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Abstract
To investigate the intraocular pressure (IOP) changes after cataract surgery, and its relationship with refractive conditions.
IOP after phacoemulsification with intraocular lens (IOL) implantation was retrospectively reviewed. Patients were classified into 3

groups by refractive conditions: emmetropia, mild to moderate myopia, and high myopia. Basic information was collected including
age, sex, place of IOL, and operating surgeon, with IOP and refractive conditionsmeasured before surgery, and 1, 7, 30, and 90 days
after surgery.
The study comprised 353 eyes from 353 patients, of which 175 were emmetropia, 130 were mild to moderate myopia, and 48

were high myopia. A lower IOP than baseline was observed at 7, 30, and 90 days after surgery in emmetropic and mild to moderate
myopia, while in high myopia, IOP was instable from 1 to 30 days, and reduced only in 90 days after surgery. Changes of IOP was
more significant from 1 to 7 days in emmetropic and mild to moderate myopic patients, but from 30 to 90 days in high myopia.
Patients over 75 showed a lower IOP at each follow-up than patients younger and female showed a higher baseline IOP than male.
Different surgeons might influence the IOP fluctuation at first 90 days but not the final IOP.
All patients with different refractive conditions showed a remarkably lower IOP at 90 days after cataract surgery. However, high

myopia lowered the speed of IOP reduction, which might be explained by the anatomical changes of eye structure.

Abbreviations: ECCE = extracapsular cataract extraction, IOL = intraocular lens, IOP = intraocular pressure, phaco =
phacoemulsification.
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1. Introduction

Cataract is identified as a leading cause of blindness worldwide,[1]

and the prevalence of cataract has been increasing in recent years
as incidence of cataract is age-related[2] and the aging of
population has become a global problem.[3] Cataract surgery has
been performed for years and was proved to be valuable in visual
improvement.[4] Numerous studies have reported that cataract
surgery played a key role in the reduction of intraocular pressure
(IOP) in both glaucoma and nonglaucoma patients,[5] and a
recent study revealed that surgery of cataract showed great
efficacy, recommending cataract surgery to be a 1st-line
treatment for patients with glaucoma.[6] However, factors that
might influence the reduction of IOP after cataract surgery
remains to be elucidated.
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Several factors influencing the IOP after cataract surgery have
been explored in previous studies. Preoperative IOP value was
considered a predictive factor of IOP after surgery in open-angle
glaucoma,[7] and anatomic changes like increase in anterior
chamber depth, angle opening, and posterior capsule moving
posteriorly have been reported to be the risk factors for IOP
elevation.[8,9,17]

Myopia is the most common medical conditions of the eyes,
and the prevalence of myopia has been increasing in recent years,
especially in eastern Asia.[10] Myopia, especially pathologic
myopia, might induce anatomical changes like chorioretinal
thinning with the elongation of visual axis, and further lead to
some ophthalmic complications such as glaucoma and rhegma-
togenous retinal detachment.[11] Although a notable correlation
between myopia and IOP elevation has long been identified,[12,13]

the role of myopia in IOP after cataract surgery remains unclear.
In this study, a retrospective cohort study was performed to

assess the changes of IOP and the role of myopia in IOP after
cataract surgery.

2. Methods

2.1. Study design and participants

This study was a retrospective cohort study conducted according
to the principles of the Declaration of Helsinki and was approved
by the Human Research and Ethics Committee of Peking
University ThirdHospital. All information was collected from the
follow-up system of cataract surgery in Department of
Ophthalmology.
The study included patients: with a diagnosis of age-related

cataract; who finished preoperative examinations; receiving a
phacoemulsification (phaco)/extracapsular cataract extraction
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(ECCE) and intraocular lens (IOL) implantation under topical
anesthesia; and who participated in the follow-ups in the first 3
months after surgery. For this study, records of the following
conditions were excluded in patients: with uncontrolled systemic
disease and eye diseases other than cataract and refractive errors
(especially glaucoma or inflammatory eye disease that might
affect the IOP); who had intraocular surgery before the study;
receiving general anesthesia during the surgery; and under the age
of 18.
Eventually, 353 eyes were enrolled in this study.
2.2. Clinical evaluation

The clinical assessments of the enrolled subjects were carried out
in following order: basic information collection (including age,
sex, place of IOL, and operating surgeon), presurgery examina-
tions (refractive conditions and IOP), and postsurgery examina-
tions at each follow-up (refractive conditions and IOP).

