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Purpose: To report the prevalence, clinical characteristics and risk factors for paracentral acute middle maculopathy (PAMM) 
following acute primary angle closure (APAC) and acute primary angle closure glaucoma (APACG).
Methods: This retrospective study consecutively recruited patients diagnosed with APAC or APACG. Based on the spectral domain 
optical coherence tomography characteristics, PAMM eyes were divided into three stages. Characteristics of different stages such as 
the time from symptoms to treatment (TST), retinal thickness and BCVA improvement were analyzed. The risk factors of PAMM were 
evaluated by binary logistic regression models.
Results: A total of 781 eyes of 781 APAC or APACG patients were included, and PAMM was found in 22 (2.9%) of them. Stage III 
eyes had a significantly longer TST than stage I eyes (P = 0.008) while exhibiting significantly thinner retinal thicknesses (P < 0.0001). 
The BCVA improvement was significantly worse in the eyes treated in stage III than in those treated in stage I (P = 0.008). Older age, 
longer axial length and without type 2 diabetes were associated with a lower risk of incident PAMM (OR = 0.95, P = 0.028; OR = 
0.52, P = 0.019; OR = 3.92, P = 0.022).
Conclusion: PAMM can be secondary to APAC or APACG at a rate of 2.9%. Different visual outcomes were observed in patients 
who received the intervention at different stages of PAMM. Younger patients with a shorter axial length and type 2 diabetes were 
found to be more susceptible to PAMM.
Keywords: paracentral acute middle maculopathy, acute primary angle closure, acute primary angle closure glaucoma, risk factors, 
spectral domain optical coherence tomography

Introduction
Acute primary angle closure (APAC) and acute primary angle closure glaucoma (APACG) are ocular emergencies that 
are vision-threatening diseases that can lead to blindness and require urgent treatment.1 Sudden blockage of the angle 
results in a rapid elevation of intraocular pressure (IOP) to a critical level, leading to retinal ischemia.2 Numerous animal 
studies have shown that despite physiological autoregulation, the foveal microcirculation is significantly affected by 
elevated IOP, particularly within the deep capillary plexus (DCP).3,4

Ischemia of the intermediate capillary plexus (ICP) and DCP has been shown to be related to paracentral acute middle 
maculopathy (PAMM).5 In 2013, Sarraf et al6 reported the discovery of PAMM, which is characterized by 
a hyperreflective band located in the inner nuclear layer (INL) on spectral-domain optical coherence tomography (SD- 
OCT) and can lead to permanent atrophy of the INL. Most previous studies on PAMM were case reports and mainly 
focused on retinal vascular diseases, such as retinal artery occlusion (RAO) and retinal vein occlusion (RVO).7,8 PAMM 
can also be secondary to intraocular surgery, such as phacoemulsification, vitrectomy and small incision lenticule 
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extraction surgery (SMILE).9–11 Moreover, some studies have pointed out the systemic causes of PAMM, including viral 
infections, vaccinations, pregnancy and medications (such as oral isotretinoin, contraceptives, amphetamines, etc.).5,12–14 

However, there have been a few reports of PAMM occurring in association with APAC or APACG.15

This study aims to report the prevalence of PAMM following APAC or APACG and to investigate its characteristics 
and risk factors by retrospectively analyzing the clinical data of patients.

Methods
Study Design and Inclusion Criteria
This study was a hospital-based retrospective, consecutive case study. We were committed to protecting the confidenti
ality of patient data; informed consent was waived by the Institutional Review Board of the Zhongshan Ophthalmic 
Center, Sun Yat-sen University, because the data was collected retrospectively. Patients diagnosed with APAC or APACG 
were consecutively recruited from January 2019 to December 2021 at Zhongshan Ophthalmic Center. All eligible 
subjects underwent spectral-domain OCT examination.

The diagnostic criteria for APAC were as follows:16 (1) had at least 2 of the following symptoms: ocular or periocular 
pain, nausea and/or vomiting, and prior episodes of intermittent vision blurring with haloes; (2) Presenting with an IOP 
level exceeding 21 mmHg and at least 3 of the following signs: conjunctival injection, corneal epithelial edema, mid- 
dilated unresponsive pupil and shallow anterior chamber. Similarly, APACG was defined as APAC with glaucomatous 
optic neuropathy (GON) [defined as a vertical cup/disc (C/D) ratio ≥0.7, or C/D asymmetry of ≥0.2 between the eyes, or 
focal optic disc rim thinning]. If both eyes met the eligibility criteria, the right eye was chosen.

