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Glaucoma is the leading cause of irreversible vision loss and the second leading cause of blindness worldwide. The rapid transmission of SARS-CoV-2virus compelled governments to concentrate their efforts on emergency units to treat the large number of cases that arose due to the Covid-19 outbreak. As a result, many chronically ill patients were left without access to medical care. The progression of glaucoma in previously diagnosed cases has been accelerated; due to this, some have lost their vision. Evaluation of Covid-19’s effect on glaucoma treatment was one goal of this study. We used search phrases like “COVID-19,” “telemedicine,” and “glaucoma” to find published papers on COVID-19 and glaucoma. Artificial Intelligence (AI) may be the answer to the unanswered questions that arose due to this pandemic crisis. The benefits and drawbacks of AI in the context of teliglaucoma have been thoroughly examined. These AI-related ideas have been floating around for some time. We hope that Covid-19’s enormous revisions will provide them with the motivation to move forward and significantly improve services. Despite the devastation the pandemic has caused, we are hopeful that eye care services will be better prepared and better equipped to avoid the loss of sight due to glaucoma in future.
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Introduction

Glaucoma, the leading cause of irreversible blindness, is estimated to affect more than 60 million people worldwide, accounting for about 3 million cases of blindness. The optic neuropathy of glaucoma patients is characterized by relatively slow but progressive degeneration. Approximately fifty percent of patients are unaware of their disease (1, 2). Although elevated intraocular pressure (IOP) is the primary risk factor and the only modifiable risk factor for disease onset and progression, the pathogenesis of the disease is multifactorial and poorly understood (2, 3). However, not all patients with glaucoma have elevated IOP, and not all patients with elevated IOP develop glaucoma. Therefore, the pathogenesis of glaucoma is still not fully understood and likely differs among persons and populations. (2).

The researchers and clinicians focused on the pathophysiology and better treatment options for glaucoma, and the COVID-19 pandemic suddenly hit the world. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly contagious, single-stranded RNA virus that has rapidly spread across the globe. In severe cases, the resulting infection can cause a range of symptoms, including cough, fever, chest pain, and respiratory distress syndrome (4–6). Since its emergence in Wuhan, China, in late 2019, within months, on March 11, 2020, the World Health Organization (WHO) announced COVID-19 as a “pandemic” (7). With the non-linear rapid disease expansion, COVID-19 has caused widespread healthcare, socio-political and economic impact (8). As of July 20, 2022, there were 565,276,285 confirmed cases of COVID-19 worldwide, and 6,374,573 patients died of viral infection or other related complications (https://coronavirus.jhu.edu/).



Early impact of COVID-19 outbreak on glaucoma care

A drastic escalation in the COVID-19 cases have increased the burden over health sector, due to which the majority of hospitals and clinics were converted into COVID-19 units to handle the emerging pandemic.

Aerosols, direct and indirect contact with respiratory droplets, virus in tears, and ocular secretions of infected individuals have been identified as the primary mode of transmission for SARS-CoV-2 (9, 10). Many medical societies worldwide have issued recommendations to discontinue routine diagnostic and surgical work to comply with government restrictions and reduce the risk of developing new cases. It was recommended that routine consultation and elective surgery be postponed, and only immediate or emergency care should be provided (11). Since ophthalmology is primarily concerned with elective surgery and ophthalmologists are among the medical specialties with the highest risk of COVID-19 infection, these changes have a significant impact on this medical specialty (9, 12–14). Ophthalmologists are at higher risk during the pandemic because they have to deal with patients which include physical contact during the examination. They are likely to catch the infection through the patients’ conjunctival and tear secretion. Studies have confirmed the strains of COVID virus in conjunctival and tear secretions of COVID-19-positive patients (9, 14, 15). Therefore, several national ophthalmology committees have recommended avoiding any non-urgent or non-emergency treatment to reduce person-to-person transmission of the virus (16).

As of 2010, 1 in 15 blind people was blind due to glaucoma highlighting the increasing global burden of glaucoma (17). The correct management of patients with glaucoma requires scheduled monitoring of IOP and visual field so that prompt intervention can be made in case of progression of damage (18). There is a reduction in 81% of medical visits during the first few months of the pandemic, including cataracts (-97%), sleep apnea (-91%) and osteoarthrosis (-88%), and glaucoma (-88%) (19, 20). As a result of the COVID-19 pandemic, ophthalmology departments from various countries have postponed 57% to 100% of glaucoma treatments, including Poalnd-100% (21), France-95% (4), Ireland-95% (22), Turkey-95% (23), Russia-97% (19), Portugal-90% (19), Spain-100% (24), and Italy-57% (16). Ophthalmology visits were reduced worldwide due to varying reasons, including fear of getting infected at the hospital, fear of using public transport in the pandemic, lack of swabs, delay in swab results, and unavailability of resources, staff, and supplies (11).

During the first phase of the pandemic, only patients who were at significant risk of irreversible visual morbidity on delaying surgery were operated. All patients got nasal swabs and serological tests to detect COVID-19 infection a week before the surgery. After surgery, chlorinated chemicals were used to disinfect the operating area, and a specific time gap was taken between cases to minimize any risk of virus infection (25).



COVID-19 treatment and glaucoma progression

To reduce inflammation and prevent lung fibrosis, the majority of hospitalized COVID-19 patients were given systemic corticosteroids. Steroids have been linked to various long-term eye problems, such as cataracts and glaucoma (26–28). The linked risk seems to increase with increasing dose and duration (29). Corticosteroids like dexamethasone and prednisolone, commonly used in COVID-19 patients, have a higher propensity to produce glaucoma and cataracts. (30). Glucocorticoids can disrupt the trabecular meshwork and decrease the outflow facility, resulting in elevated intraocular pressure (31). Genetic susceptibility plays a crucial role in this aspect, as certain individuals are more sensitive to steroid-induced problems. Therefore, the use of systemic steroids due to COVID-19 may increase the incidence of glaucoma cases requiring treatment, resulting in an increased demand for antiglaucoma drugs and glaucoma surgery (32).



