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Abstract. The aim of this study was to investigate the effects 
of phacoemulsification with intraocular lens (IOL) implanta-
tion on intraocular pressure (IOP) and anterior chamber 
depth (ACD) in patients with cataract or cataract associated 
with primary angle closure (PAC). A total of 361 patients 
(481 affected eyes) with senile cataract (cataract group) and 
44 patients (52 affected eyes) with cataract associated with 
PAC (cataract with PAC group) underwent phacoemulsifica-
tion with IOL implantation from July 2005 to May 2007 and 
were followed up for 3 to 25 months. There was a significant 
difference between pre-operative and post-operative IOPs 
(t=9.270, P<0.01) in the cataract group and in the cataract with 
PAC group (t=3.29, P<0.01). No significant differences were 
identified in pre-operative IOP (t=-2.437, P>0.05) and the IOP 
three months after surgery (t=2.154, P>0.05) between the two 
groups. There was a significant difference between the pre-
operative and post-operative ACDs (t=7.781, P<0.01) in the 
cataract group and in the cataract with PAC group (t=4.528, 
P<0.01). A significant difference in ACD between the two 
groups (t=8.325, P<0.01) existed prior to surgery but following 
surgery, the ACDs of the two groups were not significantly 
different (t=2.86, P>0.05). Phacoemulsification with IOL 
implantation has IOP-lowering effects on cataract and cataract 
with PAC patients. The International Society of Geography 
and Epidemiology of Ophthalmology classification method 
for angle closure glaucoma was adopted in our study. Furhter 
studies are required to prove the safety and mechanism of 
lowering IOP impact of phacoemulsifation towards PAC glau-
coma (PACG).

Introduction

The incidence of cataract and glaucoma, including primary 
angle closure (PAC), gradually increases with age. Some 
patients suffer from both cataract and glaucoma. In the treat-
ment of PAC, phacoemulsification and intraocular lens (IOL) 
implantation have been used. The occurrence and development 
of disease risk factors, the anterior chamber angle of PAC and 
the degree of intraocular pressure (IOP) are reported to be 
significantly improved by phacoemulsification (1-8).

According to the clinical situation, cataract and glaucoma 
may be treated by a simple cataract surgery, surgical staging 
(where cataract surgery is carried out before glaucoma surgery 
or vice versa) or combined surgery (9). The general risk factors 
for PAC glaucoma (PACG) include: family history of angle 
closure (10,11), age (12,13), gender (12-14) and Asian or Inuit 
descent (15-19). Other risk factors include eye hyperopia (20-22), 
the perimeter of the shallow anterior chamber (20,22,23), the 
perimeter of the central shallow anterior chamber (22,24), the 
steepness of the corneal curvature (25), the thickness of the 
lens (22,26) and the axial length (22,26,27).

The lens element has been gaining widespread attention. A 
study has shown that the lens weighs ~205 mg in 20‑year‑old 
individuals and up to 285 mg in 80‑year‑olds, a growth of 
>30%. The thickness of the lens at the age of 20 is ~4 mm and 
at the age of 65, it may reach 4.8 mm, a 20% increase (28). 
Therefore, in PAC with cataract, cataract removal by surgery is 
expected to provide new options on anterior segment structure 
and its function improvement. We analyzed 481 eyes among 
361 patients with cataract and 52 eyes among 44 cataract 
patients with PAC to observe the effect of phacoemulsification 
cataract surgery on IOP and central anterior chamber depth 
(ACD). 

Patients and methods

General information. From July 2005 to May 2007, 481 eyes 
in 361 patients (cataract group) undergoing senile cataract 
phacoemulsification and IOL implantation were investigated. 
A total of 144 males (193 affected eyes) and 217  females 
(288 affected eyes) were included.

There were 44 patients (52 eyes) who had cataract with PAC 
(cataract group), including 18 males (21 eyes) and 26 females 
(31 eyes) aged 47-94 years old. The mean age was 70.5 years. 
Eight patients (8 eyes) of cataract patients presented acute 
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attack with an initial IOP>45 mmHg (1 mmHg=0.133 kPa), 
corneal edema, shallow anterior chamber, dilated and fixed 
pupil, opaque lens and an anterior chamber angle revealed by 
gonioscopy to have closed by more than half. These patients 
were given 20%  mannitol, acetazolamide and β-blocker 
therapy and when the corneal transparency was restored, the 
IOP returned to normal. Phacoemulsification and IOL implan-
tation was performed after one week.

