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Introduction: The aim of this study is to demonstrate the relevance of primary
acute angle closure (APAC) and COVID-19 infection, compare the demographic
features and manifestations between COVID-19 positive and negative patients
with APAC, and infer the underlying mechanism.

Methods: This study is based on all patients diagnosed with APAC at the glaucoma
center of Eye, Ear, Nose and Throat Hospital of Fudan University (Fenyang road
center) from 15th December 2022 to 11th January 2023. Totally 171 APAC cases
were categorized into COVID-19 positive and negative group. Demographic
features and final treatment level of the patients were compared between the
two groups. Clinical manifestations, intraocular pressure, and anterior chamber
configuration were also compared between the two groups.

Results: In the COVID-19 positive group, the number of cases with APAC onset
spiked in 22nd December 2022, which coincided with the spike of COVID-19
antigen positive people. Compared to the COVID-19 negative group, COVID-19
positive APAC patients were younger with a lower percentage of APAC history.
Additionally, more eyes of COVID-19 positive APAC patients showed keratic
precipitates. COVID-19 positive eyes had significantly larger anterior chamber
depth with a more dilated pupil. Therefore, COVID-19 infection could probably
act as a triggering factor of APAC

Discussion: The onset of APAC might be accelerated by COVID-19 infection for
patients with younger age and milder anatomical configuration. Additionally,
COVID-19 related APAC cases might have a more abrupt and fierce onset.
Ophthalmic emergent services should not be neglected during the epidemic
period.

acute primary angle closure, COVID-19, ultrasound biomicroscope, SARS-COV-2,
pathogenesis, elevated intraocular pressure

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1196202%EF%BB%BF&domain=pdf&date_stamp=2023-08-14
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1196202/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1196202/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1196202/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1196202/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1196202/full
mailto:kongxm95@163.com
https://doi.org/10.3389/fpubh.2023.1196202
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1196202

Ying et al.

1. Introduction

Acute primary angle-closure (APAC) is a pathologic status
characterized by sudden elevation of intraocular pressure (IOP) due
to abrupt closure of the anterior chamber angle. Patients may
experience headache, eye pain, nausea, vomiting, and loss of vision. If
not controlled timeously, the markedly elevated IOP can cause
irreversible optic nerve damage and visual field loss, as observed in
primary angle-closure glaucoma (PACG). Therefore, APAC is an
emergent ophthalmic condition causing necessary concerns.

Anatomic configuration such as small cornea, shallow anterior
chamber depth, short axial length, narrow anterior chamber angle,
and exaggerated lens vault are the anatomical risk factors associated
with APAC. Previous studies had classified such causative factors of
APAC into four anatomic levels, namely the iris level (pupillary block),
the ciliary level (plateau iris), the lens level (exaggerated lens vault),
and the retro-lenticular level (1). However, a combined anatomic
mechanism involving cross-level factors was found in some cases of
APAC (2). Apart from the pre-existing anatomic factors, sudden
presence of contributing factors such as stress, strong emotion, prone
position, and staying in dark room may trigger the outburst of an
APAC crisis (3, 4). The underlying molecular biological mechanisms
of such triggering factors might involve the neuroendocrine system
(5), psychological factors (6), among others. In the Asian population,
a characteristically high incidence rate of plateau iris was reported in
PACG cases (7), indicating mechanism differences in different
populations. The disparity in disease spectrum also lies in the
prevalence, as the incidence rate of APAC in Asian people was
reportedly higher when compared to the Caucasian population (8-10).

Previously, several case reports described APAC cases in patients
with Coronavirus Disease 2019 (COVID-19), and the correlation
between COVID-19 infection and APAC onset was strongly suggested
(11-13). However, there has been a lack of studies including a large-
sample size of COVID-19 in patients with APAC. In December 2022,
after implementing “dynamic zero COVID” policy for 3 years, China’s
lifting of all such restrictions led to a soaring number of COVID-19
cases countrywide. Therefore, a large majority of the country’s medical
resources was fed into the treatment of COVID-19 patients. Our
center, as a tertiary hospital specialized in ophthalmology, undertook
most of the emergent ophthalmic cases in Shanghai. During the
outbreak, a lot more patients in our center were diagnosed of APAC
than the former years, yet their demographic features, manifestations,
and correlation with COVID-19 was not known.

In this retrospective study, medical record of all APAC cases
diagnosed within 1 month after the termination of “dynamic zero
COVID” policy in our center was studied. This study aimed to
demonstrate the characteristics of APAC cases in Shanghai from 15th
December 2022 to 11th January 2023, compare the clinical features
between SARS-COV-2 positive and negative cases, and probe into the
role of COVID-19 infection in APAC pathogenesis.

