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Abstract: (1) Background: Due to significant variation, sporadic IOP measurements often fail to
correctly assess the IOP situation in glaucoma patients. Thus, diurnal-nocturnal IOP profiles can be
used as a diagnostic tool. The purpose of this study is to determine the additional diagnostic value of
prolonged IOP profiles. (2) Methods: All diagnostic 48 h IOP profiles from a large university hospital,
between 2017 and 2019, were reviewed. Elevated IOP > 21 mmHg, IOP variation > 6 mmHg and
nocturnal IOP peaks were defined as IOP events of interest and counted. The analysis was repeated
for the first 24 h of every IOP profile only. The Chi2 test was used for statistical analysis. (3) Results:
661 IOP profiles were included. Specifically, 59% of the 48 h IOP profiles revealed IOP values above
21 mmHg, and 87% showed IOP fluctuation greater than 6 mmHg. Nocturnal peaks in the supine
position could be observed in 51% of the patients. In the profiles censored for the first 24 h, the
fractions were 50%, 71% and 48%, (p < 0.01, p < 0.01 and p = 0.12) respectively. (4) Conclusions: the
48 h IOP profiles identified more patients with IOP events of interest than the 24 h IOP profiles. The
additional diagnostic value must be weighed against the higher costs.
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1. Introduction

Glaucoma is characterized by a progressive loss of retinal ganglion cells and repre-
sents one of the leading causes of blindness worldwide [1–3]. Several risk factors for the
emergence and progression of glaucoma have been described, including older age, a family
history of glaucoma, exfoliation, lower systolic blood pressure and elevated intraocular
pressure (IOP) [4,5]. Among these, elevated IOP is the most important, since lowering the
IOP has been shown to be the only therapeutic approach to reduce the risk of progressive
loss of ganglion cells, and therefore, visual field loss [6]. In healthy humans, the IOP usually
ranges from 10 to 21 mmHg and shows a significant fluctuation over a period of 24 h [7,8].
The role of IOP fluctuation has been the subject of debate in recent years, with some studies
suggesting that intraocular IOP fluctuation is an independent risk factor for the progression
of glaucoma, and some studies suggesting otherwise [9]. For example, Tajunisah et al.
reported a mean IOP amplitude of 6 mmHg in glaucoma suspects compared to 4 mmHg
in healthy eyes [10]. It has been shown that IOP frequently peaks at night. This is usually
attributed to a supine sleeping position and the circadian rhythm [11].

With IOP being the only modifiable risk factor for visual field loss in glaucoma patients,
it is of utmost importance that high IOP values are detected and that those patients who
should be considered for IOP-lowering therapeutic measures are identified. IOP is usually
measured within normal office hours in an outpatient setting. However, it has been
shown that sporadic IOP measurements often fail to reproduce IOP mean values, due to
IOP fluctuation and the diurnal and nocturnal changes [12]. In many places, glaucoma
patients with suspected progressive visual field loss and seemingly normal IOP values

J. Clin. Med. 2023, 12, 2247. https://doi.org/10.3390/jcm12062247 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12062247
https://doi.org/10.3390/jcm12062247
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-8307-5267
https://doi.org/10.3390/jcm12062247
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12062247?type=check_update&version=1


J. Clin. Med. 2023, 12, 2247 2 of 6

are hospitalized, and the IOP is measured repeatedly in order to approach the true mean
IOP and rule out considerable IOP peaks that might contribute to the progression of
glaucomatous damage [13]. Having knowledge of the individual IOP situation of a patient
is valuable when it comes to deciding what therapeutic measures are best suited for that
particular patient. The diagnostic value is largely independent of concurrent glaucoma
medication or past glaucoma surgery, because IOP remains the only truly modifiable risk
factor across all stages of glaucoma. If the IOP profile reveals an uncontrolled IOP situation
as the cause of glaucoma progression, lowering the IOP is necessary irrespective of present
glaucoma medication or past glaucoma surgery. It has been shown that diurnal pressure
patterns show poor repeatability both in healthy controls and glaucoma patients [14,15].
Fischer et al. reported IOP profile data of a cohort of 80 patients who received a diurnal
and nocturnal IOP profile, suggesting that both the maximum and mean IOP differed
between day 1 and day 2 of the profile [16]. In recent years, a lot of effort has been put
into the development of continuous IOP monitoring devices and the advances in this field
are substantial. The desire for continuous IOP monitoring, e.g., over 24 h, arose from the
limitations of singular IOP measurements: IOP fluctuation and IOP peaks could be detected
more reliably without creating an artificial measuring situation, ideally at the patient’s
home. Both invasive and non-invasive approaches have been tested. Intraocular sensors
(e.g., EYEMATE, Implandata Ophthalmic Products GmbH, Hannover, Germany) must be
implanted into the eye, while most non-invasive approaches incorporate different designs
for corneal contact lenses (e.g., Triggerfish CLS, Sensimed AG, Lausanne, Switzerland).
Both technologies face difficulties. The implantation of an intraocular sensor carries a
disproportionate risk of intraocular infections. Additionally, combined cataract surgery is
usually required. Non-invasive contact lens technologies, on the other hand, are prone to
measuring inaccuracies due to confounding factors, such as corneal curvature [17]. Due
to these challenges, continuous IOP monitoring is not yet broadly incorporated into the
clinical routine of glaucoma management, and therefore, “classical” measuring of the IOP
remains of major importance.