Exclusion criteria included the following: (1) Patients with secondary angle closure conditions, including but not 
limited to lens-induced glaucoma, neovascular glaucoma, or uveitis; (2) Eyes with low-quality SD-OCT images due to 
medium cloudiness; (3) Eyes that were affected by other retinal diseases, such as diabetic retinopathy, old retinal vascular 
occlusion, retinal detachment, and macular disease;5 and (4) Eyes with a documented history of ocular surgery or trauma 
within the past 6 months.

Data Collection
Demographic and clinical information, including age, sex, the highest recorded IOP (mmHg), time from symptoms to 
treatment (TST, days), baseline best-corrected visual acuity (BCVA), final BCVA (obtained at a follow-up time of 3 
months or more), body mass, body height, systolic blood pressure (SBP), diastolic blood pressure (DBP) and laboratory 
data, were obtained from an electronic medical record system or follow-up calls to patients. The laboratory data included 
serum glucose, total cholesterol and triglycerides. Body mass index (BMI) is calculated by dividing body mass by the 
square of body height.

For all APAC and APACG subjects, the acute attacks were managed by initial topical and oral glaucoma therapy, 
followed by peripheral iridotomy, lens extraction or trabeculectomy. All patients underwent comprehensive examina
tions, including BCVA, IOP measurements, slit-lamp evaluation, color fundus photography, axial length, central anterior 
chamber depth (ACD), gonioscopy and SD-OCT examination. Visual acuity was assessed by the Snellen chart and 
converted into a logarithm of the minimum angle of resolution (logMAR) for statistical analysis. Goldmann applanation 
tonometry was used to measure IOP. Axial length (AL) was determined using A-scan ultrasonography (model US-1800, 
Nidek). ACD was measured with ultrasound biomicroscopy (UBM, model SW-3200 L; Tianjin Suowei Electronic 
Technology Co., Ltd., Tianjin, China). Gonioscopy was performed with a Goldmann 2-mirror lens (Haag-Streit, UK) 
by glaucoma specialists. The mean retinal nerve fiber layer thickness (mRNFLT) and subfoveal choroidal thickness 
(SFCT) were measured with SD-OCT.

Spectralis SD-OCT system (Heidelberg Engineering, Heidelberg, Germany, UK) with enhanced depth imaging and 
eye tracking was used to acquire OCT images by a well-trained ophthalmologist (HX). A line scan was performed across 
the center of the lesion, generating 100 averaged B-scans per image. OCT images of both the macula and optic nerve 
head were obtained during the follow-up after the acute episode.
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Outcome Measures
PAMM was diagnosed by a hyperreflective band located at the INL or INL thinning on the SD-OCT images.6 Similar to 
RAO, APAC/APACG patients’ inner retina experienced three pathophysiological processes of edema, edema regression 
and atrophy in the state of high intraocular pressure-induced retinal ischemia.17 Different pathophysiological stages have 
unique retinal morphological characteristics which are manifested on SD-OCT. Stage I (edema): single or multiple 
hyperreflective plaque-like lesions involving the INL; different scanning angles can also present hyperreflective lesions at 
the junction of the INL and IPL as well as at the junction of the INL and outer plexiform layer (OPL). The lesion 
produced a corresponding shadow over the outer retinal layers. Stage II (edema resolution) had a weaker hyperreflective 
band than stage I (edema), accompanied by corresponding atrophy and thinning, which was more obvious in OPL, and 
the corresponding shadow of the outer retina had also resolved. Stage III (atrophy) was defined as the resolution of the 
hyperreflective lesions, followed by thinning of the INL and irregular, attenuated OPL (Figure 1).

For the parafoveal region, the retinal thickness at the thickest part of the stage I (edema) lesion and the thinnest part of 
the stage II (edema resolution) and III (atrophy) lesions were measured manually by ImageJ software (ImageJ Software 
Inc., MD, USA). The retinal thickness measurements included the entire retina (the inner limiting membrane to the outer 
boundary of the retinal pigment epithelium) and the inner retina (the inner limiting membrane to the OPL) thickness. The 
parafoveal region was defined as an annulus centered at the fovea, with an inner diameter of 1 mm and an outer diameter 
of 3 mm.18 In eyes showing multiple lesions, each lesion was measured and averaged. Two of these PAMM lesions were 
located in the peripheral region, which was characterized as an annulus, centered at the fovea, with an inner diameter of 
3 mm and an outer diameter of 6 mm.