2. Materials and methods
2.1. Study design and participants
This study is a retrospective observational study based on outpatient

medical records of all patients with APAC at the glaucoma center of Eye,
Ear, Nose, and Throat (EENT) Hospital of Fudan University (Fenyang
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road center), Shanghai, China. The study period was within 1 month
after China’s relaxation from “dynamic zero COVID” policy, from 15th
December 2022 to 11th January 2023. The study followed the ethical
standards of the Declaration of Helsinki and was approved by the ethics
committee of Eye & ENT Hospital, Fudan University.

The diagnosis of APAC was clarified if the patients met the following
criteria: (I) at least two of the following symptoms: pain in ocular area,
nausea or vomiting, and history of visual blurring or loss, (II) elevated
IOP, (I1I) at least three of the following signs: conjunctival congestion,
corneal edema, dilated or irregular-shaped unreactive pupil, and shallow
anterior chamber depth, and (IV) presence of angle-closure
configuration. The exclusion criteria included: (I) lack of ultrasound
biomicroscope (UBM) result in our center, (IT) angle-closure secondary
to other ophthalmic conditions, and (III) lack of information on whether
the patient had COVID-19 infection history before or after the APAC
onset from medical record or telephonic follow-up.

Totally 171 patients met the up-mentioned criteria and were
categorized into COVID-19 positive APAC group and COVID-19
negative APAC group. The patient flow diagram is shown in Figure 1.
The COVID-19 positive patients were defined as patients whose
APAC symptoms started 2 days before the onset of COVID-19
symptoms or within 5 days after COVID-19 onset. The onset of
COVID-19 was defined as the date when typical symptoms showed
up for those with contact history with diagnosed patients, or the date
when they had positive COVID-19 antigen test for those who were
asymptomatic. Patients without COVID-19 infection or with
COVID-19 infection out of the above-mentioned time range were
categorized into the COVID-19 negative group. Among the included
participants, 21 patients had bilateral APAC attack. Because 7
unilaterally affected patients only did UBM examination for the
affected eyes, 192 affected eyes and 143 fellow eyes were included.

2.2. Data collection

Demographic features were collected from the medical records of
the patients, including age, gender, APAC eye, past history of APAC
attack, family history of glaucoma, date of APAC attack, and chief

Patients diagnosed
of APAC (n=215)

Patients excluded due to

the following reasons:

- Lack of UBM report
in our hospital (n=34)
Unclear COVID-19
infection history due
to death (n=1) or
lost-to-follow-up (n=9)

APAC patients
included (n=171)

l |

COVID-19 positive COVID-19 negative
APAC patients (n=139) APAC patients (n=32)

FIGURE 1
The flow diagram of patient inclusion.
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complaint. Maximal IOP was defined as the highest IOP during the
attack phase. If the patient had been treated at another hospital, their
maximal IOP was acquired from telephonic follow-up. For those
patients whose IOP once exceeded the measuring range, the maximal
IOP was recorded as 60 mmHg. Clinical signs including conjunctiva/
ciliary congestion, cornea edema, keratic precipitates (KP), anterior
chamber depth and inflammation, and pupil configuration were
obtained from slit-lamp examination record. UBM results during the
attack were also documented. The patients” highest required treatment
was categorized into medication, laser, or surgery. COVID-19 infection
history including date of onset and their use of medicine before APAC
onset was recorded from telephonic follow-up. The follow-up was
conducted from 31st January 2023 to 19th February 2023.

2.3. Statistical and data analysis

Statistics were analyzed using STATA 16.0 (College Station, TX,
United States). Normally and non-normally distributed data were
expressed using mean + standard deviation and median (P25, P75),
respectively. Student’s ¢ test was used to compare the differences in
normally distributed quantitative data. Wilcoxon signed rank sum test was
used to compare the differences in non-normally distributed quantitative
data and qualitative data. Pearson chi-square test was used in comparing
categorical data. p value under 0.05 was considered statistically significant.

3. Results

3.1. Number of patients and correlation
with COVID-19 outbreak

Correlation between the number of APAC patients and date of their
APAC onset is demonstrated in Figure 2. The number of COVID-19
negative APAC patients remained relatively stable over the time (blue
line, Figure 2). However, the number of COVID-19 positive APAC
patients dramatically increased after 15th December 2022, and spiked on
22nd December 2022 (21 patients). Then, the number of APAC patients

10.3389/fpubh.2023.1196202

gradually declined with fluctuation. Two minor spikes appeared on 25th
December 2022 and 29th December 2022. The number of patients with
APAC returned to baseline after 3rd January 2023. This trend is similar
to the data of COVID-19 antigen from the Chinese Center for Disease
Control and Prevention (CCDC) COVID-19 clinical and surveillance
Data, as it also spiked on 22nd December 2022, fluctuated and declined
with minor spikes on 26th December 2022 and 5th January 2023 (14).
Figure 3 displays the time interval between APAC onset and COVID-19
onset. 83.45% (116/139) of the patients felt the symptoms of APAC on
the same day or within 2 days after COVID-19 onset.

