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Abstract

Purpose To evaluate intraocular pressure
(IOP) change after cataract surgery in non-
glaucomatous eyes with narrow and open
angles (OAs) and its relation to novel lens
parameters measured by anterior segment
optical coherence tomography (AS-OCT).
Setting University affiliated hospital, Farabi
Eye Hospital, Tehran, Iran.
Design Prospective interventional case
series.
Methods In this prospective study, 85 non-
glaucomatous eyes underwent
phacoemulsification and lens implantation.
Thirty-nine eyes had OAs and 46 eyes had
narrow angles (NAs). IOP and biometric
parameters were measured by AS-OCT
preoperatively and 3 months after surgery.
Change in IOP and its relation to biometric
parameters, including lens vault (LV),
anterior vault (AV), defined as the sum of
the LV and the ACD, and relative LV (rLV),
defined as the ratio of the LV to the AV,
were evaluated. The main outcome
measure was degree of IOP change after
phacoemulsification.
Results Of the 85 patients included in the
analysis, 35 were male and 50 were female
with an overall mean age of 62.2± 8.9 years.
The average IOP reduction was
− 4.95± 2.26 mmHg, from a preoperative
mean of 17.12± 2.47 mmHg, at 3 months
after cataract surgery. The amount of IOP
reduction was significantly greater in the NA
compared with the OA group. In
multivariate linear regression analysis,
preoperative IOP and AV were
significantly associated with IOP decrease
(all ≤ 0.03).
Conclusion Cataract surgery results in
IOP reduction in both OA and NA eyes.
The amount of IOP reduction is
related to AV.
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published online 31 July 2015

Introduction

There is substantial data that cataract surgery
has a lowering effect on intraocular pressure
(IOP) in glaucomatous and non-glaucomatous
eyes.1–9 This effect seems to be more pronounced
in narrow angles (NAs) compared with open
angles (OAs).2,4–6,10

Several studies have been performed to
predict the amount of IOP change after cataract
surgery on the basis of preoperative factors.
These studies have shown that the higher the
preoperative IOP and the shallower the anterior
chamber depth (ACD), the more pronounced is
the change in IOP after cataract surgery.5,7,11–13

Angle parameters such as angle opening
distance (AOD) measured by anterior segment
optical coherence tomography (AS-OCT) have
also been reported to be associated with IOP
reduction after phacoemulsification.9

However, few studies have examined the
relationship between reduction in IOP and lens
parameters.14 The crystalline lens has a pivotal
role in narrowing the angle by pushing the
peripheral iris anteriorly. Although many of the
anatomical factors such as axial length (AL) and
anterior chamber width cannot be changed, the
lens remains one of the few modifiable factors
that can secondarily influence the anterior
chamber and angle parameters and thus the IOP.
For example, Yang et al14 demonstrated that LT
was significantly associated with a reduction in
IOP after cataract surgery in normal eyes.
Other variables such as lens position (LP) and

relative lens position (RLP), defined as
LP=ACD−1/2 LT and RLP=LP/AL, were
introduced to address the effect of the lens on the
anterior chamber.15 However, there have been
conflicting reports on the importance of LP and RLP,
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possibly because LT and ACD, which are the two constituents
of these parameters, are interdependent and could compensate
for each other.16–18

With the advent of AS-OCT, additional parameters
related to LP have been assessed. Lens vault (LV) is a
novel parameter introduced by Nongpuir et al,19 defined
as the perpendicular distance between the line joining the
two scleral spurs and the anterior pole of the lens. It has
been shown that LV could be a preoperative predictor in
angle widening and IOP reduction after cataract surgery
in normal eyes.3 But ACD can compensate for LV; that is,
if the ACD is deep enough, the LV, even when large, is
less likely to increase the risk of angle closure or angle
widening and IOP reduction after cataract surgery.
Other new parameters, measured by AS-OCT such as
anterior vault (AV) and relative LV (rLV), which are
indicators of the combined effect of ACD and LV, may be
more closely related to the degree of angle widening and
IOP drop after cataract surgery than absolute values.
These two novel parameters are defined as the sum of the
LV and the ACD and the ratio of the LV to the AV,
respectively.20 The purpose of the present study is to
evaluate these novel lens parameters in non-
glaucomatous eyes with NAs or OAs and their relation to
IOP change after cataract surgery.

