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Purpose. To explore the anatomical characteristics and occurrence mechanisms of acute primary angle closure (APAC) by
comparing the quantitative data of UBM images of the APAC and fellow eyes. Methods. 131 patients (262 eyes) were studied
over five years by retrospective analysis. The quantitative data from UBM images including angle opening distance at 500 ym
(AOD500), trabecular-iris angle (TTIA), iris convexity (IC), iris span (IS), iris-lens angle (ILA), iris-lens contact distance (ILCD),
iris-ciliary process angle (ICPA), and limbus-ciliary body angle (LCBA) were retrospectively recorded; comparative analysis of
the APAC and fellow eyes was performed. Results. The superior, inferior, nasal, temporal, and mean AOD500, TIA, IC, and
LCBA (P <0.001) were significantly smaller in APAC than in fellow eyes. Values of the lens thickness (LT), lens/axial length
factor (LAF), lens position (LP), and relative lens position (RLP) were lower in APAC than in fellow eyes (P = 0.021; P = 0.025;
P <0.001; and P <0.001). In APAC eyes, AOD500 was significantly positively correlated with IC, ILCD, and LCBA; TIA was
significantly positively significantly correlated with IC, ILCD, and LCBA. In fellow eyes, AOD500 was significantly negatively
correlated with ILA and significantly positively correlated with ILCD, ICPA, LCBA, axial length (AL), central anterior chamber
depth (CACD), and LP; TIA was significantly negatively correlated with ILA and significantly positively correlated with IS,
ILCD, ICPA, LCBA, AL, CACD, LP, and RLP. Conclusions. Multiple nonpupillary block factors (plateau iris, anterior
attachment and insertion of the iris root, anterior shift of the lens, and anterior rotation of the ciliary body) promote the
occurrence of APAC, and abnormal positional relationships of the iris, ciliary body, and lens may contribute to APAC.

1. Introduction

Glaucoma is the second leading cause of blindness globally,
after cataract [1, 2]. It has been estimated that there will be
approximately 80 million people with glaucomatous optic
neuropathy by 2020 [3, 4]. From population-based epidemi-
ological surveys, the prevalence of angle closure glaucoma
(ACG) is much higher in East Asian populations than in
European and African populations [5]. Estimates show that
primary angle closure glaucoma (PACG) will account for
almost 50% of all cases of binocular blindness by 2020 [6].
The Primary Angle Closure Preferred Practice Pattern
(PPP) published by the American Academy of Ophthal-
mology in 2016 [7] states that acute angle closure crisis
(AACCQ) is often accompanied by acute anterior chamber

angle blockage and a rapid rise in intraocular pressure
(IOP) to extremely high levels, and it may rapidly cause cor-
neal edema (blurred vision, iridizations), moderate pupil
dilation, conjunctival hyperaemia, and eyeball pain, which
may be accompanied by symptoms such as headache, nausea,
and vomiting. The symptoms of AACC may be self-limited,
resolved spontaneously, or recurrent. If not promptly treated,
AACC may cause permanent vision loss. Fellow eyes of
patients with AACC are also at high risk of developing AACC.

Ultrasound biomicroscopy (UBM), a noninvasive high-
resolution in vivo anterior imaging technique, has proven
to be highly advantageous in assessing the structure of the
anterior chamber angle [8]. UBM provides a means for imag-
ing and assessing morphological structures of the anterior
segment of the eye (including the ciliary body, the suspensory
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ligament, and the anterior surface of the lens covered by the
iris which cannot be observed during a routine ophthalmic
examination). In addition, UBM can be used to perform
quantitative and qualitative analyses of pathophysiologic
changes in the structures of the anterior segment [9, 10]. In
studies on angle closure (AC) diseases, the geometric angle
quantification software included in ultrasound biomicro-
scopes can be utilised to indicate the iris thickness, the ciliary
body size, and the anatomical and positional relationships
between the iris and the ciliary body.

In the present study, quantitative data acquired from
UBM images of the APAC and fellow eyes of APAC patients
were consolidated and comparatively analysed. Through the
comparison of the anatomical differences in anterior segment
structures between the attack and fellow eyes, we investigated
the diverse factors involved in the occurrence mechanisms of
acute angle closure (AAC).

2. Materials and Methods
2.1. Materials

2.1.1. Study Population. In total, 131 patients (262 eyes) with
monocular APAC who sought medical consultation and
were hospitalised for treatment at the Department of Oph-
thalmology, The Affiliated Hospital of Qingdao University
in Qingdao, China, between October 2013 and October
2018 were included in the study. The subjects consisted of
110 women (220 eyes, 83.97%) and 21 men (42 eyes,
16.03%) with a mean age of 66.09 + 8.52 years.

Two groups were established, with the APAC eyes of the
131 patients (131 eyes) belonging to the case group and the
fellow eyes (131 eyes) belonging to the control group. All
patients had signed informed consent forms for hospitalisa-
tion, surgery, and clinical trial-related matters upon hospital
admission (if patients were unable to provide their signa-
tures due to a lack of legal capacity, illiteracy, or visual
impairment, the informed consent forms were signed by a
direct relative). All procedures of this study were conducted
in compliance with the Declaration of Helsinki and were
reviewed and approved for reference by the Ethics Commit-
tee of The Affiliated Hospital of Qingdao University. The
clinical study was purely academic with no involvement of
commercial activities.