3.2. Demographic features of study
participants

Among the 171 APAC patients, 139 patients reported COVID-19
infection history. Patients in COVID-19 positive group were
significantly younger than the COVID-19 negative group (63.50 +
8.28 vs. 66.31 £ 7.64, p = 0.040). There were more females in both
COVID-19 positive group (66.19%) and COVID-19 negative group
(68.75%) compared to males. Significantly less patients from the
COVID-19 positive group had a past APAC attack (15.83% vs. 31.25%,
p = 0.044). The percentage of patients who had bilateral attack and
patients with family history of glaucoma were comparable between
the two groups. Additionally, 43.17% (60/139) of the patients used
NSAIDs orally before APAC onset due to COVID-19 symptoms.
Another 7 patients (5.04%) used antiviral medicine and 4 patients
(2.88%) used antibiotics. Highest level of required treatment was
comparable between groups. Table 1 showed the demographic features
and required treatment for APAC patients.

3.3. Clinical manifestations and anterior
chamber configuration

The clinical manifestations and anatomical configuration of APAC
affected eyes are demonstrated in Table 2. More APAC eyes from
COVID-19 positive group showed KP than COVID-19 negative eyes

APAC patient number - Date of APAC onset

FIGURE 2
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FIGURE 3

Time interval between APAC onset and start of COVID-19 symptoms
of COVID-19 positive group. Negative number in the horizontal axis
means APAC onset before COVID-19 symptoms appeared. Positive
number in the horizontal axis means APAC onset after COVID-19
symptoms appeared.

(30.13% vs. 13.89%, p = 0.048). The number of patients with
conjunctival/ciliary congestion, cornea edema, dilated/unreactive
pupil, anterior chamber inflammation (cell and Tyndall effect) was
comparable between the COVID-19 positive and negative APAC eyes.
Additionally, the maximal IOP during this APAC attack was
comparable between groups.

The anterior chamber configuration in UBM examinations
showed significantly larger pupil diameter in COVID-19 positive eyes
(4.75+ 1.17 vs. 4.24 + 1.03, p = 0.009) as well as a significantly deeper
anterior chamber depth (1.66 + 0.25 vs. 1.57 + 0.25, p = 0.028),
although APAC eyes in both groups demonstrated dilated pupil and
shallow anterior chamber depth. Other anterior chamber anatomical
structures, namely plateau iris, location of iris root attachment, ciliary
process configuration, lens vault, and zonule configuration, were all
comparable between COVID-19 positive and negative APAC eyes. No
significant difference in anatomical structures was found in the
contralateral eyes between COVID-19 positive and negative group
(Table 3).

4. Discussion

Our study demonstrated the number of patients who had an
onset of APAC symptoms within approximately 1 month after
China’s relaxation from “zero-COVID” policy. Based on the same
diagnosis criteria (symptoms, signs, IOP and UBM results at our
center), only 12 patients were diagnosed of APAC during the same
period in the previous year (15th December 2021 to 11th January
2022) at our center. Such distinction can partly be attributable to
the availability for APAC patients to visit other comprehensive
hospitals during COVID-19 sporadic season. Since the curve of
COVID-19 positive group was quite similar to the curve of
COVID-19 antigen positive people released by CCDC, COVID-19
infection was possibly a triggering factor in the pathogenesis of
APAC. Notably, the number of COVID-19 negative APAC patients
remained stable during our chosen time range. Most of the
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TABLE 1 Features of COVID-19 positive and COVID-19 negative APAC
patients.

COVID-19 COVID-19 pvalue
(+) patients = (-) patients
(n = 139) (n=32)

Demographic Characteristics
Age (years) 63.50 + 8.28 66.31 +7.64 0.040*
Sex (Male/Female) 47192 10/22 0.782
Affected eye 0.749

oD 60 16

0Os 62 12

ou 17 4
Past history of APAC 22/117 10/22 0.044*
(+/-)
Family history of 27/112 7/25 0.754
glaucoma (+/-)
Systematic use of medication before APAC onset

NSAIDs 60/139 /

Antiviral treatment 7/139 /

Antibiotics 4/139 /
Final required treatment 0.692
solution

Antiglaucoma eyedrops 5 0

Laser 28 9

Surgery 106 23

Datas are expressed as mean + SD or number of patients.

