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Abstract 
Background: The burden of cataract and glaucoma has been increasing. Pri-
mary angle closure occurs as a result of crowded anterior segment anatomy 
causing appositional contact between peripheral iris and trabecular mesh-
work. Lens extraction has been proposed as a method of deepening anterior 
chamber and managing intraocular pressure. Purpose: To assess changes in 
anterior chamber depth after phacoemulsification with intraocular lens im-
plantation in narrow angle eyes. Design: Prospective controlled trial (be-
fore-after) study. Method: The study was conducted from March 2015 to 
August 2017 among the patients of department of Ophthalmology of BSMMU 
who were diagnosed as cataract with narrow angles. Anterior chamber angle 
grading of 2 or less (Shaffer grading) in 3 or more quadrants was considered 
narrow angle (NA). The purposive type sampling technique was applied to 
collect sample from the study population, as per inclusion and exclusion cri-
teria. Complete clinical evaluation including history, physical examination, 
relevant ocular examinations and systemic examinations were performed. In 
this prospective study, subjects underwent phacoemulsification with foldable 
lens implantation. A scan ultrasonography was performed preoperatively and 
10th and 30th postoperative days of surgery. Results: Thirty eyes of 29 patients 
included in the study, male: female ratio was 1:1, with an overall mean age of 
62.03 ± 8.95 years. The mean preoperative central ACD was 2.95 ± 0.35 mm. 
At 10th and 30th POD mean central ACD were 3.94 ± 0.32, and 3.92 ± 0.28 
mm respectively. Mean of increase in central ACD at final follow-up was 0.96 
mm (p < 0.05). Conclusion: Phacoemulsification with posterior chamber in 
bag lens implantation can deepen the anterior chamber depth in patients with 
narrow angles. Based on these findings, it is concluded that phacoemulsifica-
tion with foldable intraocular lens implantation is an effective tool in dee-
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pening the anterior chamber. 
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1. Introduction 

Cataract and glaucoma are ranked as the leading causes of blindness worldwide 
(51 and 8%, respectively) [1]. In developed countries, glaucoma is the second 
leading cause of irreversible blindness (after diabetic retinopathy) and this bur-
den tends to increase as the population ages [2] [3] [4]. 

A similar trend is seen with cataract, whose prevalence is also age-related – 
the global prevalence of 15.5% rises to 45.9% in those over 75 years and is ex-
pected to duplicate by 2020 [5]. Both diseases frequently coexist in the elderly 
population in a proportion that is likely to increase. Given this data, cataract 
surgery rises as one of the most common surgical procedures performed world-
wide and it has been suggested to be of clinical benefit for both diseases.  

During cataract surgery, the cloudy lens is removed or cleaned out and re-
placed by a clear man-made lens. There are three types of surgical techniques 
used. 

The most common method of cataract surgery is extracapsular surgery. Dur-
ing this cataract surgery, the surgeon makes a medium-sized slit on the side of 
your cornea. The cloudy central section of the lens is slipped out of the eye in 
one piece. Then, the surgeon vacuums out the rest of the lens. 

Phacoemulsification is also called “small incision cataract surgery”, and is an 
advanced form of extracapsular cataract surgery. Most cataract removals today 
are done by phacoemulsification. The incision can be smaller because the harder 
center section of the lens is liquefied and then vacuumed out. 

Based on advanced imaging has demonstrated that the crystalline lens has an 
important role in the narrowing of the angle by pushing the peripheral iris ante-
riorly, in particular with the cataractous lens. 

As the eye ages the crystalline lens increases significantly in volume. This may 
initiate a series of anatomical changes, that ultimately lead to increase in IOP 
observed with aging. As the lens grows, the anterior lens capsule is displaced 
forward causing the zonules to place anteriorly directed traction on the ciliary 
body and uveal tract, which in turn compresses the canal of Schlemm and tra-
becular meshwork, as the ciliary body is displaced forward by the enlarging lens 
the tendons relax and the space between trabecular plates becomes narrowed [6].  

The trabecular meshwork and Schlemm tube pressure increase and aqueous 
drainage pump failure increase, intraocular pressure tends to increase [7] [8]. 

With the development of cataract, lens thickness and volume increase. The 
lens also moves forwards, which is known as a predominant risk factor for pu-
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pillary block. The lens gradually thickens and the relative position of the lens’ 
front surface moves forward and above phenomenon is more marked. 