2.1.2. Inclusion and Exclusion Criteria [11]

(1) No major underlying disease requiring medical or
surgical intervention (excluding patients with hyper-
tension, diabetes, dialysis for renal failure, immune
diseases requiring long-term oral hormone treat-
ment, and long-term chemotherapy after surgery
for a malignant tumor)

(2) Uniocular acute angle closure glaucoma, with the
time of onset less than 5 days. Patients with previ-
ous history of acute angle closure attack (e.g., old
pigmental keratic precipitate, segmental atrophy
of the iris, and old glaucomatous fleck of the lens
observed) were excluded. Before admission, neither
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of the eyes has received medication, laser, or surgi-
cal intervention (including anterior chamber punc-
ture treatment)

(3) Ophthalmic examination does not reveal any ophthal-
mic diseases affecting the chamber angle such as iris
root detachment, anterior chamber angle recession,
space-occupying lesions in the anterior and posterior
ocular segments, suprachoroidal effusion (ciliary body
or choroidal detachment), retinal detachment, and
acute or old uveitis

(4) Presence of typical characteristics of AACC [12] dur-
ing disease onset, such as

(a) presence of at least one of the following symp-
toms: periocular pain, headache, nausea, vomit-
ing, decreased visual acuity, and/or a history of
intermittent iridization attacks

(b) IOP >21 mmHg (measured by a Goldmann
applanation tonometer)

(c) the contact range of angle trabecular observed
under a gonioscope exceeded 180

(d) presence of at least four abnormal eye signs
observed under a slit lamp: ciliary congestion,
corneal endothelial edema, fixed medium-sized
pupil, glaucomatous fleck, and shallow periph-
eral anterior chamber

(5) Excluding patients with allergy to the mydriatic agent
(compound tropicamide eye drops: eye drops con-
taining 0.5% tropicamide and 0.5% phenylephrine
hydrochloride) and surface anesthetic agent (oxybu-
procaine hydrochloride eye drops: 0.4% oxybupro-
caine solution, 20 mL: 80 mg)

(6) Excluding patients with poor image clarity in UBM,
A-Scan, and other imaging examinations which can-
not clearly distinguish the anatomical structures and
morphological characteristics

(7) Excluding patients with incomplete clinical data, as
this makes later data statistics and analysis extremely
difficult

2.2. Methods

2.2.1. General Ophthalmic Examination. Patients were
inquired about their medical history, and it was recorded in
detail for all subjects after admission.

Ophthalmic examination included computer optometry
(Topcon Ltd., Model KR-8900, Japan), best corrected visual
acuity (Topcon Ltd., Model CV-5000, Japan), intraocular
pressure (Goldmann applanation tonometer), slit lamp, and
related examinations (preset lens, gonioscopy) (Haag-Streit
Ltd., Model BM 900, Switzerland).

A-Scan (Quantel Medical Ltd., Model Aviso, France) was
used to measure axial length (AL), central anterior chamber
depth (CACD), and lens thickness (LT). The parameters of
lens position should be used in the study, which can be
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obtained indirectly through the above data calculation:
lens/axial length factor (LAF)=LT/AL * 10; lens position
(LP) = CACD + 1/2LT; and relative lens position (RLP) =
LP/AL * 10. [13-16]

Ultrasound biomicroscopy (Suoer Electronic Ltd., Model
SW3200L, China) was used to measure relevant parameters
[13, 17] (see below for details).

2.2.2. UBM Imaging Quantitative Data Acquisition Method

(1) Angle Opening Distance (Angle Opening Distance at
500 um from the Scleral Spur, AOD500) [16]. The spe-
cific measurement method was to start at a point
500 ym from the scleral spur along the corneal endo-
thelium surface and make a line perpendicular to the
corneal endothelium through this point. The perpen-
dicular line intersected with the anterior iris surface.
This vertical line was AOD500. This parameter can
indirectly reflect the degree of the chamber angle
opening

(2) Trabecular-Iris Angle (TIA) [18]. The clinical TIA
value was consistent with the anterior chamber angle
of 500 yum (anterior chamber angle at 500 ym from
the scleral spur, ACA500). The specific measurement
method was to make a triangle with AOD500 as the
base and the recess at the iris root as the vertex, and
the included angle of the vertex was TIA. This param-
eter can indirectly reflect the degree of the chamber
angle opening

(3) Iris Convexity (IC) [19-21]. Iris convexity is the cur-
vature of the posterior surface of the iris and is indi-
rectly expressed by the length of the vertical line
from the most protruding position of the iris to the
line connecting the iris root and the iris apex [18,
22-24]. A positive value of IC represented forward
convexity of the iris, and a negative value represented
posterior iris bombe. For the iris with both anterior
and posterior bombe, the direction with greater
bombe was taken

(4) Iris Span (IS). The straight line distance from the
attachment point of the root of the posterior iris sur-
face to the iris apex (the iris apex is the midpoint of
the iris-lens contact distance (ILCD)). This parame-
ter can directly reflect the average distance that the
iris extends to the central part of the eyeball and indi-
rectly reflects the size of the pupil

(5) Iris-Lens Angle (ILA) [18]. The specific measurement
method was to take the contact point between the
posterior iris surface and the anterior lens surface as
the vertex, and two sides along this vertex were tan-
gent lines of the posterior iris surface and the anterior
lens surface, respectively. The included angle formed
was ILA. This parameter can directly reflect the rela-
tive position of the lens and central iris and indirectly
reflect the degree of attachment and detachment of
the lens and iris

FIGURE 1: Standardised collection of quantitative data from ocular
UBM images.

(6) Iris-Lens Contact Distance (ILCD) [18]. The line
between the contact points of the anterior and poste-
rior iris surfaces and the anterior lens surface. This
parameter can directly reflect the degree of attach-
ment and detachment of the lens and iris and indi-
rectly reflect the relative positions of the two

(7) Iris-Ciliary Process Angle (ICPA). The angle between
the root of the posterior surface of the iris and the
anterior surface of the ciliary process. This parameter
can directly reflect the positional relationship between
the ciliary process and the iris root

(8) Limbus-Ciliary Body Angle (LCBA). The two sides of
the angle are, respectively, the extension line of the
connection line from the central point of the ciliary
process to the central point of the ciliary body base-
ment and the extension of the connection line
between the central point of limbal thickness and
the central point of one-third thickness of the lateral
part of the cornea along the direction of the long axis
of the ciliary body. The two sides can reflect the aver-
age trend of the ciliary body and corneal limbus, and
this included angle can directly reflect the positional
relationship and degree of separation (pronation or
supination) between the ciliary body and the corneal
limbus. It can also reflect the relative position of the
whole ciliary body inside the eyeball

Figure 1 is a local image of the nasal quadrant of the left
eye of a UBM scanning case. The manual labeling and calcu-
lation of quantitative data were completed by using UBM’s
own labeling software and then directly obtaining output
(the specific output data were as follows: AOD500 = 0.201
mm; ACA500 (TIA) =19.0D; IC=0.23 mm; IS = 3.06 mmy;
ILA =8.4D; ILCD = 1.06 mm; LCPA =37.0D; and LCBA =
52.3D).