APAC, acute primary angle closure; OD, oculus dexter; OS, oculus seminar; OU, oculus
uterque; NSAIDs, non-steroidal anti-inflammatory drugs.

*p <0.05.

The bold values were emphasized because these were statistically significant (p value < 0.05).

participants had APAC onset within 2 days after the onset of
COVID-19 symptoms. In fact, 31.65% (44/139) patients described
having ocular symptoms prior to or simultaneously with fever,
which was also persuasive evidence of COVID-19 infection being
related to APAC.

Moreover, significant differences were found between the
demographic characteristics of COVID-19 positive and COVID-19
negative APAC patients. Fewer patients from COVID-19 positive
group had a history of APAC attack and were younger compared to
the COVID-19 negative group. Such findings indicated that
COVID-19 infection might act as a strong stressor and accelerated
the onset of APAC. This could be corroboratively proved by the fact
that the eyes of COVID-19 positive patients showed a significantly
larger anterior chamber depth. Without the COVID-19 infection,
some patients might still be able to live in symptom-free state for a
while despite their predisposition due to risky anatomical
configuration, and such preclinical phases could be potential
therapeutic windows for preventive treatment such as laser
peripheral iridotomy.

All patients whose maximal IOP was once too high to be reported
with an exact number was documented as 60 mmHg. Additionally,
since some patients were already treated with intravenous mannitol
before their first IOP test at another hospital, the maximal IOP
recorded was lower than the actual value. COVID-19 positive patients
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TABLE 2 Manifestations and anatomical configuration of eyes of COVID-19 positive and negative APAC patients.

APAC affected eyes (n = 192)

COVID-19 (+) eyes

COVID-19 () eyes

(n = 156) (n = 36)

Slit lamp examinations
Conjunctival/ciliary congestion (+/—) 122/34 28/8 0.955
Cornea edema (+/—) 128/28 29/7 0.834
Dilated/unreactive pupil 143/13 30/6 0.131
KP (+/-) 47/109 5/31 0.048*
Anterior chamber cell (+/—) 150/6 35/1 0.758
Anterior chamber Tyndall effect (+/-) 119/37 32/4 0.096
IOP maximum (mmHg) 47.24+9.16 47.69 + 8.77 0.405
UBM of affected eyes
Pupil diameter (mm) 4.75+1.17 4.24+1.03 0.009*
Anterior chamber depth (mm) 1.66 + 0.25 1.57 £0.25 0.028*
Plateau iris 0.626

None 55 12

Mild 10 6

severe 91 18
Forward iris attachment location 153/3 34/2 0.217
Ciliary process pronation

none 2 2 0.687

mild 51 11

severe 103 23
Exaggerated lens vault (+/—) 29/127 6/30 0.788
Loose ciliary zonule (+/—) 49/107 9/27 0.450

Datas are expressed as mean + SD or number of patients.

APAC, acute primary angle closure; KP, keratic precipitates; IOP, intraocular pressure; UBM, ultrasound biomicroscope.

*
p <0.05.
The bold values were emphasized because these were statistically significant (p value < 0.05).

with APAC had eyes with a larger pupil diameter under UBM
examinations. More eyes in COVID-19 positive group showed
pigmentary KP, a sign for iris atrophy. Both larger pupil diameter and
more cases with punctate KP could indicate that APAC eyes from
COVID-19 positive group experienced a more aggressive attack phase.
Therefore, the iris tissue of COVID-19 positive patients might suffer
from severer ischemia and thereafter present atrophy that is
more obvious.

Previous study discovered ACE2 receptor in conjunctiva (15),
which is the entry receptor of SARS-COV-2 (16). Additionally,
various studies in COVID-19 infected patients worldwide showed the
existence of ocular manifestations such as conjunctival hyperemia,
and conjunctival discharge, etc. (17). Other studies suggested ocular
symptoms could present even earlier than respiratory symptoms
(18-20). Positive conjunctival swab PCR test was found in 3.9% of
patients with COVID-19 (17). All such evidence proved that eyes can
be affected by COVID-19 infection. Since no significant difference
was found in the anatomical mechanism, the correlation between
COVID-19 infection and early-onset aggressive APAC attack might
be due to both systematic and local triggers.