2.2.1. Evaluation of refractive conditions. The objective
monocular refractive condition for the operating eye was
measured before surgery, using Nidek Auto Ref/Keratometer
ARK-730A (Nidek Co Ltd, Aichi, Japan), and the implanted IOL
was determined by IOL-Master 500 (Carl Zeiss Meditec, Jena,
Germany). As a result of the opacity of lens, no studies before
have successfully evaluated refractive power in cataract patients,
and the final refractive diopter in this study was determined
following a 4-step procedure:
Patients’ history: for the long-term follow-up patients, an initial

evaluation was conducted by the latest follow-up information of
patients’ history in refractive conditions recorded in our follow-up
system. And for newly diagnosed patients without follow-up
records, the refractive conditionswere evaluatedmainlyby the self-
reported refractive history and the diopter of currently worn
glasses. A refractive history of 0 to �0.25D was preliminary
defined as emmetropia, �0.5 to �5.75 as mild to moderated
myopia, and �6.0 and higher as high myopia.
All patients went through a thorough physical examination.
All patients went through Keratometer and IOL master

evaluations.
Overall assessment: to avoid the possible influence of cataract

condition on refractive diopter, patients with a mismatch of
previous history and the examination results were excluded.
The final refractive conditions were determined by an

experienced optometrist according to the results obtained during
the procedure, dividing patients into 3 groups including
emmetropia, mild to moderated myopia, and high myopia.

2.2.2. IOP measurement. All patients received a topical
anesthesia twice in both eyes with an interval of 5 minutes,
then applied with sodium fluorescein, and IOP was taken as an
average of 2 readings by Goldmann tonometry. The performer of
these measurement was masked to the research program and
refractive conditions of the patients. Data of IOP in the surgery
eye was recorded in follow-up system of cataract surgery in
Department of Ophthalmology, Peking University Third Hospi-
tal. IOPwasmeasured at same time of the day before surgery, and
at 1, 7, 30, and 90 days after surgery.
DIOP at each follow-up was defined as IOP at this follow-up

minus IOP at last follow-up (e.g., DIOP at 30 days= IOP at 30
days–IOP at 7 days). Total IOP Change at each follow-up was
defined as IOP at each follow-up minus IOP before surgery (e.g.,
Total IOP Change at 30 days= IOP at 30 days–IOP before
surgery).
2

2.3. Statistical analysis

Statistical analyses were conducted using SPSS software version
22.0 (SPSS, Inc., Chicago, IL). For each analysis, grouped and
over-all analyses were performed. Basic characteristics of the 3
groups were described using descriptive statistics including
means, standard deviations for continuous variables, and
frequencies and proportions for categorical variables. A one-
way ANOVA was used to analyze the continuously numeric
variables with a Dunnett post-hoc applied in comparison of each
group, and Chi-square test was applied in classified variables.
Paired t test was used to assess the differences of IOP at each
follow-up from baseline along with DIOP in each refractive
group. Furthermore, an independent t test was implemented to
determine differences in IOP at each time point as well as Total
IOP Changes between 2 groups, and a one-way ANOVA was
applied between 3 refractive conditions. Finally, the same
procedure mentioned above was employed after stratifying by
age (�75 and >75 years), gender, and operating surgeon,
respectively. A P value less than .05 was considered significant.
3. Results

A total of 353 eyes of 353 patients who underwent cataract
surgery at Peking University Third Hospital between the period
of December 2016 and September 2017 and fit all of the inclusion
criteria were enrolled, of which 175 were emmetropia, 130 were
mild to moderate myopia, and 48 were high myopia. Patient
demographics are shown in Table 1.
Characteristics including sex, place of implanted IOL, and

operating surgeon were matched between groups, with a
significant younger age observed in high myopia group than
emmetropia group (P= .011). Of these patients, 332 patients
finished the follow-up at 1 day after surgery, 276 at 7 days, 190 at
30 days, and 86 at 90 days. The lost data mainly came from
patients who were from areas other than Beijing and chose to
finish the follow-up at local hospitals.

