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Abstract
Background: This study is to address a unique subtype of combined-mechanism glaucoma (CMG), normal tension
glaucoma (NTG) with progressive synechial angle closure in the Chinese senior population, whose clinical course
and treatment targets are quite different from classic primary angle-closure glaucoma (PACG).

Methods: In this retrospective study, 12 patients with NTG plus primary angle closure suspect or primary angle
closure were included in the CMG group, and 12 classic PACG patients with matched extent of glaucomatous optic
neuropathy (GON) were included in the control (PACG) group. Clinical features and detailed histories of disease
development were investigated and compared between these two groups.

Results: There were 6 females and 6 males in CMG group, 3 males and 9 females in PACG group. No statistical
signi�cances were found in age (63.42 ± 5.90 vs. 59.42 ± 7.47 years), preoperative intraocular pressure (20.75 ±
5.06 vs. 21.25 ± 4.47 mmHg), anterior chamber depth (ACD) (1.98 ± 0.28 vs. 1.94 ± 0.21mm), mean deviation of
visual �eld (24.37 ± 6.54 vs. 22.01 ± 0.85 dB), average retinal nerve �ber layer thickness (48.00 ± 14.00 vs. 57.25 ±
14.10 μm), cup-to-disc (C/D) ratio (0.89 ± 0.07 vs. 0.87 ± 0.07) and axial length (22.69 ± 0.76 vs. 22.47 ± 0.69 mm)
between the two groups (P > 0.05). The extent of synechial angle closure in PACG group was more extensive than
that in CMG group, as evaluated by the number of “clock hours” (3.96 ± 1.14 vs. 9.38 ± 1.99, P < 0.05), although the
severity of GON was comparable.

Conclusion: If NTG develops with synechial angle closure, it might be misdiagnosed as PACG. We need to recognize
and scrutinize this speci�c subtype of CMG, which is very common in the Chinese senior population, but widely
neglected. In contrast to classic PACG, treatment targets in NTG with progressive synechial angle closure is primarily
in consistent with those in NTG.

Introduction
Primary glaucoma in adults can be classi�ed into open-angle glaucoma and angle-closure glaucoma based on
morphology of iridocorneal angle. Essentially, primary open-angle glaucoma (POAG) is de�ned as “a chronic and
progressive optic neuropathy characterized by an acquired atrophy of the optic nerve and a loss of retinal ganglion
cells (RGC)”, as described in the latest Preferred Practice Pattern (PPP 2016) [1]. Primary angle-closure glaucoma
(PACG) is characterized by elevated intraocular pressure (IOP) as a result of mechanical obstruction of the
trabecular meshwork by either apposition of the peripheral iris to the trabecular meshwork or synechial angle
closure. Importantly, mechanical angle closure is the pathophysiological basis in PACG, so that the range of the
angle closure determines the extent of IOP elevation. Intraocular pressure rising to a certain extent and maintaining
for a certain period of time would be the direct cause leading to glaucomatous optic neuropathy (GON). PACG can
only be diagnosed when GON progresses due to mechanical angle closure. The nomenclature of primary angle
closure suspect (PACS) and primary angle closure (PAC) is proposed when evidence of characteristic glaucomatous
structural and/or functional damage is not present [2]. The International Society of Geographic and Epidemiologic
Ophthalmology (ISGEO) de�nes PACS as appositional contact between the peripheral iris and posterior trabecular
meshwork, PAC as synechial angle closure, and PACG as PAC with evidence of GON [3].

In our daily clinical practice, narrow angle with various degrees of synechial angle closure and GON is quite
frequently detected in Chinese elderly Han patients. In many cases, the extent of synechial angle closure is quite
limited to only a few clock hours, and IOP is not elevated. By de�nition from ISGEO and PPP2016, these cases
belong to PACG. However, in many ways these cases are quite different from classic PACG. In classic PACG [4], the
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clinical development follows from PACS to PAC, and PACG. Generally, only when synechial angle closure progresses
to more than 50% of the entire angle [5,6], compromised aqueous out�ow system leads to gradual IOP elevation
which is in proportion to the extent of synechial angle closure and �nally cause GON. In our scenario, the degree of
GON in many patients is not proportion to the extent of synechial angle closure and IOP elevation, which suggested
other underlying pathogenesis in GON progression. The possible explanation for these cases might be that GON
happens prior to extensive synechial angle closure. POAG might be the primary diagnosis, and the narrow anterior
segment structure leading to progressive synechial angle closure is a coexisting pathology. We de�ne this glaucoma
as a unique type of combined-mechanism glaucoma (CMG) [7,8]. If this CMG develops with high pressure POAG, the
situation might not cause enough alert to differentiate from classic PACG. However, in an extreme condition when
this CMG develops in a normal IOP, we will be quite de�nitive that the condition is primarily normal tension
glaucoma (NTG). We believe from our extensive clinical cases, this narrow angle NTG with progressive angle closure
is quite common among senior Chinese population. However, the lack of recognition and systemic medical data
analysis leads to underdiagnosis.