Recently, the International Society of Geographical and Epidemiological Oph-
thalmology labeled eyes with narrow-entry iridocorneal angles as occludable and 
as primary angle-closure suspects because they have long-term risk for visual 
morbidity. Eyes with occludable angles are considered to be in a pre-glaucomatous 
stage and likely to progress to primary angle closure glaucoma (PACG) over the 
natural history of the condition [9]. 

In patients with coexisting chronic angle-closure glaucoma and cataract, pha-
coemulsification surgery alone has been suggested as an initial surgical option 
for the treatment of glaucoma [10] [11]. 

Besides removing the opacified lens, phacoemulsification surgery has been 
suggested to reduce intraocular pressure (IOP) in eyes either with or without 
glaucoma. It may be in variable magnitude and influenced by several factors, in-
cluding anterior chamber anatomy and angle configuration (open-angle vs. an-
gle-closure) [12]. 

It is thought that intraocular pressure (IOP) is an important modifiable risk 
factor in glaucoma progression. Huang et al. (2011) reported that six months af-
ter phacoemulsification surgery mean (SD) intraocular pressure reduction was 
2.75 (0.60) mmHg in the narrow angle group [13]. Recent studies of phacoemul-
sification surgery in glaucoma patients have demonstrated intraocular pressure 
increase by 1.7 mmHg (15%) following cataract surgery in the 14 to 15 mmHg 
group [14] [15]. Shin et al. (2010) reported that mean preoperative anterior 
chamber depth in the narrow angle group was 2.75 mm. After phacoemulsifica-
tion surgery anterior chamber depth increased to 3.98 mm [16] [17]. Huang et 
al., (2011) reported that before phacoemulsification surgery the mean (SD) ACD 
was 2.23 (0.07) mm in the NA group and mean ACD deepening induced by 
phacoemulsification surgery was 1.52 (0.04) mm in the NA group [13]. Six months 
after surgery, the mean (SD) postoperative anterior chamber depth was 3.75 
(0.05) mm in the narrow angle group. 

This sustained intraocular pressure reduction highlights phacoemulsification 
surgery as a valuable supplement to the preexisting armamentarium of tube 
shunt surgery and trabeculectomy. The amount of intraocular pressure decrease 
seems to be inversely related to preoperative anterior chamber depth (ACD) [18]. 
Its enhanced safety profile relative to traditional glaucoma surgeries makes it an 
attractive choice for selective patients, particularly those without severe glauco-
matous disease [14] [15]. 

2. Materials and Methods  
2.1. Study Design and Place  

This was a prospective controlled trial (before-after) study. The study was per-
formed at Department of Ophthalmology, Bangabandhu Sheikh Mujib Medical 
University (BSMMU), Dhaka from March 2015 to August 2017.  
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2.2. Participants 

After obtaining permission and ethical approval from Institutional review board 
(IRB) of BSMMU, a total of 30 patients who underwent phacoemulsification 
cataract surgery with intra ocular lens (IOL) implantation in the Department of 
Ophthalmology, BSMMU, were included in the study. Purposive sampling tech-
nique was applied.  

2.3. Selection Criteria  

Inclusion criteria: 
● Age—45 years or above having cataract disease  
● Eyes with narrow angles (Shaffer grades of 2 or less in 3 or all 4 quadrants) 

with cataract 
● Patients with previous laser peripheral iridotomy who meet the criteria of 

narrow angle with cataract 
● Patients with visually significant cataract 

Exclusion criteria: 
● Previous penetrating ocular surgery 
● Complications related to the cataract surgery (such as posterior capsular 

rupture and vitreous loss  
● Secondary glaucoma  
● Peripheral anterior synechiae 
● Topical glaucoma therapy 
● Optic nerves graded as having a cup-disc ratio greater than 0.6 (vertical me-

ridian) 
● Subluxated cataract 
● Previous ocular trauma 

2.4. Data Collection and Study Procedure  

Patients attending into Department of Ophthalmology, Bangabandhu Sheikh 
Mujib Medical University (BSMMU), who were diagnosed as case of age-related 
cataract (Nuclear or cortico-nuclear grade 2 to 4, Post subcapsular cataract) and 
underwent phacoemulsification surgery with intraocular lens implantation, were 
the study population. 

Complete clinical evaluation including history, physical examination, relevant 
ocular examinations, and some special ocular examinations like—intraocular pres-
sure, fundus examination, and gonioscopy before and after surgery was done. 

Angle assessment by gonioscopy (Sussman Four Mirror Diagnostic Gonios-
cope) was done under low ambient illumination. 