Early studies proposed the possibility of APAC being caused
by surgery and general anesthesia (21, 22). Although muscle
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relaxants may play a part, such reports still suggested the possible
role of emotional upset and stress as triggering factors. In
COVID-19 cases, infection and quarantine could also cause stress
condition and negative emotions. Secondly, systematic
medication was also reported as suspected APAC trigger (23),
while in our study, 43.17% patients recalled using cold medication
(containing NSAIDs, antihistamines) to relieve COVID-19
symptoms. Thirdly, a previous study reported a higher ocular
surface temperature in glaucomatous eyes (24). In our study, 82
patients (58.99%) started to feel eye pain or vision loss
concurrently with the onset of hyperthermia, or on the second
day of fever. Such time consistency suggested that hyperthermia
may cause potential congestion and edema in anterior chamber
structures, making the narrow anterior chamber even worse.
Lastly, patients with COVID-19 may spend long time relaxing in
dark room, which can cause dilated pupils, thus pose a threat to
the already-jammed anterior chamber angle.

Therefore, stress, depression, oral medication, fever, body
position, and dark environment might contribute to APAC
pathogenesis as systemic triggers.

Local ocular triggers caused by COVID-19 infection may also

contribute to APAC onset. Previously, various case reports showed the
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TABLE 3 Anterior chamber configuration of COVID-19 positive and negative contralateral eyes.

Contralateral eyes (n = 143)

COVID-19 (+) eyes

COVID-19 (-) eyes

10.3389/fpubh.2023.1196202

(n = 115) (n = 28)

UBM of affected eyes
Pupil diameter (mm) 2.67 £0.96 2.86 +0.76 0.325
Anterior chamber depth (mm) 1.78 (1.64, 1.95) 1.65 (1.53, 1.88) 0.062
Plateau iris 0.828

none 17 3

mild 9 3

severe 89 22
Forward iris attachment point 112/3 26/2 0.243
Ciliary process pronation

none 1 0 0.682

mild 39 11

severe 75 17
Exaggerated lens vault (+/-) 15/100 5/23 0.510
Loose ciliary zonule (+/—) 28/87 5/23 0.465

Datas are expressed as mean + SD, median (P25, P75) or number of patients.
UBM, ultrasound biomicroscope.

possibility of uveitis and optic neuritis being related to COVID-19
infection (19, 25-27). Moreover, SARS-COV-2 was detected in the
aqueous humour of asymptomatic COVID-19 patients (28). Despite
the low detection rate, these studies suggested that apart from the
ocular surface, intraocular involvement could also be possible during
COVID-19 infection. However, low positive rate also suggested that in
most cases, SARS-COV-2 did not interfere with the intraocular
environment by directly entering the eyes. Changes in ocular
microenvironment might contribute to the pathogenesis and prognosis
of APAC. Various early studies in PACG showed changes in aqueous
humour immune microenvironment (29, 30) and iris immune status
(31), which may lead to a local immune disorder. Additionally,
intraocular microenvironment may also be interfered by the blood
supply as increased retinal vessel diameter during COVID-19 infection
and decreased vessel diameter after remission were reported (32), as
well as some cases of retinal vein occlusion (33-35). Reduced vessel
density and enlarged fovea avascular zone were found in COVID-19
infected patients (36), and were explained as the ocular consequence
of systematic thrombotic microangiopathy and hypercoagulation (37).
Therefore, changes in immune and vascular microenvironment may
be local ocular factors and trigger an all-or-none change in anterior
chamber angle. However, the explicit relationship between viral
infection and APAC onset still requires further studies.

This study had several limitations. Firstly, although this study
included a large number of patients with APAC, patients from the other
branches of EENT Hospital, Fudan University as well as patients who
did not visit the glaucoma center were not included. Additionally, 10
patients’ COVID-19 infection history was unclear because of death or
lost-to-follow-up. Second, for patients who reported their COVID-19
infection history and maximal IOP, recalling bias was unavoidable
because the follow-up was conducted approximately 1 month after their
first visit. Thirdly, as reported by CCDC, the main virus subvariant
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affecting Shanghai during the outbreak was BA5.2 (14). With a high
vaccination coverage, this mild strain of SARS-COV-2 may bring about
a high percentage of asymptomatically infected patients. Some patients
were categorized into COVID-19 negative group simply because they
had no symptom and they did not test for COVID-19. Therefore, the
difference between groups might have be underestimated. Lastly, longer
follow-up time is needed to understand differences in long-term
prognosis of COVID-19 positive and negative APAC patients.

In conclusion, this is the first large-sample study of COVID-19
and APAC. Relevance between APAC attack and COVID-19 infection
was highly suspected. COVID-19 infection accelerated the occurrence
of APAC since infected patients were younger, had milder anatomical
malformation and less possibility of past APAC attacks. COVID-19
positive relevant APAC patients might have experienced a more
abrupt attack phase. This study highlights the importance of medical
resource allocation to emergent ophthalmic cases, even during
epidemic period of infectious diseases in the future.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of Eye & ENT Hospital, Fudan
University. Written informed consent for participation was not
required for this study in accordance with the national legislation and
the institutional requirements.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1196202
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Ying et al.