A total of 36 cases (44 eyes) of cataract associated with 
chronic angle closure were identified, with an initial IOP 
higher than normal. They also exhibited a transparent cornea, 
shallow anterior chamber, normal pupil size, opaque lens and 
ocular pressure of 21.8-34 mmHg. Gonioscopy revealed that 
the anterior chamber angle had closed by more than half. 
Following treatment with acetazolamide and/or β-blocker, the 
IOP dropped to normal, at which point the patients underwent 
phacoemulsification and IOL implantation. Follow-up was 
performed 3‑25 months post-surgery, with an average of 
13.4 months. This study was conducted in accordance with 
the Declaration of Helsinki. This study was conducted with 
approval from the Ethics Committee of the Affiliated Longhua 
Hospital of Shanghai TCM University. Written informed 
consent was obtained from all participants.

Pre-operative examination. In addition to conventional visual 
function, the IOPs of all patients were measured using a Canon 
TX-10 tonometer prior to surgery. The results were as follows: 
6.50‑21.00 mmHg in the cataract group, with an average of 
14.86±3.79 mmHg, and 16.20‑21.30 mmHg in the cataract 
with PAC group, with an average of 19.92±3.76 mmHg. The 
ACD was measured with an Alcon ultrascan A/B ultrasound. 
The ACD was 1.97‑3.25 mm in the cataract group, with an 
average of 2.38±0.32 mm. The central ACD was 1.29‑2.78 mm 
in the cataract and glaucoma group, with an average of 
1.69±0.35 mm. Gonioscopy was used for static checks and 
pressure checks for both eyes.

Surgical methods. All surgeries were performed by the same 
surgeon. Following ocular anesthesia, an incision was made 
3.2 mm above the transparent cornea. The anterior chamber 
was injected with a viscoelastic agent. Following ocular anes-
thesia, a 3.2mm clear corneal incision was made. The anterior 
chamber was injected with a viscoelastic agent. Approximately 
5 to 5.5 mm diameter continuous curvilinear capsulorhexis 
was performed. After the lens nucleus was water-separated, 
phacoemulsification was performed in the capsular bag. 
The lens cortex was sucked clean using an automatic irriga-
tion/aspiration system. Before and after capsule polishing, the 
viscoelastic agent was injected into the capsular bag and an 
artificial lens was implanted into it. The viscoelastic agents 
were then sucked clean to restore the anterior chamber. All 
surgeries were successful and no complications occurred.

Post-operative check. The post-operative check included 
the slit-lamp examination of anterior segment, keratometry, 
uncorrected vision acuity and best-corrected vision acuity. 
The follow-up was conducted at 1 day, 1 week, 1 month and 
3 months after surgery to measure the IOP. In the final visit, the 
anterior chamber angle and depth of both eyes were checked 
for all cases.

Statistical analysis. Analysis was carried out using SPSS 11.5 
software (SPSS Inc., Chicago, IL, USA). Data were compared 
between different groups using a t-test. Different time periods 
were compared using analysis of variance (ANOVA). P<0.01 
was considered to indicate a statistically significant difference.