 In our current study, we have retrospectively inspected many glaucoma cases, from which we found 12 cases with
solid evidence supporting the existence of NTG with progressive synechial angle closure. We would emphasize the
importance of a complete medical database, especially records of series of gonioscopy, UBM and evaluations of
GON, as well as IOP in every clinical patient with narrow angle.

Methods
Ethical approval

In this retrospective study, patients with complete out-patient medical records tractable to early stage of diseases
were selected between November 2015 and November 2020 in Zhongshan Ophthalmic Center, Sun Yat-sen
University, China. Institutional approval for this study was obtained from the Ethics committee of the Zhongshan
Ophthalmic Center, Sun Yat-sen University, China (No. 2020KYPJ103) and all procedures were conformed to the
tenets of the Declaration of Helsinki.

Study population

To better understand the development of NTG with progressive synechial angle closure and distinguish it with
classic PACG, two groups were included in this study. Speci�cally, NTG with progressive synechial angle closure was
included in CMG group, and classic PACG with matched severity of GON was included in PACG group. The diagnosis
of PACG, POAG and CMG conformed guidelines from PPP 2016.

Patients who met the following criteria were included into the CMG group. (1) Con�rmed POAG diagnosis with
functional and/or structural evidence of GON, together with various extent of synechial angle closure; (2) Complete
medical history with normal IOP (measured by Goldmann applanation tonometry) records at the early stage of
disease prior to the administration of anti-glaucoma treatments. Complete clinical records, including OCT, anterior
chamber depth (ACD), visual �eld (VF), axial length (AL) and optic nerve imaging with vertical cup-to-disc (C/D)
ratios were available. Speci�cally, detailed gonioscopy examination was performed on each patient’s eyes using
standard procedures. Brie�y, the angle recess was evaluated using a 2-mm high, narrow slit beam in the least
possible illumination, with the eye in primary gaze. Manipulative and indentation gonioscopy were carried out to
visualize all possible angle structures. The presence and extent of peripheral anterior synechiae, trabecular
pigmentation, and any other angle abnormalities were recorded. Angles are graded based on Spaeth’s classi�cation,



Page 4/12

repeated and con�rmed by a senior glaucoma specialist, Dr. Zhigang Fan (FZG); (3) the severity of GON was not
consistent with the extent of synechial angle closure (less than 180 degrees) and IOP elevation.

The inclusion criteria of PACG group were as followed. (1) Classic diagnosis of chronic PACG; (2) Complete medical
records, showing a progressive synechial angle closure, developing from PACS, PAC to PACG; (3) Severity of GON
was in proportion to the extent of synechial angle closure and IOP elevation with extended period of time.

Exclusion criteria in both two group was included as followed. (1) angle synechiae was secondary to other
conditions, such as in�ammation, neovascularization, and iridocorneal endothelial syndrome (ICE); (2) Systemic or
other ocular conditions that affect aqueous out�ow function, including Posner–Schlossman syndrome (PSS),
trauma or tumor etc.; (3) developmental anomaly of the anterior ocular segments.

A complete medical record for each patient was examined and con�rmed by one glaucoma specialist (FZG),
including ophthalmic examinations, demographic data, systemic health condition and eye disease history.

Statistical analysis

Statistical analyses were performed using SPSS software version 22.0 (SPSS, Inc., Chicago, IL, USA). All of the
continuous data were recorded as mean ± standard deviation (SD). The comparisons of age, average RNFL
thickness, C/D ratios, AL and MD of VF between two groups were performed using Student t test after the
con�rmation of homogeneity of variance with an F test. For all test, p-values < 0.05 was considered to be
statistically signi�cant.