Author contributions

YY contributed to manuscript writing, data analysis, and
conceptualization. RZ contributed to conceptualization and
supervision. YS, QS, and XF participated in data collection and input.
XK designed and guided the whole study. All authors contributed to
the article and approved the submitted version.

Funding

This study was supported by the Western Medicine Guidance
Project of Shanghai Committee of Science and Technology
(19411961600), the Experimental Animal Research Project of
Shanghai Science and Technology (201409006600), and the Double
Excellent Project of EENT Hospital (SYB202003). The authors were
funded by the Surface Project of National Natural Science Foundation
of China (81770922 and 82070957). The funders had no role in study
design, data collection, analysis, and interpretation, decision to
publish, or preparation of the manuscript.

References

1. Nongpiur ME, Aung T. Mechanisms underlying acute angle closure. Clin Exp
Ophthalmol. (2017) 45:331-2. doi: 10.1111/ce0.12967

2. Suwan Y, Jiamsawad S, Supakontanasan W, Teekhasaenee C. Hidden mechanisms
beyond the pupillary block in acute angle closure: ultrasound biomicroscopic study. Clin
Exp Ophthalmol. (2017) 45:366-70. doi: 10.1111/ce0.12867

3. Shily BG. Psychophysiological stress, elevated intraocular pressure, and acute
closed-angle glaucoma. Am ] Optom Physiol Optic. (1987) 64:866-70. doi:
10.1097/00006324-198711000-00011

4. Kim TW, Park KH, Hong C. Dark-room prone-position test for intermittent angle
closure. Korean ] Ophthalmol. (2007) 21:151-4. doi: 10.3341/kjo.2007.21.3.151

5. Ittner LM, Schwerdtfeger K, Kunz TH, Muff R, Husmann K, Grimm C, et al.
Transgenic mice with ocular overexpression of an adrenomedullin receptor reflect
human acute angle-closure glaucoma. Clin Sci (Lond). (2008) 114:49-58. doi: 10.1042/
CS20070163

6. PuH, Wang Y, Wei Q, Ma HJ, Hu PP, Li SL, et al. Decision—makjng impairments in
primary angle-closure glaucoma patients. Chin Med ]. (2017) 130:1424-8. doi:
10.4103/0366-6999.207482

7. Kumar RS, Tantisevi V, Wong MH, Laohapojanart K, Chansanti O, Quek DT, et al.
Plateau iris in Asian subjects with primary angle closure glaucoma. Arch Ophthalmol.
(2009) 127:1269-72. doi: 10.1001/archophthalmol.2009.241

8. Lai JS, Liu DT, Tham CC, Li RT, Lam DS. Epidemiology of acute primary angle-
closure glaucoma in the Hong Kong Chinese population: prospective study. Hong Kong
Med ]. (2001) 7:118-23.

9. Seah SK, Foster PJ, Chew PT, Jap A, Oen E, Fam HB, et al. Incidence of acute
primary angle-closure glaucoma in Singapore. An island-wide survey. Arch Ophthalmol.
(1997) 115:1436-40. doi: 10.1001/archopht.1997.01100160606014

10. Ivanisevi¢ M, Erceg M, Smoljanovi¢ A, Trosi¢ Z. The incidence and seasonal
variations of acute primary angle-closure glaucoma. Coll Antropol. (2002) 26:41-5.

11. Nerlikar RR, Palsule AC, Vadke S. Bilateral acute angle closure glaucoma after
prone position ventilation for COVID-19 pneumonia. ] Glaucoma. (2021) 30:¢364-6.
doi: 10.1097/ijg.0000000000001864

12. Barosco G, Morbio R, Chemello F, Tosi R, Marchini G. Bilateral angle-closure
during hospitalization for coronavirus disease-19 (COVID-19): a case report. Eur J
Ophthalmol. (2022) 32:NP75-82. doi: 10.1177/11206721211012197

13. Ozmen S, Ozkan Aksoy N, Cakir B, Alagéz G. Acute angle-closure glaucoma
concurrent with COVID 19 infection; case report. Eur ] Ophthalmol. (2022)
33:11206721221113201. doi: 10.1177/11206721221113201

