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ABSTRACT
Background: To compare the anatomic effects of
phacoemulsification (Phaco) versus combined
phacoemulsification and viscogonioplasty (PhacoVGP) on drainage angle status in primary angleclosure glaucoma (PACG) using anterior segment
optical coherence tomography (AS-OCT).
Design: Prospective, randomized clinical trial.
Participants: Sixty-seven eyes of 57 patients with the
diagnosis of PACG.
Method: Patients were randomized to undergo Phaco
alone (33 eyes) or Phaco-VGP (34 eyes). Patients
were examined postoperatively on day 1, week 1
and week 6. Indentation gonioscopy and AS-OCT
were performed preoperatively and at 6 weeks after
surgery.
Main Outcome Measures: Angle and anterior
segment parameters by AS-OCT and amount of
peripheral anterior synechiae (PAS) by gonioscopy.
Results: Sixty-five eyes of 55 patients completed the
trial. The mean extent of PAS was significantly
reduced from 127.7 to 95.0 degrees (P < 0.001) by
Phaco alone, and from 174.0 to 77.3 degrees
(P < 0.001) by Phaco-VGP. Phaco-VGP resulted
in significantly greater reduction in PAS extent
(P = 0.002). Angle-opening distance and trabecular-

iris space-area measured by AS-OCT increased
significantly after Phaco alone and Phaco-VGP
(P < 0.001 for both). Although the change was
higher in the Phaco-VGP group, this did not reach
statistical significance. Anterior chamber depth
(ACD) increased, and lens vault (LV) decreased after
both procedures. The amount of change in ACD and
LV was not significant between the two groups.
Conclusion: Both Phaco alone and Phaco-VGP
resulted in widening of the drainage angle, deepening of the anterior chamber and reduction of
intraocular pressure (IOP) and PAS extent in PACG
eyes. Phaco-VGP resulted in significantly more
reduction of PAS. However, it seems that additional
VGP has no significant effect on short-term IOP.
Key words: anterior chamber depth, anterior segment
optical coherence tomography, phacoemulsiﬁcation,
primary angle closure glaucoma, viscogonioplasty.

INTRODUCTION
Primary angle closure glaucoma (PACG) occurs
when the anterior chamber drainage angle progressively narrows with a subsequent rise in intraocular
pressure (IOP) leading to glaucomatous optic neuropathy.1 The crystalline lens has a key role in configuring the anterior chamber (AC) and determining
its biometric parameters. In angle-closure glaucoma,
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lens thickness is greater, and the thicker lens occupies a more anterior position compared to normal
eyes.2–6
Cataract removal has been reported to deepen the
AC and open the iridocorneal angle.7–9 these biometric changes after cataract surgery are well documented in normal eyes, and in eyes with either openangle or angle-closure glaucoma.7,8,10 Some have
considered these changes to be the main mechanisms
for IOP lowering after phacoemulsification alone in
these eyes.11–13
Some investigators have demonstrated that phacoemulsification has similar effects in narrow angle
eyes with or without glaucomatous optic neuropathy,14 but it is not always the case, and lens extraction
does not inevitably result in angle widening and
decrease in IOP in every case, probably because of
peripheral anterior synechiae (PAS) that do not
open. However, in these eyes the trabecular meshwork can be exposed again if PAS is broken and
adherent iris is separated from the meshwork. Theoretically, goniosynechialysis can restore trabecular function in eyes with PACG by stripping PAS
from the angle and exposing the underlying trabecular meshwork15–17
Although viscogonioplasty (VGP) has been introduced for breaking PAS in PACG by using a heavy
viscoelastic,1,18–20 recurrence of PAS or permanent
damage might cause the goniosynechialysis to fail
to regain aqueous outflow in the long term.21,22
In the literature combined phacoemulsification
and viscogoniosynechialysis was an effective and
safe treatment for management of angle-closure
glaucoma.1,18–20 However, few studies have assessed
the additional effect of goniosynechialysis on drainage angle anatomy.
Anterior segment optical coherence tomography
(AS-OCT) is a new instrument that uses lowcoherence interferometry and allows imaging of the
entire cross section of anterior segments with a resolution of 10 to 18 mm. This device provides a
noncontact assessment of the anterior chamber and
angle parameters, and allow users to quantify angle
width and measure anterior chamber dimensions
and parameters including novel factors such as lens
vault (LV), thus helping researchers in further understanding the pathogenesis of anterior segment
disease.23–27 Furthermore, AS-OCT has been introduced as a diagnostic tool for angle-closure disease.28,29 Previous AS-OCT studies showed that the
angle changed significantly after cataract surgery.9,30
Postoperative angle changes have been noted to be
larger in narrow angles and older patients, which
may be related to the increase in lens volume during
the ageing process.8
The objective of this randomized clinical study is
to compare the effects of phacoemulsification alone
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versus combined phacoemulsification and VGP on
drainage angle-status and anterior-segment parameters in PACG eyes. This is the first randomized
study that evaluates the effect of adjunctive VGP on
the drainage angle as determined by indentation
gonioscopy and AS-OCT. The results from this study
may be helpful in understanding the mechanisms of
IOP lowering by phacoemulsification with or
without VGP in these eyes.