3.1. Differences of IOP at each follow-up

Figure 1 shows the IOP at each follow-up in all subjects and in 3
groups separately. Overall, IOP at 1 day after surgery (14.8±6.1)
was higher than IOP before surgery (14.3±3.3), while it did not
reach a statistical significance (P= .105). IOP at 7 days (12.6±
4.4), 30 days (12.2±3.2), and 90 days (12.1±2.8) was
significantly lower than that before surgery (all with P< .001),
and the mean IOP was significantly lower at 7 days compared
with that at 1 day (P< .001), 30 days compared with 7 days
(P= .029), and 90 days compared with 30 days (P= .005). These
results indicated that IOP was decreasing with the elongation of
time after surgery (Fig. 1D).
Emmetropic patients showed a higher IOP at 1 day after

surgery (14.8±5.6) than that before surgery (14.3±3.2), while it
did not reach a statistically significant difference (P= .294). IOP
at 7 days (12.8±4.5), 30 days (12.1±3.3), and 90 days (12.7±
2.9) was significantly lower than that before surgery (all with
P< .001), and the mean IOP was significantly lower at 7 days
compare with 1 day (P< .001), IOP at 30 days was lower than
that at 7 days, while it did not reach a significant difference
(P= .061), and IOP at 90 days was higher compared with 30
days, which did not reach a statistically significant level either
(P= .126) (Fig. 1A).
Myopic patients were subcategorized into mild to moderate

myopia and severe myopia, and the results indicated that mild to



Table 1

Basic characteristics of enrolled subjects.

Objectives Emmetropia (n=175) Mild myopia (n=130) High myopia (n=48) P value

Age, mean (SD) 72.1 (9.9) 71.0 (10.0) 68.0 (7.9)
∗

.038
∗∗

Sex, n, %
Male 68 (38.9%) 51 (39.2%) 23 (47.9%)
Female 107 (61.1%) 79 (60.8%) 25 (52.1%) .504

Place of IOL, n, %
Capsule 170 (97.1%) 126 (96.9%) 45 (93.8%)
Ciliary groove 3 (1.7%) 1 (0.8%) 1 (2.1%)
Hanging 2 (1.1%) 3 (2.3%) 2 (4.2%) .638

Operating surgeon, n, %
Surgeon 1 123 (70.3%) 97 (74.6%) 33 (68.8%)
Surgeon 2 19 (10.9%) 13 (10.0%) 7 (14.6%)
Surgeon 3 4 (2.3%) 3 (2.3%) 0 (0%)
Surgeon 4 29 (16.6%) 17 (13.1%) 8 (16.7%) .845

IOL= intraocular lens, Mild myopia=mild to moderate myopia, n=number, SD= standard division.
∗
P< .01 between emmetropia and high myopia group.

∗∗
P< .05 between 3 groups.
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moderate myopia showed a rather similar result to emmetropic
patients, as IOP at 1 day (14.9±6.7) was higher than IOP before
surgery (14.3±3.5) while it did not reach a statistically significant
difference (P= .218), and IOP at 7 days (12.2±3.9), 30 days
(11.8±2.8), and 90 days (11.8±2.8) were significantly lower
than that before surgery (all with P< .001). IOP was significantly
lower at 7 days compared with 1 day (P< .001), IOP at 30 days
was lower than that at 7 days, while it did not reach a significant
difference (P= .103), and IOP at 90 days was slightly higher
compared with 30 days with no statistical significant difference
either (P= .173) (Fig. 1B).
Meanwhile, IOP in high myopia showed a higher IOP at 1 day

(14.6±6.4) and lower IOP at 7 days (13.1±5.4) and 30 days
(13.8±3.2) comparedwith IOP before surgery (14.0±3.0), while
it did not reach a statistically significant level (P= .531, P= .305,
and P= .053, respectively). IOP at 90 days (11.4±2.5) was
significantly lower than IOP before surgery (P< .001). IOP at 7
days compared with 1 day (P= .180), 30 days compared with 7
days (P= .666) showed no significant difference, with IOP at 30
days higher than at 7 days, while IOP at 90 days was significantly
lower than at 30 days (P= .019) (Fig. 1C).
3.2. Differences of IOP between groups