Results

IOP. In the cataract group, the mean IOP was 15.24±7.05 mmHg 
1 day after surgery; 12.61±4.09 mmHg 1 week after surgery; 
12.17±4.22 mmHg 1 month after surgery; 11.83±3.75 mmHg 
3 months after surgery and 12.56±3.43 mmHg >3 months after 
surgery. The IOP pre-surgery was not statistically different 
from that 1 day after surgery (t=-3.82, P>0.05). The differ-
ence between the IOP pre‑surgery and 1 week after surgery 
was statistically significant (F=6.259, P<0.01). The IOP in 
the cataract with PAC group on post-operative day 1 was 
20.61±9.05 mmHg. After 1 week, it was 17.50±5.68 mmHg; 
after 1 month, 16.80±4.23  mmHg; after 3 months, 
17.66±3.56 mmHg and after >3 months, 16.52±3.15 mmHg. 
The IOP of 8 acute PAC cases on the first post-operative day 
was more than 40 mmHg, with fibrin-like exudate in anterior 
chamber, unclear iris texture and corneal edema. After actively 
reducing the IOP, the inflammation was controlled, the IOP 
decreased to normal levels and the inflammation subsided. 
No IOP spike was observed and no IOP lowering therapy was 
required for the remaining cases in the two groups. The pre-
operative and the first day post‑operative IOP in each group 
showed no statiscally significant difference (t=0.514, P>0.05). 
No significant differences were observed between the two 
groups in pre-operative IOP (t=-2.437, P>0.05) or IOP from the 
last visit (t=2.154, P>0.05). However, a significant difference 
was observed in each group when comparing pre-operative 
IOP to post-operative IOP 1 week (F=3.290, P<0.01).

ACD. The ACD axis was found to be 3.04±0.39 mm when a 
return visit was conducted 3 months after surgery in the cata-
ract group. The difference in the ACD before and after surgery 
was significant (t=7.781, P<0.01). The anterior chamber shaft 
depth in the cataract with PAC group ≥3 months after surgery 
was 2.82±0.41 mm and the difference between the anterior 
chamber shaft depths before and after surgery was significant 
(t=4.528, P<0.01). The ACD axes of the two groups prior to 
surgery were statistically significantly different (t=8.325, 
P<0.01), whereas the difference between the ACD axes of 
the two groups following surgery was identified to be of no 
statistical significance (t=2.86, P>0.05).

Discussion

Glaucoma of the eye has become the second most prevalent 
cause of blindness and the primary cause of irreversible blind-
ness (29). Previous studies have confirmed that the damaging 
effects of PACG occur more rapidly and are more severe than 
those of primary open-angle glaucoma (POAG) (30,31). In 
China, PACG is estimated to cause unilateral blindness (visual 
acuity <3/60 or visual field ≤10˚) in 1.5 million individuals and 
bilateral blindness in another 1.5 million (30).

Elevated IOP caused by the lens element is a primary 
reason for these types of blindness. With cataract development 
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in the lens, lens thickness and volume increases. The lens 
also moves forwards, which is knows as a predominant risk 
factor to pupillary block, during this process. Removal of the 
lens may effectively prevent the pathogenesis of angle-closure 
glaucoma (32). The results of the current study reveal that a 
simple phacoemulsification cataract surgery with PAC may 
significantly increase the ACD and thus lower IOP. Following 
successful phacoemulsification surgery, joint capsular bag 
implantation of the IOL results in a reduced lens thickness and 
significantly changes the ACD. Several studies have interpreted 
the mechanism of phacoemulsification and IOP reduction, 
including the pupillary block relief, iris-lens diaphragm poste-
rior shift, anterior chamber angle widening, and peripheral 
anterior synechia reopening. Johnstone et al proposed a new 
mechanism of aqueous drainage and IOP. They indicated that 
the active expansion and retraction of the trabecular meshwork 
with IOP caused various fluctuations, including blinking and eye 
movement. The combined Schlemm tube within the valve forms 
a mechanical aqueous drainage pump system, which provides 
short- and long-term stability regulations for IOP (33,34). With 
the collapse and hardening of the Schlemm and trabecular mesh-
work tube, the aqueous drainage pumps gradually fail. Thus, 
the amount of fluid pulsed into the aqueous veins decreases. 
Furthermore, blood into the Schlemm channel is difficult to 
observe by gonioscopy. The lens gradually thickens and the 
relative position of the lens' front surface moves forward, the 
trabecular meshwork and Schlemm tube pressure increases and 
aqueous drainage pump failure increases. Johnstone considered 
that the failure of the aqueous drainage pump is due to scleral 
and ciliary muscle attachment. Phacoemulsification and IOL 
implantation significantly decreases the space occupied by the 
lens in the anterior segment. Thus, the front surface of the lens 
moves backwards, the ciliary muscle relaxes and returns to its 
physiological position, the trabecular meshwork and Schlemm 
tube stretch and the aqueous drainage pump function is restored. 
Magnetic resonance imaging has been used to visualize the 
anterior segment aqueous drainage pumps to validate this 
theory. Phacoemulsification imaging studies on subjects aged 
25, 49 and 74 years have shown that the anatomical location 
of the aqueous drainage pump changes in all ages, as well as 
the recovery process following cataract surgery (35,36). Our 
clinical observations suggest that phacoemulsification is related 
to cataract IOP control in patients with PAC. The ACD increases 
and the physiological aqueous drainage pump recovers the 
anatomical position once aqueous drainage function is restored.

