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Purpose: To assess long-term changes in intraocular pressure (IOP) and the development of glaucoma after early 

phacoemulsification in acute primary angle closure.

Methods: Retrospective chart review of acute primary angle closure patients treated with phacoemulsification in 

attack eyes versus fellow eyes. Within a month after the angle closure attack, all subjects underwent cataract 

surgery and were divided into two groups: group A received cataract surgery on their attack eyes. Group B also 

received cataract surgery on their fellow eye after phacoemulsification of the attack eyes. Study outcomes were 

the prevalence of IOP rise (occurrence of IOP >21 mmHg) and the incidence of newly developed glaucoma.

Results: Eighty-nine eyes were included, with 62 attack eyes in group A and 27 fellow eyes in group B. Group A 

(14 eyes, 22.58%) had a higher cumulative rate of IOP rise than group B (3 eyes, 11.11%) at 12 months (p = 0.001). 

Newly developed glaucoma was not observed in group B; however, 6 patients in group A developed glaucoma 

during the 12-month follow-up period (p < 0.001).

Conclusions: The attack eyes treated with phacoemulsification showed a significantly higher prevalence of IOP 

rise and newly developed glaucoma than fellow eyes that received phacoemulsification. These findings suggest 

that there is a possibility of IOP rise and development of glaucoma even when angle closure and successful IOP 

control have apparently been achieved after phacoemulsification.
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Acute primary angle closure (APAC) is a sudden intra-
ocular pressure (IOP) increase caused by abrupt occlusion 
of the drainage angle due to an exaggerated pupillary 
block. There is a high incidence of APAC in populations of 

East Asian origin [1]. The standard treatment modalities 
for APAC include the use of IOP-lowering medications and 
relief of pupillary block by laser peripheral iridotomy (LPI) 
[2,3]. Meanwhile, the lens plays an important role in the 
pathogenesis of APAC. The lens may narrow the angle by 
pushing the peripheral iris forward, and this effect will be 
more significant if the lens is affected by cataracts [4,5]. 
Hence, lens extraction in acute angle closure has had 
promising results and may result in less long-term periph-
eral anterior synechia (PAS) formation [6,7]. 
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However, not all APAC cases treated with lens extraction 
have stable long-term outcomes. Husain et al. [8], prospec-
tively studied 19 Singaporean patients treated with 
phacoemulsification or LPI in APAC. With failure defined 
as either an IOP between 22.0 and 24.0 mmHg or IOP of 
25.0 mmHg during follow-up, the Kaplan-Meier survival 
estimate for success was about 90% over 2 years. Despite 
uncomplicated lens extraction, six patients (32%) required 
IOP-lowering medications, of which 2 (11%) were consid-
ered failures because of high IOP. 

In this study, we conducted a retrospective chart review 
of APAC patients treated with early lens extraction by 
phacoemulsification. This study was performed to ascer-
tain whether there are differences in the IOP rise and de-
velopment of glaucoma between attack eyes and fellow 
eyes after phacoemulsification. We examined the hypothe-
sis that long-term IOP control after phacoemulsification in 
attack eyes is not always successful because severe IOP el-
evation during an angle closure attack can induce trabecu-
lar meshwork damage.

Materials and Methods 

This study was conducted at a university-based tertiary 
eye center. Patients were retrospectively recruited between 
October 2010 to November 2015. The study followed the 
declaration of Helsinki. Ethical approval was obtained 
from the institutional review board/ethics committee of 
the Hallym University Sacred Heart Hospital (2016-I131) 
and the informed consent was waived. and the informed 
consent was waived. This retrospective chart review in-
cluded patients with a diagnosis of APAC who underwent 
cataract surgery. All patients had undergone a previous 
LPI in their attack eyes within days after the angle closure 
attack and had prophylactic LPI in their fellow eye. Within 
a month after the angle closure attack, all subjects received 
lens extraction by phacoemulsification with intraocular 
lens implantation. We divided the study subjects into two 
groups. Group A received cataract surgery on their attack 
eye, while group B also received cataract surgery on the 
fellow eye after lens extraction from attack eyes. All pa-
tients completed a minimum of 12 months of post-inter-
vention follow-up.