Results
Recruitment and Demographics

A total of 12 consecutive patients meeting the criteria were selected in the CMG group and 12 consecutive patients
diagnosed with PACG during the same period were used as controls. There were 6 males and 6 females in the CMG
group, 3 males and 9 females in the PACG group. The age of patients in CMG group and PACG group was 63.42 ±
5.90 and 59.42±7.47 years (P = 0.1586), respectively. Details are shown in table 1.

Disease information

For patients in the CMG group, all 12 patients (100%) belonged to the advanced stage of glaucoma. For patients in
the PACG group, 1 patient (8.33%) was in the early stage of glaucoma, and 11 patients (91.67%) were in the
advanced stage of the disease. No statistical signi�cances were found between the two groups including IOP before
surgery (20.75 ± 5.06 vs. 21.25 ± 4.47 mmHg), ACD (1.98 ± 0.28 vs. 1.94 ± 0.21 mm), C/D ratio (0.89 ± 0.07 vs. 0.87
± 0.07) and AL (22.69 ± 0.76 vs. 22.47 ± 0.69 mm) (P > 0.05) (table 1). Although the severity of GON in two groups
was comparable through measuring VF index and RNFL thickness (MD of VF: 24.37 ± 6.54 vs. 22.01 ± 0.85 dB, P >
0.05 (�gure 1A); average RNFL thickness: 48.00±14.00 vs. 57.25±14.10 μm, P > 0.05) (�gure 1B), the extent of
synechial angle closure in PACG group was more extended than that in CMG group showed through the number of
“clock hours” (3.96 ± 1.14 vs. 9.38 ± 1.99, P < 0.05) (�gure 1C). It is a sign that angle closure contributes only part of
the GON defect in CMG patients. When synechial angle closure develops to the extent of more than 50% - 75% of the
entire angle in PACG patients, aqueous out�ow function is compromised, which leads to IOP elevation. Thus, in
PACG patients, the extent of synechial angle closure and IOP elevation are consistent, which is also in consistency to
the severity of GON defect. Besides, according to patients’ history, there was at least one record of characteristic
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structural or functional damage of GON identi�ed in CMG group with normal IOP. While in those classic PACG
patients, historical record of normal optic nerve could be tracked from their early disease stage.

Surgical types and prognosis

In the CMG group, there was 1 patient (8.33%) accepting the phacoemulsi�cation (phaco) surgery and 2 patients
(16.67%) for trabeculectomy plus phaco and 9 patients (75%) for trabeculectomy. While in the PACG group,
trabeculectomy was performed in 11 patients (91.67%) and trabeculectomy plus phaco was performed in 1
combined surgery (8.33%) which was shown in �gure 2. The IOP of the all patients was decreased signi�cantly after
surgery in both two groups (�gure 3).

Discussion
In our current study, PACG group with classic PACG patients and CMG group with patients who had NTG with
progressive synechial angle closure were included. Their clinical features and diagnosis were de�nitive based on a
thorough investigation into their disease development history. In the CMG group, the degree of GON damage was
severe, but not in proportion to the extent synechial angle closure, which was vital to distinguish from classic PACG.

The most common type of glaucoma in Asian is POAG [9]. NTG constitutes the majority of POAG in Asian
population-based studies [10-12], which is one of the distinctive characteristics of glaucoma in Asians compared
with other races. The calculated average proportion of NTG in Asia accounted for 76.3% ± 12.4% of POAG [11], and
even up to 80% - 90% in Japan and Korea [12], whereas ranged from 30.0% to 57.1% in white and African population
studies [13,14]. In the latest epidemiological survey in the Chinese population, the overall pooled prevalence of NTG
among POAG patients was 69.8% [10]. These studies all revealed that NTG is the most common subtype among
patients with POAG in the Chinese population. At the same time, it should be noted that the anatomical features
including relatively smaller anterior segments and narrow angle are also common in Asians [15]. Based on the latest
epidemiological investigation, approximately 20% Chinese people aged 50 years and older develop a certain form of
angle closure over a 10-year period [16]. Therefore, the prevalence of NTG with PACS/PAC in Chinese elderly people
may far exceed our expectations. In our clinical settings, approximately 50% POAG patients over 60 years old
present with some extent of narrow angle, and quite a lot of these senior patients have normal or close to normal
IOP. If we do not deliberately scrutinize this special condition from dynamic course of disease development, a mis-
diagnosis of PACG could be made with pictures in a single disease section.

