10 2.00 -0.3

From Ferris FL Ill, Kassoff A, Bresnick GH, Bailey I. New visual acuity charts for clinical research. Am J Ophthalmol 1982;94:91-96.
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