2.3. Statistical Analysis. Data analysis was performed using
SPSS 20.0. The paired t-test was used for comparative analy-
sis of the quantitative data obtained from UBM images and
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TasLE 1: Comparisons on the quantitative data of UBM images in the APAC and fellow eyes (X +s)(n).

Data from UBM images

APAC Fellow P 95% CI
AODS500 + s(n)
Superior 0.01 +£0.03 (131) 0.07 £0.09 (131) 0.001* -0.07~-0.05
Inferior 0.01+0.04 (131) 0.09 +0.09 (131) 0.001* -0.09~-0.06
Nasal 0.02 + 0.04 (131) 0.12+0.10 (131) 0.001* -0.11~-0.08
Temporal 0.05+0.08 (131) 0.15+0.10 (131) 0.001* -0.12~-0.09
Global quadrant 0.02 +£0.06 (524) 0.11+£0.10 (524) 0.001* -0.09~-0.08
TIA + s(n)
Superior 0.69 +2.58 (131) 5.68+7.05 (131) 0.001* 6.13~-3.83
Inferior 1.21+£3.74 (131) 7.69 +7.21 (131) 0.001* -7.74~-5.21
Nasal 1.97 +4.91 (131) 10.44 + 8.39 (131) 0.001* -9.90~-7.04
Temporal 3.89 +6.88 (131) 13.54 + 8.46 (131) 0.001* -11.18~-8.13
Global quadrant 1.94 + 4.94 (524) 9.34 +8.33 (524) 0.001* -8.08~-6.71
IC £ 5(n)
Superior 0.22+£0.14 (129) 0.31+0.11 (129) 0.001* -0.12~-0.07
Inferior 0.24 +0.15 (129) 0.36 +0.13 (129) 0.001* -0.15~-0.10
Nasal 0.16+0.11 (131) 0.27 +0.10 (131) 0.001* -0.13~-0.08
Temporal 0.24+0.13 (131) 0.34+0.13 (131) 0.001* -0.13~-0.07
Global quadrant 0.21 +0.14 (520) 0.32 +0.12 (520) 0.001* -0.12~-0.09
IS + s(n)
Superior 3.47 +£0.68 (129) 3.67 £0.53 (129) 0.002 -0.31~-0.07
Inferior 3.57+0.78 (129) 3.90 +£0.54 (129) 0.001* -0.45~-0.21
Nasal 3.07 £0.58 (131) 3.36 +£0.50 (131) 0.001* -0.39~-0.19
Temporal 3.31+0.63 (131) 3.66 +0.51 (131) 0.001* -0.46~-0.27
Global quadrant 3.36 £ 0.70 (520) 3.65 +0.55 (520) 0.001* -0.35~-0.24
ILA + 5(n)
Superior 15.58 +7.72 (131) 17.81 +5.22 (131) 0.001 -3.54~-0.93
Inferior 16.22 +7.77 (131) 17.11 £5.37 (131) 0.208 -2.29~0.50
Nasal 13.41 +£6.70 (131) 15.55 +5.74 (131) 0.001 -3.41~-0.87
Temporal 17.35+7.45 (131) 17.37 £5.63 (131) 0.978 -1.45~1.41
Global quadrant 15.64 +7.54 (524) 16.96 +5.50 (524) 0.015 -2.00~0.65
ILCD + 5(n)
Superior 0.87 +£0.40 (129) 0.77 £ 0.42 (129) 0.039 0.00~0.18
Inferior 0.94 +0.57 (129) 0.77 £ 0.49 (129) 0.002 0.06~0.27
Nasal 0.98 +£0.53 (131) 0.92 +£0.57 (131) 0.327 -0.06~0.18
Temporal 0.91+£0.51 (131) 0.84+0.47 (131) 0.138 -0.02~0.18
Global quadrant 0.92 +0.51 (520) 0.83 +0.49 (520) 0.001* 0.05~0.15
ICPA +s(n)
Superior 37.07 £ 26.16 (131) 38.90 +26.50 (131) 0.455 -6.68~3.01
Inferior 43.24 +22.47 (131) 46.23 +£25.52 (131) 0.229 -7.90~1.90
Nasal 44.44 + 30.64 (131) 49.61 +28.70 (131) 0.075 -10.86~0.52
Temporal 45.26 +£29.55 (131) 48.45 +27.30 (131) 0.291 -9.14~2.76
Global quadrant 42.50 + 27.52 (524) 45.80 +27.29 (524) 0.001* -5.96~-0.63
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TaBLE 1: Continued.
Data from UBM images
APAC Fellow P 95% CI

LCBA + 5(n)

Superior 40.79 + 11.47 (131) 44.92 +11.90 (131) 0.001* 6.14~-2.11

Inferior 47.00 +11.18 (131) 50.03 +10.88 (131) 0.006 -5.18~-0.88

Nasal 51.62 + 14.54 (131) 55.20 +13.51 (131) 0.013 -6.38~-0.77

Temporal 50.81 +13.43 (131) 54.04 +11.43 (131) 0.006 -5.50~-0.95

Global quadrant 47.56 + 13.40 (524) 51.05 +12.60 (524) 0.001* -4.64~-2.33
s means standard deviation; *P < 0.001.