Visual field artifacts due to use of face mask

Patients and employees were advised to wear masks that cover their noses and mouths to limit the chance of respiratory droplet infections (33). The improper way of using face masks became a new cause of visual artifacts, and this problem increased with the increasing use of face covers due to the elevation in COVID-19 cases worldwide (33–35). Improper use of face masks can interfere with the ophthalmic testing results. An inferior visual field defect can occur due to the edge of the mask riding up the patient’s face, and in some cases, defects occur due to fogging of the trial lens of the perimeter (33, 35). These mask-related artifacts can mimic the pathological defects seen in glaucomatous patients, which may lead to an unnecessary referral or additional testing, follow-up visits, and advancement of therapies related to glaucoma, which is not advisable during the pandemic (33).

Another mask-related problem is discomfort and difficulty in breathing, which hinders accurate testing of visual field defects (34). To deal with these mask-related artifacts, patients were advised to use tape on the bridge of the nose (34, 36), use of double masks (37), or wear a surgical mask (38). To allow the exhaled air to escape away from the patient, it was advised to knot the superior tie below the ears and the inferior one above the ears which will create two lateral vents for the exhaled air to escape and minimize the chances of fogging on the lens, but this removes most of the benefit of wearing a mask, especially regarding transmitting the virus (39). Using a closed chamber perimeter to evaluate glaucoma patients with intolerance to masks during visual fields execution is the best way to deal with mask-related artifacts until the pandemic is over (35).



Impact of COVID-19 on glaucoma diagnosis

The COVID-19 pandemic has a remarkable effect on the global healthcare system, restricting the continuous care of patients with chronic diseases, affecting patients’ health-seeking behavior, and influencing surgeons’ assessment skills (40). Various parameters have been established to lessen the probability of contamination. Cross-contamination can be avoided by utilizing tonometers with disposable tips (41). Noncontact tonometers should be avoided because they generate micro aerosols that can disperse the virus and increase the probability of contamination (42). As direct ophthalmoscopes are in close proximity to the patient’s face and mouth, indirect ophthalmoscopy with a 20D lens should be utilised in COVID-19-positive cases. If possible, tab-based or virtual reality perimetry can be used instead of traditional perimetry. For suspects and glaucoma patients, imaging is preferable to visual fields because there is a lower risk of cross-contamination, sanitization is simpler, and the test is quicker (43).

As some studies indicate the possibility of virus in the conjunctival sac secretion of COVID-19 patients, the importance of disinfecting instruments is emphasised (44, 45). Instruments, patient and technician interface surfaces are to be disinfected using 0.5% bleach, sodium hypochlorite (for tonometer) (46) or 3% hydrogen peroxide, ethylene oxide (in the case of lenses), and 70% isopropyl alcohol to wipe eyepatch, chinrest, headrest, trial lens holder, trial lens, and patient response button after perimetry (43, 47).



Impact of COVID-19 on glaucoma treatment, follow-up and medication

The pandemic has a significant psychosocial impact on the general population, magnified in patients with chronic disease. Chronic disease patients’ stress and anxiety levels have increased due to their self-isolation, movement restrictions, and fear of contracting an infection, which impacts their disease progression and medication adherence (48–50).

Non-adherence to treatment was prevalent among patients with POAG during the COVID-19 pandemic in various studies conducted on the different populations, including India (50), Croatia (51), United States (52), Egypt (53), and Pakistan (54). Before the pandemic, the main barriers to glaucoma medication adherence were cost, difficulty with drop instillation, and forgetfulness. However, as the pandemic struck and strict lockdowns were implemented, the percentage of patients who adhered to their glaucoma medications changed. Lack of availability or accessibility of medication (50, 55–57), travel restrictions related to the pandemic (50), financial difficulties (enormous economic burden of the pandemic) (50, 53), and a lack of knowledge and understanding of glaucoma were the primary causes of this drastic change (50, 52, 53).

Regular and thorough monitoring is essential for this potentially blinding condition. The new WHO regulations to combat COVID-19 had a significant impact on the follow-up appointments of glaucoma patients (53, 58). The scheduled postoperative follow-up visits were decreased by 43.9% (59). The barriers to a regular follow-up during the pandemic include fear of contamination during follow-up visits (53), lockdown with transportation restrictions, financial difficulties (50, 54), unavailability of medical staff and clinics as most of the hospitals were converted into COVID centers (40, 50, 60).



COVID-19 and glaucoma severity

Glaucoma needs timely diagnosis and treatment to eliminate the chances of visual field loss. The importance of routine follow-up in the therapy of glaucoma has been well established by numerous studies, which show a correlation between glaucoma severity worsening and inadequate follow-up (61, 62). In a developing nation like India where glaucoma follow-up is notoriously poor, the pandemic has made the condition even worse and placed a tremendous burden on the ability to provide glaucoma care continuously (50). Due to the imposed restrictions in pandemic, only emergency treatment facilities were available to reduce person-to-person transmission of the virus (16). In a study conducted in South India, the number of high-risk patients and new cases presenting as emergencies increased by 48.9% and 48.4%, respectively, compared to 2019. Patients presented with more severe vision loss, higher intraocular pressure (IOP), advanced cataracts, and significant optic disc injury compared to the prior year, suggesting that the severity of eye emergencies had increased. Patients had worse mean uncorrected VA (logMar 1.6 ± 1.1 vs. 1.4 ± 1.0; P < 0.001) and higher mean IOP (26.9 ± 15.9 mm Hg vs. 23.0 ± 13.3 mm Hg; P < 0.001) during the lockdown period compared to the previous year (59) and similar results were found in a Turkish study where the mean IOP increased from 29.94 ± 10.49 mm Hg to 32.9 ± 13.3 mm Hg during the lockdown period (63). In another study from India, the severity of glaucoma due to the pandemic was evaluated using automated perimetry visual field index assessments, which revealed that 78.13% of patients had experienced significant visual field loss, 81.25% of patients had elevated IOP, and 59% of patients had increased cup disc ratios (Bala* and Islam).