IOP before surgery showed no statistically significant difference
between emmetropic, mild to moderate myopic, and high myopic
patients (P= .904). And no IOP difference was found at 1 and 7
days between 3 groups (P= .969 and P= .479, respectively).
However, IOP at 30 days showed a great difference between
groups (P= .013), with IOP at 30 days significantly higher in high
myopia patients than that in emmetropic patients (P= .013) and
mild to moderate myopic patients (P= .003). Interestingly, IOP
were slightly higher in emmetropic group (12.7±2.9) than other
2 groups (11.8±2.8 and 11.4±2.5, respectively) at 90 days, but
it did not reach a statistically significance (P= .238) (Fig. 1E).
3.3. Differences of DIOP at each follow-up

Overall DIOP at 7 days (�2.1±5.6) was significantly higher than
that at 1 day after surgery (0.51±5.7) (P< .001),DIOP at 30 days
(�0.84±3.8) was significantly lower than that at 7 days
(P= .002), DIOP at 90 days (�0.71±2.2) was lower than that
at 30 days, while it did not reach a statistically significant level
3

(P= .783), which indicated that IOP was decreasing relatively
faster from 1 to 7 days than other follow-up period.
Emmetropic patients showed a significantly higher DIOP at 7

days (�2.1±5.5) after surgery than that at 1 day (0.45±5.6)
(P= .013), and DIOP at 30 days (�0.79±3.8) were lower than
that at 7 days, DIOP at 90 days (�0.71±2.6) were lower than
that at 30 days, while they did not reach a statistically significant
difference (P= .052 and P= .536, respectively).
Mild to moderate myopic patients, whose results were quite

similar to that of emmetropic ones, showed a significantly higher
DIOP at 7 days (�2.5±5.7) than 1 day (0.57±5.9) (P= .010). No
significant difference of DIOP was observed at 30 days (�0.57±
2.7) compared with 7 days (P= .086) and at 90 days (�0.50±
1.9) compared with 30 days (P= .397).
However, high myopic patients showed no significant

difference between DIOP at 7 days (�1.4±6.0) and 1 day
(0.52±5.5) (P= .282), and between 30 days (0.26±2.9) and 7
days (P= .116), while DIOP at 90 days (�1.2±1.6) was
significantly higher than that at 30 days, indicating that IOP
was decreasing faster from 30 to 90 days in high myopic subjects.
The results of DIOP are shown in Figure 2.

3.4. Total IOP changes at each follow-up between groups

Total IOP Change at 7 days after surgery is lower in high myopia
patients than that in mild to moderate myopic patients (P= .022),
while no significant difference was observed compared with
emmetropic group (P= .110). And Total IOP Change at 30 days
after surgery is significantly lower in high myopia patients than
that in emmetropic patients (P= .013) and mild to moderate
myopic patients (P= .005), and a notable difference between
these 3 groups were found (P= .021), which may correspond to
the IOP difference at 30 days in these groups. Although Total IOP
Change at 90 days in emmetropia (�2.9±2.9), mild to moderate
myopia (�3.6±2.9), and high myopia (�2.7±1.5) showed no
significant difference between groups (P= .238).
3.5. Subgroup analysis of patients receiving
phacoemulsification

To evaluate the postoperative IOP influence of 2 cataract
extraction methods (phaco and ECCE), subgroup analysis for
factors mentioned above was conducted only for phaco. A total

http://www.md-journal.com


Figure 1. Different intraocular pressure at each follow-up before and after surgery. (A) IOP at each follow-up before and after surgery in emmetropia patients. (B)
IOP at each follow-up before and after surgery in mild to moderate myopia patients. (C) IOP at each follow-up before and after surgery in high myopia patients. (D)
IOP at each follow-up before and after surgery in all patients. (E) Comparison of IOP between emmetropia, mild to moderate myopia, and high myopia patients. Mild
myopia, mild to moderate myopia; D, days after operation. P< .01 compared with IOP before surgery wasmarked with #. P< .05 compared with last follow-up was
marked with ∗. P< .01 compared with last follow-up was marked with ∗∗. P< .05 compared between groups was marked with D. IOP= intraocular pressure.
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of 288 in 353 subjects received a phaco along with IOL
implantation, among which 142 were emmetropia, 108 were
mild to moderate myopia and 38 were high myopia. The cataract
extraction methods were matched between 3 refractive con-
ditions (P= .818).
The postoperative IOP changes were then analyzed in 3

