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Original Article
Pentacam could be a useful tool for evaluating and
qualifying the anterior chamber morphology
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Abstract: Objective: This study aims to investigate the changes of anterior chamber morphology after laser periph-
eral iridotomy (LPI) in primary angle-closure (PAC) patients using Pentacam. Methods: 35 normal persons and 35
patients of PAC before and 1 week after neodymium: yttrium: aluminum garnet (Nd: YAG) LPI were evaluated with
Pentacam. We measured the anterior chamber angle (ACA), central anterior chamber depth (CACD), peripheral
anterior chamber depth (PACD), anterior chamber volume (ACV) and pupil diameter (PD). Paired t-test was used
to investigate the differences in anterior segment parameters before and after LPIl. Independent samples t-test
was used to compare these parameters between PAC patients after LPI and normal persons. Results: There were
significant differences between PAC patients and control in nasal and temporal ACA, PACD, ACV (P < 0.05) except
for superior (P = 0.053) and inferior ACA (P = 0.389), CACD (P = 0.453) and PD (P = 0.221). ACV increased 56.5%
in PAC patients after LPI whose ACV < 57 mm3, which was more greatly than those patients whose ACV > 57 mm?
(P =0.001). Conclusions: The changes of anterior chamber parameters after LPI in PAC eyes can be demonstrated
by Pentacam objectively and quantitatively. LPI seems more effective for PAC eyes with smaller ACV. The anterior

chamber parameters in PAC eyes after LPI are still significantly smaller than those of normal persons.
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Introduction

Primary angle-closure glaucoma (PACG) is one
of the leading causes of blindness worldwide
[4, 2]. It is the most frequent causes of glauco-
ma in China. PACG is also responsible for the
majority of bilateral glaucoma blindness in
China [3]. Screening, diagnosis, and manage-
ment of PACG became a global concern [4].
Neodymium: yttrium: aluminum garnet (Nd:
YAG) laser peripheral iridotomy (LPI) has proved
to be beneficial in preventing the development
of primary angle-closure (PAC) into PACG [5, 6].
The mechanism of LPI is that it creates an
opening hole on the peripheral iris to eliminate
the pupillary block. Thereby it makes the con-
vex iris flattened which widening the anterior
chamber angle [7]. However, quantification of
changes in the anterior segment after LPI has
been limited by lack of ideal instruments to
assess them. Gonioscopy, anterior segment
ocular coherence tomography (AS-OCT), and
ultrasonic biomicroscopy (UBM) have been
used to observe the morphological changes of

the anterior chamber. However, Gonioscopy is
not reproducible or accurate. UBM requires the
contact and immersion in the solution of eyes
and is inconvenient. These methods only obtain
cross-sections of the anterior segment and can
not provide full three-dimensional (3-D) infor-
mation on the eye [7-9]. The Pentacam (Oculus
Inc., Wetzlar, Germany) is a commercially avail-
able instrument comprised of a rotating
Scheimpflug camera that captures images of
the anterior segment of the eye. The device
generates a complete image and 3-D virtual
model of the anterior segment. Software allows
evaluation and quantification of anterior seg-
ment parameters such as central anterior
chamber depth (CACD), peripheral anterior
chamber depth (PACD), anterior chamber vol-
ume (ACV), pupil diameter (PD), and anterior
chamber angle (ACA) of cross-section photo-
graphs from 0° to 360°. This noncontact proce-
dure takes approximately 2 seconds [10, 11].

The aim of the study is to use Pentacam to
investigate the changes of anterior chamber
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morphology after LPI in Chinese PAC patients
and to compare these patients after LPI with
normal Chinese persons. ACV by now is the
unique parameter that can only be obtained by
Pentacam with its 3-D virtual model. We firstly
evaluate the relationship between ACV and the
effect of LPI in this study which was never seen
in previous literature.

Material and methods
Subjects

Patients eligible for this study were PAC, who
were initially seen at Beijing Hospital, from
February 2012 to September, 2013. PAC desig-
nate patients with an occludable drainage
angle and features indicating that trabecular
obstruction by the peripheral iris has occurred,
such as peripheral anterior synechiae, elevated
intraocular pressure, iris whirling(distortion of
the radially orientated iris fibres), “glaucomfle-
ken” lens opacities, or excessive pigment depo-
sition on the trabecular surface. The optic disc
does not have glaucomatous damage [12].
Patients were excluded if they met any of the
following criteria: (1) secondary angle closure,
such as lens dislocation or intumescence, neo-
vascular glaucoma, uveitis; (2) prior laser treat-
ment or intraocular surgery; (3) ocular trauma;
(4) severe cornea diseases; (5) UBM showed
PAC caused by forward rotation of ciliary body
or iris thickening rather than pupil block.