Glaucoma surgery in COVID-19 era

The majority of ophthalmologists and patients face the dilemmas of avoiding or minimizing irreversible visual loss due to the progression of diseases and delayed treatment while recognizing that hospital visits increase the risk of viral transmission for patients and close contacts (40, 50, 64, 65). Numerous glaucoma surgical interventions have been halted in mild-to-moderate cases with no evidence of progression or immediate visual threat. Restrictive measures and concerns about the risk of exposure for medical personnel had a substantial impact on the selection of anesthesia and surgery (40). Less invasive glaucoma procedures requiring fewer postoperative visits and fewer postsurgical interventions were favoured at the discretion of the operating surgeon (64, 65).

Due to COVID-19, fewer glaucoma-related surgical procedures have been performed (66). The medical records of patients scheduled for glaucoma surgery were evaluated by specialized medical personnel. Those at risk for rapid glaucoma progression, angle-closure glaucoma, and those with a significant rise in intraocular pressure were identified and deemed surgical candidates (66). The time of surgery, less overall patient contact to reduce the risk of COVID-19 transmission, less postoperative follow-up, and fewer postsurgical interventions were the factors behind the modification of surgical practices after the onset of COVID-19 (40, 65, 66).

Prior to COVID-19, trabeculectomy was the most favored technique for glaucoma (67), with a varying percentage of glaucoma specialists from various countries like 87% in the United Kingdom (66) and 62.8% in Italy (65). During the pandemic, however, fewer trabeculectomies, glaucoma drainage devices, and minimally invasive glaucoma surgeries were performed. Micropulse and traditional transscleral cyclodiode were the most frequent alternatives (59, 66). A study conducted in the United Kingdom, determined that the adoption of micropulse diode was encouraged by the reduced postoperative follow-up (according to 90% of glaucoma specialists) and shorter surgical time (66). The number of minimally invasive glaucoma surgeries (MIGS), comprising implantation of the Preserflo Micro Shunt, increased from 8.5% before COVID-19 to 22.5% after COVID-19 (65). In an effort to save time and prevent a potentially aerosol-generating treatment, the frequency of combined phacoemulsification and antiglaucoma procedures declined, whereas the frequency of glaucoma surgery alone increased (59, 66).



Teleglaucoma in COVID-19 era

Teleglaucoma refers to the use of telemedicine to detect and manage people with glaucoma or at risk for the disease. In 1999, the first study about teleglaucoma was published (68, 69). Telemedicine may be synchronous (real-time video conferencing between the provider and patient), asynchronous (data captured and then transmitted to the physician for remote assessment), or a hybrid of the two (70). Teleglaucoma can assist in screening (71), diagnostic consultation (72, 73), and long-term treatment monitoring (74–76). The most typical measurements involved in teleglaucoma include fundus images (76–79), automated visual field testing (72, 76, 78), IOP (72, 76, 79), visual acuity (76, 79, 80), Slit lamp examination (76, 77), corneal thickness (1, 72, 78), and Optical coherence tomography  (77, 78)

Telemedicine has taken center stage due to the ongoing COVID-19 pandemic, which has altered the pattern of healthcare delivery. Due to the ongoing epidemic, routine outpatient services and elective procedures have been discontinued, and only emergency inpatient care is being offered (1, 80). Tele ophthalmology, which had been a bystander for more than a decade, became a necessity. Not only does it reduce the need for the patient and clinician to be in the exact location, but it also protects both the patient and the doctor by decreasing the doctor’s patient exposure time and restricting the patient’s hospital visits to just grave emergencies (71, 78, 79). It has served as a lifeline for about two months, during which the ordinary services were completely halted.

Convenience, shorter travel time to medical clinics (74), better access to specialized care for glaucoma (81), and decreased patient costs (71, 77, 78, 82, 83) are among the benefits cited in the literature. The benefits are primarily observed in underserved or isolated regions, rural or remote locations where there are few ophthalmologists (76, 78). It is difficult to exclude the potential educational applications of teleglaucoma as a separate aspect. The vast number of images obtained using a teleglaucoma model can easily be used to broaden the education of medical students, residents, and fellows. Incorporating telemedicine into medical education has produced favorable benefits (84, 85). Teleglaucoma screening with optic nerve examinations has been shown to be highly sensitive (95 percent confidence interval [CI]: 0.77, 0.88] and specific (95 percent CI): 0.79), according to research done by Thomas and colleagues  (71, 86). It has also been proven that teleglaucoma accurately diagnoses 83.3 percent of the cases of glaucoma and correctly classifies 79 percent of the people who do not have the disease as glaucoma-free (71).



Challenges and limitations of teleglaucoma

Teleglaucoma is the need of the hour, and despite its advantages, it also has several downsides and limitations. As the application of AI in medicine is in its infancy, patients’ and physicians’ faith in new technologies is crucial (87, 88). Because errors and problems in health care receive more media coverage than accomplishments, clinicians are hesitant to utilize telemedicine more prominently. The main limitations of teleglaucoma are a lack of budget and infrastructure (71, 89), data privacy, and liability (86, 90, 91), digital exclusion of low household income and older age people (92), lack of digital knowledge in patients as well as clinicians, shortage of telecommunication devices, specificity and consistency (86). The use of teleglaucoma is significantly more problematic in emerging and underdeveloped nations, where the majority of rural residents lack basic necessities like reliable energy, internet access, and smart telecommunication gadgets (93). Studies have indicated that ophthalmologists had low confidence since the information presented during the teleconsultation was highly variable compared to the in-person consultation (72, 93). So, all these above-mentioned points are a barrier to the broad range use of AI in the health sector.