The Shaffer system: Describes the angle between the trabecular meshwork 
and the iris as follows: 
● Grade 4: The angle between the iris and the surface of the trabecular mesh-

work is 45˚. 
● Grade 3: The angle between the iris and the surface of the trabecular mesh-
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work is greater than 20˚ but less than 45˚. 
● Grade 2: The angle between the iris and the surface of the trabecular mesh-

work is 20˚. Angle closure is possible. 
● Grade 1: The angle between the iris and the surface of the trabecular mesh-

work is 10˚. Angle closure is probable in time. 
Surgical technique: 
On the day of surgery, all patients received short-acting mydriatic agents (tro-

picamide 0.8%, phenylephrine 5.0%) for pupil dilation. Topical anesthesia con-
sisting of a single drop of proparacaine 0.5% were administered 3 times at inter-
vals of 5 minutes prior to surgery After topical anesthesia was administered, a 
2.8 mm temporal clear corneal incision was created. Next, 0.1 ml of trypan blue 
0.1% was injected to stain the capsule and the anterior chamber was reformed 
with sodium hyaluronate 2.0%. A continuous curvilinear capsulorhexis with a 
diameter of approximately 5.0 mm was created with forceps, and cortic-
al-cleaving hydro-dissection and delamination were performed with a 27-gauge 
cannula. A quadrant divide and-conquer technique was used for phacoemulsifi-
cation. The cortical remnants were removed with an automated irrigation and 
aspiration handpiece, and the posterior capsule was polished. A foldable hydro-
phobic acrylic IOL with a 6.00 mm optic and 13.00 mm haptic diameter (Acry-
Soft Single Piece, Alcon, Inc.) was then implanted in the capsular bag. Ocular 
viscoelastic device (OVD) was washed properly. At the end of the operation the 
surgeon always confirmed that the IOL was accurately implanted in the capsular 
bag. The corneal incisions were sealed by corneal stromal hydration. Patients 
were discharged one day postoperatively and were prescribed a standard treat-
ment regimen of dexamethasone 0.1% eye drops every 4 hours and Moxifloxacin 
0.5% eye drop for 4 weeks, with tapering doses over the subsequent 4 weeks. 
Postoperative follow-up visits at the eye clinic were scheduled for 1st, 10th and 
30th post-operative day (POD). 

All examinations and Shaffer’s grading were done by a single person to avoid 
bias. Surgeries were also done by the same Opthalmologist. 

2.5. Statistical Analysis 

Statistical analysis was carried out by using R program. The mean values were 
calculated for continuous variables. The quantitative observations were indicated 
by frequencies and percentages. p value < 0.05 was considered as statistically 
significant. 

3. Results 

Patients diagnosed with narrow angle with visually significant cataract were the 
source of the study. The main objective of the study was to assess changes in an-
terior chamber depth after phacoemulsification with intraocular lens implanta-
tion in narrow angle eyes. So, initially 31 eyes of 30 patients were enrolled. But 
one eye was left due to raised intraocular pressure per-operatively and converted 
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to small incision cataract surgery. Finally, 30 eyes of 29 patients were kept for 
study results formulation. 

The age and sex distribution of the study participants shows that out of 30 pa-
tients 36.7% belonged to age group 51 - 60 years followed by, 36.7% in 61 - 70 
years age group. The median age of the respondents was 60.50 years. Minimum 
age was 45 years and maximum age was 76 years. Among the respondents 50% 
were male and 50% were female (Table 1). 

The scatter plot of change in anterior chamber depth in relation to preopera-
tive anterior chamber depth shows the correlation between preoperative anterior 
chamber depth and change in anterior chamber depth measured at 10th and 30th 
postoperative days. Here red color indicates change in anterior chamber depth 
measured at 10th postoperative day and blue color indicates change in anterior 
chamber depth measured at 30th postoperative day. Here at 10th postoperative 
day r = −0.62 (p value=0.000) which indicates an enough evidence that the lower 
preoperative anterior chamber depth has a significant association with the 
change in post-operative anterior chamber depth. At 30th postoperative day r = 
−0.69 (p value 0.000) which also indicates that the lower preoperative anterior 
chamber depth has a significant association with the change in post-operative 
anterior chamber depth. 