Inclusion and exclusion criteria  

The following criteria were used to define APAC cases 
[9]: (1) presence of at least two of the following symptoms: 
ocular or periocular pain, nausea/vomiting, or both, or an 
antecedent history of intermittent blurring of vision with 
haloes; (2) presenting IOP of more than 21 mmHg (as mea-
sured by Goldmann applanation tonometry) and the pres-
ence of at least three of the following signs: conjunctival 
injection, corneal epithelial edema, mid-dilated unreactive 
pupil, and shallow anterior chamber; and (3) the presence 
of an occluded angle in the affected eye, verified by go-
nioscopy.

The exclusion criteria [10] were (1) definite PAS forma-
tion over 1 quarter of a degree observed before and after 
lens extraction; (2) preoperatively diagnosed chronic angle 
closure glaucoma (CACG); (3) glaucomatous damage ob-
served before and immediately after lens extraction; (4) 
ophthalmic disease that could affect IOP, other than cata-
racts; (5) any other intraocular surgery; and (6) secondary 
angle closure, such as lens-induced glaucoma, neovascular 
glaucoma, or uveitis. CACG eyes excluded from this study 
had a chronic IOP elevation over 21 mmHg (prior to treat-
ment) along with glaucomatous optic neuropathy, corre-
sponding visual field defects, and iridotrabecular contact 
over 3 quadrants on gonioscopy, along with a variable 
amount of PAS.

Outcomes measures  

The primary outcome was the prevalence of IOP rise, 
which was defined as IOP >21 mmHg after weaning off 
glaucoma-related medication at 12 months and the preva-
lence of newly developed glaucoma. Secondary outcomes 
included mean IOP at each follow-up period and glaucoma 
medications required to maintain IOP ≦21 mmHg.

Data were collected on visual acuity (VA), IOP, number 
of topical and oral glaucoma medications, and preoperative 
gonioscopic examination at 1, 3, 6, and 12 months postop-
eratively. The preoperative and postoperative IOP values 
were derived from a mean of 2 IOP readings on 2 separate 
days using the Goldmann applanation tonometer. During 
every follow-up exam, IOP measurements and gonioscopic 
assessment of the drainage angle were made by a single 
trained glaucoma specialist and included a record of the 
extent of PAS formation in degrees of circumference, and 
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the iridotrabecular angle width. The latter was estimated 
as the angle in degrees between a tangent to the surface of 
the trabecular meshwork and a tangent to the peripheral 
third of the iris, recorded using the Shaffer grading system 
and expressed as the mode of all 4 quadrants. Dynamic 
gonioscopy was used to detect the presence of PAS unless 
the angle was clearly wide open. PAS was defined as ab-
normal adhesion of the iris to the angle at least half a clock 
hour wide. VA was measured using the Snellen chart. Cat-
aract grade were assessed by the Lens Opacities Classifica-
tion System III. 

A test for glaucoma was commonly performed within 1 
to 2 months after cataract surgery. After that, the patient 
underwent regular visual field testing and optic nerve ex-
amination (disc photo, red-free retinal nerve fiber layer 
photo, and optical coherence tomography) at 4- to 6-month 
intervals according to the date of the outpatient visit.

Procedures 

All lens extraction surgery used phacoemulsification 
plus intraocular lens implantation performed by one sur-
geon. Under topical anesthesia, a 3.0-mm clear corneal in-
cision was made. After standard phacoemulsification was 
performed, a posterior chamber intraocular lens with a 
6.0-mm optic (intraocular lens; I-Flex, I-Medical Ophthal-
mic International Heidelberg, Heidelberg, Germany) was 
implanted. Because most eyes had mild or worse lens 
opacity, cataract surgery was performed to improve VA. 