Discussion

One of the major causes of permanent blindness worldwide, glaucoma, can be exacerbated by delays in diagnosis and treatment. As the COVID-19 pandemic struck, the health sector shifted its focus to finding a cure of the viral infection. Many problems in the ophthalmology field arose as a result of this pandemic. Only the emergency medical facilities were available due to the strict lockdowns, and the number of new glaucoma consultations and follow-ups dropped dramatically. Patients’ adherence to glaucoma medication and follow-up has declined worldwide due to the pandemic’s social and economic impact. All these issues can be managed up to some extent in such pandemic times by normalizing the use of artificial intelligence in the medical sector. AI-enhanced telemedicine could lead to a new era of safe, tailored, efficient, and cost-effective care. In high-risk populations and areas with limited resources, teleglaucoma screening programmes can be implemented in a variety of ways to complement existing therapeutic approaches. Glaucoma management costs a lot of money in most countries because of the high cost of professional ophthalmologists. The glaucoma specialists could spend more time on tough cases if technology could take over part of the tiresome tasks they do when caring for suspicions or patients with early glaucoma. Teleglaucoma may be helpful in remote places where glaucoma specialists are not readily available for face-to-face treatment. Teleglaucoma’s importance cannot be overstated, despite its drawbacks and limits. Continuous advances in computing power and information technology may be able to help address some of our current issues. Prior to widespread use, teleglaucoma screening and management need to improve its sensitivity and specificity. Teleglaucoma can be used to monitor glaucoma suspects and to keep track of individuals with moderate and stable glaucoma or those who need frequent monitoring in pandemic situations. Although technological improvements have resolved most of our questions regarding the usage of teleglaucoma, there is still work to be done before it replaces the traditional methods of patient monitoring.



Author contributions

The first author has gathered the related articles and done the writing work. The corresponding author has guided throughout the manuscript and revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

Senior Research Fellowhip, Council of Scientific and Industrial research, New Delhi, India. Grant no: 09/382(0243)/2019-EMR-I.



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.



References

1. Lam, PY, Chow, SC, Lai, JSM, and Choy, BNK. A review on the use of telemedicine in glaucoma and possible roles in COVID-19 outbreak. Surv Ophthalmol (2021) 66:999–1008. doi: 10.1016/j.survophthal.2021.03.008

2. Zukerman, R, Harris, A, Oddone, F, Siesky, B, Verticchio Vercellin, A, and Ciulla, TA. Glaucoma heritability: Molecular mechanisms of disease. Genes (2021) 12:1135. doi: 10.3390/genes12081135

3. Siesky, B, Harris, A, Carr, J, Vercellin, AV, Hussain, R, Hembree, PP, et al. Reductions in retrobulbar and retinal capillary blood flow strongly correlate with changes in optic nerve head and retinal morphology over four years in open-angle glaucoma patients of African descent compared to patients of European descent. J Glaucoma (2016) 25:750–7. doi: 10.1097/IJG.0000000000000520

4. Huang, C, Wang, Y, Li, X, Ren, L, Zhao, J, Hu, Y, et al. Clinical features of patients infected with 2019 novel coronavirus in wuhan, China. Lancet Lond Engl (2020) 395:497–506. doi: 10.1016/S0140-6736(20)30183-5

5. Lv, M, Luo, X, Estill, J, Liu, Y, Ren, M, Wang, J, et al. Coronavirus disease (COVID-19): a scoping review. Eurosurveillance (2020) 25:2000125. doi: 10.2807/1560-7917.ES.2020.25.15.2000125

6. Chung, JY, Thone, MN, and Kwon, YJ. COVID-19 vaccines: The status and perspectives in delivery points of view. Adv Drug Deliv Rev (2021) 170:1–25. doi: 10.1016/j.addr.2020.12.011

7. Cucinotta, D, and Vanelli, M. WHO declares COVID-19 a pandemic. Acta bio-medica : Atenei Parmensis. (2020) 91(1):157–60. doi: 10.23750/abm.v91i1.9397

8. Li, J-PO, Liu, H, Ting, DSJ, Jeon, S, Chan, RVP, Kim, JE, et al. Digital technology, tele-medicine and artificial intelligence in ophthalmology: A global perspective. Prog Retin Eye Res (2021) 82:100900. doi: 10.1016/j.preteyeres.2020.100900

9. Xia, J, Tong, J, Liu, M, Shen, Y, and Guo, D. Evaluation of coronavirus in tears and conjunctival secretions of patients with SARS-CoV-2 infection. J Med Virol (2020) 92:589–94. doi: 10.1002/jmv.25725

10. Yen, C-Y, Fang, I-M, Tang, H-F, Lee, H-J, and Yang, S-H. COVID-19 pandemic decreased the ophthalmic outpatient numbers and altered the diagnosis distribution in a community hospital in Taiwan: An observational study. PloS One (2022) 17:e0264976. doi: 10.1371/journal.pone.0264976

11. dell’Omo, R, Filippelli, M, Virgili, G, Bandello, F, Querques, G, Lanzetta, P, et al. Effect of COVID-19-related lockdown on ophthalmic practice in Italy: A report from 39 institutional centers. Eur J Ophthalmol (2022) 32:695–703. doi: 10.1177/11206721211002442

12. Parrish, RK, Stewart, MW, and Duncan Powers, SL. Ophthalmologists are more than eye doctors-in memoriam Li wenliang. Am J Ophthalmol (2020) 213:A1–2. doi: 10.1016/j.ajo.2020.02.014