Small incision phacoemulsification of cataracts in cases of 
acute angle-closure glaucoma and malignant glaucoma, with 
the lens being part of the pathophysiological mechanism, may 
effectively reduce IOP, deepen the anterior chamber, open the 
angle and restore the patient's visual function. Glaucoma medi-
cation may also be reduced. However, a number of patients 
may forego anti-glaucoma surgery and trabeculectomy surgery 
to avoid complications, such as excessive filtration surgery, 
hypotony, shallow anterior chamber, corneal endothelial 
damage, cystoid macular edema, choroidal leakage, bleeding 
or scarring of the bleb and poor IOP control, pre-surgery (37).

In the present study, we compared simple cataract surgery 
with cataract surgery in PAC patients. The IOPs of the two 
groups and the changes in their central ACD pre-surgery and 
1 day after surgery demonstrated no differences. This finding 

may be related to surgical damage to the blood aqueous barrier, 
mechanical injury, inflammation of the iris or a surgical 
residual viscoelastic response of the IOP caused by temporary 
factors. The condition of acute angle‑closure glaucoma patients 
with grand mal, ciliary body and iris hyperemia, edema and 
fragile ciliary body did not fully return to normal. Within 
one week of surgery, a number of patients exhibited inflam-
matory responses and their conditions became serious. IOP 
did not decrease and the circumstances of certain individuals 
had worsened by only 1 day after surgery. However, in time, 
the inflammatory response subsided; the IOPs of 2 patients 1 
week after surgery had decreased significantly compared with 
their values before surgery and 1 day after surgery. The method 
currently used as a standard treatment for PAC acute cases is 
laser peripheral iridotomy (LPI). A randomized study revealed 
that after 18 months of continuous follow-up, compared 
with LPI, the effect of cataract phacoemulsification and IOL 
implantation is more precise in controlling IOP  (38). Our 
observations also confirmed that cataract phacoemulsification 
and IOL implantation control the effect of cataract IOP associ-
ated with acute attack of PAC and IOP pre-operative control 
to the normal range. Intraocular inflammation requires effec-
tive control following surgery to avoid serious reaction. We 
recommend that for PAC in cataract patients with grand mal, 
the IOP should be controlled for 1 month after surgery to avoid 
the emergence of serious reactions. The pre-operative anterior 
chamber depth was 2.28±0.32 mm in the cataract group and 
1.69±0.35 mm in the cataract with PAC group. Post‑operative 
anterior chamber depths were deepened to 3.04±0.39 mm and 
2.82±0.41 mm, respectively, which was consistent with the 
study by Cekic et al (39). The ACD axis was >2.5 mm and 
98.9% of the angles was greater than 200 ,̊ with no possibility 
of angle-closure glaucoma (40).

Filtering surgery had been recommended for eyes with 
peripheral anterir synechia of more than 180 .̊ However, for the 
present study group cases, we considered that cataract plays an 
important role in the development of angle closure.

Phacoemulsification and IOL implantation remove the trig-
gers of lens expansion, deepen the anterior chamber following 
surgery, open the angle, normalize the functionality of the 
damaged trabecular and decrease IOP (40). Patients who use 
drugs for the effective control of IOP may use this method as a 
safe and effective surgical choice.

The current study focused on patients with clinically 
significant cataracts. In PAC or PACG patients, it remains 
unknown whether the transparent lens should be removed to 
curb or control IOP PAC progress due to the lack of evidence 
to support large-scale controlled studies. In the absence of reli-
able evidence, it appears that PAC for cataract patients is not 
associated with lens-derived risk factors; thus, its treatment 
with phacoemulsification cataract extraction surgery should 
be carefully considered.
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