METHODS
This was a prospective randomized clinical trial conducted in Farabi Eye Hospital, Tehran, Iran. The
study protocol followed the tenets of the Declaration
of Helsinki and was approved by the Farabi Hospital
Research Ethics Committee (REC). Patients visiting
the glaucoma clinic, from Oct 2009 to Oct 2010 were
prospectively enrolled in the study if they met the
inclusion and exclusion criteria. Written informed
consent was obtained from all patients prior to
enrolment.

Inclusion criteria
Inclusion criteria included: (i) PACG defined by at
least 270 degree of irido-trabecular contact [appositional or synechial on gonioscopy] and glaucomatous
optic neuropathy determined by optic disc cupping
and glaucomatous visual field loss; (ii) visually significant cataract with best-corrected visual acuity of
worse than 20/30; and (iii) patent peripheral iridotomy (PI).

Exclusion criteria
Exclusion criteria were: (i) eyes with a history of an
acute or subacute attack of angle closure glaucoma;
(ii) presence of any cause of secondary glaucoma
including uveitic glaucoma, neovascular glaucoma,
exfoliative glaucoma and phacomorphic glaucoma;
and (iii) history of any previous incisional eye
surgery.
Examinations included visual acuity (VA)
testing with manifest refraction, IOP measurement
by Goldmann applanation tonometry, complete
slit lamp and fundus examination and gonioscopy (described in detail in the next discussion).
IOP measurement, optic disc evaluation and
gonioscopy were performed by a single glaucoma
specialist (GL). Additional preoperative data gathered included demographic information and antiglaucoma medications. For all patients, axial length
and lens thickness were measured using A-scan
ultrasound (Echoscan, model U3300, Nidek Inc.,
Tokyo, Japan).
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Gonioscopy
Subjects underwent gonioscopy by a single glaucoma specialist who was masked to the AS-OCT
images and findings. Patients were examined in low
light conditions with a Zeiss-style four-mirror goniolens (Model G-4, Volk Optical, Mentor, OH). A
narrow 1-mm beam of light was utilized; a vertical
beam was used to evaluate the superior and inferior
angles, while a horizontal beam was used for the
nasal and temporal angles. All four quadrants were
assessed with the eye in the primary position of gaze;
slight tilting of the lens was allowed if there was
significant lens vault. The angle was graded using a
modified Scheie classification system (according to
the most posterior angle structure visible):31 Grade 0,
when no structure is visible; Grade 1, Schwalbe’s
line and anterior meshwork visible; Grade 2, posterior pigmented meshwork visible; Grade 3, scleral
spur visible; and Grade 4, ciliary band visible.
Average of gonioscopic grading in the four quadrants
was defined as the gonioscopic grade for each eye.
Indentation gonioscopy was used to establish the
presence and extent of peripheral anterior synechiae
(PAS). PAS were defined as abnormal adhesions of
the iris to the angle to the level of the trabecular
meshwork which are at least 15° in width, and could
not be broken with indentation gonioscopy. The
extent of PAS was noted in degrees.

