Effects of LT and AL on outcome of LPI
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Abstract

e AIM: To investigate the association of axial length (AL),
lens thickness (LT), and lens vault (LV) with postoperative
anterior chamber angle metrics after laser peripheral
iridotomy (LPI).

e METHODS: Prospective observational study of 69
patients (97 eyes) were diagnosed as primary angle-closure
suspect (PACS), primary angle closure (PAC) or primary
angle-closure glaucoma (PACG). AL, LT, anterior central
chamber depth (ACD), angle opening distance (AOD),
trabecular iris angle (TIA), and angle recess area (ARA)
were measured before and 1wk after LPI. The association
between AL, LT, LV with ACD, AOD, TIA, ARA were analyzed
by comparing the differences between preoperative and
postoperative measurements for anterior segment biometric
parameters.

e RESULTS: ACD, AOD, TIA, and ARA were significantly
increased after LPI (all P<0.05). Greater LT was significantly
associated with greater postoperative increases in ACD,
AOD, TIA, and ARA (all P<0.05). AL was not significantly
associated with changes of anterior segment biometric
parameters. Greater LV was significantly associated with
greater postoperative increases in ACD, AOD, and TIA (all
P<0.05), but was not significantly associated with changes
of ARA.
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o CONCLUSION: Greater baseline LT and LV measurements
are associated with greater increases in anterior segment
biometric parameters after laser peripheral iridotomy. AL
are not associated with the change of anterior segment
biometric parameters.

o KEYWORDS: laser peripheral iridotomy; primary angle-
closure glaucoma; lens thickness; axial length; anterior
chamber angle metrics
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INTRODUCTION

laucoma is the leading cause of irreversible blindness
G disease in the world. It is characterized by progressive
optic nerve atrophy and visual impairment. In China, primary
angle-closure glaucoma (PACG) accounts for the majority
of patients with glaucoma'". The stenosis or closure of the
anterior chamber angle plays an important role in the elevation
of intraocular pressure (IOP). Laser peripheral iridotomy
(LPI), as a common treatment for primary angle closure (PAC)
or PACG, could remove pupil block, widen angle, and reduce
IOP. Many studies have confirmed the effectiveness
of LPI”™". However, LPI cannot completely control the
progression of glaucoma'. Therefore, it is important to
evaluate the postoperative effect after LPI. For patients with
poor postoperative effect, other methods could control IOP and
improve the success rate of glaucoma treatment. Patients with
PAC generally have some abnormal anatomic characteristics
such as thick lens, short axis, or forward lens'®. Whether one
eye with smaller lens, longer axis length and backward lens
is better effective after LPI? The purpose of this study was
to analyze the association of lens thickness (LT) and axial
length (AL) with postoperative of LPI, and examine the factors
associated with the widening of the angle.
SUBJECTS AND METHODS
Ethical Approval This study was approved by the Qingdao
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Figure 1 Parameter measurement of anterior chamber angle in UBM images A: Measurement of AOD, TIA, and ARA. O: Scleral spur; H:
Deepest point of angle recess; AO: 750 um; AOD: The length of AB (AO perpendicular to AB); TIA: The size of angle AOB; ARA: The area of

A-H-B. B: Measurement of LV [the distance between the midpoint of bilateral scleral process and the intersection point (intersected by vertical

line through the midpoint and the anterior surface of the lens)].

Eye Hospital, and was performed in accordance with the
principles of the Declaration of Helsinki. All of the subjects
signed informed consent.

Subjects Patients diagnosed as primary angle-closure suspect
(PACS), PAC or PACG at Qingdao Eye Hospital from May
2017 to December 2017 were recruited into this study.
PACS was defined as one eye having at least 180 degrees
iridotrabecular contact without visible pigmented trabecular
meshwork by gonioscope examination at static state and
without elevated intraocular pressure. PAC was defined as a
PACS patient with IOP>21 mm Hg, and without optic nerve
impairment. PACG was defined a PAC patient with optic nerve
impairment'. Subjects were excluded if they were: 1) patients
with eye operation history; 2) patients with eye trauma history;
3) patients with dislocated lens, ciliary body cysts, or iris cysts;
4) patients with iris atrophy or pupil stiffness induced by acute
angle-closure glaucoma; 5) patients with retina or vitreous
diseases or corneal diseases; 6) patients with uncontrolled
severe diabetes mellitus and hypertension.

Clinical Assessment All subjects underwent a standardized
ophthalmic examination at baseline. AL, anterior central
chamber depth (ACD), and LT were obtained by the LENSTAR
eye biometer from Haag-Streit before and 1wk after LPI. All
subjects were examed by one skilled examination physician
under the same condition of natural light illumination. Every
eye was examined 3 times and the avarage value of AL, ACD,
and LT were chosen for analysis.