14. CCDC. (2023). COVID-19 clinical and surveillance data — December 9, 2022 to
march 9, 2023, China. China CDC weekly

15. Lange C, Wolf ], Auw-Haedrich C, Schlecht A, Boneva S, Lapp T, et al. Expression
of the COVID-19 receptor ACE2 in the human conjunctiva. ] Med Virol. (2020)
92:2081-6. doi: 10.1002/jmv.25981

Frontiers in Public Health

10.3389/fpubh.2023.1196202

Acknowledgments

The authors would like to thank Editage (www.editage.com) for
English language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

16. Jiang RD, Liu MQ, Chen Y, Shan C, Zhou YW, Shen XR, et al. Pathogenesis of
SARS-CoV-2 in transgenic mice expressing human angiotensin-converting enzyme 2.
Cells. (2020) 182:50-58.e8. doi: 10.1016/j.cell.2020.05.027

17.Zhong Y, Wang K, Zhu Y, Lyu D, Yu Y, Li S, et al. Ocular manifestations in
COVID-19 patients: a systematic review and meta-analysis. Travel Med Infect Dis. (2021)
44:102191. doi: 10.1016/j.tmaid.2021.102191

18. Hong N, Yu W, Xia J, Shen Y, Yap M, Han W. Evaluation of ocular symptoms and
tropism of SARS-CoV-2 in patients confirmed with COVID-19. Acta Ophthalmol.
(2020) 98:649-55. doi: 10.1111/a0s.14445

19. Benito-Pascual B, Gegtindez JA, Diaz-Valle D, Arriola-Villalobos P, Carrefio E,
Culebras E, et al. Panuveitis and optic neuritis as a possible initial presentation of the
novel coronavirus disease 2019 (COVID-19). Ocul Immunol Inflamm. (2020) 28:922-5.
doi: 10.1080/09273948.2020.1792512

20. Casalino G, Monaco G, Di Sarro PP, David A, Scialdone A. Coronavirus disease
2019 presenting with conjunctivitis as the first symptom. Eye (Lond). (2020) 34:1235-6.
doi: 10.1038/s41433-020-0909-x

21. Gayat E, Gabison E, Devys JM. Case report: bilateral angle closure glaucoma after
general anesthesia. Anesth Analg. (2011) 112:126-8. doi: 10.1213/ANE.0b013e3182009ad6

22.Jaroudi M, Fadi M, Farah F, El Mollayess GM. Glycopyrrolate induced bilateral
angle closure glaucoma after cervical spine surgery. Middle East Afr ] Ophthalmol. (2013)
20:182-4. doi: 10.4103/0974-9233.110620

23. Nicoara SD, Damian I. Bilateral simultaneous acute angle closure attack triggered
by an over-the-counter flu medication. Int Ophthalmol. (2018) 38:1775-8. doi: 10.1007/
510792-017-0628-x

24. Leshno A, Stern O, Barkana Y, Kapelushnik N, Singer R, Prat DL, et al. Ocular
surface temperature differences in glaucoma. Eur ] Ophthalmol. (2022) 32:1518-24. doi:
10.1177/11206721211023723

25. Alonso RS, Alonso FOM, Fernandes BE, Ecard VO, Ventura MP. COVID-19-
related ocular hypertension secondary to anterior uveitis as part of a multisystemic
inflammatory = syndrome. ] Glaucoma. (2021) 30:e256-8. doi: 10.1097/
ijg.0000000000001835

26. Sawalha K, Adeodokun S, Kamoga GR. COVID-19-induced acute bilateral optic
neuritis. J Investig Med High Impact Case Rep. (2020) 8:2324709620976018. doi:
10.1177/2324709620976018

27. Tisdale AK, Chwalisz BK. Neuro-ophthalmic manifestations of coronavirus disease
19. Curr Opin Ophthalmol. (2020) 31:489-94. doi: 10.1097/icu.0000000000000707

28. Koo EH, Eghrari AO, Dzhaber D, Shah A, Fout E, Dubovy S, et al. Presence of
SARS-CoV-2 viral RNA in aqueous humor of asymptomatic individuals. Am J
Ophthalmol. (2021) 230:151-5. doi: 10.1016/j.j0.2021.05.008

29. Zhang JL, Song XY, Chen YY, Nguyen THA, Zhang JY, Bao SS, et al. Novel
inflammatory cytokines (IL-36, 37, 38) in the aqueous humor from patients with chronic
primary angle closure glaucoma. Int Immunopharmacol. (2019) 71:164-8. doi: 10.1016/j.
intimp.2019.03.016