All manual measurements were performed by a trained investigator (NG), who was masked to the clinical characteristics 
of the patients. After a duration of more than 14 days, 10 randomly selected SD-OCT images of PAMM were measured twice 
by the same investigator for the intraclass correlation coefficients (ICCs). All SD-OCT images were independently evaluated 
by two glaucoma specialists (CZ and HX), and inconsistencies between the two doctors were determined by a senior glaucoma 
expert (XL).

Statistical Analysis
Statistical analysis was conducted with SPSS version 26.0 (SPSS Incorporation, Chicago, Illinois, USA). Continuous 
variables were presented as the mean ± standard deviation (SD) with the range and evaluated using the t test. Group 
differences in demographic characteristics were evaluated using the independent sample T test, Mann‒Whitney U-test or 
chi-square and Fisher’s exact tests. The intergroup analysis of PAMM eyes was performed by one-way ANOVA or 
Kruskal–Wallis H-test according to whether the variables conformed to a normal distribution. Bonferroni correction was 

Figure 1 SD-OCT characteristics of different stages of PAMM lesions in APAC or APACG eyes. Stage I (edema): hyper-reflective lesions involving the INL (white arrow) 
along with the shadowing effect they created (black arrow) and some lesions extended into IPL and OPL. Stage II (edema resolution): severe attenuating OPL thickness 
(white arrow) along with the corresponding shadow partially resolved. Stage III (atrophy): a legacy of INL thinning and irregular, attenuated OPL (white arrow) along with 
hyper-reflective lesions resolved. 
Abbreviations: PAMM, paracentral acute middle maculopathy; APAC, acute primary angle closure; APACG, acute primary angle closure glaucoma; INL, inner nuclear layer; 
IPL, inner plexiform layer; OPL, outer plexiform layer; SD-OCT, spectral domain optical coherence tomography.
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used for multiple comparisons. For unequal variances, the Welch test and Tambane’s T2 were used. Age, gender and the 
variables with a P value < 0.10 from the univariable analysis were entered into binary logistic regression Model 1. Age, 
sex and the variables from the Model 1 analysis with a P value < 0.10 were included in binary logistic regression Model 2 
for the multivariable analysis. The intraclass correlation coefficient (ICC) was used to assess intraobserver reproduci
bility. Results with P < 0.05 were considered significantly.

Results
The study included a total of 781 eyes from 781 patients diagnosed with APAC or APACG, with the majority of cases 
being female patients (74.1%). The average age at onset of APAC or APACG was 62.07 ± 8.91 years. Their baseline 
demographics, ocular findings and systemic associations are outlined in Table 1 and Table 2. Paracentral acute middle 

Table 1 Demographic Characteristics and Ocular Findings of Patients with APAC or APACG (N = 781)

Total (N=781) Control Group 
(N=759)

PAMM Group 
(N=22)

P value†

Age, years, mean (SD) 62.07 (8.91) 62.22 (8.76) 57.14 (12.27) 0.067

Gender, n (%)

Male 202 (25.9%) 198 (26.1%) 4 (18.2%) 0.404
Female 579 (74.1%) 561 (73.9%) 18 (81.8%)

Included eye, n (%) 

Right 461 (59.0%) 447 (58.9%) 14 (63.6%) 0.656
Left 320 (41.0%) 312 (41.1%) 8 (36.4%)

TST, days, median (IQR) 3 (9.0) 3 (9.0) 3.5 (8.5) 0.952

Baseline BCVA, logMAR, mean (SD) 0.69 (0.90) 0.68 (0.91) 0.96 (0.68) 0.148
MD, dB, median (IQR) −7.12 (14.57) −7.12 (14.42) −10.11 (20.86) 0.513

PSD, dB, median (IQR) 3.51 (4.90) 3.48 (4.91) 4.13 (4.33) 0.255
AL, mm, mean (SD) 22.37 (0.80) 22.39 (0.79) 21.89 (0.78) 0.004
ACD, mm, mean (SD) 1.78 (0.27) 1.78 (0.27) 1.70 (0.31) 0.159