However, when IOP was controlled poorly despite maxi-
mal topical or systematic medications, the eyes with a clear 
lens were treated with cataract surgery.

Statistical analysis  

All analyses were performed using SPSS ver. 13.0 (SPSS 
Inc., Chicago, IL, USA). Data are expressed as mean val-
ues ± standard deviation of the mean and categorical vari-
ables were expressed as individual counts and proportions. 
Differences between the two groups were analyzed statis-
tically using the independent samples t-test, Mann-Whit-
ney U-test, Pearson’s chi-square test, and the paired t-test. 
A Cox proportional hazard model was constructed to de-
termine the significance of various predictors for IOP rise. 
A probability value of 0.05 was considered statistically 
significant for all analyses.

Results

Of 67 consecutive patients, three were excluded due to a 
PAS over 1 quarter after phacoemulsification and two pa-
tients were excluded due to lens subluxation. Therefore, 62 
eyes of 62 Korean subjects were included; 62 attack eyes 
in 62 patients made up group A and 27 fellow eyes in 27 
patients made up group B. Patients in the two treatment 
groups were comparable in terms of most baseline charac-
teristics. Baseline demographics and presenting clinical 

Table 1. Baseline demographics and presenting clinical features for all subjects

Group A* (n = 62) Group B† (n = 27) p-value

Mean age (yr) 67.32 ± 8.4 69.78 ± 7.83 0.457‡

Sex (male : female) 11 : 51 4 : 23 0.653§

Laterality (right : left) 33 : 29 12 : 15 0.342§

IOP at presentation (mmHg) 45.56 ± 9.56 17.23 ± 1057 <0.001‡

Visual acuity (Snellen chart) 0.215 ± 0.29 0.71 ± 0.54 <0.001‡

Mean Shaffer gonioscopy grading 1.70 ± 0.46 1.31 ± 01.96 0.324‡

Spherical equivalent (diopters) 0.88 ± 1.5 0.26 ± 1.96 <0.001‡

Axial length (mm) 22.50 ± 0.69 22.62 ± 0.55 0.704‡

Mean LOCS III scores 2.58 ± 1.3 2.19 ± 1.26 0.517‡

Time for phacoemulsification after attack (wk) 1.78 ± 1.5 3.5 ± 2.1 <0.001‡

Values are presented as mean ± standard deviation or number. 
IOP = intraocular pressure; LOCS III = lens opacities classification system III.
*Attack eyes group; †Fellow eyes group; ‡Independent samples t-test; §Pearson’s chi-square test.
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features are shown in Table 1. There were no significant 
differences between the groups in age, gender, laterality, 
peripheral anterior chamber width (Shaffer gonioscopic 
grading), and axial length. As expected, worse VA, higher 
IOP at presentation, and more myopic refractive values 
were observed in group A (p < 0.001 for all). In addition, 
the mean period between the attack and lens extraction 
procedures was shorter for attack eyes than for fellow eyes 
(p = 0.000). Table 2 shows the change in mean IOP levels 
over time in attack eyes versus fellow eyes. There were no 
statistically significant differences from one week after 
lens extraction to the 12-month follow-up visit. 

Contrary to the mean IOP distribution, there was a nota-
ble difference in the prevalence of IOP rise (IOP >21 
mmHg) between the two groups. The number of eyes that 
showed an IOP rise in group A and group B, respectively, 
was 5 versus 2 at 1 month, 3 versus 1 at 3 months, 3 versus 
0 at 6 months, and 2 versus 0 at 12 months (Table 3). The 

cumulative rates of IOP rise in groups A and B were 8.06% 
versus 7.40% (p = 0.709) at 1 month, 12.90% versus 11.11% 
(p = 0.320) at 3 months, 17.74% versus 11.11% (p = 0.085) 
at 6 months, and 22.58% versus 11.11% (p = 0.001) at 12 
months. The attack eyes had a prevalence of IOP rise (14 
eyes, 22.58%) that was twice as high as the fellow eyes 
group (3 eyes, 11.11%) (p = 0.001) at 12 months. In other 
words, the cumulative probability of success 12 months af-
ter surgery was 88.89% in the fellow eyes group and 
77.42% in the attack eyes group. 