Anterior segment optical coherence
tomography (AS-OCT)
Anterior segment optical coherence tomography
(Visante OCT; Carl Zeiss Meditec, Dublin, CA) was
performed for all the patients preoperatively and 6
weeks postoperatively in dark ambient lighting.
Scans were centred on the undilated pupil, and were
obtained along horizontal and vertical axes using the
enhanced anterior segment single protocol. The same
examiner (RG), who was masked to clinical findings,
obtained all images. Three consecutive images were
captured, and the image with the best quality regarding centration and visibility of the scleral spurs was
chosen for analysis. Measurements were performed
by two observers who were masked to the patients’ gonioscopy findings and type of intervention.
Although images of all four-angle quadrants were
captured, images of the inferior and superior quadrants were not included in the analysis because of
suboptimal image quality and previously reported
poor reproducibility of the measurements.32
Angle parameters measured were the angle
opening distance (AOD) and trabecular-iris space
area (TISA) at 500 mm and 750 mm from the scleral
spur; anterior chamber angle (ACA); and scleral spur
angle (SSA) in the temporal and nasal quadrants.

The mean of the nasal and temporal AOD500,
AOD750, TISA500, TISA750 and ACA were labelled
as AOD500, AOD750, TISA500, TISA750 and ACA,
respectively. Anterior chamber depth (ACD) was
defined as the distance from the endothelium at the
centre of the cornea to the anterior pole of the cataractous lens or intraocular lens (IOL). Lens vault
(LV) was defined as the perpendicular distance
between the anterior lens surface to the horizontal
line connecting the two scleral spurs,27 and was
measured by the chamber tool of the machine.

Randomization of subjects and
sample size
Patients were randomized into two groups using
computer-generated random blocks to receive either
cataract extraction alone (Phaco alone group) or cataract extraction with viscogonioplasty (Phaco-VGP
group). An investigator with no clinical involvement
in the trial consecutively assigned each patient
enrolled by the clinical investigators to one of the
two groups according to the random blocks. Patients,
clinical investigators who performed gonioscopy,
AS-OCT and IOP measurement were masked to the
allocated arm. Main outcome measures were angle
and anterior segment parameters by AS-OCT and
amount of PAS by gonioscopy. For an SD = 100 m, we
needed 30 patients in each group in order to achieve
an 80% power to detect a difference of 75 m in
AOD500 between the two groups with a P-value of
0.05.

Cataract surgical technique
Surgery was performed by a single surgeon (SM) in
all subjects under topical anaesthesia. Surgery consisted of routine phacoemulsification (phaco chop
technique) via a 3.2-mm temporal clear corneal incision, with an in-the-bag one-piece acrylic intraocular lens (AcrySof SA60AT, Alcon Laboratories, Inc.,
Fort Worth, TX) implantation. Cohesive viscoelastic
(Amvisc, Bausch & Lomb, Inc., Rochester, NY) was
used before capsulorhexis trying to deepen but not to
‘overfill’ AC. Fritz Ruck Pentasys 2 (Ophthalmologische Systeme GmbH, Eschweiler, Germany) was
used in all cases, with a vacuum of 350 mmHg,
maximum ultrasound power of 30% and an IOP set
of 70 mmHg.

VGP technique
Following IOL implantation, a cohesive viscoelastic
(Amvisc, Bausch & Lomb, Inc., Rochester, NY) was
used to deepen the AC and was then injected near
the angle for 360 degrees twice without touching the
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angle with the cannula. No surgical instruments
were used to physically break the PAS. After completion of VGP, the viscoelastic was meticulously
removed.
All patients received oral acetazolamide 250 mg
three times a day for 24 h, topical antibiotics four
times a day for 1 week, as well as topical 1% prednisolone acetate every 2 h which was tapered gradually over 1 month. Anti-glaucoma medications
were discontinued postoperatively and restarted if
needed.
One investigator, who was masked to the surgery
performed, examined all patients postoperatively on
the first day, and at weeks 1 and 6. IOP, number of
IOP-lowering drugs needed, best-corrected visual
acuity (BCVA), angle status by indentation gonioscopy and complications were recorded. The main
outcome measures were AS-OCT angle parameters
after surgery. Secondary outcome measures included
BCVA, IOP, topical glaucoma drugs, LV, ACD and
gonioscopic angle status. Data from week 6 were
used for outcome analysis in this report.
Statistical analysis was performed using SPSS
software, version 17 (SPSS, Inc., Chicago, IL).
Student t-test and chi square test were used for comparing parametric quantitative and qualitative variables between groups, respectively. The paired t-test
was used to compare differences between preoperative and postoperative parametric data in the same
group. Correlations between continuous data sets
were analysed with the Pearson correlation coefficient. For nonparametric variables Mann–Whitney U
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test and t-test were used, and Spearman correlation
coefficient was calculated. General linear model was
used to adjust the change in variables with preoperative values. P-value of less than 0.05 was considered statistically significant. The data from the
patients who had major intraoperative or postoperative complications (e.g. vitreous loss or endophthalmitis) were not included for analysis.