refraction groups. For IOP at each follow-up, emmetropic
4

patients showed a higher IOP at 1 day after surgery than that
before surgery without significant difference (P= .476). IOP at 7,
30, and 90 days was significantly lower than that before surgery
(all with P< .001), and IOP was significantly lower at 7 days
compare with 1 day (P< .001), while no significant difference
was found between 30 and 7 days as well as 90 and 30 days
(P= .197 and P= .253, respectively). Similar to emmetropic



Figure 2. Differences of changes of intraocular pressure (DIOP) between
groups. Mild myopia, mild to moderate myopia; D, days after operation. P< .05
compared with last follow-up was marked with ∗. P< .01 compared with last
follow-up was marked with ∗∗. IOP= intraocular pressure.
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patients, IOP at 1 day in mild to moderate myopia was higher
than IOP before surgery with no significant difference (P= .209),
and IOP at 7, 30, and 90 days were significantly lower than that
Figure 3. Different intraocular pressure at each follow-up divided by age and sex. (
IOP at each follow-up before and after surgery in male and female patients. (C) IOP a
after operation. P< .05 between groups was marked with ∗. P< .01 between gr

5

before surgery (all with P< .001). IOP was significantly lower at
7 days compared with 1 day (P< .001), IOP at 30 days was lower
than 7 days while IOP at 90 days higher compared with 30 days,
both with no statistical significant difference (P= .193 and
P= .163, respectively). In high myopia, we found a higher IOP at
1 day and lower IOP at 7 and 30 days compared with IOP before
surgery with no statistic difference (P= .544, P= .677, and
P= .163, respectively), along with a significantly lower IOP at 90
days than before surgery (P< .001). And no significant difference
was found between 7 and 1 day, 30 and 7 days, and 90 and 30
days (P= .356, P= .829, and P= .432, respectively).
Same as the results of all patients, subgroup analysis revealed

that IOP at 30 days showed a great difference between 3 groups
(P= .030), while no difference was found at 1, 7, and 90 days
(P= .153, P= .890, and P= .295, respectively). Based on the
results above, it is reasonable to consider IOP changes in 3
refractive conditions the same between phaco and phaco/ECCE
patients.

3.6. Relationship between IOP changes and basic
characteristics
3.6.1. Age. Figure 3A shows the characteristics and IOP results
by age. According to previous study,[14] patients are stratified into
A) IOP at each follow-up before and after surgery in patients of different age. (B)
t each follow-up before and after surgery in patients of different surgeon. D, days
oups was marked with ∗∗. IOP= intraocular pressure.

http://www.md-journal.com
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2 groups divided by the age of 75. Both groups showed an IOP
increase with no statistic significance 1 day after surgery (P= .09
for group �75 and P= .715 for group >75), and revealed a
significant IOP decrease in 7, 30, and 90 days compared with
before cataract operation (all with P< .001). When we analyzed
the IOP difference between these 2 groups, it is obvious that
patients younger than 75 showed a significantly higher IOP than
patients older than 75 before surgery (P= .020) as well as at 1, 7,
and 30 days (P= .042, P= .002, and P= .021, respectively).
Although the IOP at 90 days after surgery shows no significant
difference between different ages (P= .131). As for Total IOP
Changes, though there was a significant difference at 30 days
between 2 ages, the Total IOPChanges at 7 and 90 days remained
the same (P= .155 and P= .094, respectively).

3.6.2. Gender. IOP resultsof different sex are shown inFigure 3B.
Female patients (14.9±3.2) showeda significantly higher IOP than
male patients (13.4±3.2) before surgery (P< .001). Interestingly,
IOP of female patients decreased at 1 day after surgery than
baseline, while it did not reach a significant difference (P= .670),
and IOP at 7, 30, and 90 days was significantly lower than the IOP
before surgery (all with P< .001). Male patients showed a
significantly higher IOP at 1 day after surgery than that before
surgery (P= .002), and IOP at 7, 30, and 90 days was significantly
lower than the IOP before surgery (P= .010, P< .001, and
P< .001, respectively). As for Total IOP Changes, women had a
greater IOP reduction than men at 7 and 30 days (P= .033 and
P= .015, respectively), which may be relevant to the IOP
differences before surgery, while no significant difference was
found at 90 days (P= .764). These results indicated that baseline
IOPwasdifferent betweenmale and female,with female IOPmuch
higher than male patients, while the absolute value of IOP after
surgery were not influenced by sex.