13. Siedlecki, J, Brantl, V, Schworm, B, Mayer, WJ, Gerhardt, M, Michalakis, S, et al. COVID-19: Ophthalmological aspects of the SARS-CoV 2 global pandemic. Klin Monatsbl Augenheilkd (2020) 237:675–80. doi: 10.1055/a-1164-9381

14. Wu, P, Duan, F, Luo, C, Liu, Q, Qu, X, Liang, L, et al. Characteristics of ocular findings of patients with coronavirus disease 2019 (COVID-19) in hubei province, China. JAMA Ophthalmol (2020) 138:575–8. doi: 10.1001/jamaophthalmol.2020.1291

15. Torres-Costa, S, Lima-Fontes, M, Falcão-Reis, F, and Falcão, M. SARS-COV-2 in ophthalmology: Current evidence and standards for clinical practice. Acta Med Port (2020) 33:593–600. doi: 10.20344/amp.14118

16. Romano, MR, Montericcio, A, Montalbano, C, Raimondi, R, Allegrini, D, Ricciardelli, G, et al. Facing COVID-19 in ophthalmology department. Curr Eye Res (2020) 45:653–8. doi: 10.1080/02713683.2020.1752737

17. Bourne, RRA, Taylor, HR, Flaxman, SR, Keeffe, J, Leasher, J, Naidoo, K, et al. Number of people blind or visually impaired by glaucoma worldwide and in world regions 1990 - 2010: A meta-analysis. PloS One (2016) 11:e0162229. doi: 10.1371/journal.pone.0162229

18. Stürmer, JPE, and Faschinger, C. Do we perform glaucoma surgery too late? Klin Monatsbl Augenheilkd (2018) 235:1269–77. doi: 10.1055/s-0043-115902

19. Toro, MD, Brézin, AP, Burdon, M, Cummings, AB, Evren Kemer, O, Malyugin, BE, et al. Early impact of COVID-19 outbreak on eye care: Insights from EUROCOVCAT group. Eur J Ophthalmol (2021) 31:5–9. doi: 10.1177/1120672120960339

20. http://fyra.io. Analysis: Ophthalmology lost more patient volume due to COVID-19 than any other specialty. eyewire+ . Available at: https://eyewire.news/news/analysis-55-percent-fewer-americans-sought-hospital-care-in-march-april-due-to-covid-19 (Accessed July 20, 2022).

21. Young, BE, Ong, SWX, Kalimuddin, S, Low, JG, Tan, SY, Loh, J, et al. Epidemiologic features and clinical course of patients infected with SARS-CoV-2 in Singapore. JAMA (2020) 323:1488–94. doi: 10.1001/jama.2020.3204

22. Lipsitch, M, Cohen, T, Cooper, B, Robins, JM, Ma, S, James, L, et al. Transmission dynamics and control of severe acute respiratory syndrome. Science (2003) 300:1966–70. doi: 10.1126/science.1086616

23. Wallinga, J, and Teunis, P. Different epidemic curves for severe acute respiratory syndrome reveal similar impacts of control measures. Am J Epidemiol (2004) 160:509–16. doi: 10.1093/aje/kwh255

24. Pomara, C, Li Volti, G, and Cappello, F. COVID-19 deaths: Are we sure it is pneumonia? please, autopsy, autopsy, autopsy! J Clin Med (2020) 9:E1259. doi: 10.3390/jcm9051259

25. Husain, R, Zhang, X, and Aung, T. Challenges and lessons for managing glaucoma during COVID-19 pandemic: Perspectives from Asia. Ophthalmology (2020) 127:e63–4. doi: 10.1016/j.ophtha.2020.05.042

26. Oray, M, Abu Samra, K, Ebrahimiadib, N, Meese, H, and Foster, CS. Long-term side effects of glucocorticoids. Expert Opin Drug Saf (2016) 15:457–65. doi: 10.1517/14740338.2016.1140743

27. Mattos-Silva, P, Felix, NS, Silva, PL, Robba, C, Battaglini, D, Pelosi, P, et al. Pros and cons of corticosteroid therapy for COVID-19 patients. Respir Physiol Neurobiol (2020) 280:103492. doi: 10.1016/j.resp.2020.103492

28. Sen, M, Honavar, SG, Sharma, N, and Sachdev, MS. COVID-19 and eye: A review of ophthalmic manifestations of COVID-19. Indian J Ophthalmol (2021) 69:488–509. doi: 10.4103/ijo.IJO_297_21

29. James, ER. The etiology of steroid cataract. J Ocul Pharmacol Ther Off J Assoc Ocul Pharmacol Ther (2007) 23:403–20. doi: 10.1089/jop.2006.0067

30. Mohan, R, and Muralidharan, AR. Steroid induced glaucoma and cataract. Indian J Ophthalmol (1989) 37:13–6.

31. Razeghinejad, MR, and Katz, LJ. Steroid-induced iatrogenic glaucoma. Ophthalmic Res (2012) 47:66–80. doi: 10.1159/000328630

32. Roberti, G, Oddone, F, Agnifili, L, Katsanos, A, Michelessi, M, Mastropasqua, L, et al. Steroid-induced glaucoma: Epidemiology, pathophysiology, and clinical management. Surv Ophthalmol (2020) 65:458–72. doi: 10.1016/j.survophthal.2020.01.002

33. Young, SL, Smith, ML, and Tatham, AJ. Visual field artifacts from face mask use. J Glaucoma (2020) 106 (7) 29:989–91. doi: 10.1097/IJG.0000000000001605

34. Gómez Mariscal, M, Muñoz-Negrete, FJ, Muñoz-Ramón, PV, Aguado Casanova, V, Jaumandreu, L, and Rebolleda, G. Avoiding mask-related artefacts in visual field tests during the COVID-19 pandemic. Br J Ophthalmol (2021) 106(7):947–51. doi: 10.1136/bjophthalmol-2020-318408