TasLE 2: Comparisons on the clinical data from A-Scan in the APAC and fellow eyes (x £ s)(n).
Data from A-Scan
APAC Fellow P 95% CI

AL £ 5(n) 22.38 +£0.82 (131) 22.38 £0.96 (131) 0.943 -0.09~0.09
CACD + s(n) 2.37 +0.28 (131) 2.43+0.25 (131) 0.051 -0.10~0.00
LT +5(n) 4.75+0.57 (131) 4.87 £0.47 (131) 0.021 -0.21~-0.02
LAF + s(n) 2.13+0.28 (131) 2.18+0.23 (131) 0.025 -0.10~-0.01
LP + 5(n) 4.75+0.29 (131) 4.86+0.25 (131) 0.001" -0.16~-0.06
RLP *s(n) 2.12+0.13 (131) 2.17 £0.11 (131) 0.001* -0.07~-0.03

s means standard deviation; *P < 0.001.

A-Scan images of APAC eyes and fellow eyes. Univariate lin-
ear regression analysis was performed to determine the
respective relationships of AOD500 and TIA of the attack
and fellow eyes with other quantitative parameters; the
regression formulae and R values were determined to gener-
ate univariate scatter plots. Differences were considered sta-
tistically significant when P < 0.05.

3. Results

3.1. Comparative Analysis of Quantitative Data from UBM
Images of the Case and Control Groups. Table 1 indicates that
the superior, inferior, nasal, temporal, and global AOD500 of
the case group were significantly smaller than those of the
control group (P <0.001, 95% CI: -0.07--0.05, -0.09--0.06,
-0.11--0.08, -0.12--0.09, and -0.09--0.08).

The superior, inferior, nasal, temporal, and global TIA of
the case group were significantly smaller than those of the
control group (P <0.001, 95% CI: -6.13--3.83, -7.74--5.21,
-9.90--7.04, -11.18--8.13, and -8.08--6.71).

The superior, inferior, nasal, temporal, and global IC of
the case group were significantly smaller than those of the
control group (P <0.001, 95% CI: -0.12--0.07, -0.15--0.10,
-0.13--0.08, -0.13--0.07, and -0.12--0.09).

The superior, inferior, nasal, temporal, and global IS
of the case group were significantly shorter than those
of the control group (P =0.002, 95% CI: -0.31--0.07; P <
0.001, 95% CI: -0.15--0.10, -0.39--0.19, -0.46--0.27, and
-0.35--0.24).

The superior, nasal, and global ILA of the case group
were significantly smaller than those of the control group

(P=0.001, 95% CI: -3.54--0.93; P=0.001, 95% CI: -3.41--
0.87; and P =0.015, 95% CI: -2.00-0.65), but no significant
differences were observed in the inferior and temporal ILA
(P=0.208, 95% CI: -2.29-0.50; P =0.978, 95% CI: -1.45-
1.41).

The superior, inferior, and global ILCD of the case
group were significantly longer than those of the control
group (P=0.039, 95% CI: 0.00-0.18; P=0.002, 95% CI:
0.06-0.27; and P < 0.001, 95% CI: 0.05-0.15), but no signifi-
cant differences were observed in the nasal and temporal
ILCD (P=0.327, 95% CI: -0.06-0.18; P=0.138, 95% CI:
-0.02-0.18).

The global ICPA of the case group was significantly
smaller than that of the control group (P <0.001, 95% CI:
-5.96--0.63), but no significant differences were observed in
the superior, inferior, nasal, and temporal ICPA (P = 0.455,
95% CI: -6.68-3.01; P = 0.229, 95% CI: -7.90-1.90; P = 0.075,
95% CI: -10.86-0.52; and P = 0.291, 95% CI: -9.14-2.76).

The superior, inferior, nasal, temporal, and global
LCBA of the case group were significantly smaller than
those of the control group (P<0.001, 95% CI: -6.14—-
2.11; P=0.006, 95% CI: -5.18--0.88; P=0.013, 95% CIL
-6.38--0.77; P =0.006, 95% CI: -5.50--0.95; and P < 0.001,
95% CI: -4.64--2.33).

3.2. Comparative Analysis of Ocular Biological Parameters of
the Case and Control Groups Measured from A-Scans. Table 2
indicates that the values of LT, LAF, LP, and RLP of the case
group were significantly lower than those of the control
group (P=0.021, 95% CI: -0.21--0.02; P =0.025, 95% CI:
-0.10--0.01; P < 0.001, 95% CI: -0.16--0.06; and P < 0.001,
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TABLE 3: Linear regression analysis between AOD500 and other anterior segment parameters in the APAC and fellow eyes.
AOD500
APAC Fellow
LR equation R LR equation R P
IC Y =0.011 + 0.060X 0.137 0.001 0.056 0.160
IS 0.070 0.084 0.075 0.060
ILA 0.031 0.435 Y =0.161 -0.003X 0.178 0.001*
ILCD Y =-0.003 + 0.029X 0.244 0.001* Y =0.049 + 0.070X 0.350 0.001*
ICPA 0.069 0.081 Y =0.089 +0.001X 0.113 0.004
LCBA Y =-0.007 + 0.001X 0.144 0.001* Y =0.045+0.001X 0.158 0.045
AL 0.043 0.593 Y =-0.271+0.015X 0.168 0.033
CACD 0.002 0.978 Y =-0.108 + 0.072X 0.208 0.008
LT 0.023 0.774 0.087 0.273
LAF 0.029 0.719 0.013 0.870
LpP 0.021 0.793 Y =-0.404 +0.097X 0.284 0.001*
RLP 0.036 0.647 0.146 0.066
*P <0.001.
TAaBLE 4: Linear regression analysis between TIA and other anterior segment parameters in the APAC and fellow eyes.
TIA
APAC Fellow
LR equation R LR equation R p