3.6.3. Operating surgeon. IOP of patients between different
surgeons showed a significant difference at 1 day after surgery
(P< .001), even though IOP before surgery were statistically
matched between surgeons (P= .230). The first day after surgery,
patients of surgeon1 (14.0±5.3) showeda lower IOP than those of
surgeon 2 (18.5±7.7) and surgeon 3 (20.3±9.3) (P< .001 and
P= .011, respectively), and patients of surgeon 4 (15.0±6.5) lower
than those of surgeon 2 (P= .025). Patients of surgeon 1 showed a
slightly lower IOP at 1 day after surgery than that before surgery
(14.3±3.2)with no significant difference (P= .448), while patients
of surgeon 2 showed a significantly higher IOP at 1 day after
surgery than that before surgery (P= .005) and no significant
increase was found at 1 day after surgery with surgeon 3 and 4
(P= .108 and P= .160, respectively). Moreover, at 90 days after
surgery, patients of surgeon 4 (10.5±1.4) showed a lower IOP
than those of surgeon 1 (12.3±2.9) and surgeon 2 (13.0±2.9)
(P= .005 and P= .037, respectively) but not surgeon 3, as no
patients of surgeon3finished the90days’ follow-up.All patients of
different surgeons showed a significantly lower IOP at the last
follow-up after surgery (at 90 days for surgeon 1, 2, and 4, and 30
days for surgeon 3) compared with before surgery (P< .001,
P= .034, P= .011, and P= .007, respectively) and Total IOP
Changes between the 4 surgeons at 7, 30, and 90 days showed no
statistic difference (P= .179, P= .857, and P= .833, respectively).
The results are shown in Figure 3C.

4. Discussion

In this study, we explored the relationship between refractive
conditions and postsurgery IOP, and our results indicated that
6

refractive conditions may influence the IOP fluctuation in first 90
days. However, all patients with different refractive conditions
showed a significant IOP reduction at 90 days after surgery.
The IOP-lowering effect of cataract surgery has been long

known in both glaucoma and non-glaucoma patients ranging
from 3 to 60 months in previous studies,[5,15] which was
consistent with our study as all groups showed a significant lower
IOP at 90 days compared with that before surgery, described in
Figure 1. It is probably the result of the thin inserted IOL
compared with the thickness of natural crystalline lens and that
lens exchange deepens the anterior chamber.[16,17]

Transient IOP elevation in the early postoperative period after
cataract surgery has beenwell described. Previous studies showed
that IOP elevation may initiate at 2hours with amaximum at 5 to
7hours after surgery and last 24hours typically.[18,19] In a
relevant retrospective cohort study, Bonnell et al reported a
significant IOP elevation at 1 day after surgery, as 4.4% patients
had an IOP elevation of 10mmHg and 2.1% had an IOP 30mm
Hg or higher after cataract surgery.[20] In our study, IOP was
found to be slightly elevated at 1 day after surgery, while it
showed no statistically significant difference either in emmetropia
or myopia patients. The probable reason of this phenomenon
might be the inflammation reaction caused by surgery with
blood-aqueous barrier abruption, and a blockage of the
trabecular meshwork by remained lens cortical materials,
viscoelastics, inflammation cell, and pigmented debris of
iris.[21,22]