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1196202
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://www.editage.com
https://doi.org/10.1111/ceo.12967
https://doi.org/10.1111/ceo.12867
https://doi.org/10.1097/00006324-198711000-00011
https://doi.org/10.3341/kjo.2007.21.3.151
https://doi.org/10.1042/CS20070163
https://doi.org/10.1042/CS20070163
https://doi.org/10.4103/0366-6999.207482
https://doi.org/10.1001/archophthalmol.2009.241
https://doi.org/10.1001/archopht.1997.01100160606014
https://doi.org/10.1097/ijg.0000000000001864
https://doi.org/10.1177/11206721211012197
https://doi.org/10.1177/11206721221113201
https://doi.org/10.1002/jmv.25981
https://doi.org/10.1016/j.cell.2020.05.027
https://doi.org/10.1016/j.tmaid.2021.102191
https://doi.org/10.1111/aos.14445
https://doi.org/10.1080/09273948.2020.1792512
https://doi.org/10.1038/s41433-020-0909-x
https://doi.org/10.1213/ANE.0b013e3182009ad6
https://doi.org/10.4103/0974-9233.110620
https://doi.org/10.1007/s10792-017-0628-x
https://doi.org/10.1007/s10792-017-0628-x
https://doi.org/10.1177/11206721211023723
https://doi.org/10.1097/ijg.0000000000001835
https://doi.org/10.1097/ijg.0000000000001835
https://doi.org/10.1177/2324709620976018
https://doi.org/10.1097/icu.0000000000000707
https://doi.org/10.1016/j.ajo.2021.05.008
https://doi.org/10.1016/j.intimp.2019.03.016
https://doi.org/10.1016/j.intimp.2019.03.016

Ying et al.

30. Chua J, Vania M, Cheung CM, Ang M, Chee SP, Yang H, et al. Expression profile
of inflammatory cytokines in aqueous from glaucomatous eyes. Mol Vis. (2012)
18:431-8.

31. Wong M, Huang P, Li W, Li Y, Zhang SS, Zhang C. T-helper1/T-helper2 cytokine
imbalance in the iris of patients with glaucoma. PLoS One. (2015) 10:e0122184. doi:
10.1371/journal.pone.0122184

32. Asikgarip N, Temel E, Hizmali L, Ornek K, Sezgin FM. Retinal vessel diameter
changes in COVID-19 infected patients. Ocul Immunol Inflamm. (2021) 29:645-51. doi:
10.1080/09273948.2020.1853783

33.Sheth JU, Narayanan R, Goyal ], Goyal V. Retinal vein occlusion in COVID-19:
a novel entity. Indian ] Ophthalmol. (2020) 68:2291-3. doi: 10.4103/ijo.
1J0_2380_20

Frontiers in Public Health

08

10.3389/fpubh.2023.1196202

34. Yahalomi T, Pikkel ], Arnon R, Pessach Y. Central retinal vein occlusion in a young
healthy COVID-19 patient: a case report. Am ] Ophthalmol Case Rep. (2020) 20:100992.
doi: 10.1016/j.2j0c.2020.100992

35. Walinjkar JA, Makhija SC, Sharma HR, Morekar SR, Natarajan S. Central retinal
vein occlusion with COVID-19 infection as the presumptive etiology. Indian |
Ophthalmol. (2020) 68:2572-4. doi: 10.4103/ijo.IJO_2575_20

36. Teo KY, Invernizzi A, Staurenghi G, Cheung CMG. COVID-19-related retinal
micro-vasculopathy — a review of current evidence. Am ] Ophthalmol. (2022)
235:98-110. doi: 10.1016/j.2j0.2021.09.019

37. Cennamo G, Reibaldi M, Montorio D, D'Andrea L, Fallico M, Triassi M. Optical
coherence tomography angiography features in post-COVID-19 pneumonia patients: a
pilot study. Am J Ophthalmol. (2021) 227:182-90. doi: 10.1016/j.aj0.2021.03.015

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1196202
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0122184
https://doi.org/10.1080/09273948.2020.1853783
https://doi.org/10.4103/ijo.IJO_2380_20
https://doi.org/10.4103/ijo.IJO_2380_20
https://doi.org/10.1016/j.ajoc.2020.100992
https://doi.org/10.4103/ijo.IJO_2575_20
https://doi.org/10.1016/j.ajo.2021.09.019
https://doi.org/10.1016/j.ajo.2021.03.015

	The occurrence of acute primary angle closure triggered, aggravated, and accelerated by COVID-19 infection: retrospective observational study
	1. Introduction
	2. Materials and methods
	2.1. Study design and participants
	2.2. Data collection
	2.3. Statistical and data analysis

	3. Results
	3.1. Number of patients and correlation with COVID-19 outbreak
	3.2. Demographic features of study participants
	3.3. Clinical manifestations and anterior chamber configuration

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References