IC Y =0.877 +5.133X 0.142 0.001* 0.051 0.197
IS 0.068 0.090 Y=5.033+1.177X 0.078 0.050
ILA 0.035 0.380 Y =13.829 - 0.265X 0.175 0.001*
ILCD Y =-0.264 +2.419X 0.247 0.001* Y =4.440 + 5.914X 0.346 0.001*
ICPA 0.064 0.105 Y =7.676 + 0.036X 0.119 0.003
LCBA Y =-0.488 +0.051X 0.139 0.001* Y =3.545+0.113X 0.173 0.001*
AL 0.048 0.547 Y =-19.904 +1.143X 0.156 0.049
CACD 0.012 0.885 Y =-8.658 + 5.910X 0.209 0.008
LT 0.008 0.916 0.087 0.274
LAF 0.016 0.839 0.018 0.821
LP 0.002 0.977 Y =-32.851 +7.992X 0.285 0.001"
RLP 0.017 0.830 Y =-16.173 + 10.052X 0.157 0.048
*P <0.001.

95% CI: -0.07--0.03). However, there were no significant dif-
ferences in AL and CACD between the two groups (P = 0.943,
95% CI: -0.09-0.09; P = 0.051, 95% CI: -0.10-0.00).

3.3. Univariate Linear Regression Analysis of AOD500/TIA
and Other Anterior Segment Parameters. Table 3 indicates
the results of univariate linear regression analysis of
AOD500 and other anterior segment parameters of the case
and control groups, which are summarised as follows.

In the case group, AOD500 was significantly positively
correlated with IC, ILCD, and LCBA (P=0.001, R=0.137;
P <0.001, R=0.244; and P < 0.001, R=0.144) and not sig-
nificantly correlated with IS, ILA, ICPA, AL, CACD, LT,
LAF, LP, and RLP (P=0.084, R=0.070; P=0.435, R=
0.031; P=10.081, R=0.069; P=0.593, R=0.043; P=0.978,

R=0.002; P=0.774, R=0.023; P=0.719, R=0.029; P=
0.793, R=0.021; and P =0.647, R =0.036).

In the control group, AOD500 was significantly nega-
tively correlated with ILA (P < 0.001, R = 0.178); significantly
positively correlated with ILCD, ICPA, LCBA, AL, CACD,
and LP (P<0.001, R=0.350; P=0.004, R=0.113; P=
0.045, R=0.158; P=0.033, R=0.168; P=0.008, R=0.208;
and P <0.001, R=0.284); and not significantly correlated
with IC, IS, LT, LAF, and RLP (P=0.160, R=0.056; P =
0.060, R=0.075; P=0.273, R=0.087; P=0.870, R=10.013;
and P =0.066, R = 0.146).

Table 4 indicates the results of univariate linear regres-
sion analysis of TIA and other anterior segment parame-
ters of the case and control groups, which are summarised
as follows.
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In the case group, TIA was significantly positively corre-
lated with IC, ILCD, and LCBA (P <0.001, R=0.142; P<
0.001, R=0.247; and P <0.001, R=0.139) and not signifi-
cantly correlated with IS, ILA, ICPA, AL, CACD, LT, LAF,
LP, and RLP (P=0.090, R=0.068; P=0.380, R=0.035;
P=0.105, R=0.064; P=0.547, R=0.048; P=0.885, R=
0.012; P=0.916, R=0.008; P=0.839, R=0.016; P=0.977,
R=0.002; and P =0.830, R=0.017).

In the control group, TIA was significantly negatively
correlated with ILA (P < 0.001, R = 0.175); significantly pos-
itively correlated with IS, ILCD, ICPA, LCBA, AL, CACD,
LP, and RLP (P=0.050, R=0.078; P <0.001, R=0.346;
P=0.003, R=0.119; P<0.001, R=0.173; P=0.049, R=
0.156; P=0.008, R=0.209; P<0.001, R=0.285; and P=
0.048, R=0.157); and not significantly correlated with IC,
LT, and LAF (P=0.197, R=0.051; P=0.274, R=0.087;
and P=0.821, R=0.018).

3.4. Comparative Analysis and Scatter Plots of Linear
Regression Results. Univariate linear regression analysis indi-
cated that AOD500 and ILCD were significantly positively
correlated in both the case and control groups (for the case
group, regression formula: Y =0.003 +0.029X, R=0.244,
P <0.001; for the control group, regression formula: Y =
0.049 + 0.070X, R =0.350, P < 0.001); i.e., as ILCD increased,
AOD500 increased and the chamber angle widened. How-
ever, the positive correlation between AOD500 and ILCD
was stronger in the control group than in the case group
(Figure 2).

AOD500 and LCBA were significantly positively corre-
lated in both the case and control groups (for the case
group, regression formula: Y =0.007 +0.001X, R=0.144,
P <0.001; for the control group, regression formula: Y =
0.045 + 0.001X, R =0.158, P = 0.045); i.e., as LCBA increased,
AOD500 increased and the chamber angle widened. The
strengths of the positive correlation between AOD500 and
LCBA were similar in the case and control groups (Figure 3).

TIA and ILCD were significantly positively correlated in
both the case and control groups (for the case group, regres-
sion formula: Y =0.264 +2.419X, R=0.247, P < 0.001; for
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Y =-0.049+0.070X
R =0.350 P<0.001
(©)

Fellow-AOD500

4.00

Fellow-ILCD
(b)
FIGURE 2: Linear regression relationships between AOD500 and ILCD in the APAC (a) and fellow (b) eyes.

the control group, regression formula: Y =4.440 + 5.914X,
R=0.346, P <0.001); i.e., as ILCD increased, TIA increased
and the chamber angle widened. However, the positive corre-
lation between TIA and ILCD was stronger in the control
group than in the case group (Figure 4).