Ultasound Biomicroscopy The subjects were examined by
a panoramic ultrasound biomicroscope SW-3200L (probe
frequency 35 MHz, axial and lateral resolution <40 micron)
produced by Tianjin Electronic Technology Co., Ltd. All
examinations were performed by the same skilled examination
physician under the same lighting environment. The patient lay
on the examination bed. The appropriate eyecup loaded with
saline solution was placed into eye after surface anaesthesia.
To capture the image of central anterior, upper, lower, left, and

right angles, patients rotated their eyeball forward, upward,
downward, leftward, and rightward, respectively. The central
anterior chamber collected horizontal and vertical images. The
ultasound biomicroscopy (UBM) examination was performed
before and 1wk after LPI.

Parameter Measurement of Anterior Chamber Angle
Image J software was used to process images obtained from
UBM (Figure 1). A circle was draw with scleral process
(defined as the point O) as center and 750 um as radius.
The intersection point with the corneal endothelium defined
as point A. The perpendicular line of AO intersected front
surface of iris at point B. The length of AB was defined as
the angle opening distance (AOD), and the size of angle
AOB was defined as the trabecular iris angle (TIA). The area
of the triangle composed of point H (deepest point of angle
recess), the area of A-H-B was defined as the angle recess
area (ARA; Figure 1A). All the tested eyes were measured in
four directions (inferior, superior, nasal and temporal), and the
average value was taken as the parameter value of chamber
angle. The UBM images with eyes looking straight ahead
were taken to determine the bilateral scleral process. The
distance between the midpoint of bilateral scleral process and
the intersection point (intersected by vertical line through the
midpoint and the anterior surface of the lens) was defined as
lens vault (LV). The values from horizontal and vertical images
were averaged as the results (Figure 1B).

Laser Peripheral Iridotomy LPI was performed with
VISULAS YAG III laser (Zeiss, German) by a skilled
physician. The 0.05% jaborandi alkali dropped eyes five times
(every 5min). After miosis without light reflex, oxybuprocaine
hydrochloride dropped eyes 3 times for local anesthesia,
and then placed contact lens. Following laser beam vertical
to contact lens, LPI was performed on the weak area of the
iris. Following LPI, diclofenac sodium eyedrops and 0.1%
flumilong eyedrops were applied to the eyes 4 times a day for

Iwk. The patients were re-examined one day and one week
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after LPI to avoid complications such as anterior chamber
bleeding and lens dislocation.

Statistical Analysis All data were analyzed using SPSS
20.0 statistical analysis software, and were expressed by
meantstandard deviation (AL, LT, LV, ACD, AOD, TIA,
ARA). A paired two-tailed ¢ test followed by testing the normal
distribution to assess the statistical significance. The difference
values between the postoperative and preoperative parameter
were defined as AACD, AAOD, ATIA, AARA, respectively.
The difference values of PACS, PAC, and PACG groups
were analyzed by one-way ANOVA. Multivariate regression
analysis was performed to assess the effect of AL, LT, LV
on AACD, AAOD, ATIA, and AARA. If the results had no
statistically significant, AL was divided into group>22.8 mm
and group<22.8 mm, LT was divided into group>4.7 mm and
group<4.7 mm, and LV was divided into group>1 mm and
group<l mm. Evaluating the effects of AL, LT and LV on
AACD, AAOD, ATIA and AARA was performed by analyzing
the changes of AACD, AAOD, ATIA, AARA between different
groups. P<0.05 was considered significant.

RESULTS

A total of 69 patients (97 eyes) were included in this study. No
postoperative complications such as anterior angle hemorrhage
or lens dislocation occurred. All patients successfully complete
the examination of AL, ACD, and LT. Some UBM results were
removed due to unsatisfied eye position or unclear images, and
thus 84 UBM images were analyzed in the end.

Sixty-eight eyes were diagnosed as PACS, 16 eyes were
diagnosed as PAC, and 13 eyes were diagnosed as PACG. The
mean age was 62.31+9.03 years old.

There is no statistically significant of AACD, AAOD, ATIA or
AARA between PACS, PAC, and PACG (Table 1). Therefore,
the data of anterior angle parameters were analyzed as a whole
and not grouped in the subsequent analysis. The observation
indexes before and after LPI were shown in Table 2.