Our observation was shallower anterior chamber depth before phacoemulsifi-
cation surgery was associated with greater increase in anterior chamber depth 
after phacoemulsification surgery. And those who have deep anterior chamber 
before phacoemulsification surgery associated with less increase in anterior 
chamber depth after phacoemulsification surgery. No difference was found in 
change in anterior chamber depth in between 10th and 30th postoperative days 
(Figure 1). 

The scatter plot of relationship between preoperative average anterior cham-
ber angle and change in anterior chamber depth measured at 10th and 30th post-
operative day. Here red color indicates average change in anterior chamber depth 
measured at 10th postoperative day and blue color indicates average change in  
 
Table 1. Age and sex distribution of the study participants (n = 30). 

Variables Frequency Percentage (%) 

Age (Years) 
  

45 - 50 4 13.3 

51 to 60 11 36.7 

61 - 70 11 36.7 

71 - 76 4 13.3 

Mean ± SD 62.03 ± 8.95 

Sex  

Male 15 50.0 

Female 15 50.0 
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Figure 1. Change in anterior chamber depth (ACD) in relation to preoperative anterior 
chamber depth. 
 
anterior chamber depth measured at 30th postoperative day. Figure 2 shows that 
at 10th postoperative day those patients have narrow anterior chamber angle 
preoperatively were associated with more increase in anterior chamber depth 
postoperatively. But at 30th postoperative day change in anterior chamber depth 
at different preoperative average anterior chamber angle were equal.  

So, our observation was change in anterior chamber depth after phacoemulsi-
fication surgery measured over 10th and 30th postoperative day were not depen-
dent on preoperative average anterior chamber angle (Figure 2). 

The box whisker plot of anterior chamber depth at 10th and 30th post-operative 
day versus gender shows that at 10th postoperative day median value of anterior 
chamber depth is more in case of male than female. But variation of change in 
anterior chamber depth occurs in male respondents, as the p-value was 0.320 
which was less than 0.05 and not statistically significant. At 30th postoperative 
day median value of anterior chamber depth is more in case of female than male. 
But variation of anterior chamber depth occurs in female respondents, as the 
p-value was 0.634, which was less than 0.05 and not statistically significant 
(Figure 3). 

The mean preoperative anterior chamber depth was 2.95 ± 0.35 mm and mean 
anterior chamber depth at 10th and 30th postoperative days were 3.94 ± 0.32 mm 
and 3.92 ± 0.28 mm respectively. While the mean of change in anterior chamber 
depth at 10th postoperative day of cataract surgery was 0.98 mm and at 30th 
postoperative day was 0.96 mm. Both of these provide evidence that after sur-
gery the average central anterior chamber depth is expected to increase signifi-
cantly as the p-values of the paired t-test of both time points are <0.05 (Table 2). 
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Figure 2. Relationship between average anterior chamber angle and change in anterior 
chamber depth (ACD). 

 

 
Figure 3. Anterior chamber depth (ACD) at 10th and 30th postoperative days versus gender. 

 
The mean of changes in anterior chamber depth in between 10th and 30th 

postoperative day. Table 3 shows that at 10th postoperative day mean anterior 
chamber depth was 3.94 mm, on an average they are dispersed as ±0.32 mm. At  
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Table 2. Anterior chamber depth (ACD, mm) and changes in depth induced by cataract 
surgery. 

Variable Mean ± SD 
Mean of changes in ACD from 
preoperative (postop-preop) 

p-value 

Preoperative ACD 2.95 ± 0.35 - - 

10thPostoperative ACD 3.94 ± 0.32 0.98 0.000 

30th Postoperative ACD 3.92 ± 0.28 0.96 0.000 

 
Table 3. Mean of changes in anterior chamber depth (ACD) in between 10th postoperative 
day and 30th postoperative day.  

Variable Mean ± SD, mm 
Mean of changes in ACD,  

mm from 10th postoperative 
p-value 

10th Postoperative ACD 3.94 ± 0.32 _ - 

30th Postoperative ACD 3.92 ± 0.28 0.015 0.750 

 
30th postoperative day mean anterior chamber depth was 3.92 mm, on an aver-
age they are dispersed as ±0.28 mm. Mean of changes in anterior chamber depth 
from 10th postoperative day were 0.015 mm. As the p-value is more than 0.05, 
which indicates that mean of changes in anterior chamber depth from 10th post-
operative day is not statistically significant. So, our observation was mean of 
changes in anterior chamber depth achieved at 10th postoperative day, no further 
significant changes occur at 30th postoperative day (Table 3). 