Materials and methods

In this prospective study, patients were consecutively
recruited from the comprehensive and glaucoma clinics of
Farabi Eye Hospital, Tehran, Iran from 1 October 2012 to
30 November 2013. Patients were enrolled if they met the
inclusion and exclusion criteria. The study protocol
followed the tenets of the Declaration of Helsinki and was
approved by the Farabi Hospital Research Ethics
Committee. Written informed consent was obtained from
all patients prior to enrollment. Patients with visually
significant cataracts and best-corrected visual acuity
(BCVA) of worse than 20/40 were included.
Exclusion criteriaincluded: (1) previous penetrating or

laser surgery, including peripheral iridotomy; (2)
peripheral anterior synechiae (PAS); (3) IOP430mmHg;
(4) glaucomatous optic neuropathy determined by optic
disc cupping or glaucomatous visual field loss; (5) use of
glaucoma medication; (6) pseudoexfoliation; (7) AS-OCT
images in which scleral spur could not be identified; and
(8) major intraoperative or postoperative complications
(eg, vitreous loss or endophthalmitis).
Demographic information was recorded. Examinations,

including BCVA testing, IOP measurement, slit lamp and
fundus examination, and gonioscopy, were performed.
IOP was measured using Goldmannapplanation
tonometry by a single trained ophthalmologist (FA).
All the measurements were done during morning hours

(0800–1200 hours). Three measurements were performed,
and the average value was used for analysis.
Gonioscopy was performed using a Zeiss-style 4-mirror

goniolens (Model G-4, Volk Optical, Mentor, OH, USA) in
low light conditions and primary position by the same
ophthalmologist (FA). The angle was graded using the
Shaffer classification system. Eyes with Shaffer grades of 3
or 4 in 3 or all 4 quadrants were defined as OAs and those
with Shaffer grades of 2 or less in 3 or all 4 quadrants as
NAs. Indentation gonioscopy was carried out to rule
out PAS.
A-scan biometry (Echoscan, model U3300, Nidek,

Tokyo, Japan) was used to measure AL, lens thickness
(LT), and ACD. Five readings were taken for each eye.
After omitting the highest and lowest values, the mean of
the other three readings was used for analysis.

Anterior segment optical coherence tomography

AS-OCT (Visante OCT; Carl Zeiss Meditec, Dublin, CA,
USA) was performed for all patients in the dark (in a
room without windows, with door closed and the only
lighting from the AS-OCT screen). Scans were centered on
the pupil and were obtained along the horizontal and
vertical axes using the enhanced anterior segment single
protocol. To ensure that the scans were optically aligned,
which is important in assessing lens parameters, we
captured images with a good corneal vertex reflex, and if
it was not possible to include a robust vertex in the image,
scans were positioned at the 3-O'clock or 9-O'clock
corneal limbus according to the en face video camera
display of the scan line relative to the eye.
The polarization of the scan, saturation, and noise of the

images were adjusted to have the optimal image quality.
At least three consecutive images were captured, and the
image with the best quality regarding alignment and
visibility of the scleral spurs was chosen for analysis.
Images were then processed using the customized

software, the Zhongshan Angle Assessment Program
(ZAAP) (Guangzhou, China).21 The only observer input
needed was to determine the location of the two scleral
spurs, which was done by a glaucoma specialist (SM).
Because localization of the scleral spur was very
important to obtain accurate measurements, images in
which the scleral spurs were not clearly visible were
eliminated. The algorithm of the ZAAP software
automatically calculated several anterior segment and
angle parameters.
The measured AS-OCT parameters and their