SFCT, μm, mean (SD) 290.42 (108.42) 289.16 (108.08) 333.41 (113.98) 0.059
mRNFLT, μm, mean (SD) 108.73 (39.25) 108.83 (39.16) 105.24 (43.12) 0.679

Notes: †Control and PAMM group differences in demographic characteristics were evaluated by the independent sample T test, Mann– 
Whitney U-test, Chi-square and Fisher’s exact tests as appropriate. Bold means statistically significant (P < 0.05). 
Abbreviations: APAC, acute primary angle closure; APACG, acute primary angle closure glaucoma; PAMM, paracentral acute middle 
maculopathy; TST, time from symptoms to treatment; BCVA, best-corrected visual acuity; MD, mean deviation; PSD, pattern standard 
deviation; AL, axial length; ACD, anterior chamber depth; SFCT, subfoveal choroidal thickness; mRNFLT, mean retinal nerve fiber layer 
thickness; SD, standard deviation; IQR, interquartile range; logMAR, logarithm of the minimum angle of resolution.

Table 2 Systemic Associations of Patients with APAC or APACG (N = 781)

Total  
(N=781)

Control Group 
(N=759)

PAMM Group 
(N=22)

P value†

CHOL, mmol/L, mean (SD) 5.15 (1.03) 5.16 (1.03) 4.82 (1.27) 0.126
TG, mmol/L, mean (SD) 1.56 (0.92) 1.57 (0.93) 1.42 (0.62) 0.439

GLU, mmol/L, mean (SD) 5.58 (1.07) 5.58 (1.07) 5.63 (0.94) 0.838

SBP, mmHg, mean (SD) 130.88 (18.42) 130.85 (18.35) 131.77 (21.18) 0.818
DBP, mmHg, mean (SD) 76.80 (9.39) 76.79 (9.40) 77.14 (9.18) 0.866

BMI, kg/m2, mean (SD) 22.30 (3.49) 22.32 (3.47) 21.76 (4.23) 0.491

Hypertension, n (%) 138 (17.7%) 132 (17.4%) 6 (27.3%) 0.253
Type 2 diabetes, n (%) 59 (7.6%) 55 (7.2%) 4 (18.2%) 0.077

Hyperlipidemia, n (%) 448 (57.4%) 435 (57.3%) 13 (59.1%) 0.868

Notes: †Control and PAMM group differences in demographic characteristics were evaluated by the independent sample 
T test, Mann–Whitney U-test, Chi-square and Fisher’s exact tests as appropriate. 
Abbreviations: APAC, acute primary angle closure; APACG, acute primary angle closure glaucoma; PAMM, paracentral acute 
middle maculopathy; CHOL, cholesterol; TG, triglycerides; GLU, glucose; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; BMI, body mass index; SD, standard deviation.
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maculopathy was present in 22 of the 781 patients (2.9%) with APAC or APACG. The mean AL in the PAMM group was 
significantly shorter than that in the control group (21.89 ± 0.78 mm vs 22.39 ± 0.79 mm, 95% confidence Interval 
0.161–0.834, P = 0.004).

Characteristics of PAMM in APAC or APACG Patients
Twenty-two patients (22 eyes) with PAMM in APAC or APACG were observed, with a female predominance of 81.8% 
and a mean age of 57 years (range 25–74). All PAMM eyes in APAC or APACG patients were unilaterally affected.

During the initial examination, among the 22 eyes with PAMM, 11 eyes (50%) were classified as stage I, 5 eyes 
(22.7%) as stage II, and 6 eyes (27.3%) as stage III. The median TST for stages I, II and III was 1, 3 and 38 days, 
respectively. Stage III had a significantly longer TST compared to stage I (P = 0.008); no significant difference was found 
in TST between the other stages (Figure 2). The inner retinal thickness was significantly thicker in stage I eyes compared 
to stage II and III eyes (all P < 0.0001). Likewise, the full retinal thickness in stage I eyes was significantly thicker than 
that in stage II and stage III eyes (P < 0.001 and P < 0.0001, respectively). No significant difference was observed in the 
mean highest recorded IOPs between eyes in stages I, II and III (P = 0.225), with values of 52.1 ± 9.0, 53.6 ± 11.2 and 
58.4 ± 9.4, respectively. BCVAs between the 3 stages were compared, and no significant differences were found in the 
baseline BCVA or final BCVA (Table 3). However, statistical significance was found in BCVA improvement. The BCVA 
improvement was significantly better in eyes treated in stage I than in those treated in stage III (a mean of 4 lines of 
vision improvement vs a mean of 0.67 lines of vision worsening, P = 0.008; Figure 3).