The effect of AL, LT, LV on AACD were shown in Tables
3-5. Table 3 showed that LT was the influence factor of
AACD (P=0.048), and the regression coefficients was -0.078.
Compared with group LT<4.7 mm, AACD reduced by -0.078 mm
in group LT>4.7 mm. Tables 3 and 4 showed that there is no
statistically significant of AACD between different AL group.
AL was not the influence factors of AACD (P>0.05).
Table 5 showed that there is no statistically significant of
AACD between different LV group. LV was not the influence
factor of AACD (P>0.05).

The effects of LT on the angle parameters was shown in Table 6.
Compared with group<4.7 mm, AAOD, ATIA, and AARA in
group >4.7 mm all significantly increased (P<0.05). Thus, LT
was the influence factors of AAOD, ATIA, and AARA.
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Table 1 Compared results of AACD, AAOD, ATIA or AARA
between groups

Anterior angle

Paramoters PACS PAC PACG P
AACD (mm)  0.001£0.25 -0.15£0.74 -0.09+0.57  0.37
AAOD (mm)  0.13+0.09  0.09£0.09  0.1£0.09  0.31
ATIA (°) 7.76+4.51  4.96+5.72 7304564 0.16
AARA (m®)  0.05£0.03  0.03£0.03  0.04+0.03 0.1

Table 2 Parameter of anterior segment morphology before and
after LPI

Parameters n Before LPI After LPI P
AL (mm) 97 22.64+0.84 22.65+0.84 0.18
LT (mm) 97 4.76+0.34 4.74+0.36 0.50
LV (mm) 97 1.06+0.24 1.04+0.25 0.22
ACD (mm) 97 2.46+0.36 2.50+0.38 0.04
AOD (mm) 84 0.11£0.10 0.2240.14 <0.000
TIA (°) 84 8.51+7.02 15.70+8.37 <0.000
ARA (m?) 84 0.05+0.04 0.09+0.06 <0.000

Table 3 Linear regression analysis of AACD

Parameters B t P 95%Cl1
AL<22.8 mm -0.020 0.535 0.594 -0.096, 0.055
LT<4.7 mm -0.078 2.007 0.048 -0.154, 0.001

Table 4 Comparison of AACD between different AL group

Groups n AACD
<22.8 mm 52 0.04+0.19
>22.8 mm 45 0.03+0.19
t 0.19
P 0.85

Table 5 Comparison of AACD between different LV group

Groups n AACD
<1 mm 37 0.053+0.189
>1 mm 47 0.030+0.170
t 1.279
P 0.205

Table 6 Comparison of AAOD, ATIA or AARA between different
LT group

Groups n AAOD ATIA AARA
<4.7 mm 32 0.083+0.067 5.407+4.284 0.034+0.029
>4.7 mm 52 0.134+0.093 8.398+4.922 0.049+0.033
t -2.678 -2.838 -2.117

P 0.009 0.006 0.037

The effects of AL on the angle parameters was shown in
Table 7. There was no statistically significant of AAOD,
ATIA or AARA between different AL group. AL was not the
influence factors of AACD.
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Table 7 Comparison of AAOD, ATIA or AARA between different
AL group

Groups n AAOD ATIA AARA
<228mm 46 0.108+0.088 6.9314+4.536 0.039+0.027
>22.8mm 38 0.123+0.086 7.654+5.313 0.049+0.038
t -0.771 -0.673 -1.380
P 0.443 0.503 0.172

Table 8 Comparison of AAOD, ATIA or AARA between different
LV group

Groups n AAOD ATIA AARA
<1 mm 37 0.089+0.072 6.071+4.740 0.039+0.033
>] mm 47 0.135+0.093 8.193+4.843 0.047+0.033
t -2.491 -2.012 -1.016

P 0.015 0.048 0.313

The effects of LV on the angle parameters was shown in
Table 8. Compared with group<l mm, AAOD and ATIA in
group>1 mm were significantly increased (P<0.05). Thus, LV
was the influence factors of AAOD and ATIA. There was no
statistically significant of AARA between different LV group.
LV was not the influence factors of AARA.

DISCUSSION

We previously demonstrated that the anterior chamber angle
metrics such as ACD, AOD, TIA, and ARA were significantly
increased after LPI. Through correlation analysis, we
confirmed that greater LT and LV were associated with greater
increases in anterior segment biometric parameters after LPI,
while AL had no effect on postoperative outcomes.