definitions are:
Anterior chamber depth (ACD): the distance from the

endothelium at the center of the cornea to the anterior
pole of the cataractous lens or IOL; anterior chamber
width (ACW): the distance between the two scleral spurs;
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anterior chamber area (ACA): the cross-sectional area of
the anterior chamber bordered by the posterior surface
of the cornea, the anterior surface of the iris, and the
anterior surface of the lens within the pupil; anterior
chamber volume (ACV): the software calculated this
value by plotting a vertical axis through the center of the
ACA and rotating ACA 360 degrees around this vertical
axis; lens vault (LV): the maximum perpendicular
distance between the anterior lens surface to the
horizontal line connecting the two scleral spurs on
horizontal AS-OCT scans; anterior vault (AV): the
maximum perpendicular distance between the posterior
corneal surface to the horizontal line connecting the two
scleral spurs on horizontal AS-OCT scans; relative AV
(rAV): the AV divided by the AL; and relative LV (rLV):
the LV divided by the AV.
Figure 1 also illustrates these parameters.

Surgical technique

Surgery was performed by a single surgeon (SM) in all
subjects under topical anesthesia. Surgery consisted of
routine phacoemulsification 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, USA) implantation.
Postoperatively patients received 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. They returned for postoperative
care on day 1, week 1, month 1, and month 3. In addition
to standard of care procedures, IOP measurement and
AS-OCT were repeated per protocol at month 3. The same
ophthalmologist examined all patients postoperatively.
The main outcome measure was degree of IOP change
after phacoemulsification.

Statistical analysis

Statistical analysis was performed using the SPSS
software, version 17 (SPSS, Inc., Chicago, IL, USA).
The paired t-test was used to compare differences
between preoperative and postoperative IOP change.
Univariate analysis was used for assessing correlation
between IOP change and lens variables. Linear regression
analysis, adjusted for preoperative IOP, was performed to
assess the effect of each variable on IOP drop. To
determine the most important variable that was
associated with IOP drop, we used a backward logistic
regression model, including variables with Po0.15 in the
linear regression model. Variance inflation factor was
calculated to demonstrate multicollinearity for each
parameter. P-value of o0.05 was considered statistically
significant.

Results

The present study comprised 99 eyes of 99 consecutive
patients who underwent cataract surgery, of which 14
eyes were excluded because of the inability to detect the
scleral spur in AS-OCT images.
Of the 85 patients included in the analysis, 35 were

male and 50 were female with an average age of 62.2± 8.9
(37–81) years. Forty-six were NAs and 39 were OAs. The
average BCVA before surgery was 0.58± 0.14 Logarithm
of the Minimum Angle of Resolution (logMAR), which
improved to 0.14± 0.07 (logMAR; Po0.001).
The average AL and LT before surgery was 23.36± 1.84

and 4.67± 0.59mm, respectively. Table 1 summarizes
preoperative ocular parameters measured by AS-OCT
and A-Scan biometry. Preoperatively, the average IOP
was 17.12± 2.47mmHg, which dropped to

Figure 1 Anterior segment optical coherence tomography image of anterior chamber demonstrating lens vault and anterior vault.
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12.20± 2.69mmHg at 3 months with an average change
of − 4.95± 2.26mmHg (Po0.001).
The results of univariate linear regression analysis of

the association between IOP drop and various ocular
parameters, including preoperative IOP, are shown in
Table 2. Significant predictors of a reduction in IOP were
preoperative IOP (P= 0.001), AL (Po0.001), ACD
(P= 0.03), and AV (P= 0.006). The univariate analysis
demonstrated that, for a 1mmHg increase in
preoperative IOP, the IOP decreased by 0.32mmHg.
We also found a 0.59mmHg drop in IOP for each 1mm
decrease in AL.
Greater IOP reduction after surgery was associated

with smaller AV (Figure 2). There was no association
between LT, LV, or rLV with IOP reduction in our cases.
After adjusting for preoperative IOP, the significant

predictors of an IOP reduction were AL and AV.
In multivariate linear regression analysis, preoperative
IOP (ß=− 0.222, P= 0.03) and AV (ß= 4.742, P= 0.02)
were also significantly associated with a reduction in IOP
after cataract surgery. (Table 2)
We found for every 0.1 mm decrease in preoperative

AV the IOP decreased by 0.33mmHg after cataract
surgery.
Table 3 shows different variables in OA and NA eyes.