RESULTS
Sixty-seven eyes of 57 patients with chronic angle
closure glaucoma (CACG) and coexisting cataract
were included in this randomized clinical trial. One
patient from each group was lost to follow-up. Thus,
data from 65 eyes of 55 patients (31 female [56.4%]
and 24 male [43.6%]), with a mean (⫾ SD) age of
64.55 ⫾ 9.13 (range 48–85) were available for analysis. Of these 65 eyes, 32 (49.2%) were randomized
into the ‘Phaco alone’ treatment group, and 33
(50.8%) were randomized into the ‘Phaco-VGP’
treatment group (Fig. 1). The patient demographics
and baseline clinical status are shown in Table 1.
There were no statistically significant differences
between the two groups regarding age, gender,
visual acuity, IOP, number of glaucoma medication
and vertical cup-to-disc ratio. Visual acuity increased
significantly in the ‘Phaco alone’ and ‘Phaco-VGP’
groups. Both groups had significantly reduced mean
IOP and mean number of glaucoma medications at 6
weeks after surgery, compared with their preoperative status (P < 0.001). However, there were no

Figure 1. CONSORT ﬂowchart
demonstrated the number of
patients enrolled, allocated and
completed the follow-up in study
population.

Not meeting inclusion criteria (n = 61)
• Pseudoexfoliation (n = 9)
• No visually significant cataract (n = 41)
• History of angle closure attack (n = 11)

Declined to participate (n = 9)

Enrollment

Excluded (n = 70)

Assessed for eligibility (n = 137)

Allocated to phacoVGP (n = 34)

Allocation

Lost to follow-up (n = 1)
Doesn’t come for 6 weeks
AS-OCT imaging

Lost to follow-up (n = 1)
Doesn’t come for 6 weeks
AS-OCT imaging

Analysed (n = 32)
Excluded from
anslysis (n = 0)

Analysed (n = 33)
Excluded from
anslysis (n = 0)
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(n = 33)
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Randomized (n = 67)
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Table 1. Demographics and clinical status before and after surgery in the ‘Phaco alone’ group and ‘Phaco-VGP’ group

Number of eyes
Mean age ⫾ SD (range) in years
Male to female ratio
Mean preoperative BCVA ⫾ SD (range) as logMAR
Mean postoperative BCVA ⫾ SD (range) as logMAR
P-value
Mean preoperative IOP ⫾ SD (range) in mmHg
Mean postoperative IOP ⫾ SD (range) in mmHg
P-value
Mean preoperative number of glaucoma drugs ⫾ SD (range)
Mean postoperative number of glaucoma drugs ⫾ SD (range)
P-value
Mean vertical cup-to-disc ratio ⫾ SD (range)

Phaco alone

Phaco-VGP

32
65.4 ⫾ 8.4 (52–85)
11/16
0.55 ⫾ 0.35 (0.2–1.6)
0.27 ⫾ 0.23 (0.2–1.6)
P < 0.001
21.6 ⫾ 6.0 (10–35)
15.6 ⫾ 5.6 (6–30)
<0.001
1.0 ⫾ 1.1 (0–3)
0.0 ⫾ 0.1(0–1)
<0.001
0.59 ⫾ 0.21 (0.2–0.9)

33
64.3 ⫾ 9.8 (48–82)
13/15
0.60 ⫾ 0.32 (0.0–1.0)
0.31 ⫾ 0.21(0.0–1.0)
P = 0.001
24.5 ⫾ 6.8 (10–34)
16.9 ⫾ 4.9 (10–30)
<0.001
1.3 ⫾ 1.2(0–3)
0.1 ⫾ 0.4(0–2)
<0.001
0.62 ⫾ 0.21 (0.2–0.9)

P-value
0.66
0.67
0.53
0.53
0.07
0.31
0.28
0.26
0.63

BCVA, best-corrected visual acuity; IOP, intraocular pressure; VGP, viscogonioplasty.
Table 2. Gonioscopic angle grading and extent of synechial angle closure before and after surgery in the ‘Phaco alone’ group and
‘Phaco-VGP’ group