PACG is an eye disease with progressive closure of anterior
chamber angle and progressive IOP increase that ultimately
leads to optic nerve impairment. It is classified into three
categories according to epidemiological factors which is
PACS, PAC, and PACG"". Most of PACG are characterized by
shallow ACD, short AL, thick LT or large LV, LV represents
the degree of lens protrusion to anterior chamber in sclera
level and the degree of pupillary block'. LPI is able to relieve
pupillary block, widen angles, and thus has been accepted
by most ophthalmologists as a treatment for all patients with
narrow angles. In this study, all patients were subjected to LPI.
The ACD, AOD, TIA, and ARA were all significantly increased
compared with pre-operation, indicating the effectiveness of
LPI in widening angles. No significant changes were observed
in AL and LT after surgery, indicating almost no effect of LPI
on the anatomic structure of eyeball and lens. The LV was
slightly reduced without statistic significant, suggesting no
substantial change in the relative position of lens following
LPI". There was no statistical difference of angle parameters
between group PACS, PAC, and PACG, which showed that
angle widen induced by LPI was not different in the three

groups. These were similar to the results of Ang et al’s study'”.
Therefore, the data of anterior angle parameters were analyzed
as a whole and not grouped in the subsequent analysis.
However, LPI cannot cure all the patients with narrow angles.
At least one quadrant residual angle closure was observed
in 30%-50% patients with PAC at one month after LPI™*”,
Long-term observation showed that the percentage of angle
closure in two quadrants or above is as high as 81.8%!"". Other
therapeutic methods instead of LPI may be more effective for
these patients with poor postoperative outcomes. Thus, it is
necessary to predict postoperative LPI effect. In this study, we
analyzed the association between AL, LT, LV and ACD, AOD,
TIA, ARA by comparing the differences between preoperative
and postoperative anterior angle parameters, and investigated
whether AL, LT or LV could affect postoperative outcomes of
LPL

Our study suggested that LT could significantly affect the
opening degree of angle after LPI. Compared with LT<4.7 mm
group, the postoperative outcomes of LPI was more better in
group with>4.7 mm. Previous studies showed that age and iris
curvature were the influencing factors of LPI, and both were
positively correlated with postoperative angle!"". Besides,
studies also showed that postoperative angle significantly

increased in patients with thinner iris thickness!”

. Moghimi
et al'™ found that AOD was the influencing factor of LPI.
Although the above studies and the current study have
different observation, there are closely relationship. As the age
increases, the thickness of the lens gradually increase!!. The
thickened lens moves forward the iris, resulting in the increase
in iris curvature, more narrow of the anterior chamber angle,
and the occurrence of pupil block. After LPI, the factor of pupil
block is relieved, the pressure of the anterior and posterior
chambers is balanced, the iris is more flat, and thus the opening
degree of angle is larger'"”.

LV represents the degree of lens protuberating into anterior
chamber at scleral spur level. It is significantly increased in
patients with PACS, PAC, and PACG than in normal subjects.
The increased LV induces the forward protrusion of lens, the
increase in contact area of iris and lens, the decrease in gap
between iris and lens, and severity pupil block"®. LPI is able
to relieve pupillary block. AOD is significantly increased in
patients with larger LV following LPI. Our study reflected that:
the larger LV, the larger AAOD and ATIA. Previous studies
also showed similar results™'”. However, the change of LV has
nothing to do with AACD and AARA. The reason is that LPI
could significantly widen the depth of the peripheral anterior
chamber compared with the central anterior chamber''*),
AAOD and ATIA are more sensitive than AARA, which result

in LV has no significate correlation with AARA.
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In this study, AL had no effect on the parameters of the anterior
angles following LPI, which was consistent with previous
studies!™"”". Therefore, AL does not affect the postoperative
outcomes of LPI.

Our study had limitations. One limitation was the small
sample size. More samples are necessary to further improve
the reliability of the analysis. The second limitation was
no performance of subgroups between objects. The third
limitation was that the change of IOP was not analyzed in the
study.

In conclusion, LPI widen the angle of the anterior chamber by
removing the pupillary block. LPI may be more effective in
patients with thicker LT or larger LV.
ACKNOWLEDGEMENTS

Foundations: Supported by the Natural Science Foundation of
Shandong Province (No.ZR2020MH172); the Demonstration
and Guidance Project of Science and Technology Benefiting
People in Qingdao (No0.20-3-4-39-nsh).

Conflicts of Interest: Liu YM, None; Hu D, None; Zhou LF,
None; Lan J, None; Feng CC, None; Wang XY, None; Pan
XJ, None.

REFERENCES

Sun XH, Dai Y, Chen YH, Yu DY, Cringle SJ, Chen JY, Kong XM,

—

Wang XL, Jiang CH. Primary angle closure glaucoma: What we know
and what we don’t know. Prog Retin Eye Res 2017;57:26-45.

2 Kurysheva NI, Lepeshkina LV. Selective laser trabeculoplasty protects
glaucoma progression in the initial primary open-angle glaucoma and
angle-closure glaucoma after laser peripheral iridotomy in the long
term. Biomed Res Int 2019;2019:4519412.