In this study, we aim to determine the additional value of IOP profiles over 48 h,
compared to IOP profiles over 24 h, regarding the ability to identify patients with elevated
IOP values and significant IOP fluctuation. Additionally, we analyze whether potential
nocturnal peaks are more frequently detected when measuring the IOP over 48 h. Since
our goal was to obtain findings that are as universally valid as possible and of as much
practical use as possible, all our data are based on a “real world” cohort of hospitalized
patients from a large eye hospital, comprising different underlying ophthalmic diseases
from the glaucoma family.

2. Materials and Methods

This retrospective mono-center cohort study was approved by the local ethics commit-
tee (vote no. 21-1184).

We manually reviewed our hospital database from the years 2017 to 2019 and identified
all patients who had been admitted for an IOP profile, as part of the diagnostic routine. The
reason for admission was mainly confirmed glaucoma with suspected progression of visual
field loss under therapy (conservative mono- or multitherapy and/or surgical therapy) or,
less frequently, suspected glaucoma with normal pressure values at outpatient presentation.
Glaucoma diagnosis was established by a glaucoma specialist in accordance with the latest
guidelines by the European Glaucoma Society and based on clinical examination, visual
field examination and optical coherence tomography (OCT) measurements. Clinical signs,
such as optic disc hemorrhage or deterioration of visual acuity due to glaucoma, were
considered as signs of progression. Analysis tools from the OCT device manufacturer
(Heidelberg Engineering, Heidelberg, Germany) were used to detect progression in the
OCT measurements and trend-based analysis tools were incorporated to detect progression
of visual field loss. We did not further distinguish between different types of glaucoma.
The IOP profile usually starts on the first day of hospitalization at noon and is conducted
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over 24 or 48 h. The time points of IOP measurements were 12:00, 16:00, 20:00, 00:00 and
07:00. This resulted in a total of 10 IOP measurements over the period of 48 h and 5 over the
period of 24 h. The 12:00, 16:00 and 20:00 measurements were performed using Goldmann
applanation tonometry (GAT) in a sitting position; the 00:00 and 07:00 measurements were
performed using a handheld contact tonometer (iCare pro tonometer, iCare Finland Oy)
in a supine position. Measurements with the iCare device were repeated five times. The
IOP values were only accepted if the device’s integrated quality control approved the
measurement. At the start of every IOP profile, a comparison measurement was performed
to see if the iCare IOP values matched the GAT IOP values. If differences were found,
these were incorporated into the iCare measured values. For organizational reasons, not
all measurements were performed by the same investigator. Patients were instructed to
adhere to their usual sleeping schedule. In this study, only IOP profiles over 48 h were
considered for further analysis. IOP profiles with missing IOP values were excluded from
the analysis. Of all the IOP profiles, 661 profiles matched these criteria and were included
in the analysis.

For this study, we operationalized clinically meaningful IOP events according to the
following criteria:

1. At least one IOP measurement over 21 mmHg;
2. IOP fluctuation over 6 mmHg, over the course of the IOP profile;
3. The IOP maximum in one of the nocturnal measurements in the supine position.

In the first step, we analyzed what percentage of all 48 h IOP profiles met any of these
criteria. In the second step, the analysis was repeated for the same dataset, albeit censored
for the first 24 h only. The data were analyzed using the R platform [18]. A Chi2 test was
used to compare the event rates between the groups. The alpha level was set to 0.05. We
did not correct for multiple testing.