The inclusion criteria of normal persons were
as follows: (1) best-corrected visual acuity >
20/20; (2) refractive error between +4.00 to
-8.00 diopters; (D) of sphere and +3.00 to -3.00
D of cylinder and with anisometropia < 2.00 D;
(3) normal anterior chamber depth, clear refrac-
tive media and normal eye fundus; (4) intraocu-
lar pressure <21 mm Hg; (5) no history of reti-
nal diseases, optic nerve diseases, uveitis, and
no history of ocular trauma or intraocular sur-
geries or any kind of ocular laser therapy,
including refractive surgery.

35 PAC patients and 35 normal persons were
enrolled in our study. Only one eye was selected
in each patient. When both eyes of the same
patients were eligible, one eye was randomly
selected. All subjects signed an informed con-
sent form. This study was approved by the
Ethics Committee of Beijing Hospital.
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Methods

The following examinations were performed on
PAC eyes and normal eyes: visual acuity, IOP by
Goldmann applanation tonometry, slit-lamp
biomicroscopy, ophthalmoscopy, refraction and
Pentacam. All PAC patients went the examina-
tions of Gonioscopy performed by a glaucoma
specialist (Xy. Li) using a Goldmann-type 2-mir-
ror indirect gonioscope (Haag-Streit AG, Koeniz,
Switzerland), and UBM performed by one skill-
ful technician Fang Tian. Pentacam was also
done on PAC eyes 1 week after LPI. All patients
provided written informed consent.

LPI: One hour before LPI, subjects received 1%
pilocarpine 3 times. The YAG laser was used
with a single 5-6mj pulse until patency was
achieved.

After LPI, subjects received 0.1% dexametha-
sone for 3 days. Patients were seen 1 day and
1 week after LPI.

Anterior segment measurements: Pentacam
enables evaluation and quantification of ante-
rior segment parameters such as CACD, PACD,
ACV, PD, and ACA. PACD is defined as 4 mm
from the cornea apex. Pentacam examinations
were performed in a room with a standard dim
illumination by one skillful technician Lei Hu.
Pentacam measurements were accepted only
the quality score (QS) > 95%. Three measure-
ments were obtained in each eye, and the best
one was used for quantitative analysis.

Statistical analysis

Statistical analyses were performed using
SPSS 19.0 statistics software (SPSS Inc,
Chicago, IL, USA). Normal distribution of data
was assessed using the Shapiro-Wilk test.
Paired t-test was used to investigate the differ-
ences in anterior segment parameters before
and after LPI. Independent samples t-test was
used to compare these parameters between
PAC eyes after LPI and normal persons. The P <
0.05 was considered statistically significant.

Results

35 eyes of 35 PAC patients (9 men and 26
women) and 35 eyes of 35 normal persons (19
men and 16 women) were included in the study.
All subjects were Chinese. Mean age of PAC
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Table 1. Anterior chamber values PAC patients before and after LPI

and normal persons and their statistical significance

all analyzed parameters bet-
ween PAC eyes after LPI and

normal persons. (P = 0.000)

Parameter Pre-LPI  Post-LPI  Normal P-value 1 P-value 2

ACV (mm?) 5820 83.66 135.80  0.000 0.000 _?’::t"i’; TODS(Z y= f% r?’; ic): (;::’ileentls)'
ACA (degree) although after LPI, all of the
Superior 21.06 22.37 30.51 0.053 0.000 anterior chamber parameters
Inferior 24.02 24.54 31.59 0.389 0.000 (ACA, CACD, PACD, ACV) were
Nasal 2291 25.46 33.84 0.002 0.000 significantly smaller than nor-
Temporal 25.67 27.22 3712 0.033 0.000 mal persons.

CACD (mm) 1.77 1.79 2.77 0.453 0.000 ) )

PACD (mm) Discussion

Superior 0.30 0.65 1.10 0.000 0.000 The first aim of our study was to
Inferior 0.58 0.95 1.51 0.000 0.000 investigate the efficacy of the
Nasal 0.30 0.57 1.06 0.000 0.000 LPI in the management of the
Temporal 0.73 1.08 1.67 0.000 0.000 subjects with PAC  using
PD (mm) 2.49 2.43 2.53 0.221 0.371 Pentacam. LPI has proved to be

P-value 1 means statistically significant differences between PAC patients pre and
post-LPI; P-value 2 means statistically significant differences between post-LPI pa-
tients and normal persons. LPI = laser peripheral iridotomy; ACV = anterior chamber
volume; ACA = anterior chamber angle; CACD = central anterior chamber depth;

PACD = peripheral anterior chamber depth; PD = pupil diameter.

was 66.1 years old (range 54-81), Mean age of
normal persons was 67.1 years old (range
48-87). Mean spherical equivalent of PAC was
1.65 + 2.38 diopters. Mean spherical equiva-
lent of normal persons was -0.98 + 2.13 diop-
ters. There was no statistically different
between these two groups either in age (P =
0.618) or in refraction (P = 0.432).