35. Ramesh, PV, Ramesh, SV, Ray, P, Aji, K, Ramesh, MK, and Rajasekaran, R. The curious cases of incorrect face mask positions in bowl-type perimetry versus enclosed chamber perimetry during the COVID-19 pandemic. Indian J Ophthalmol (2021) 69:2236–9. doi: 10.4103/ijo.IJO_805_21

36. Karabagli, Y, Kocman, EA, Kose, AA, Ozbayoglu, CA, and Cetin, C. Adhesive bands to prevent fogging of lenses and glasses of surgical loupes or microscopes. Plast Reconstr Surg (2006) 117:718–9. doi: 10.1097/01.prs.0000197904.83274.bb

37. Patil, SR, and Weighill, FJ. The use of two face masks to prevent clouding of spectacles and surgical visors. Ann R Coll Surg Engl (2000) 82:442.

38.Tying a surgical mask to prevent fogging - PMC . Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4474252/ (Accessed July 21, 2022).

39. El-Nimri, NW, Moghimi, S, Fingeret, M, and Weinreb, RN. Visual field artifacts in glaucoma with face mask use during the COVID-19 pandemic. J Glaucoma (2020) 29:1184–8. doi: 10.1097/IJG.0000000000001706

40. Chang, H-L, Chao, S-C, Lee, M-T, and Lin, H-Y. Micropulse transscleral cyclophotocoagulation as primary surgical treatment for primary open angle glaucoma in Taiwan during the COVID-19 pandemic. Healthcare (2021) 9:1563. doi: 10.3390/healthcare9111563

41. Salvi, SM, Sivakumar, S, and Sidiki, SS. Use of disposable prism tonometry in routine clinical practice. Eye Lond Engl (2005) 19:743–6. doi: 10.1038/sj.eye.6701633

42. Britt, JM, Clifton, BC, Barnebey, HS, and Mills, RP. Microaerosol formation in noncontact “air-puff” tonometry. Arch Ophthalmol Chic Ill 1960 (1991) 109:225–8. doi: 10.1001/archopht.1991.01080020071046

43. Tejwani, S, Angmo, D, Nayak, BK, Sharma, N, Sachdev, MS, Dada, T, et al. Preferred practice guidelines for glaucoma management during COVID-19 pandemic. Indian J Ophthalmol (2020) 68(7):1277–80. doi: 10.4103/ijo.IJO_1724_20

44. Liang, L, and Wu, P. There may be virus in conjunctival secretion of patients with COVID-19. Acta Ophthalmol (Copenh.) (2020) 98:223. doi: 10.1111/aos.14413

45. Seah, IYJ, Anderson, DE, Kang, AEZ, Wang, L, Rao, P, Young, BE, et al. Assessing viral shedding and infectivity of tears in coronavirus disease 2019 (COVID-19) patients. Ophthalmology (2020) 127:977–9. doi: 10.1016/j.ophtha.2020.03.026

46. Junk, AK, Chen, PP, Lin, SC, Nouri-Mahdavi, K, Radhakrishnan, S, Singh, K, et al. Disinfection of tonometers: A report by the American academy of ophthalmology. Ophthalmology (2017) 124:1867–75. doi: 10.1016/j.ophtha.2017.05.033

47. Sood, D, and Honavar, SG. Sterilisation of tonometers and gonioscopes. Indian J Ophthalmol (1998) 46:113–6.

48. Dubey, S, Biswas, P, Ghosh, R, Chatterjee, S, Dubey, MJ, Chatterjee, S, et al. Psychosocial impact of COVID-19. Diabetes Metab Syndr (2020) 14:779–88. doi: 10.1016/j.dsx.2020.05.035

49. Galea, S, Merchant, RM, and Lurie, N. The mental health consequences of COVID-19 and physical distancing: The need for prevention and early intervention. JAMA Intern Med (2020) 180:817–8. doi: 10.1001/jamainternmed.2020.1562

50. Subathra, GN, Rajendrababu, SR, Senthilkumar, VA, Mani, I, and Udayakumar, B. Impact of COVID-19 on follow-up and medication adherence in patients with glaucoma in a tertiary eye care centre in south India. Indian J Ophthalmol (2021) 69:1264–70. doi: 10.4103/ijo.IJO_164_21

51. Lešin Gaćina, D, Jandroković, S, Vidas Pauk, S, Škegro, I, Bošković, J, Tomić, M, et al. The medication adherence among glaucoma patients during the coronavirus disease 2019 pandemic in Croatia. Eur J Ophthalmol (2022) 32(5): 11206721221112150. doi: 10.1177/11206721221112150

52. Racette, L, Abu, SL, Poleon, S, Thomas, T, Sabbagh, N, and Girkin, CA. The impact of the coronavirus disease 2019 pandemic on adherence to ocular hypotensive medication in patients with primary open-angle glaucoma. Ophthalmology (2022) 129:258–66. doi: 10.1016/j.ophtha.2021.10.009

53. Awwad, MA, and Masoud, M. Influence of COVID-19 on the prognosis and medication compliance of glaucoma patients in the Nile delta region. Clin Ophthalmol (2021) 15:4565–72. doi: 10.2147/OPTH.S342682

54. Rizwan, A, Ali, M, Akhtar, F, Sughra, U, and Naqvi, SAH. Trickle down effects of covid-19 on glaucoma patients. Pak J Ophthalmol (2021)37(3):274–8. doi: 10.36351/pjo.v37i3.1184

55. Killeen, OJ, Pillai, MR, Udayakumar, B, Shroff, S, Vimalanathan, M, Cho, J, et al. Understanding barriers to glaucoma treatment adherence among participants in south India. Ophthalmic Epidemiol (2020) 27(3):200–8. doi: 10.1080/09286586.2019.1708121

56. Watane, A, Yannuzzi, NA, and Sridhar, J. Letter to the Editor: The impact of COVID-19 on the ophthalmic pharmaceutical supply. Optom Vis Sci (2021) 98:456–7. doi: 10.1097/opx.0000000000001696

57. Bala, DS, Islam, DNM, and Mallick, DS. Impact of Covid19 pandemic on visual field loss in glaucoma patients with irregular follow-up and medication adherence At a tertiary eye care centre in Eastern India(2022). Available at: https://www.wjpmr.com/abstract/4385 (Accessed August 16, 2022).