Spearman or Pearson correlation analysis revealed significant positive correlations between inner retinal thickness and 
full retinal thickness with BCVA improvement (r = 0.498, P = 0.018; r = 0.504, P = 0.017), while TST showed 
a significant negative correlation with BCVA improvement (r = −0.513, P = 0.015; Table 4).

Figure 2 Boxplots showing the distribution of PAMM patients’ time from symptoms to treatment (TST, days) for the three stages. Whiskers mean values from minimum to 
maximum. ** P < 0.01. Stage I: edema, Stage II: edema resolution, Stage III: atrophy. 
Abbreviation: PAMM, paracentral acute middle maculopathy.

Table 3 BCVA Comparison Between the Three Stages

Parameters Stage I Stage II Stage III P value

Baseline BCVA, logMAR, mean (SD) 0.99 (0.56) 1.16 (0.70) 0.97 (0.86) 0.874*

Final BCVA, logMAR, median (IQR) 0.40 (0.30) 0.90 (1.10) 1.60 (2.20) 0.087†

BCVA improvement, lines, mean (SD) 4.00 (3.90) 1.20 (2.39) −0.67 (0.82) 0.012††

Notes: *One-way analysis of variance; †Kruskal–Wallis H-test; ††Welch test; Bold means statistically significant (P < 0.05). Stage I: 
edema, Stage II: edema resolution, Stage III: atrophy. 
Abbreviations: BCVA, best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; SD, standard 
deviation; IQR, interquartile range.
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Case Report
Figure 4 shows the evolution of PAMM lesions in an APACG patient by SD-OCT.

Possible Risk Factors for PAMM in APAC or APACG Patients
The results of the univariate analysis showed that age, AL, SFCT and type 2 diabetes were potential risk factors for 
PAMM (P < 0.10; Figure 5) following APAC or APACG. In the multivariate regression analysis models, after adjusting 
for age and sex (Model 1), age, AL and type 2 diabetes were significantly correlated with PAMM (P = 0.009, 0.022 and 
0.025, respectively). After further adjustment for other confounding factors (Model 2), older age and longer AL were 
associated with a lower risk of incident PAMM (OR = 0.95 per year, P = 0.028; OR = 0.52 per mm, P = 0.019, 
respectively). Type 2 diabetes was found to have a 3.92 times higher risk of developing PAMM in the APAC or APACG 
(P = 0.022).

Reproducibility Analysis of the Manual Measurements
Inner and full retinal thickness exhibited high intraclass correlation coefficients of 0.990 and 0.976, respectively (both 
P < 0.001), indicating excellent agreement between measurements.

Figure 3 Bar charts showing the PAMM group patients’ characteristics. Error bars are standard deviations. (A) Inner retinal thickness among the three stages. (B) Full retinal 
thickness among the three stages. (C) The highest recorded IOP among the three stages. (D) BCVA improvement from baseline at final visit, lines. ** P < 0.01, *** P < 0.001, 
**** P < 0.0001. Stage I: edema, Stage II: edema resolution, Stage III: atrophy. 
Abbreviations: PAMM, paracentral acute middle maculopathy; IOP, intraocular pressure; BCVA, best-corrected visual acuity; ns, not significant.
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Discussion
Findings from this study revealed that PAMM can be secondary to APAC or APACG with a prevalence of 2.9% (22/781). 
Based on our observations, we described PAMM lesions based on morphological characteristics of the 3 pathophysiological 
stages and found that different pathophysiological stages had different visual prognoses. Moreover, we found that age, AL and 
type 2 diabetes mellitus were significantly associated with PAMM.