4. Discussion 

In this prospective study we studied changes in anterior chamber depth after 
phacoemulsification with intraocular lens implantation in narrow angle eyes.  

In our case series mean preoperative ACD were 2.95 ± 0.35 mm, while the 
mean of change in ACD at 10th postoperative day of phacoemulsification surgery 
were 0.98 mm and at 30th postoperative day 0.96 mm, which is comparable to 
reports of Hayashi et al. 2000 [10] [11]. They showed that mean increase in ACD 
was 1.10 mm 8 weeks postoperatively. They found that after surgery the ACD in 
eyes with angle closure glaucoma (ACG) became almost identical to those in the 
non-glaucomatous eyes, indicating that cataract extraction may negate the ana-
tomical predisposition to ACG.  

Huang et al. (2011) reported that before surgery the mean (SD) ACD was 2.23 
(0.07) mm in the NA group and mean ACD deepening induced by phacoemulsi-
fication surgery was 1.52 (0.04) mm in the NA group [13]. Six months after sur-
gery, the mean (SD) postoperative ACD was 3.75 (0.05) mm in the narrow angle 
group. 

Shin et al. (2011) showed that mean preoperative ACD in the occludable angle 
group was 2.75 mm, four weeks postoperatively change in ACD from preopera-
tive was +1.23 mm, twelve weeks postoperatively ACD was +1.24 mm which is 
similar to our study [16] [17]. 
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The possible explanation for ACD increase is as follows: The intraocular lens 
(IOL) is much thinner than the physiological lens, specially than the aged cata-
ractous lens which is much thicker and steeper [19]. The posteriorly angled hap-
tics are believed to push the IOL backward. The IOL is pushed posteriorly by the 
haptics with shrinkage of the lens capsule. 

Gunning and Greve (1998) advocated cataract extraction for ACG as they 
found that it resulted in IOP reduction to the same extent as did filtering sur-
gery, with fewer complications [20] [21]. 

In our study at 10th postoperative day those patients have shallower anterior 
chamber depth preoperatively are associated with more increase in anterior 
chamber depth postoperatively. At 30th postoperative day our observation was 
lower value of anterior chamber depth preoperatively associated with more in-
crease in anterior chamber depth postoperatively. Similarly, Issa et al. (2005) re-
ported inverse relation between preoperative ACD and the extent of ACD in-
crease (r = −0.8215, p-value < 0.01) [18]. 

In our study at 10th postoperative day those patients have narrow average an-
terior chamber angle preoperatively are associated with more increase in ACD. 
At 30th postoperative day our observation was similar ACD as 10th postoperative 
day. No variation noted according to angle degree, which is comparable to Ku-
rimato and coauthors (1997) [22]. They found that postoperative deepening was 
more prevalent in eyes with crowded anterior segments. In our study at final 
follow up visit ACD change was stable it may be due to postoperative stabiliza-
tion of ocular condition. 

Primary angle closure has been reported 2 to 4 times more commonly in 
women than in men, irrespective of race. In studies assessing ocular biometry, 
women tend to have smaller anterior segments and axial lengths than do men. This 
difference does not appear to be large enough to explain this sexual predilection 
[23]. In our study average anterior chamber angle was narrow in case of male 
gender. This may be due to advance age of male respondents in our study, which 
is associated with increased lens thickness and anterior segment crowding.  

We have found that in our study 50% of patients age > 60.50 years. The mean 
age of the respondents was 62.03 ± 8.95 years. 50% were male and 50% were fe-
male, similar findings was observed by Moghimi et al. (2015) in Iran [24]. Who 
studied 85 patients with an overall mean age of 62.2 ± 8.9 years, 35 were male 
and 50 were female. The mean age of the sample was equal to us but male female 
percentage was different. 

In our study gender wise change in ACD and IOP after phacoemulsification 
surgery were not statistically significant. Similarly, Issa et al. (2005) also reported 
that sex was not significantly related to ACD or IOP change [18]. 

The results of the current study reveal that a simple phacoemulsification cata-
ract surgery with narrow angle may significantly increase the ACD and thus 
lower IOP. Following successful phacoemulsification surgery with in bag im-
plantation of the IOL results in a reduced lens thickness and significantly 
changes the ACD. 
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5. Conclusion 

Phacoemulsification with posterior chamber intraocular lens implantation can 
deepen the anterior chamber depth in patients with narrow angles. Based on 
these findings, it is concluded that phacoemulsification with foldable intraocular 
lens implantation is an effective tool in deepening the anterior chamber.  
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