In NA eyes, LT, LV, and rLV were significantly greater
than in OA eyes (Po0.005). ACD, AL, and AV were
significantly less in NA eyes (Po0.001).
The mean IOP reduction in the NA group was

− 5.73± 2.18mmHg, which was significantly more than
that in the OA group after surgery (−4.52± 2.19mmHg)
(P= 0.01). In OA eyes, preoperative IOP (ß= 0.713,
Po0.001) and AL (ß=− 0.30, P= 0.03) were the most
important parameters that predicted IOP drop in
multivariate linear regression. In NA eyes, the significant

factors were preoperative IOP (ß=− 0.405, P= 0.02) and
rLV (ß= 6.396, P= 0.05).

Discussion

The result of this study confirms previous reports of IOP
reduction after cataract surgery.1,2,4,13 In our series of non-
glaucomatous patients with either OAs or NAs, the
average IOP dropped − 4.95± 2.26mmHg from a
preoperative value of 17.12± 2.47mmHg, 3 months after
cataract surgery. The amount of IOP reduction was
significantly greater in NA eyes (−5.73± 2.18mmHg)
compared with the OA group (−4.52± 2.19mmHg), and
this reduction was related to AV.
Given the variability of the postoperative IOP response

reported in the literature,1,2,4,13 there has been significant
effort made to find predictors of IOP reduction. In our
study, we found that the preoperative IOP was a
significant predictor of IOP drop. For every 1mmHg
increase in preoperative IOP, the postoperative IOP
decreased by 0.32mmHg. Consistent with our results,

Table 1 Preoperative ocular parameters measured by anterior segment optical coherence tomography or A-Scan biometry

Parameters Mean± SD (range)

Axial length (mm) 23.36± 1.84 (19.5 to 30.23)
Anterior chamber depth (mm) 2.50± 0.51 (1.53 to 3.58)
Anterior chamber width (mm) 11.49± 0.54 (10.15 to 12.85)
Anterior chamber area (mm2) 18.83± 4.87 (8.96 to 32.86)
Angle opening distance 500 (AOD500) (mm) 0.25± 0.15 (0.01 to 0.70)
Angle opening distance 750 (AOD750) (mm) 0.33± 0.21 (0 to 1.07)
Trabecular iris space area 500 (TISA500) (mm2) 0.10± 0.06 (0.01 to 0.45)
Trabecular iris space area 750 (TISA750) (mm2) 0.17± 0.10 (0.03 to 0.45)
Lens thickness (mm) 4.67± 0.59 (3.42 to 5.83)
Lens vault (μm) 524.37± 422.43 (−417.70 to 1596.00)
Anterior vault (mm) 3.05± 0.20 (2.66 to 3.50)
Relative lens vault 0.18± 0.14 (−1.4 to 0.5)
Iris thickness 750 (mm) 0.44± 0.10 (0.26 to 0.69)
Iris thickness 2000 (mm) 0.42± 0.08 (0.20 to 0.62)
Iris area (mm2) 1.50± 0.24 (1.02 to 2.24)
Iris curvature (mm) 0.29± 0.13 (0.18 to 0.60)

Figure 2 Correlation between intraocular pressure (IOP) reduc-
tion and anterior vault shows that greater IOP reduction after
surgery is associated with smaller anterior vault (ß= 3.311,
P= 0.008).
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several studies have reported preoperative IOP as a
significant predictive factor for postoperative IOP
drop.4,5,11,12