In addition, baseline demographics and clinical features 
upon presentation were assessed for potential associations 
with IOP rise. The results are summarized in Table 4. No 
significant differences were detected with regard to age, 
gender, time between LPI and lens extraction, VA, gonios-
copy, spherical equivalent, or lens opacity. Only maximum 
IOP at the time of presentation was statistically associated 
with IOP rise (p = 0.025). A high IOP during the angle at-

Table 2. Serial changes in mean intraocular pressure for the attack eyes and fellow eyes groups 

Group A* (IOP, mmHg) Group B† (IOP, mmHg) p-value‡

Before lens extraction 14.76 ± 6.75 14.43 ± 5.13 0.656

7 Days after lens extraction 15.01 ± 9.51 15.04 ± 4.67 0.844
1 Month after lens extraction 13.35 ± 4.22 12.95 ± 2.94 0.452
3 Months after lens extraction 13.03 ± 3.18 12.34 ± 3.08 0.244
6 Months after lens extraction 13.27 ± 3.24 13.37 ± 2.82 0.785
12 Months after lens extraction 13.56 ± 3.02 13.34 ± 2.87 0.508

Values are presented as mean ± standard deviation.
IOP= intraocular pressure.
*Attack eyes group; †Fellow eyes group; ‡Independent samples t-test. 

Table 3. Prevalence of IOP rise above 20 mmHg for the attack eyes and fellow eyes groups

Time Group A* (n = 62) Group B† (n = 27) p-value‡

1 Month 5 2

Cumulative rates of IOP rise 5 (8.06) 2 (7.40) 0.709
3 Months 3 1

Cumulative rates of IOP rise 8 (12.90) 3 (11.11) 0.320
6 Months 3 0 

Cumulative rates of IOP rise 11 (17.74) 3 (11.11) 0.085
12 Months 2 0

Cumulative rates of IOP rise 14 (22.58) 3 (11.11) <0.001

Values are presented as number (%). 
IOP = intraocular pressure.
*Attack eyes group; †Fellow eyes group; ‡Pearson’s chi-square test.
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tack correlated with success of long-term IOP control.
As another main outcome of our study, we investigated 

the incidence of newly developed glaucoma, defined as 
glaucomatous changes detected in the optic disc and corre-
sponding visual f ield defects after postoperative fol-
low-ups. As mentioned, we excluded patients with detected 
glaucoma with definite PAS formation over 1 quarter of a 
degree and only included open angle status, as confirmed 
by compressive goniosopy. In the present study, no patient 
in the fellow eyes group exhibited newly developed glau-
coma during the 12-month follow-up; however, 6 patients 
in the attack eyes group did, and the difference between 
the two groups was significant (p < 0.001) (Table 5). The 
incidence of glaucoma was 1 patient within 1 year, 4 pa-
tients between 1 and 2 years, and 1 patient between 2 and 
3 years after cataract surgery.

Group A (11 patients, 17.74%) had fewer patients than 
group B (3 patients, 11.11%) who used glaucoma medica-
tions to maintain IOP <21 mmHg, but this was not statisti-

cally significant (p = 0.083). An immediate pressure spike 
(IOP >25 mmHg) in the postoperative period occurred in 
9.68% of eyes in group A and 7.40% of eyes in group B, 
which was not statistically significant (p = 0.186). Final VA 
did not differ significantly between the two groups (p = 
0.210) (Table 5). Intraoperative and postoperative compli-
cations were few and manageable in both groups. 