58. Mahmoud, H. The impact of COVID-19 on ophthalmology practice in Egypt. Afr Vis Eye Health (2020) 79:3. doi: 10.4102/aveh.v79i1.604

59. Rajendrababu, S, Durai, I, Mani, I, Ramasamy, KS, Shukla, AG, and Robin, AL. Urgent and emergent glaucoma care during the COVID-19 pandemic: An analysis at a tertiary care hospital in south India. Indian J Ophthalmol (2021) 69:2215–21. doi: 10.4103/ijo.IJO_635_21

60. Khanna, RC, Cicinelli, MV, Gilbert, SS, Honavar, SG, and Murthy, G SV. COVID-19 pandemic: Lessons learned and future directions. Indian J Ophthalmol (2020) 68:703–10. doi: 10.4103/ijo.IJO_843_20

61. Murakami, Y, Lee, BW, Duncan, M, Kao, A, Huang, J-Y, Singh, K, et al. Racial and ethnic disparities in adherence to glaucoma follow-up visits in a county hospital population. Arch Ophthalmol Chic Ill 1960 (2011) 129:872–8. doi: 10.1001/archophthalmol.2011.163

62. Ung, C, Murakami, Y, Zhang, E, Alfaro, T, Zhang, M, Seider, MI, et al. The association between compliance with recommended follow-up and glaucomatous disease severity in a county hospital population. Am J Ophthalmol (2013) 156:362–9. doi: 10.1016/j.ajo.2013.03.005

63. Barış, ME, Çiftçi, MD, Güven Yılmaz, S, and Ateş, H. Impact of COVID-19-Related lockdown on glaucoma patients. Turk J Ophthalmol (2022) 52:91–5. doi: 10.4274/tjo.galenos.2021.83765

64. Liebmann, JM. Ophthalmology and glaucoma practice in the COVID-19 era. J Glaucoma (2020) 29:10.1097/IJG.0000000000001519. doi: 10.1097/IJG.0000000000001519

65. Quaranta, L, Micheletti, E, and Riva, I. Glaucoma surgery during the COVID-19 pandemic in Italy: How novel coronavirus has changed the surgical management of glaucoma patients. J Glaucoma (2020) 29:831–2. doi: 10.1097/IJG.0000000000001642

66. Holland, LJ, Kirwan, JF, and Mercieca, KJ. Effect of COVID-19 pandemic on glaucoma surgical practices in the UK. Br J Ophthalmol (2021) 0:1–5. doi: 10.1136/bjophthalmol-2021-319062

67. Gedde, SJ, Feuer, WJ, Shi, W, Lim, KS, Barton, K, Goyal, S, et al. Treatment outcomes in the primary tube versus trabeculectomy study after 1 year of follow-up. Ophthalmology (2018) 125:650–63. doi: 10.1016/j.ophtha.2018.02.003

68. Li, HK, Tang, RA, Oschner, K, Koplos, C, Grady, J, and Crump, WJ. Telemedicine screening of glaucoma. Telemed J Off J Am Telemed Assoc (1999) 5:283–90. doi: 10.1089/107830299312032

69. Yogesan, K, Constable, IJ, Barry, CJ, Eikelboom, RH, Morgan, W, Tay-Kearney, ML, et al. Evaluation of a portable fundus camera for use in the teleophthalmologic diagnosis of glaucoma. J Glaucoma (1999) 8:297–301. doi: 10.1097/00061198-199910000-00004

70. Tan, IJ, Dobson, LP, Bartnik, S, Muir, J, and Turner, AW. Real-time teleophthalmology versus face-to-face consultation: A systematic review. J Telemed Telecare (2017) 23:629–38. doi: 10.1177/1357633X16660640

71. Thomas, S-M, Jeyaraman, M, Hodge, WG, Hutnik, C, Costella, J, and Malvankar-Mehta, MS. The effectiveness of teleglaucoma versus in-patient examination for glaucoma screening: A systematic review and meta-analysis. PloS One (2014) 9:e113779. doi: 10.1371/journal.pone.0113779

72. Kassam, F, Sogbesan, E, Boucher, S, Rudnisky, CJ, Prince, W, Leinweber, G, et al. Collaborative care and teleglaucoma: A novel approach to delivering glaucoma services in northern Alberta, Canada. Clin Exp Optom (2013) 96:577–80. doi: 10.1111/cxo.12065

73. Verma, S, Arora, S, Kassam, F, Edwards, MC, and Damji, KF. Northern Alberta remote teleglaucoma program: Clinical outcomes and patient disposition. Can J Ophthalmol (2014) 49:135–40. doi: 10.1016/j.jcjo.2013.11.005

74. Kotecha, A, Baldwin, A, Brookes, J, and Foster, P. Experiences with developing and implementing a virtual clinic for glaucoma care in an NHS setting. J.Clin Ophthalmol Auckl NZ (2015) 9:1915–23. doi: 10.2147/OPTH.S92409

75. Wright, HR, and Diamond, JP. Service innovation in glaucoma management: using a web-based electronic patient record to facilitate virtual specialist supervision of a shared care glaucoma programme. Br J Ophthalmol (2015) 99:313–7. doi: 10.1136/bjophthalmol-2014-305588