Recently, anterior chamber anatomic parameters
measured by different anterior segment imaging
modalities such as AS-OCT have become the center of
focus to predict the amount of IOP reduction after cataract
surgery. Most of these studies evaluated the anterior
chamber angle and ACD as determinants of IOP
drop.3,9,11,12 However, studies on lens-related anterior
segment parameters are quite rare. LT had been found to
be a risk factor for angle-closure glaucoma.22,23 It has been
shown that not the entire LT but the portion of the lens
located anterior to the scleral spur (LV) plays the most
important anatomic part in crowding the angle.24

The role of LT as a predictor of IOP drop is
controversial. In a study on non-glaucomatous subjects,
Yang et al14 reported that LT was a significant predictor of
IOP drop in univariate (Po0.05) and multivariate
analysis (Po0.005). However, other studies did not find
any significant relationship.1,25

LV represents the portion of the lens that is located
anterior to the scleral spur, might be more representative
of the role of the lens in angle closure than LT,24 and has
been shown to be an independent risk factor for angle-
closure glaucoma.26 Huang et al3 also showed that, for
visually significant cataract, preoperative LV was related
to IOP reduction after surgery. There was no data on LT
in their report. However, in a previous report, consistent
with the result of the present study, we did not find any
significant relation between LV and IOP reduction.1,25

There are some novel lens and anterior segment
parameters that have been recently introduced to evaluate
anterior dimensions of the eye, including the lens. In the
present study, based on AS-OCT scans, we investigated
two novel biometric parameters: the AV, which
represents the sum of the LV and the ACD, and the rLV,
which represents the ratio of the LV to the AV.20 We
found that AV was significantly associated with a
reduction in IOP after cataract surgery in multivariate
regression analysis. We did not find any significant
association between LT, LV, or rLV and IOP reduction.
Although LV might be more representative of the role

of the lens in angle closure as compared with LT,24,26 the
role of the ACD should not be forgotten; a very deep
anterior chamber can compensate for the risk introduced
by even large LVs and reduces the overall risk of angle
closure and vice versa. In fact, if the ACD is deep enough,
the LV, even when large, is less likely to increase the risk
of angle closure. These facts suggest that other parameters
such as AV and rLV, which are indicators of the combind
effect of ACD and LV, may be more closely related to
angle-closure risk than absolute values. In our study, a
significant correlation was found between AV and IOPT
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drop after cataract surgery but not between LV and IOP
reduction.We also did not find any correlation between
rLV and IOP drop. Although one reason that AV has
significant correlation with IOP drop might be that it has
ACD as a component in its measurement. But
multivariate analysis demonstrated that AV is a better
predictor of IOP change after phacoemulsification as it is
an indicator of both LV and ACD. Smaller anterior
segment might be a more important predictor of IOP drop
than LP. In our study, rLV was a powerful predictor of
IOP change in the NA group.
Different mechanisms for the IOP decrease after

cataract surgery have been proposed, although the exact
mechanism is still not fully understood. Trabecular
endothelial remodeling in response to ultrasonic stress,27

prostaglandin release,28 and increase in aqueous outflow
by expansion of the trabecular meshwork4 are some of the
hypothetical mechanisms, but angle and ACD change
induced by cataract removal has been shown to be the
main mechanism of IOP change in OAs as well as NAs.14

Huang et al9 supported this hypothesis by showing that
IOP reduction was associated with angle widening in
both OA and NA eyes. It can be hypothesized that the
main part of the IOP-lowering effect of cataract removal
in normal eyes is implemented through the effect of the
lens on angle anatomy in both OAs and NAs. In another
study, Huang et al3 showed that the degree of angle
widening and AC deepening after cataract surgery was
correlated with the preoperative LV in normal eyes. Thus
there is potential relevance between lens-imposed risk for
angle closure and the role of the lens on IOP decrease after
cataract surgery.
In our study, AL and ACD were associated with IOP

drop in univariate analysis, but when considering other

parameters such as AV and rLV in multivariate analysis,
they were not significant factors. This is consistent with
the results of Yang et al14 who found ACD and its change
as significant predictors of IOP reduction only in
univariate but not multivariate analysis. Huang et al9 also
did not find any significant relationship between ACD
deepening and IOP change after cataract surgery.
Similarly, these studies did not show any correlations
between IOP reduction and AL in multivariate
analysis.9,14 The reason may be that AL is a surrogate for
the narrowness of the angle.
Cataract surgery has been shown to reduce IOP more in