TIA and LCBA were significantly positively correlated in
both the case and control groups (for the case group, regres-
sion formula: Y =0.488 + 0.051X, R=0.139, P <0.001; for
the control group, regression formula: Y =3.545 + 0.113X,
R=0.173, P <0.001); i.e., as LCBA increased, TIA increased
and the chamber angle widened. The strengths of the positive
correlation between TIA and LCBA were similar in the case
and control groups (Figure 5).

In the control group, both TIA and AOD500 were signif-
icantly negatively correlated with ILA (for the relationship
between TIA and ILA, regression formula: Y =13.829 -
0.265X, R=0.175, P <0.001; for the relationship between
AOD500 and ILA, regression formula: Y =0.161 — 0.003X,
R=0.178, P<0.001); ie., in the control group, as ILA
increased, both TIA and AOD500 decreased and the cham-
ber angle narrowed. The strengths of the negative correla-
tions of TIA/AOD500 and ILA were similar in the control
group (Figure 6).

4. Discussion

In the existing literature, a multitude of studies on the occur-
rence mechanisms of APAC have been reported; however,
the results obtained by researchers have varied. Shabana
et al. and Kwon et al. [25, 26] utilised anterior segment opti-
cal coherence tomography (AS-OCT) to analyse the images
of patients with PAC and classified angle closure mecha-
nisms into four categories: (1) pupillary block (PB): bowing
of the iris into a convex form, accompanied by a shallow cen-
tral anterior chamber depth; (2) plateau iris configuration
(PIC): the peripheral iris rises from the root and is extremely
close to the trabecular wall of the chamber angle; at a certain
point, there is a sharp turn of the iris away from the chamber
angle, accompanied by a flat central iris and a relatively deep
central anterior chamber; (3) thick peripheral iris roll (TPIR):
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FIGURE 4: Linear regression relationships between TIA and ILCD in the APAC (a) and fellow (b) eyes.

a relatively thick iris with significant peripheral circumferen-
tial folds and a chamber angle occupying a higher proportion
of space; and (4) exaggerated lens vault (ELV): the lens
pushes the iris anteriorly, resulting in a shallower anterior
chamber and narrower chamber angle, which is clinically
known as the “volcano-like configuration.” Their results
indicated that the most common occurrence mechanism of
APAC was PB (35%), followed by TPIR (26%), PIC (23%),
and ELV (17%). Through an analysis of UBM images, Suwan
et al. [27] found that besides the PB mechanism (23.6%), the
main underlying nonpupillary block mechanism was the
antedisplacement of the lens-iris diaphragm (including the
crowded-angle mechanism and anterior lens subluxation

mechanism) (68.1%), followed by the plateau iris mecha-
nism. In another study, Wang et al. [28] utilised UBM for
the observation of anatomical structures related to the cham-
ber angle and they found that the angle closure mechanisms
for PACG can be classified as follows: (1) pupillary block fac-
tors (38.1%), (2) nonpupillary block factors (7.1%), and (3)
combination of multiple mechanisms (54.8%). The majority
of PAC cases in China occur due to a combination of multi-
ple mechanisms. Besides pupillary block factors, nonpupil-
lary block factors such as the anterior insertion of the iris
root, forward rotation of the ciliary body, and thick periph-
eral iris exist in most patients, resulting in an unusual form
of angle closure known as creeping angle closure. Therefore,
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there is a need to focus research efforts on the theory that
angle closure is promoted by the joint action of multiple
angle closure mechanisms.

The results of our study (Table 1) provide further evi-
dence in support of the aforementioned viewpoints. The iris
convexity (IC) of the case group (APAC eyes) was signifi-
cantly smaller than that of the control group (fellow eyes),
which shows that pupillary block factors did not constitute
the main mechanism of AAC. The AOD500 and TIA of the
case group were significantly smaller than those of the con-
trol group, indicating a more anterior insertion of the iris
root, narrower anterior chamber angle, and higher propor-

tion of the plateau iris configuration (PIC) in the case group.
The iris span (IS) of the case group was significantly shorter
than that of the control group, indicating that the iris was rel-
atively shorter and smaller in the case group, leading to the
development of more circumferential folds and a higher ten-
dency of peripheral iris bunching, which resulted in the
blocking of the chamber angle. The limbus-ciliary body angle
(LCBA) of the case group was significantly smaller than that
of the control group. This is also indicative of the more ante-
rior position of the ciliary body within the eye, which resulted
in a greater anterior push on the peripheral iris and a higher
tendency of acute closure of the anterior chamber angle.
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Although the lens thickness (LT) of the case group was sig-
nificantly smaller than that of the control group (Table 2), the
values of parameters that reflect the relative lens position, i.e.,
lens/axial length factor (LAF), lens position (LP), and relative
lens position (RLP), were also lower in the case group. This
shows that, compared with the control group, the lens of the
case group was in a more anterior position within the eye.
Consequently, the ratio of the lens and its anterior space to
the entire axial length was smaller, which led to a higher ten-
dency of chamber angle crowding. In addition, the iris-lens
angle (ILA) of the case group was significantly smaller than
that of the control group (Table 1), but the iris-lens contact
distance (ILCD) was significantly longer in the case group
than in the control group. Based on the changes in these
two quantitative parameters, it can be further deduced that
antedisplacement of the lens-iris diaphragm occurred in the
case group, giving rise to a volcano-like configuration and
aggravating the progression of acute angle closure.

Our study has proven again that pupillary block factors
do not constitute the main occurrence mechanism of
APAC, whereas the joint participation of multiple nonpu-
pillary block factors promotes the occurrence and progres-
sion of APAC. During our clinical observations, it was
also found that the administration of a miotic agent in
patients with such an occurrence mechanism aggravated
their condition, which further supports the above viewpoint.
Furthermore, we also observed that the iris convexity of fel-
low eyes was larger, which indicates that pupillary block fac-
tors formed the dominant mechanism of the narrowing or
blocking of the chamber angle. Therefore, it may be possible
that the pupillary block is a common anatomical character-
istic of both the attack and fellow eyes, but the joint action
of the pupillary block and multiple nonpupillary block fac-
tors in the attack eye mediates and promotes the occurrence
of AAC.