In Sihota’s study, CMG patients with elevated IOP and angle closure less than 90 degrees with a sectional picture of
the disease stage were selected. They con�rmed that both high-IOP POAG and PACG elements are present in each
case [8]. However, there is no history to distinguish which element happens �rst or both happen simultaneously. In
our research, we have speci�cally investigated medical records of patients who came to our glaucoma clinic over
the past 24 months, and identi�ed 12 patients with records that con�rmed NTG as initial diagnosis. Follow-up
exams testi�ed the development of progressive synechial angle closure. If only through sectional data presented at
a later disease stage when an extensive synechial angle closure was already present, our cases would have been
indistinguishable to a classic PACG. More importantly, NTG was the primary diagnosis in our particular CMG
patients, which determined their target IOP and treatment strategy was quite different from PACG or CMG in Sihota’s
study. In most of the clinical situations, however, there are no complete records to make a de�nitive differentiation.
Most importantly, no adequate clinical recognition was present among ophthalmologists that this subtype of NTG
with progressive synechial angle closure was widely existed in Chinese elderly people.



Page 6/12

In this current study we want to emphasize, �rstly that ophthalmologists should get familiar with this speci�c
subtype of CMG, NTG with progressive synechial angle closure. Whenever a diagnosis of PACG is to be made, a
scrutinization should be performed examining the consistency on extent of IOP elevation, angle closure and GON.
Considering the signi�cantly higher incidence of NTG and narrow angle in Asian population, NTG with narrow angle
and progressive synechial angle closure is probably a very common form of glaucoma in Chinese patients. Estimate
of its exact incidence is not possible at this moment, due to vastly incomplete medical record due to the current lack
of historical medical data system that incorporate medical history with all the imaging examinations. Out of a
patient’s base of around 1000 CMG during the period of 11/2015-11/2020, we have found 12 cases with tractable
records con�rming NTG with progressive synechial angle closure. Conclusion with complete scienti�c evidence
demands a longitudinal multi-center clinical trial.

The progressive synechial angle closure is secondary to the original narrow but open angle structure. When there is
prolonged and repeated contact between peripheral iris and corneoscleral trabecular meshwork, synechial angle
closure develops (<6 hours clocks). For example, our study found a typical patient who had a range of synechial
angle closure extending to 2, 3, or 4 clock-hours in the presence of an IOP in the 40s mmHg range. If tonography is
taken, it may indicate an impairment of facility of out�ow consistent with the IOP, but disproportionate to the extent
of angle closure [3]. More importantly, GON damage is much earlier and more severe in consideration of the history
of IOP elevation. In classic PACG patients, the extent of synechial angle closure is proportional to the extent and
period of IOP elevation. The severity of GON is also consistent with the duration of IOP elevation together with the
extent of synechial angle closure. A discrepancy between these three index alerts clinicians to consider the
possibility of high-IOP POAG complicated with PACS/PAC. The most de�nitive evidence differentiating these two
categories of patients is a complete investigation of disease history and a clinical picture (medical records) at the
early stages of disease is very crucial. In an oversimpli�ed classi�cation of CMG, if GON appears prior to synechial
angle closure and elevated IOP, it is NTG with progressive PACS/PAC; if GON is not present in the beginning and
develops with the progressive synechial angle closure and elevated IOP, it is classic PACS/PAC/PACG. Therefore, our
studies repeatedly address the importance in reporting and investigating the entire disease course. Most importantly,
when synechial angle closure and GON are present, every clinician should be prompted to think there are two
possible underlying disease pathologies.

The exist of another subtype of CMG, “PACG with secondary trabecular meshwork damage” is an ongoing debate.
According to our clinical experience, this situation may exist, but its de�nitive diagnosis also depends on a complete
clinical history and medical records. In this situation, the extent of synechial angle closure is not consistent with the
degree of elevated IOP. Hypothetically, appositional contact between peripheral iris and corneoscleral trabecular
meshwork causes reduced or complete blockage of aqueous out�ow through the speci�c area of angle, causing
functional trabecular meshwork damage. In some patients with elevated IOP, the extent of synechial angle closure is
less than 180 degrees, which generally does not cause compromise in aqueous out�ow in a typical PAC patient.
This also could be misdiagnosed as POAG with PAC/PACS, but if we investigate into the medical history, no initial
GON would be identi�ed, which helps to make correct diagnose. A complete clinical record may indicate a
progressive synechial angle closure and gradual elevation of IOP, while closed angle complexes the situation. In
some clinical cases, there may be a history of repeated episodes of sub-clinical acute or sub-acute angle closure
attacks, which may resolve naturally, and may not be serious enough to alert patients seeking immediate medical
attention. The hypothesis is that repeated episodes of angle closure attacks cause permanent damage to the
corneoscleral trabecular meshwork even without formation of peripheral anterior synechiae (PAS) and that they
could in this way induce a form of permanent open-angle glaucoma [3]. This PACS/PAC complicated with functional
trabecular meshwork damage, in the perspective of essential disease pathology, should be included into the
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category of PACS/PAC/POAG as a special subtype. Again, complete medical records and patients’ history are critical
in making the correct diagnosis.