3. Results

Approximately 43% of the IOP profiles were derived from male patients and 57%
from female patients. The mean age at the time point of the IOP profile was 64 years
(56/64/75 quartiles). The underlying diagnosis was primary or secondary open-angle glau-
coma (including pseudoexfoliative glaucoma, normal-tension glaucoma and pigmentary
glaucoma) in 49% of the patients. In 9%, the diagnosis was glaucoma suspect or ocular
hypertension. The remaining 42% consisted of glaucoma secondary to eye trauma, inflam-
mation, other eye disorders, drugs (e.g., corticosteroids) and other, not further specified,
glaucomas.

The share of IOP profiles that showed an IOP above 21 mmHg at least once within 48 h
was 59%. When only the first 24 h of every IOP profile were considered, this percentage
was 50%. This means that 9% of the eyes showed elevated IOP values only during the
second day of the IOP profile. The difference was statistically significant (p < 0.01).

In 87% of all the eyes, the IOP showed a fluctuation of above 6 mmHg over the period
of 48 h, whereas this was the case in 71% of the profiles when only the first 24 h were
considered. This result was statistically significant (p < 0.01).

We analyzed whether the peak IOP of every IOP profile was measured in one of the
nocturnal measurements (00:00 or 07:00, supine position). This was the case in 51% of
the profiles over the period of 48 h, and in 50% of the cases when only the first 24 h were
considered. The difference was not statistically significant (p = 0.12).

All results are shown in Table 1.
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Table 1. Fractions of IOP profiles that met the predefined criteria for the 24 h and the 48 h group.

After 24 h After 48 h Chi2 Test

IOPmax > 21 mmHg 50% 59% p < 0.01

IOP fluctuation > 6 mmHg 71% 87% p < 0.01

IOP peak in supine position 48% 51% p = 0.12

4. Discussion

In this study, we present data from a comparatively large number of IOP profiles that
were collected for diagnostic purposes from our hospital. While to date there is little evi-
dence that IOP profiles are important to limit visual field loss in glaucoma, recent literature
tends to recommend IOP measurements outside normal office hours to identify patients at
risk [13,16,19]. However, the implementation of routine IOP measurements outside normal
office hours can be challenging from a practical perspective and certain biases, such as dif-
ferent examiners or interruptions to the patient’s normal routine, can hardly be avoided. In
Germany, inpatient IOP profiles are incorporated into the diagnostic process, for example,
when glaucoma progression is suspected, while the IOP is repeatedly within the therapeutic
range at outpatient visits. Those IOP profiles are usually conducted over the course of a 24
or 48 h inpatient stay. For the IOP profile to meet its intended purpose, it is crucial to gather
enough data, but the benefit of longer measurement periods must be weighed against
the additional costs. In our analysis, 9% of the eyes showed IOP values above 21 mmHg
exclusively in the second 24 h of measurement. This observation supports the already
published data on the poor reproducibility of diurnal IOP patterns. However, missing
and potentially relevant IOP events might bear the risk of undertreatment. Regarding IOP
fluctuation, our data suggest that IOP profiles over 48 h will identify more patients with
significant short-term IOP variation. Taken together, our analysis adds to the published
data on IOP profiles over 48 h being more reliable than IOP profiles over 24 h, regarding the
detection of IOP peaks and elevated IOP means [15,16]. Our data quantify the additional
benefit of a longer IOP profile regrading certain IOP events. Importantly, our study does
not allow conclusions to be drawn on the optimal duration of an IOP profile, nor on the
general value of this diagnostic tool. Many of the disadvantages and structural biases of
traditional IOP profiles could be overcome by using technologies that allow for continuous
IOP monitoring over a certain time frame, such as implantable devices or non-invasive
approaches. The ideal device would need to gather as many accurate IOP measurements as
possible in a certain time frame, be safe for use on patients and be cost efficient. However,
due to technical issues with measuring accuracy, safety concerns (e.g., infections) and high
costs, none the present technologies have been brought into broader use in the management
of glaucoma.