For the case group and the control group with a normal
lens position, an increase in the iris-lens contact distance
(ILCD) indicates that the length of the iris covering the ante-
rior surface of the lens increased, i.e., the iris span increased.
This would lead to the widening of the anterior chamber
angle if all other quantitative parameters remained constant,
resulting in a miosis-like effect. Therefore, ILCD was posi-
tively correlated with AOD500 and TIA in both the case
and control groups. Under conditions of a relatively posterior
lens position and an equivalent centripetal extension of the
iris (ILCD is increased by the same extent) in the control
group, the range and degree of anterior chamber angle wid-
ening would be increased. Consequently, the correlations
between ILCD and AOD500/TIA were stronger in the con-
trol group than in the case group (Figures 2 and 4).

In both the case and control groups, an increase in the
limbus-ciliary body angle (LCBA) indicated that the ciliary
body occupied a more posterior position in the eye, conse-
quently reducing the force of the anterior push on the iris,
increasing the degree of anterior chamber angle widening,
and lowering the possibility of AAC. This is consistent with
the positive correlations shown in Figures 3 and 5.

In the control group, pupillary block factors were domi-
nant and the proportion of convex irises was higher. There-

BioMed Research International

fore, the magnitude of the iris-lens angle (ILA) reflected the
degree of convexity of the iris to a certain extent. As ILA
increased, iris convexity increased and the anterior chamber
angle narrowed. This provides a reasonable explanation for
the negative correlations between ILA and AOD500/TIA in
the control group shown in Figure 6.

Compared to the studies on APAC mechanism through
UBM imaging before, our study had the following advan-
tages. Firstly, we identified the study subjects as APAC eyes
and fellow eyes, which could more directly reflect the rela-
tionship between structural differences and acute attacks.
Secondly, our study was a comparative analysis of quantita-
tive data. By combining various parameters of the lens dis-
played by A ultrasound with those of the iris and ciliary
body revealed by UBM, we could better explain the morpho-
logical and anatomical characteristics of APAC. Finally, this
study belonged to the second part of the overall study. The
first part was the comparative analysis of the qualitative
parameters of UBM, and the third part was the discussion
of the mechanism of acute angle closure secondary to lens
subluxation [11].

Although it is an undeniable fact that choroidal factors
also play a key role in the occurrence mechanisms of APAC
[29], we were unfortunately unable to include choroidal data
in this retrospective study due to the lack of standardised
measurement protocols. In our future studies, standardised
measurement and observation indicators will be established
to substantiate our research on the occurrence mechanisms
of APAC.

In summary, we found that multiple nonpupillary block
factors (plateau iris, anterior attachment and insertion of
the iris root, anterior shift of the lens, and anterior rotation
of the ciliary body) promote the occurrence of APAC, and
abnormal positional relationships of the iris, ciliary body,
and lens may contribute to APAC.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Ethical Approval

The study was approved by the Ethics Committee of The
Affiliated Hospital of Qingdao University and conducted in
accordance with the principles of the Declaration of Helsinki.

Conflicts of Interest
None of the authors has financial or other conflicts of interest
concerning this study.

Acknowledgments

This work was supported by The Affiliated Hospital of Qing-
dao University. We would like to express great appreciation
to the statistics consultation provided by Professor Zhiying
Yu and Penghui Liu.



BioMed Research International

References

(1]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

D. Pascolini, S. P. Mariotti, G. P. Pokharel et al., “2002 global
update of available data on visual impairment: a compilation
of population-based prevalence studies,” Ophthalmic Epidemi-
ology, vol. 11, no. 2, pp. 67-115, 2004.

S. Resnikoft, D. Pascolini, D. Etya'ale et al., “Global data on
visual impairment in the year 2002,” Bulletin of the World
Health Organization, vol. 82, no. 11, pp. 844-851, 2004.

H. A. Quigley and A. T. Broman, “The number of people with
glaucoma worldwide in 2010 and 2020,” The British Journal of
Ophthalmology, vol. 90, no. 3, pp. 262-267, 2006.

R.R. A. Bourne, H. R. Taylor, S. R. Flaxman et al., “Number of
people blind or visually impaired by glaucoma worldwide and
in world regions 1990-2010: a meta-analysis,” PLoS One,
vol. 11, no. 10, article €0162229, 2016.

N. Congdon, F. Wang, and J. M. Tielsch, “Issues in the epide-
miology and population-based screening of primary angle-
closure glaucoma,” Survey of Ophthalmology, vol. 36, no. 6,
pp. 411-423, 1992.

J. L. See, “Imaging of the anterior segment in glaucoma,” Clin-
ical & Experimental Ophthalmology, vol. 37, no. 5, pp. 506—
513, 2009.

B. E. Prum Jr., L. W. Herndon Jr., S. E. Moroi et al., “Primary
angle closure preferred practice pattern® guidelines,” Ophthal-
mology, vol. 123, no. 1, pp. P1-40, 2016.

T. Dada, R. Gadia, A. Sharma et al., “Ultrasound biomicro-
scopy in glaucoma,” Survey of Ophthalmology, vol. 56, no. 5,
pp. 433-450, 2011.

M. He, D. Wang, and Y. Jiang, “Overview of ultrasound biomi-
croscopy,” Journal of Current Glaucoma Practice, vol. 6, no. 1,
pp- 25-53, 2012.

B. Fabijanczyk and R. Hagadus, “Role of ultrasound biomicro-
scopy in the diagnosis and management of glaucoma,” Klinika
Oczna, vol. 107, no. 4-6, pp. 316-321, 2005.

F. Wang, D. Wang, and L. Wang, “Characteristic manifesta-
tions regarding ultrasound biomicroscopy morphological data
in the diagnosis of acute angle closure secondary to lens sub-
luxation,” BioMed Research International, vol. 2019, Article
ID 7472195, 12 pages, 2019.