Preoperative extent of PAS in degrees
Postoperative PAS in degrees
P-value
Change in extent of PAS in degrees
Preoperative angle grading
Postoperative angle grading
P-value
Change of angle grading

Phaco alone

Phaco-VGP

Mean ⫾ SD (range)

Mean ⫾ SD (range)

127.7 ⫾ 131.2 (0–360)
95.0 ⫾ 103.3 (0–330)
<0.001
-32.7 ⫾ 73.7 (-320-55)
0.9 ⫾ 0.8 (0–2)
2.6 ⫾ 1.0 (0–4)
<0.001
1.6 ⫾ 1.0 (-0.25-4)

174.0 ⫾ 133.3 (0–360)
77.3 ⫾ 92.9 (0–330)
<0.001
-91.1 ⫾ 75.7 (-225-0)
0.9 ⫾ 0.6 (0–2)
2.9 ⫾ 0.1 (0–4)
<0.001
2.0 ⫾ 0.7 (0–3)

P-value
0.16
0.46
0.002
0.97
0.14
0.10

PAS, peripheral anterior synechiae; VGP, viscogonioplasty.

statistically significant differences between the two
groups in BCVA, IOP and number of medications at
week 6 (P > 0.07 for all) (Table 1).
Table 2 shows the gonioscopic findings of the
patients. There was no statistically significant difference between the two groups in extent of synechial
angle closure before surgery or 6 weeks postoperatively (P = 0.16 and 0.46, respectively). However,
within both treatment groups, there was a statistically significant reduction in the mean extent of synechial angle closure at week 6, compared with the
preoperative extent (P < 0.001 for both groups).
Moreover the amount of change in PAS in the
‘Phaco-VGP’ group was significantly greater than in
the control group (P = 0.02). This difference was also
significance after adjusting with preoperative synechial extent (P = 0.01) There was no statistically significant difference between the two groups in angle
grading in all four quadrants before and after surgery
(P = 0.97 and 0.14, respectively). The angles opened
in all four quadrants of both groups postoperatively,
though. Gonioscopic measurements indicated an
improvement in angle width in both groups
(P < 0.001 for both).

Table 3 summarizes the pre- and postoperative
AS-OCT angle findings in the two treatment groups.
All angle indicators of angle width (AOD 500,
TISA500, AOD 750, TISA 750 ACA and SSA)
increased significantly in both groups after surgery.
The amount of the increase was higher in the ‘PhacoVGP’ group in absolute terms, however the differences were not statistically significant and only
the ACA reached borderline statistical significance
(P = 0.051). ACD and LV increased significantly in
both groups after surgery; but the difference was also
not significant between the two groups (Table 4).
Subgroup analysis in eyes with extensive PAS
(PAS > 180 degree) and eyes with limited PAS
(PAS ⱕ 180) revealed no significant difference in
change in IOP, number of medications and AC and
angle parameters between the two groups. The only
exception was change in PAS in the group with
PAS ⱕ 180 in which the ‘Phaco-VGP’ cases showed
more reduction in PAS postoperatively (P = 0.004).
The amount of increase in ACD correlated
negatively with preoperative ACD (r = -0.71 and
r = -0.62, for ‘Phaco-VGP’ and ‘Phaco alone’, respectively [P < 0.001 for both groups] ), and positively
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AS-OCT angle parameters before and after surgery in the ‘Phaco alone’ group and ‘Phaco-VGP’ group

Preoperative AOD500 (mm)
Postoperative AOD500 (mm)
P-value
Preoperative AOD750 (mm)
Postoperative AOD750 (mm)
P-value
Preoperative TISA500 (mm)
Postoperative TISA500 (mm)
P-value
Preoperative TISA750 (mm)
Postoperative TISA750 (mm)
P-value
Change in AOD500 (mm)
Change in AOD750 (mm)
Change in TISA500 (mm)
Change in TISA750 (mm)
Change in ACA (mm)
Change in SSA (mm)

Phaco alone

Phaco-VGP

Mean ⫾ SD

Mean ⫾ SD

0.121 ⫾ 0.081
0.293 ⫾ 0.143
<0.001
0.187 ⫾ 0.121
0.483 ⫾ 0.190
<0.001
0.040 ⫾ 0.030
0.094 ⫾ 0.054
<0.001
0.076 ⫾ 0.052
0.191 ⫾ 0.093
<0.001
0.173 ⫾ 0.112
0.296 ⫾ 0.169
0.055 ⫾ 0.042
0.115 ⫾ 0.074
13.09 ⫾ 8.40
15.50 ⫾ 9.28