Refractive condition, represented by diopter value, has long
been proved to be positively correlated with IOP measure-
ments,[23] with high myopia being a significant risk factor for
primary open-angle glaucoma (POAG) development,[24–26] and
in patients with POAG, myopia contributed to IOP fluctuations
as well as POAG progression.[27] When it comes to the question
whether refractive condition has the same effect on IOP changes
after cataract surgery, 1 previous study observed no correlation
between spherical refractive error and IOP at 3 to 6 month after
cataract surgery,[9] while no studies focused on the role of myopia
in IOP in first 3 months after surgery. To our knowledge, our
study is the first to specifically examine the relationship between
refractive conditions and immediate IOP changes after cataract
surgery.
In our study, patients with emmetropia and mild to moderate

myopia showed exactly the same results. In these 2 groups,
shown in Figure 1, IOP after surgery presented a significant
decrease from 1 to 90 days after operation, especially at 1 to 7
days according to DIOP analysis according to Figure 2. However,
in high myopia patients, no certain key decrease was observed
from 1 to 30 days until a significant reduction was found from 30
to 90 days. This phenomenon indicated that high myopia may
lead to a more smoothly IOP change in the early postoperational
period and a relevantly delayed reduction compared with
emmetropia and mild to moderate myopia patients.
The role of myopia in IOP changes after cataract surgery

remains unclear. High myopia especially pathological myopia
had several anatomic changes including increased visual axis
length, retinal and choroidal thinning, enlarged optic disc,
peripapillary atrophy, and insufficient hemoperfusions on
choroid and the retina.[11] In our study, though IOP before
surgery was matched between groups, different patterns of IOP
change after surgery were observed.We suspect that, especially in
high myopia eyes, those anatomic changes mentioned above still
existed and remained after cataract surgery, which might have an
opposite contribution to the IOP reduction effect of cataract
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surgery. These changes might have already created more space in
the anterior chamber, especially the long visual axis length and
choroidal thinning along with thinner lens in high myopia
patients, and therefore phaco with IOL implantation surgery may
not have an instant effect on chamber angle, so the IOP reduction
may not be immediately observed in those patients.
Interestingly, when comparing the IOP between 3 refractive

conditions in each follow-up period, we found a significant
difference at 30 days, with IOP higher in high myopia patients
than that in emmetropic and mild to moderate myopic patients.
Correspondingly, an IOP increase was identified from 7 to 30
days in high myopia group. We consider this phenomenon as a
proof of the greater tendency of postoperative IOP fluctuation in
high myopia patients, which was consistent with former
studies.[27]

It is possible that the abnormal anatomic structures mentioned
above in high myopia eyes, especially the insufficient hemoper-
fusions on choroid and retina, result in small amounts of
autoregulation and lead to IOP fluctuation,[27] which has been
proved to be a risk factor for glaucoma progression.[28] Previous
study suggested that the irregular elevations of IOP may disrupt
the homeostatic compensatory mechanisms in physiological IOP
rhythmic cycles,[29] and this was confirmed by an in vivo study
concluding that fluctuations in IOP increased the density of the
trabecular meshwork,[30] which, to our knowledge, in turn lead
to an IOP elevation and could play an opposite role in the IOP
reduction effect of cataract surgery. Also these anatomical factors
may induce pathological changes in retina and optic nerve,
proved by a study showing that intermittent elevations in IOP
produce changes in optic nerve consistent with early degeneration
reported in chronic models of glaucoma.[31] As an instability of
postoperative IOP within 30 days was found in our study, we
suggest that there should be amore frequent and longer follow-up
for myopia, especially high myopia patients, and doctors should
pay more attention to the IOP changes of these patients.
As for IOP changes, though Total IOP Changes at 7 and 30

days differed between groups, we found no significant difference
with Total IOP Changes at 90 days, which proves that all the
patients achieved a satisfactory IOP reduction through cataract
surgery regardless of their refractive conditions. This might
indicate that phaco with IOL implantation surgery played a more
important role compared with structural features and the IOP
fluctuation in high myopia eyes might finally came to be steady at
30 to 90 days after operation.
We also observed a younger age in myopic patients than

control in our study (Fig. 3), which might indicate that myopia
contributed to the younger onset of cataract. This result was also
reported in previous studies as a complication of pathologic
myopia,[11] and suggested that a more frequent eye examination
for patients with myopia was required for screening and early
diagnosis of both cataract and other complications.
Previous study has found a small but statistically significant