NAs compared with OAs.2 Huang et al9 reported an
almost twofold greater IOP reduction in NA compared
with OA eyes 6 months after surgery. Similarly, in our
patients the mean IOP reduction was significantly more in
the NA group compared with the OA group after surgery.
It should be noted that the present study also has some

limitations. First, a 3-month follow-up period may not be
sufficient for evaluating the long-term effect on IOP and
the relationship with the ocular parameters. A longer
follow-up duration would provide a more valuable
assessment of the effects of phacoemulsification.
However, it has been shown that the IOP decrease after
cataract surgery did not show significant changes
throughout a 6-month postoperative period.9 Second, 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. Finally, we had a relatively
small sample size. Having a larger sample size in each
subgroup might provide more valuable evaluation of
factors influencing IOP reduction after cataract surgery.

Table 3 Anterior segment parameters measured by anterior segment optical coherence tomography or A-scan biometry in the open
and narrow angle eyes

Parameters Open angle (n= 39), mean± SD Narrow angle (n= 46), mean± SD P-value

Change in IOP − 4.52± 2.19 − 5.73± 2.18 0.01
Axial length (mm) 24.04± 1.94 22.41± 1.23 o0.001
Anterior chamber depth (mm) 2.85± 0.40 2.15± 0.33 o0.001
Anterior chamber width (mm) 11.66± 0.58 11.30± 0.46 0.003
Anterior chamber area (mm2) 22.27± 3.88 15.41± 2.94 o0.001
Angle opening distance 500 (AOD500) (mm) 0.358± 0.130 0.140± 0.085 o0.001
Angle opening distance 750 (AOD750) (mm) 0.485± 0.167 0.170± 0.101 o0.001
Trabecular iris space area 500 (TISA500) (mm2) 0.148± 0.064 0.063± 0.031 o0.001
Trabecular iris space area 750 (TISA750) (mm2) 0.254± 0.074 0.096± 0.043 o0.001
Lens thickness (mm) 4.41± 0.57 4.91± 0.50 0.005
Lens vault (μm) 288.3± 331.2 810.1± 337.4 o0.001
Anterior vault (mm) 3.14± 0.20 2.96± 0.17 o0.001
Relative lens vault 0.09± 0.11 0.27± 0.11 o0.001
Iris thickness 750 (mm) 0.43± 0.09 0.47± 0.10 0.08
Iris thickness 2000 (mm) 0.43± 0.09 0.45± 0.09 0.95
Iris area (mm2) 1.49± 0.27 1.50± 0.24 0.94
Iris curvature (mm) 0.23± 0.14 0.35±0.12 0.001
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In summary, in our study we found that cataract surgery
results in significant IOP reduction in both OA and NA
eyes. Furthermore, we have found that IOP reduction was
associated with smaller AV, which could be used to help
potentially predict IOP response after cataract surgery.

Summary

What was known before
K Cataract surgery results in significant IOP reduction in

both the open and narrow angle eyes.
K The role of lens thickness and lens vault as predictors of

IOP reduction after cataract surgery is controversial.

What this study adds
K Anterior vault (AV), defined as the sum of the lens vault

and the ACD, and relative lens vault, the ratio of the LV to
the AV, are the novel lens-related parameters measured by
AS-OCT. AV, which reflects the combined effect of LV and
ACD, is a predictor of IOP reduction after cataract surgery.
The smaller the AV, the greater the IOP reduction after
cataract surgery.
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