For PAC eyes, statistically significant differenc-
es were found before and 1 week after LPI in
nasal and temporal ACA, PACD, ACV (all P <
0.05) except for superior (P = 0.053) and infe-
rior ACA (P = 0.389), CACD (P = 0.453) and PD
(P = 0.221) (Table 1). After LPI, We found ACV
statistically increased from 58.20 mm? to
83.26 mm?3(P = 0.000), and also superior, infe-
rior, nasal and temporal PACD statistically
increased from 0.30 mm, 0.58 mm, 0.30 mm,
0.73 mm to 0.65 mm, 0.95 mm, 0.57 mm and
1.08 mm respectively (all P = 0.000). PAC eyes
were divided into two groups. After LPI for those
whose ACV < 57 mm?, ACV increased 56.5%,
which was much greater than those whose ACV
> 57 mmé&, which only increased 36.0% (P =
0.001).

Although after LPI, we found statistically
increase in PACD and ACV for PAC patients, sta-
tistically significant differences were noted in
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successful in preventing the
development of primary angle-
closure (PAC) into PACG [5, 6].
Results obtained in our study
confirmed the effectiveness of
LPI, as there were significant
increases in ACV and PACD
after LPI. ACV increased greatly from 58.2 mm?3
to 83.66 mm3. The increase was significant
with 25.46 mm?3. PACD increased significantly
in all 4 quadrants with about 0.3mm. We
assume that after LPI, the aqueous humor flow
directly through the iridotomy site, so the con-
vex iris flattened and the pupil block was elimi-
nated, which greatly deepens the peripheral
chamber and increases the ACV and PACD.

As Pentacam generates a 3-D virtual model of
the anterior segment, ACV is by now the unique
parameter which other anterior segment devic-
es could not get. In our study, we firstly found
after LPI, ACV smaller than 57 mm?increased
more greatly, thus we assume that LPI might be
more effective in PAC patients with smaller
ACV.

This study showed with LPI significant changes
were found in nasal and temporal ACA, howev-
er, the changes in nasal and temporal ACA did
not reach the significant level. Although
Pentacam is an accurate method in anterior
segment imaging, the inability of the Pentacam
to visualize the most peripheral part of the iris
and the base of the ACA might justify this obser-
vation that ACA measured by Pentacam, which
is automatically calculated and critically depen-
dent on the localization of the assumed apex of
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the ACA, is thought to be unreliable and mostly
overestimated in eyes with a narrow ACA [13,
14]. And also the eye lid shelter may also make
the inaccuracy of the measurements of superi-
or and inferior ACA.

The results of the present study showed
increase in CACD after the LPI did not reach the
significant level, agreeing with previous studies
[10, 11]. The LPI moves the iris toward the pos-
terior chamber, however, the location of the
lens is not affected; thus may not affect the
CACD.

Our results showed that the PD did not change
significantly after the LPI. As is known to all, PD
could affect the measurements of anterior
chamber parameters [15]. In order to validate
our experiment, we tried to control the lighting
and fixation to ensure that PD remained the
same in 2 sessions of the measurements.

The second aim of our study was to compare
the changes of anterior chamber morphology
after LPI in PAC patients with normal persons.

Our results showed statistically significant dif-
ferences were noted in all analyzed parameters
between PAC eyes after LPl and normal per-
sons except PD.

We can see for PAC eyes, although after LPI,
the PACD and ACV significantly increased, they
were still much smaller than normal persons.
The ACA in 4 quadrants, CACD were also signifi-
cantly smaller than normal persons. Wang et al.
stated that 55% of all angle-closure in China is
caused by multiple mechanisms, with only 38%
attributable to pure pupil block [16]. Hung and
Chou reported that the dark-prone provocative
test was positive in 60% of Taiwanese Chinese
eyes after iridectomy, compared with 12.5% in
normal eyes [17]. Our study also confirmed that
even though pupil block was eliminated, PAC
patients still had much smaller ACA, ACD and
CV, which indicates multiple mechanisms for
angle closure exist. So even after conventional
YAG laser iridotomy, PAC patients need routine
follow-up to prevent progression of angle clo-
sure. For some of these structural variations,
other preventive treatments may need to be
devised such as laser iridoplasty.

In conclusion, the present study confirmed pre-
vious reports on the increase in ACV and PACD
for PAC patients after LPI. Pentacam could be a
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useful tool for evaluating and qualifying the
anterior chamber morphology with the advan-
tages of objectivity, good quantitative measure-
ments, ease of handling, obtained with a rapid,
non-contact method. For Chinese PAC patients,
although after LPI, the anterior chamber mea-
surements were still much smaller than normal
persons, which indicating multiple mechanisms
result in angle closure. Thus routine follow-up is
recommended for those patients of PAC after
LPI.
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