increase in IOPwith age in western population.[32,33] Although in
several longitudinal studies focused on Asian population, IOP
was found to be inversely associated with age.[34,35] Same as the
Asian studies mentioned above, our study reveals that the mean
value of IOP before and after surgery is significantly higher in
patients younger than 75 compared with patients older, and both
achieved an effective postoperative IOP reduction. This may be
explained by the reduced production of aqueous humor through
aging,[36] which leads to a reduction of IOP, and the structural
changes in the trabecular meshwork,[37] which increase IOP by
increasing the resistance to aqueous humor outflow. The net
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change in IOP may be determined by the balance between these 2
processes, which may differ in Western and Asian populations.
And our study proves that, despite the IOP change over aging, the
final effect of phaco with IOL on IOP reduction is obvious in both
age groups.
When analyzing IOP between different sex, a significantly

higher IOP at baseline before surgery in female than that in male
was observed. Previous studies have revealed a significantly
higher IOP in female than male in young individuals,[38] and IOP
showed no significantly difference between premenopausal and
postmenopausal women.[39] The probable explanation of this
phenomenon was the effects of sex hormones, as serum
testosterone and estradiol were correlated with IOP.[39,40]

Meanwhile, IOP at each follow-up after surgery showed no
significant difference between groups, which might indicate that
cataract surgery played a more important role in IOP than sex
differences.
We also found that, though IOP before surgery were matched

between surgeons, IOP at 1 day after surgery varied in our study.
Surgeon 1 showed a lower IOP at 1 day than that before surgery
while other surgeons showed a higher one, and also the 1st-day
postoperative IOP for surgeon 1 and 4 was relatively lower than
surgeon 2 and 3. Results further reveal that at 90 days after
cataract surgery, IOP of surgeon 4 was significantly lower than
other surgeons. All patients of different surgeons reached a lower
IOP at the last follow-up after surgery than before surgery,
indicating that though different surgeons might influence the IOP
fluctuation in first 3 months, the final effect of phaco with IOL
implantation on IOP reduction remains steady. These results
pointed that factors mentioned above might also be consequences
of different performers.
Surgeons in our study were all well-trained professional

cataract surgeons, including chief surgeon 1 who had completed
more than 15,000 phaco with IOL implantation, attending
surgeon 2 and 3 completed 5000 to 15,000, and resident surgeon
4 completed 2000 to 5000 operations. We noted that there is a
smoother IOP fluctuation after surgery performed by the most
experienced surgeon, and surprisingly, the least experienced one
with even a significant lower IOP for surgeon 4 at 90 days
compared with surgeon 1, 2, and 3. Former studies have
concluded that there were a greater possibility of intraoperative
complications and 1st-day postoperational IOP elevation in
resident-performed phaco surgery compared with experienced
surgeon;[41–44] however, our study reveals a different outcome.
We consider the higher carefulness of the less-experienced
surgeon, which ensures a relatively better and thorougher
management of viscoelastics, to be the main cause of this
difference. The exclusion of several IOP-related complications in
our study may as well contribute to this result and a selection of
better patient conditions for residents should also be considered,
as it had been suggested that patients with certain characteristics
such as mature lenses and potential zonular pathology be
assigned to more experienced surgeons.[44] Also we assume that a
single surgeon does not represent all, so further studies could be
focused on increasing the number of surgeons of different
experience with a balanced patient condition.
This study explores the relationship between postcataract

surgery IOP and refractive conditions. A reduction of IOP in
different refractive conditions was observed, and refractive
conditions might influence the IOP fluctuation in first 90 days
after surgery. Our study also has some limitations. First, there
were patients from areas other than Beijing whose follow-up was
performed in local hospitals, leading to some follow-up data lost.
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Second, the protocol does not include the evaluation of chamber
angle configuration before and after surgery and there was amiss-
recording of visual axis information in follow-system, which was
matched by a paired test in each follow-up. Third, this study is a
retrospective study, whose evidence is slightly lower than that in a
prospective one. Future studies should focus on a prospective
study on cataract surgery and IOP changes, and the role of
cataract surgery in patients with a comorbidity of glaucoma and
refractive errors requires more analysis.
In summary, a significant lower IOP at 90 days than that before

surgery was found in emmetropic, mild to moderate myopic, and
high myopic patients, which indicated that cataract surgery had
an effect on IOP reduction despite the refractive conditions.
However, high myopic patients showed a lower speed of IOP
reduction with an instable IOP value in the first 30 days observed.
Further studies should be focused on the relationship between
anatomic changes of high myopic patients and their IOP after
cataract surgery.
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