Discussion

It has been reported that cataract surgery alone decreas-
es IOP to some extent [11,12]. The degree of IOP reduction 
differs depending on the type of glaucoma, and many 
studies have shown that phacoemulsification can improve 
IOP control in eyes with APAC [4-8]. However, APAC pa-
tients treated with phacoemulsification do not always ex-
hibit a decrease in IOP. Lai et al. [13] studied 21 patients 
with primary angle-closure glaucoma and co-existing vi-

Table 4. Univariate analysis between baseline demographics, presenting clinical features, treatment group, and intraocular pres-
sure rise

Dependent variable Independent variable p-value

IOP rise Age 0.837*

Sex 0.184†

Time between LPI and lens extraction 0.656*

IOP at presentation 0.025*

Visual acuity (logMAR) 0.452*

Preoperative Shaffer gonioscopic grading 0.244*

Spherical equivalent 0.785*

Lens opacity (LOCS III) 0.319*

IOP rise is defined as IOP >21 mmHg after weaning off glaucomatous medication.
LPI = laser peripheral iridotomy; IOP = intraocular pressure; logMAR = logarithm of the minimum angle of resolution; LOCS III = 
lens opacities classification system III.
*Mann-Whitney U-test; †Chi-square test.

Table 5. Comparison of clinical outcomes for the attack eyes and fellow eyes groups

Group A* (n = 62) Group B† (n = 27) p-value

Development of glaucoma 6 (9.68) 0 (0) <0.001§

Use of IOP-lowering drugs 11 (17.74) 3 (11.11) 0.083§

Immediate postoperative IOP spike‡ 6 (9.68) 2 (7.40) 0.186§

Final BCVA (Snellen) 0.83 ± 0.11 0.93 ± 0.27 0.210Π

Values are presented as number (%) or mean ± standard deviation. 
IOP = intraocular pressure; BCVA = best-corrected visual acuity.
*Attack eyes group; †Fellow eyes group; ‡Pearson’s chi-square test; §IOP spike ≥25 mmHg; ΠIndependent samples t-test.
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sually significant cataracts in a prospective study. The 
study reported that 1 eye (4.8%) showed the same final and 
baseline IOP, while 5 eyes (23.8%) had a final IOP higher 
than the preoperative baseline. In the present study, the 
mean IOP decreased from 14.76 mmHg before lens ex-
traction to 13.56 mmHg at 12 months in the attack eyes 
group. In the fellow eyes group, the mean IOP before lens 
extraction was 14.43 mmHg and it decreased to 13.34 
mmHg at 12 months (Table 2). However, APAC treated 
with lens extraction does not always achieve long-term 
IOP control. Successful IOP control was achieved in 
77.42% of eyes that had phacoemulsification in group A, 
compared with 88.89% in group B at the 12-month fol-
low-up (Table 3). Moreover, the attack eye group had a 
higher likelihood of developing glaucoma. Newly devel-
oped glaucoma was not observed in the fellow eyes group, 
whereas 6 patients in the attack eyes group developed 
glaucoma during the follow up period (p = 0.000) (Table 5).

After an acute attack of angle closure glaucoma, some 
eyes continue to exhibit a raised IOP, despite a reversal of 
iridocorneal apposition and an open angle state. We cannot 
explain the specific reason for this result, but can hypothe-
size based on previous studies. Studies of the histopatholo-
gy of the trabecular meshwork in primary angle closure 
glaucoma (PACG) described reduced or obliterated inter-
trabecular spaces and a considerable narrowing of 
Schlemm’s canal [14]. Sihota et al. [15] studied trabeculec-
tomy specimens using both light and electron microscopy 
in order to identify histopathological changes in the tra-
becular meshwork of eyes with acute PACG. All the acute 
PACG patients had an IOP of 54 to 62 mmHg, and had a 2- 
to 4-day duration of symptoms prior to surgery. In the 
study, the trabecular meshwork of acute PACG eyes re-
vealed evidence of acute pigment release and a non-in-
flammatory degeneration of the endothelial cells and tra-
becular tissue. Because of trabecular damage from the 
angle-closure attack, it is possible that long-term IOP con-
trol was not achieved in APAC despite cataract surgery. 
Specifically, in the angle closure attack, a preexisting com-
promised trabecular outf low facility from repeated sub-
acute angle closure attacks may be further impaired by re-
leased pigment granules and iris tissue fragments during 
the angle closure attack. It is because of this angle clo-
sure-induced mechanical obstruction of trabecular outflow 
channels that development of glaucoma may be observed, 
even though the angle is open after lens extraction. Anoth-