Table 4 The Pearson or Spearman Correlations Between BCVA and Other 
Factors in PAMM Eyes

Parameters Factors R P

Baseline BCVA TST −0.173 0.441†

Inner retinal thickness 0.157 0.485†

Full retinal thickness 0.144 0.524*

Final BCVA TST 0.325 0.140†

Inner retinal thickness −0.369 0.091†

Full retinal thickness −0.413 0.056*

BCVA improvement TST −0.513 0.015†

Inner retinal thickness 0.498 0.018†

Full retinal thickness 0.504 0.017*

Notes: †Spearman correlation test; *Pearson correlation test; Bold means statistically significant (P < 
0.05). Baseline BCVA refers to the BCVA at the first visit; Final BCVA refers to the BCVA obtained at 
a follow-up time of 3 months or more; BCVA improvement refers the lines of vision change for final 
BCVA versus baseline BCVA. 
Abbreviations: PAMM, paracentral acute middle maculopathy; BCVA, best-corrected visual acuity; 
TST, time from symptoms to treatment, days.

Figure 4 A female ages 65–75 years old with hypertension presented with acute vision loss and periocular pain in the right eye. Visual acuity was no light perception 
(logMAR equivalent, 3.0) at presentation, and the IOP was 63 mmHg; SD-OCT displayed the development of PAMM lesions in an APACG patient. (A) Distinct hyper- 
reflective lesions at INL extended into IPL and OPL (stage I, edema); (B) Distinct attenuating OPL thickness (stage II, edema resolution); (C) Severe INL thinning (stage III, 
atrophy). The white / black arrow represents the full / inner retinal thickness (µm) at the thickest part of stage I lesion and the thinnest part of stage II or III lesions. 
Abbreviations: IOP, intraocular pressure; SD-OCT, spectral domain optical coherence tomography; PAMM, paracentral acute middle maculopathy; APACG, acute primary 
angle closure glaucoma; INL, inner nuclear layer; IPL, inner plexiform layer; OPL, outer plexiform layer; logMAR, logarithm of the minimum angle of resolution.

Figure 5 Univariable and multivariable binary logistic regression of factors associated with PAMM following APAC or APACG. 
Notes: Odds ratios were obtained by binary logistic regression; Bold means statistically significant (P < 0.05). *Age, gender and the variables from the univariable analysis 
with a P value < 0.10 were included in the model 1 analysis. Adjusted for age and gender only. Male and no type 2 diabetes are the references. †Age, gender and the variables 
from the model 1 analysis with a P value < 0.10 were included in the model 2 for multivariable analysis. Male and no type 2 diabetes are the references. 
Abbreviations: PAMM, paracentral acute middle maculopathy; APAC, acute primary angle closure; APACG, acute primary angle closure glaucoma; AL, axial length; SFCT, 
subfoveal choroidal thickness; OR, odds ratio; CI, confidence interval.
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PAMM was commonly reported in retinal vascular diseases: 22% (9/40) in RAO,7 5.2% (25/484) in nonischemic 
central retinal vein occlusion.8 Unlike vascular occlusions in retinal vascular disease, PAMM may be caused by acute 
IOP elevation-induced retinal ischemia in APAC or APACG.

The SD-OCT observations offered detailed information on the 3 stages of PAMM lesions. For patients in the edema 
stage, the IOP increases sharply and the medial retinal circulation in the parafoveal region is prone to intracellular edema 
caused by ischemia and hypoxia, thus resulting in a high reflection band of the INL on SD-OCT (stage I). For patients in 
the edema resolution stage, ischemic hypoxia was relieved for a short time, and their edema began to subside. The return 
of blood to the tissue, however, leads to the production of a variety of oxidants and free radicals, which ultimately lead to 
retinal cell necrosis.19 This was presented as distinctly thinning OPL around the lesion accompanied by weaker 
hyperreflective bands of the INL (stage II). For atrophy stage patients, ischemic hypoxia was not relieved for a short 
time, and the compensatory mechanism of cells would be exceeded or would completely fail, resulting in the death of 
massive swollen cells and the regression of edema.20,21 Therefore, ischemic infarction occurred at the corresponding site, 
with loss of cells and DCP, as manifested by severe thinning INL on the SD-OCT images (stage III).