0.107 ⫾ 0.077
0.312 ⫾ 0.138
<0.001
0.166 ⫾ 0.116
0.491 ⫾ 0.174
<0.001
0.038 ⫾ 0.026
0.101 ⫾ 0.048
<0.001
0.075 ⫾ 0.055
0.20 ⫾ 0.09
<0.001
0.205 ⫾ 0.104
0.325 ⫾ 0.127
0.063 ⫾ 0.033
0.126 ⫾ 0.063
16.91 ⫾ 7.23
18.33 ⫾ 8.02

P-value
0.49
0.60
0.48
0.85
0.82
0.62
0.92
0.67
0.24
0.43
0.40
0.53
0.05
0.19

ACA, anterior chamber angle; AOD, angle opening distance; SSA, sclera spur angle; TISA, trabecular-iris space area; VGP,
viscogonioplasty.
Table 4.

AS-OCT anterior chamber parameters before and after surgery in the ‘Phaco alone’ group and ‘Phaco-VGP’ group

Preoperative ACD (mm)
Postoperative ACD (mm)
P-value
Preoperative LV ⫾ SD (m)
Postoperative LV ⫾ SD (m)
P-value
Change in ACD (mm)
Change in LV (m)

Phaco alone

Phaco-VGP

Mean ⫾ SD

Mean ⫾ SD

2.00 ⫾ 0.31
3.60 ⫾ 0.28
<0.001
918.1 ⫾ 167.8
-650.9 ⫾ 273.1
<0.001
1.60 ⫾ 0.33
-1569.1 ⫾ 316.0

2.00 ⫾ 0.28
3.62 ⫾ 0.25
<0.001
942.2 ⫾ 212.1
-707.6 ⫾ 276.0
<0.001
1.61 ⫾ 0.35
-1650.0 ⫾ 292.1

P-value
0.97
0.89
0.61
0.40
0.89
0.29

ACD, anterior chamber depth; LV, lens vault; VGP, viscogonioplasty.

with preoperative lens vault in both groups (r = 0.47,
P = 0.006, and r = 0.52, P = 0.002 for the ‘Phaco-VGP’
and ‘Phaco alone’ groups, respectively) (Figs 2 and
3). The extent of IOP reduction postoperatively was
directly related to the preoperative IOP in the ‘Phaco
alone’ and ‘Phaco-VGP’ groups (r = 0.54, P < 0.001,
and r = 0.64, P < 0.001, respectively) but not to
the preoperative ACD, LV and angle parameters
(P > 0.12 for all). In the ‘Phaco alone’ group, the only
anterior chamber parameter that correlated with
AOD500 change was LV change (r = -0.43, P = 0.01).
However, this correlation was not found in the
‘Phaco-VGP’ group (P = 0.46).
Three patients in the ‘Phaco-VGP’ and one in the
‘Phaco alone’ group developed fibrin reaction postoperatively that resolved after a few days. Also,
two patients in the ‘Phaco-VGP’ group developed

hyphema intraoperatively that subsided within
seconds by visco-tamponade.

DISCUSSION
In this study, which is the first randomized study to
evaluate the effect of adjunctive VGP on drainage
angle as determined by indentation gonioscopy and
AS-OCT, we showed a 167.1% and 230.1% increase
in AOD500 and 83.32% and 83.55% in ACD in
“Phaco alone’ and ‘Phaco-VGP’ group, respectively.
This is in agreement with the33 study by Nolan et al.
which showed a dramatic increase in angle width
(88.2% increase in AOD500) after phacoemulsification in 21 eyes with cataract, seven of which had
gonioscopic evidence of PAC. They also showed
a significant 1.31 mm increase in ACD. Similarly,
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Figure 2. Scatter plot showing negative correlation between change in anterior chamber depth (ACD) and preoperative ACD in the
‘Phaco alone’ (r = -0.62, P < 0.001) and ‘Phaco-VGP’ groups (r = -0.71, P < 0.001).
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Figure 3. Scatter plot showing positive correlation between change in anterior chamber depth (ACD) and preoperative lens vault (LV)
in the ‘Phaco alone’ (r = 0.52, P = 0.002) and ‘Phaco-VGP’ groups (r = 0.47, P = 0.006).