P. J. Foster, R. Buhrmann, H. A. Quigley, and G. J. Johnson,
“The definition and classification of glaucoma in prevalence
surveys,” The British Journal of Ophthalmology, vol. 86, no. 2,
pp. 238-242, 2002.

F. P. Gunning and E. L. Greve, “Uncontrolled primary angle
closure glaucoma: results of early intercapsular cataract extrac-
tion and posterior chamber lens implantation,” International
Ophthalmology, vol. 15, no. 4, pp. 237-247, 1991.

F. P. Gunning and E. L. Greve, “Lens extraction for uncon-
trolled angle-closure glaucoma: long-term follow-up,” Journal
of Cataract and Refractive Surgery, vol. 24, no. 10, pp. 1347-
1356, 1998.

D.S. C. Lam, D. Y. L. Leung, C. C. Y. Tham et al., “Random-
ized trial of early phacoemulsification versus peripheral iridot-
omy to prevent intraocular pressure rise after acute primary
angle closure,” Ophthalmology, vol. 115, no. 7, pp. 1134-
1140, 2008.

H. Tanihara, K. Nishiwaki, and M. Nagata, “Surgical results
and complications of goniosynechialysis,” Graefe's Archive
for Clinical and Experimental Ophthalmology, vol. 230, no. 4,
pp. 309-313, 1992.

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

(29]

11

P. J. Harasymowycz, D. G. Papamatheakis, I. Ahmed et al.,
“Phacoemulsification and goniosynechialysis in the manage-
ment of unresponsive primary angle closure,” Journal of Glau-
coma, vol. 14, no. 3, pp. 186-189, 2005.

C. Teekhasaenee and R. Ritch, “Combined phacoemulsifica-
tion and goniosynechialysis for uncontrolled chronic angle-
closure glaucoma after acute angle-closure glaucoma,” Oph-
thalmology, vol. 106, no. 4, pp. 669-675, 1999.

N. Baig, K. W. Kam, and C. C. Y. Tham, “Managing primary
angle closure glaucoma - the role of lens extraction in this
era,” The Open Ophthalmology Journal, vol. 10, no. 1, pp. 86—
93, 2016.

M. He, W. Huang, D. S. Friedman, C. Wu, Y. Zheng, and P. J.
Foster, “Slit lamp-simulated oblique flashlight test in the detec-
tion of narrow angles in Chinese eyes: the Liwan eye study,”
Investigative Ophthalmology & Visual Science, vol. 48, no. 12,
pp. 5459-5463, 2007.

M. He, P. J. Foster, J. Ge et al., “Gonioscopy in adult Chinese:
the Liwan eye study,” Investigative Ophthalmology & Visual
Science, vol. 47, no. 11, pp. 4772-4779, 2006.

S. Radhakrishnan, J. Goldsmith, D. Huang et al., “Comparison
of optical coherence tomography and ultrasound biomicro-
scopy for detection of narrow anterior chamber angles,”
Archives of Ophthalmology, vol. 123, no. 8, pp. 1053-1059,
2005.

K. Mansouri, N. D. Burgener, M. Bagnoud, and T. Shaarawy,
“A prospective ultrasound biomicroscopy evaluation of changes
in anterior segment morphology following laser iridotomy in
European eyes,” Eye, vol. 23, no. 11, pp. 2046-2051, 2009.

K. Mansouri, ]. Sommerhalder, and T. Shaarawy, “Prospective
comparison of ultrasound biomicroscopy and anterior seg-
ment optical coherence tomography for evaluation of anterior
chamber dimensions in European eyes with primary angle clo-
sure,” Eye, vol. 24, no. 2, pp. 233-239, 2010.

N. Shabana, M. C. D. Aquino, J. See et al., “Quantitative eval-
uation of anterior chamber parameters using anterior segment
optical coherence tomography in primary angle closure mech-
anisms,” Clinical & Experimental Ophthalmology, vol. 40,
no. 8, pp. 792-801, 2012.

J. Kwon, K. R. Sung, and S. Han, “Long-term changes in ante-
rior segment characteristics of eyes with different primary
angle-closure mechanisms,” American Journal of Ophthalmol-
ogy, vol. 191, pp. 54-63, 2018.

Y. Suwan, S. Jiamsawad, W. Supakontanasan, and
C. Teekhasaenee, “Hidden mechanisms beyond the pupillary
block in acute angle closure: ultrasound biomicroscopic study,”
Clinical & Experimental Ophthalmology, vol. 45, no. 4, pp. 366—
370, 2017.

N. Wang, H. Wu, and Z. Fan, “Primary angle closure glaucoma
in Chinese and Western populations,” Chinese Medical Jour-
nal, vol. 115, no. 11, pp. 1706-1715, 2002.

X. Li, W. Wang, W. Huang et al., “Difference of uveal param-
eters between the acute primary angle closure eyes and the fel-
low eyes,” Eye, vol. 32, no. 7, pp. 1174-1182, 2018.



	Exploring the Occurrence Mechanisms of Acute Primary Angle Closure by Comparative Analysis of Ultrasound Biomicroscopic Data of the Attack and Fellow Eyes
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.1.1. Study Population
	2.1.2. Inclusion and Exclusion Criteria [11]

	2.2. Methods
	2.2.1. General Ophthalmic Examination
	2.2.2. UBM Imaging Quantitative Data Acquisition Method

	2.3. Statistical Analysis

	3. Results
	3.1. Comparative Analysis of Quantitative Data from UBM Images of the Case and Control Groups
	3.2. Comparative Analysis of Ocular Biological Parameters of the Case and Control Groups Measured from A-Scans
	3.3. Univariate Linear Regression Analysis of AOD500/TIA and Other Anterior Segment Parameters
	3.4. Comparative Analysis and Scatter Plots of Linear Regression Results

	4. Discussion
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Acknowledgments