During the follow-up, we found that different PAMM stages had different degrees of BCVA improvement. The patients who 
received the intervention in stage III (atrophy) had worse vision recovery than those who received the intervention in stage 
I (edema) (P = 0.008). It can also be intuitively seen that once atrophy formed, it is too late for irreversible anatomic damage to 
lead to visual improvement. Moreover, we found that the atrophy stage of PAMM patients had a significantly longer TST than the 
edema stage. TST was a confirmed risk factor for blindness after APAC according to a multicenter retrospective case study.22 Our 
patients with a longer TST were more likely to experience multiple APAC events and have more ischemic hypoxia, which can 
lead to thinning of the retina.23 The measurement results revealed that the atrophy stage had the thinnest inner and full retinal 
thickness. This might be the anatomical basis of worse BCVA. In a previous study, retinal thickness was documented to be an 
important predictor of vision.24,25 Additionally, we also found a significantly positive correlation between BCVA improvement 
and retinal thickness in our correlation analysis. Therefore, the three pathophysiological stages indicated different degrees of 
visual impairment in the current study by PAMM. Certainly, there are other possible factors that could influence visual outcomes 
as well.26,27 Some previous studies divided PAMM into 2 stages mainly according to the disease course.5,6 However, the exact 
onset time of PAMM in APAC/APACG patients is difficult to determine. And similar to RAO, APAC/APACG patients’ inner 
retina experienced three pathophysiological processes of edema, edema regression and atrophy in the state of high intraocular 
pressure-induced retinal ischemia.17 In addition, different pathophysiological processes demonstrated unique morphological 
characteristics, which related to different visual prognosis. Therefore, in the study, we described PAMM lesions based on 
morphological characteristics of the 3 pathophysiological processes in APAC/APACG patients.

A lower risk of PAMM was observed with increasing age and longer AL, based on the study’s findings; in other 
words, younger age and shorter AL were risk factors for PAMM. Previous studies pointed out that patients with PAMM 
tend to be younger,8,10 which was in accordance with our findings. Vasospasm is more frequently observed in younger 
people and is generally located within the microcirculation,28,29 resulting in retinal ischemia, while ischemia itself can 
cause spasm, creating a vicious cycle. Additionally, Lin et al30 found that younger primary angle-closure disease patients 
had a shorter AL, and a shorter AL was also confirmed as an independent risk factor for PAMM in this study.

Anatomically, the central retinal blood vessels pass through the scleral canal into the eyeball and finally into the 
lamina cribrosa. In patients with a shorter AL, the scleral canal is smaller; the lamina cribrosa space is narrower; and the 
retinal vessels are easier to compress.31 Therefore, the retinal capillary network supplying the INL is more vulnerable to 
ischemia when the perfusion pressure of the main trunk decreases. In addition, studies have shown that a longer AL 
reduces retinal function and oxygen consumption,32 implying that relatively fewer ischemic and hypoxic events occur in 
patients with a longer AL during acute elevation of IOP and retinal hypoperfusion.

In our study, patients with type 2 diabetes were found to have a 3.92 times higher risk of developing PAMM in the 
APAC or APACG. PAMM has previously been reported in non-proliferative diabetic retinopathy (NPDR).33 Thus, our 
study excluded patients with diabetic retinopathy (DR) to rule out its potential role. Patients with type 2 diabetes may 
have a variety of vascular insults, such as embolization, inflammation, and endothelial cell damage, which can lead to 
precapillary retinal arteriole occlusion.34 From a hemodynamic perspective, there is evidence that retinal perfusion is 
reduced in the early stages of diabetes.35 Another common phenomenon is endothelial-leukocyte interaction, which 
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prevents leukocytes from moving smoothly through the capillary bed, resulting in capillary obstruction.36 A decrease in 
retinal blood flow may not only promote this effect but may also affect oxygen delivery,37 leading to tissue hypoxia early 
in the disease.38 A recent prospective study monitored a cohort of patients with type 2 diabetes without DR and 
illustrated a significant decrease in parafoveal microvascular perfusion.39 These changes may account for the predis
position of PAMM following APAC or APACG in type 2 diabetic patients without DR.

The study had several limitations, such as its retrospective, hospital-based design, and relatively small number of 
PAMM cases despite a large sample size. The findings of this study need to be confirmed through a large-scale, 
longitudinal, and prospective study involving multiple centers.

Conclusion
We reported that PAMM can occur following APAC or APACG with a rate of 2.9%. SD-OCT scans revealed that PAMM 
lesions had three pathophysiological stages: edema, edema resolution, and atrophy. The patients who received the 
intervention at different PAMM stages indicated different visual outcomes. Moreover, younger age, shorter AL and 
type 2 diabetes were found to have a higher risk for PAMM in the APAC or APACG.
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