other investigators demonstrated a significant
increase in AOD500 (from 0.09 to 0.25 mm),34 ACD
(from 2.03 to 3.39 mm),34 and ACA (from 16.0 to 32.3
degree)35 after phacoemulsification in patients with
PACG or PAC.
In our study, changes in angle parameters were
greater in the ‘Phaco-VGP’ group, although the difference did not reach statistical significance. The
amount of change in ACD was similar in both
groups, and may be explained by the concept that
VGP is supposed to have its effect on the angle and
peripheral iris rather than central structures. We also
found that the extent of synechial angle closure was
significantly reduced after the phacoemulsification
alone and phacoemulsification plus VGP. However,
the change in the ‘Phaco-VGP’ group was significantly more pronounced than in the ‘Phaco alone’
group.
In the past, the preferred practice was to perform
cataract extraction combined with trabeculectomy
in PACG patients who have a visually significant
cataract in association with uncontrolled IOP.36,37

However this combined procedure carries a significant risk of developing postoperative complications
like flat anterior chamber, bleb leak, malignant glaucoma and choroidal effusion.38 Based on two recent
related randomized clinical trials (RCT), it appears
that phacoemulsification alone is a reasonable surgical alternative to combined phacotrabeculectomy in
CACG eyes, whether the preoperative IOP is medically controlled or not.38,39
The exact mechanism underlying this IOP reduction is not well understood. Phacoemulsification eliminates the pupillary block component and
lessens angle crowding caused by a thick and anteriorly placed lens.36 The deepening of the anterior
chamber, the widening of the drainage angle and the
improved access of aqueous to the trabecular meshwork may all contribute to this IOP reduction.13
However, in patients with CACG and PAS, the
trabecular meshwork may remain occluded by PAS
despite the anterior chamber deepening after phacoemulsification alone. Potentially, the trabecular
meshwork can be exposed by breaking PAS with
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goniosynechialysis.15–17 Breaking PAS with goniosynechialysis and possible restoration of trabecular function before further irreversible structural
changes, progress seems to be a logical approach to
the treatment of CACG.1,15
Some investigators have evaluated the efficacy
of VGP combined with cataract extraction in eyes
with acute angle closure glaucoma (AACG).1 They
reported a significant reduction in IOP from 52.1 to
14.1 mmHg with no residual synechiae across 360
degrees of the angle.
A few studies reported the effectiveness of this
procedure in management of patients with CACG,
as well. Razeghinejad and Rahat showed a significant reduction of IOP from 16.7 to 14.4 mmHg and
from 27.95 to 15.5 mmHg in medically controlled
and uncontrolled patients, respectively. A significant number of their patients didn’t have PAS, and
they did not report the change in PAS or amount of
open angle postoperatively.40 Varma et al. in an RCT
showed a greater reduction in IOP in patients
who had undergone phacoemulsification and VGP
than patients who had phacoemulsification alone.
However, they did not mention the amount of PAS
before and after surgery and didn’t report the
details of gonioscopic findings. They also stated
that a study with AS-OCT was needed to document
the difference instead of just subjective gonioscopic
findings.19 Although our study was not powered to
detect a difference in IOP between the two surgical
groups, the similarities in their effects suggest that
IOP is not significantly improved by adding VGP
when doing phacoemulsification. Although some
investigators reported a reduction of PAS extent
after performing phacoemulsification and goniosynechialysis in patients with AACG15 or CACG,40
mechanical deepening of the anterior chamber with
viscoelastic and saline infusion during phacoemulsification alone may also open some PAS.37 In the
present study, which is the first study to assess
the effect of additional VGP in cataract surgery on
the drainage angle, PAS extent decreased significantly after both procedures. However, the change
in PAS extent in the ‘Phaco-VGP’ group was significantly higher than in the ‘Phaco alone’ group.
Injection of high molecular weight viscoelastics
near the angle seems to have additional effect in the
reduction of PAS extent.
In our study, the differences in the change in angle
parameters did not reach statistical significance
between the two groups. It has been suggested that
gonioscopic appearance and AS-OCT readings are
not exactly equivalent, because the two examinations evaluate different anatomic parameters. Gonioscopy can document the extent of synechial angle
closure in degrees, whereas OCT measures a variety
of anatomic parameters from a single cross-sectional
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scan.41 A cross-section taken close to but not