er study reported the presence of extensive trabecular 
changes in acute PACG, even in areas without PAS. Prior 
iridotrabecular contact could also leave residual iris tissue 
attached to the trabecular surface [16,17]. This may not be 
visible on gonioscopy. Therefore, gonioscopic evaluation 
of the extent of PAS may not truly reflect the extent of tra-
becular meshwork damage in acute PACG. Another possi-
ble etiology is that reactive trabecular changes after such 
an event would amplify ongoing age-related changes in the 
trabecular meshwork and could lead to uncontrolled IOP 
in the future [18].

Interestingly, although their trabecular meshwork is 
compromised, the patients who experienced a subsequent 
IOP rise also showed an IOP reduction in the early phase 
after cataract surgery in the attack eyes group. Although 
the exact mechanisms of this IOP decrease in the early pe-
riod after lens extraction remain unclear, it has been shown 
that aqueous outflow facility is transiently accelerated af-
ter phacoemulsification [19]. In the current study, IOP re-
duction was observed in not only the fellow eyes group, 
but also the attack eyes group. Specifically, glaucomatous 
eyes also exhibited a postoperative IOP decrease. However, 
this effect may be transient because the trabecular mesh-
work is damaged during angle closure attacks. Because 
some eyes that develop an increase in IOP do so within the 
first 12 months of presentation, close monitoring of IOP 
and the optic disc are advised during the follow-up period 
in APAC patients treated with phacoemulsification.

When APAC eyes experience a sudden rise in IOP, the 
effect on the trabecular meshwork is variable because the 
severity of IOP elevation, duration of the attack, age, and 
previous function of the trabecular meshwork are differ-
ent. In previous studies, high IOP upon presentation or be-
fore surgery was associated with a higher likelihood of 
IOP failure after phacoemulsification by Kaplan-Meier 
analysis in PACG patients [12,20]. In the current study, the 
initial IOP in the group that subsequently experienced an 
IOP rise was significantly higher than in those patients for 
whom IOP was successfully controlled (Table 4). This im-
plies that preoperative IOP status is a predictor of success-
ful postoperative IOP control. This also suggests that 
prompt IOP reduction is needed upon presentation in angle 
closure.

We acknowledge the limitations resulting from our ret-
rospective study design. Patient selection for the study was 
biased in favor of those with complete medical records. 
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The study examined clinical outcomes at 12 months after 
cataract extraction to allow for comparison at a specific 
time point; however, these results may not reflect the long-
term outcomes of surgery in all eyes. Another limitation of 
the current study was that some eyes with pre-existing 
PAS of over 1 quarter degree before phacoemulsification 
might have been included because of an inadequate go-
nioscopy exam. In addition, the PAS may have been bro-
ken, either because of positive pressure created by visco-
elastic material and fluid during surgery or as a result of 
lens extraction [12]. Therefore, the current study could 
have underestimated the presence of pre-existing PAS and 
may have included CACG patients at baseline. 

Our experience shows that attack eyes treated with lens 
extraction had a significantly higher rate of IOP rise than 
fellow eyes. Moreover, the number of new cases of glauco-
ma was greater in the attack eyes group. Hence, clinicians 
should consider the possibility of IOP rise and the develop-
ment of glaucoma in patients who undergo phacoemulsifi-
cation, even when angle closure and IOP control appear to 
be successful.
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