3 Zebardast N, Kavitha S, Krishnamurthy P, Friedman DS, Nongpiur ME,
Aung T, Quigley HA, Ramulu PY, Venkatesh R. Changes in anterior
segment morphology and predictors of angle widening after laser
iridotomy in south Indian eyes. Ophthalmology 2016;123(12):2519-2526.

4 Lin Z, Liang YB, Wang NL, Li SZ, Mou DP, Fan SJ, Sun S, Tang
X, Thomas R. Peripheral anterior synechia reduce extent of angle
widening after laser peripheral iridotomy in eyes with primary angle
closure. J Glaucoma 2013;22(5):374-379.

5 Qiu L, Yan YJ, Wu LL. Appositional angle closure and conversion of
primary angle closure into glaucoma after laser peripheral iridotomy.
Br J Ophthalmol 2020;104(3):386-391.

6 Nongpiur ME, He M, Amerasinghe N, Friedman DS, Tay WT, Baskaran
M, Smith SD, Wong TY, Aung T. Lens vault, thickness, and position in
Chinese subjects with angle closure. Ophthalmology 2011;118(3):474-479.

7 Ang BC, Nongpiur ME, Aung T, Mizoguchi T, Ozaki M. Changes

in Japanese eyes after laser peripheral iridotomy: an anterior

718

segment optical coherence tomography study. Clin Exp Ophthalmol
2016;44(3):159-165.

8 He MG, Friedman DS, Ge J, Huang WY, Jin CJ, Lee PS, Khaw
PT, Foster PJ. Laser peripheral iridotomy in primary angle-closure
suspects: biometric and gonioscopic outcomes: the Liwan Eye Study.
Ophthalmology 2007;114(3):494-500.

9 Lee KS, Sung KR, Kang SY, Cho JW, Kim DY, Kook MS. Residual
anterior chamber angle closure in narrow-angle eyes following laser
peripheral iridotomy: anterior segment optical coherence tomography
quantitative study. Jpn J Ophthalmol 2011;55(3):213-219.

10 Baskaran M, Yang E, Trikha S, Kumar RS, Wong HT, He MG, Chew
PTK, Foster PJ, Friedman D, Aung T. Residual angle closure one year
after laser peripheral iridotomy in primary angle closure suspects. Am J
Ophthalmol 2017;183:111-117.

11 Huang G, Gonzalez E, Lee R, Osmonavic S, Leeungurasatien T, He
M, Lin SC. Anatomic predictors for anterior chamber angle opening
after laser peripheral iridotomy in narrow angle eyes. Curr Eye Res
2012;37(7):575-582.

12 Lee RY, Kasuga T, Cui Q, Porco TC, Huang GF, He MG, Lin SC.
Association between baseline iris thickness and prophylactic laser
peripheral iridotomy outcomes in primary angle-closure suspects.
Ophthalmology 2014;121(6):1194-1202.

13 Moghimi S, Chen R, Johari M, Bijani F, Mohammadi M, Khodabandeh
A, He MG, Lin SC. Changes in anterior segment morphology after
laser peripheral iridotomy in acute primary angle closure. Am J
Ophthalmol 2016;166:133-140.

14 He MG, Huang WY, Li YT, Zheng YF, Yin QX, Foster PJ. Refractive
error and biometry in older Chinese adults: the Liwan eye study. /nvest
Ophthalmol Vis Sci 2009;50(11):5130-5136.

15 Niitzi C, Orgiil S, Schotzau A, Grieshaber MC. Predictability of
morphological changes of the anterior chamber angle after laser
iridotomy by ultrasound biomicroscopy. Klin Monbl Augenheilkd
2015;232(4):419-426.

16 Moghimi S, Vahedian Z, Fakhraie G, Ghaffari R, Eslami Y, Jabarvand
M, Zarei R, Mohammadi M, Lin S. Ocular biometry in the subtypes
of angle closure: an anterior segment optical coherence tomography
study. Am J Ophthalmol 2013;155(4):664-673,673.¢l.

17 How AC, Baskaran M, Kumar RS, He M, Foster PJ, Lavanya R,
Wong HT, Chew PT, Friedman DS, Aung T. Changes in anterior
segment morphology after laser peripheral iridotomy: an anterior
segment optical coherence tomography study. Ophthalmology
2012;119(7):1383-1387.

18 Jain R, Grewal D, Grewal SP. Quantitative analysis of anterior
chamber following peripheral laser iridotomy using Pentacam in eyes

with primary angle closure. Eur J Ophthalmol 2012:0.