including a narrow area of PAS may result in narrow
measurements of angle parameters, which would
result in narrower angle readings in eyes with PAS.28
These could in part explain the findings of the
present study. In a clinical trial of Asian patients
with PACG, there was only a weak correlation
between the number of clock hours of PAS and
AS-OCT parameters.28
Although some investigators showed reduction of
IOP correlated with the extent of recurrent PAS after
an attack of ACG,15,42 there was no significant difference in change in IOP, number of medications and
AC and angle parameters between the two groups in
our cases with either PAS ⱕ 180 or > 180 degrees.
The only exception was change in PAS in the group
with PAS ⱕ 180 in which the ‘Phaco-VGP’ cases
showed more reduction in PAS postoperatively.
Other studies also found little correlation between
the preoperative PAS extent and IOP control after
phacoemulsification in PACG14,21,43,44 A possible
explanation may be that it is difficult to evaluate the
extent of PAS in eyes with extremely shallow anterior chambers22,44 Gonioscopic appearance may not
truly reflect the extent of damage in the trabecular
meshwork, the loss of trabecular cells and the irregular architecture of the trabeculum that might exist in
areas away from visible PAS.45
It has been shown that preoperative ACD is one
of the prominent factors predicting post-cataract
surgery IOP in PACG.14,44–47 In eyes with a shallower ACD a large lens may prevent the access of
aqueous to the angle and play a more predominant
role in causing elevation of IOP.14 Some studies
have shown a negative correlation between preoperative ACD and postoperative widening of the
drainage angle.10,48,49 In our cases, the amount of
increase in ACD correlated negatively with preoperative ACD. This finding was supported by Shin
et al. in which AC deepening was reported to be
inversely correlated to preoperative ACD in occludable angles.7
Lens vault is a recent novel structure that is
being measured from the AS-OCT images. It quantifies the extent of the lens that is located anterior to
the anterior chamber angles and has been shown to
be an independent ocular parameter associated
with PACG. Nongpiur et al. recently found that
increased lens vault increases the risk of having
angle closure by 48 times.50 LV is a good indicator
of the amount of narrowing of the preoperative
anterior chamber, and has been shown to have a
negative correlation with preoperative ACD.51 We
found that the amount of increase in ACD highly
correlated with preoperative LV in both groups.
Thus, LV might be a determinant for long-term IOP
control after phacoemulsification.
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The reported complications with VGP include
mild to severe haemorrhage from the iris or
trabecular meshwork, fibrin exudation, iridodialysis, shallow anterior chamber and transient elevation
of IOP in the immediate postoperative period.
Although Razeghinejad et al. didn’t find any serious
complications in their series of patients who underwent VGP, we encountered more fibrin reaction in
the ‘Phaco-VGP’ group compared to the ‘Phaco alone’
group. However, VGP seems to be a much safer procedure than synechialysis done by knife or blunt
spatula.
The results of our study should be interpreted
with its limitations in mind. Our cases were not
homogenous and had variable amount of PAS of
varying duration. Thus, our sample size might not
possess sufficient power to perform a subgroup
analysis of those with different PAS extent. In addition, all the patients enrolled in our study were
Iranian, and it is not known whether these findings
could be generalized to patients of other ethnicities,
particularly those in Asia where ACG is prevalent.
Another limitation was the short duration of postoperative follow-up for IOP evaluation. That might
have been a contributory reason for the nonsignificant correlation between change in IOP and
anterior segment and angle parameters. One limitation of the AS-OCT is it obtains a cross-section of the
anterior segment along one meridian and is unable
to adequately assess for the extent of PAS. Lastly,
although a glaucoma specialist measured PAS extent
in degrees based on indentation gonioscopy, subjective evaluation of PAS might be an estimate and has
some variability.
In summary, our randomized clinical trial
showed that both phacoemulsification VGP and
phacoemulsification alone resulted in opening of
the drainage angle, deepening of the anterior
chamber and reduction of PAS extent in PACG
eyes. VGP results in greater reduction of PAS. Both
procedures lead to significant reductions in medications and IOP, though there was no statistically
significant difference between the two. Longer
follow-up time points and larger number of subjects are needed to determine the effect of adjunctive VGP on IOP.
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