76. Clarke, J, Puertas, R, Kotecha, A, Foster, PJ, and Barton, K. Virtual clinics in glaucoma care: face-to-face versus remote decision-making. Br J Ophthalmol (2017) 101:892–5. doi: 10.1136/bjophthalmol-2016-308993

77. Arora, S, Rudnisky, CJ, and Damji, KF. Improved access and cycle time with an “in-house” patient-centered teleglaucoma program versus traditional in-person assessment. Telemed J E-Health Off J Am Telemed Assoc (2014) 20:439–45. doi: 10.1089/tmj.2013.0241

78. Rathi, S, Tsui, E, Mehta, N, Zahid, S, and Schuman, JS. The current state of teleophthalmology in the united states. Ophthalmology (2017) 124:1729–34. doi: 10.1016/j.ophtha.2017.05.026

79. Hark, L, Acito, M, Adeghate, J, Henderer, J, Okudolo, J, Malik, K, et al. Philadelphia Telemedicine glaucoma detection and follow-up study: Ocular findings at two health centers. J Health Care Poor Underserved (2018) 29:1400–15. doi: 10.1353/hpu.2018.0103

80. Staffieri, SE, Ruddle, JB, Kearns, LS, Barbour, JM, Edwards, TL, Paul, P, et al. Telemedicine model to prevent blindness from familial glaucoma. Clin Experiment Ophthalmol (2011) 39:760–5. doi: 10.1111/j.1442-9071.2011.02556.x

81. Kashiwagi, K, Tanabe, N, Go, K, Imasawa, M, Mabuchi, F, Chiba, T, et al. Comparison of a remote operating slit-lamp microscope system with a conventional slit-lamp microscope system for examination of trabeculectomy eyes. J Glaucoma (2013) 22:278–83. doi: 10.1097/IJG.0b013e318239c343

82. Jones, S, and Edwards, RT. Diabetic retinopathy screening: a systematic review of the economic evidence. Diabet Med J Br Diabet Assoc (2010) 27:249–56. doi: 10.1111/j.1464-5491.2009.02870.x

83. Au, A, and Gupta, O. The economics of telemedicine for vitreoretinal diseases. Curr Opin Ophthalmol (2011) 22:194–8. doi: 10.1097/ICU.0b013e3283459508

84. Demartines, N, Mutter, D, Vix, M, Leroy, J, Glatz, D, Rösel, F, et al. Assessment of telemedicine in surgical education and patient care. Ann Surg (2000) 231:282–91. doi: 10.1097/00000658-200002000-00019

85. O’Shea, J, Berger, R, Samra, C, and Van Durme, D. Telemedicine in education: Bridging the gap. Educ Health Abingdon Engl (2015) 28:64–7. doi: 10.4103/1357-6283.161897

86. Ramessur, R, Raja, L, Kilduff, CLS, Kang, S, Li, J-PO, Thomas, PBM, et al. Impact and challenges of integrating artificial intelligence and telemedicine into clinical ophthalmology. Asia-Pac J Ophthalmol (2021) 10:317–27. doi: 10.1097/APO.0000000000000406

87. Broadbent, E, Stafford, R, and MacDonald, B. Acceptance of healthcare robots for the older population: Review and future directions. Int J Soc Robot (2009) 1:319. doi: 10.1007/s12369-009-0030-6

88. Cresswell, K, Cunningham-Burley, S, and Sheikh, A. Health care robotics: Qualitative exploration of key challenges and future directions. J Med Internet Res (2018) 20:e10410. doi: 10.2196/10410

89. Ravindran, M, Segi, A, Mohideen, S, Allapitchai, F, and Rengappa, R. Impact of teleophthalmology during COVID-19 lockdown in a tertiary care center in south India. Indian J Ophthalmol (2021) 69:714–8. doi: 10.4103/ijo.IJO_2935_20

90. Petkus, H, Hoogewerf, J, and Wyatt, JC. What do senior physicians think about AI and clinical decision support systems: Quantitative and qualitative analysis of data from specialty societies. Clin Med (2020) 20:324–8. doi: 10.7861/clinmed.2019-0317

91. Smith, H, and Fotheringham, K. Artificial intelligence in clinical decision-making: Rethinking liability. Med Law Int (2020) 20:131–54. doi: 10.1177/0968533220945766

92. Bakhtiar, M, Elbuluk, N, and Lipoff, JB. The digital divide: How COVID-19’s telemedicine expansion could exacerbate disparities. J Am Acad Dermatol (2020) 83:e345–6. doi: 10.1016/j.jaad.2020.07.043

93. Gupta, SC, Sinha, SK, and Dagar, AB. Evaluation of the effectiveness of diagnostic & management decision by teleophthalmology using indigenous equipment in comparison with in-clinic assessment of patients. Indian J Med Res (2013) 138:531–5.



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.

Copyright © 2022 Yadav and Tanwar. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
’ frontiers | Frontiers in Ophthalmology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Impact of COVID-19 on glaucoma management: A review

      

        		

          Introduction

        



        		

          Early impact of COVID-19 outbreak on glaucoma care

        



        		

          COVID-19 treatment and glaucoma progression

        



        		

          Visual field artifacts due to use of face mask

        



        		

          Impact of COVID-19 on glaucoma diagnosis

        



        		

          Impact of COVID-19 on glaucoma treatment, follow-up and medication

        



        		

          COVID-19 and glaucoma severity

        



        		

          Glaucoma surgery in COVID-19 era

        



        		

          Teleglaucoma in COVID-19 era

        



        		

          Challenges and limitations of teleglaucoma

        



        		

          Discussion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fopht.2022.1003653_cover.jpg
, frontiers | Frontiers in Ophthalmology

Impact of COVID-19 on glaucoma
management: A review





OEBPS/Images/crossmark.jpg
©

2

i

|