Treatment strategies are quite different between NTG with progressive synechial angle closure and classic PACG.
For patients with classic PACG, therapeutic protocols based on the stages of disease [17]. Laser iridotomy or
incisional iridectomy is indicated for eyes with PACS and PAC when the extent of synechial angle closure is less
than 180 degrees and IOP is not elevated. In some cases, reopening the angle is performed through laser iridoplasty
with thickened peripheral iris or surgical separation of synechiae (goniosynechialysis) to improve aqueous out�ow,
especially when it is performed within 6 to 12 months of an acute angle-closure crisis (AACC) [18-20]. In addition,
growing evidence indicates that cataract extraction alone may lead to substantial IOP lowering in some PACG
patients and can be considered as an option for treatment. In NTG with progressive synechial angle closure, the
treatment should be in consistent with current protocol for NTG as well as the prevention of progressive angle
closure. The mainstream treatment for NTG is IOP reduction [20] and aggressive lowering of IOP by 30% below the
baseline can be bene�cial [21]. Long-term topical ocular hypotensive agents, incisional surgery, trabeculectomy or
tube shunt, and, rarely, laser trabeculoplasty could be selected based on the severity of GON and target IOPs, while
the coexisting narrow angle and progressive synechial angle closure should also be addressed simultaneously.
Peripheral angle could be opened in some cases with laser iridotomy [22-34]. Following common POAG treatment
protocol [35] and our clinical experience with Chinese patients population, IOP should be controlled at 12-18 mmHg
in early-median stage, while IOP should be targeted more aggressively at 10-12 mmHg, and even below 10 mmHg in
very advanced stage patients. Simultaneously, these patients also need treatment for accompanying PACS/PAC that
follows exactly the same strategy and protocol as in a classic PACS/PAC/PACG situation, including iridotomy,
iridoplasty or cataract extraction.

In conclusion, we have identi�ed solid evidence, for the �rst time, for a speci�c subtype of NTG with progressive
synechial angle closure. Scrutinizing medical records to build an entire clinical picture is important for making
correct diagnosis. Appropriate therapeutic strategies primarily focus on NTG should be administered supplemented
by treatments on PAC/PACS. We look forward to conducting longitudinal multicenter clinical trials to improve our
understandings.
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Tables
Table 1 Statistical information of patients in the two groups

PACG: primary angle-closure glaucoma; CMG: combined-mechanism glaucoma; IOP: intro-ocular pressure; ACD:
anterior chamber depth; MD: mean deviation; VF: visual �eld; RNFL: retina nerve �ber layer; AL: axial length

 

Items Age
year

IOP before
surgery
mmHg

ACD
(mm)

MD of
VF

Average
RNFL
thickness
(µm)

C/D ratio AL (mm) Synechia
degree

CMG 63.42
± 5.90

20.75±5.06 1.98±0.28 24.37±
6.54

48
00±14.00

0.87±0.06 22.62±0.76 3.96±1.14

PACG 59.42±
7.47

21.25±4.47 1.94±0.21 20.01±
8.25

57.25±14.10 0.88±1.11 22.46±0.76 9.38±1.99

P 0.1586 0.8000 0.6989 0.4455 0.1211 0.3636 0.4689 <0.001

Figures
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Figure 1

The extent of synechial angle closure in PACG group was more extended than that of CMG group. PACG: primary
angle-closure glaucoma; CMG: combined-mechanism glaucoma; VF: visual �eld; RNFL: retina nerve �ber layer; ***:P
< 0.001

Figure 2
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Surgical types of the two groups. PACG: primary angle-closure glaucoma; CMG: combined-mechanism glaucoma;
trab: trabeculectomy

Figure 3

IOP decreased after surgery for both the two groups. PACG: primary angle-closure glaucoma; CMG: combined-
mechanism glaucoma; IOP: intro-ocular pressure; *: P < 0.05; ***: P< 0.001