The socio-economic aspects of diagnostic efforts should also be considered. The
global prevalence of glaucoma is expected to rise in the near future, and by the year
2040 nearly 112 million people could be affected by the disease [3]. In Germany, a large
population-based prospective cohort study suggested a glaucoma prevalence of 1.44% in
2018 [20]. Based on a population with an estimated 83 million people, this results in roughly
1.2 million manifest glaucoma cases. The economic burden of glaucoma is significant. The
direct medical costs include medication, consultations and hospital visits. Examples of
direct non-medical costs are transportation and public financial aid programs for the blind.
Moreover, indirect costs such as a loss of productivity of patients and the need for caregivers
add to the total costs [21]. Direct medical costs alone were reported to exceed EUR 1000 per
year in western European countries at the beginning of the century [22,23]. More recent
data from the US suggested annual direct costs of approximately USD 2200 for stage 5
glaucoma patients [24]. In Germany, the second night of an inpatient IOP profile accounts
for approximately EUR 300, which has to be covered by the patient’s health insurance.
Given the diagnostic advantage of 48 h IOP profiles that our data suggest, this expense
might be well invested if follow-up costs resulting from disease progression can be avoided.
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By design, this study has certain limitations. We cannot determine whether the incor-
poration of IOP profiles per se improves long-term glaucoma outcomes. Furthermore, IOP
events were operationalized in a simple manner irrespective of the form of glaucoma or
anti-glaucomatous therapy. This ignores the possibility that different forms of glaucoma
may differ significantly in the nature of their IOP variation. However, the detection of an
uncontrolled IOP is equally important in all types of primary and secondary glaucoma
and higher IOP fluctuation has been discussed as a risk factor in primary and secondary
open-angle glaucoma, as well as in normal-tension glaucoma. Due to the reimbursement
criteria for health insurance, our cohort predominantly consisted of patients under ex-
tensive anti-glaucomatous therapy and patients who had already experienced surgical
intervention to lower their IOP. The early stages of glaucoma might show different IOP
patterns. The difference of 16% of patients experiencing IOP fluctuation between the 24
and 48 h analysis should be viewed with caution because nocturnal measurements are
performed with a handheld tonometer, whereas diurnal measurements are performed
using GAT. Additionally, not all GAT measurements were conducted by the same examiner.

5. Conclusions

On the basis of our data, gathered from a “real world” mix of glaucoma patients and
glaucoma suspects, we tend to recommend a time frame of 48 h rather than 24 h when IOP
profiles are used as a diagnostic tool, especially in cases where IOP values were normal
during the first 24 h of the profile. However, larger and randomized clinical trials are
warranted to evaluate the general diagnostic value of IOP profiles.

Author Contributions: Conceptualization, J.L.; Data curation, P.K.; Formal analysis, D.B.; Investiga-
tion, P.K. and J.L.; Project administration, J.L.; Software, D.B.; Supervision, T.R.; Writing—original
draft, P.K.; Writing—review & editing, D.B., A.A., T.R. and J.L. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The local ethics committee (Ethics Committee, University of
Freiburg, Engelbergerstrasse 21, 79106 Freiburg, Germany) approved of the conduction of this study
(vote no. 21-1184).

Informed Consent Statement: According to the vote by the local ethics committee, written informed
consent to participate was not needed as written informed consent was obtained via the treatment
contract for inpatient care. According to the vote, consent for publication was not needed.

Data Availability Statement: The data are available on reasonable request.

Acknowledgments: We acknowledge support from the Open Access Publication Fund of the Univer-
sity of Freiburg.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Weinreb, R.N.; Aung, T.; Medeiros, F.A. The pathophysiology and treatment of glaucoma: A review. JAMA 2014, 311, 1901–1911.

[CrossRef]
2. Bourne, R.R.; Stevens, G.A.; White, R.A.; Smith, J.L.; Flaxman, S.R.; Price, H.; Jonas, J.B.; Keeffe, J.; Leasher, J.; Naidoo, K.; et al.

Causes of vision loss worldwide, 1990–2010: A systematic analysis. Lancet Glob. Health 2013, 1, e339–e349. [CrossRef]
3. Tham, Y.C.; Li, X.; Wong, T.Y.; Quigley, H.A.; Aung, T.; Cheng, C.Y. Global prevalence of glaucoma and projections of glaucoma

burden through 2040: A systematic review and meta-analysis. Ophthalmology 2014, 121, 2081–2090. [CrossRef]
4. Leske, M.C.; Heijl, A.; Hussein, M.; Bengtsson, B.; Hyman, L.; Komaroff, E. Early Manifest Glaucoma Trial Group Factors

for glaucoma progression and the effect of treatment: The early manifest glaucoma trial. Arch. Ophthalmol. 1960, 121, 48–56.
[CrossRef]

5. Leske, M.C.; Wu, S.Y.; Hennis, A.; Honkanen, R.; Nemesure, B.; BESs Study Group. Risk factors for incident open-angle glaucoma:
The Barbados Eye Studies. Ophthalmology 2008, 115, 85–93. [CrossRef]

6. Maier, P.C.; Funk, J.; Schwarzer, G.; Antes, G.; Falck-Ytter, Y.T. Treatment of ocular hypertension and open angle glaucoma:
Meta-analysis of randomised controlled trials. BMJ 2005, 331, 134. [CrossRef]

http://doi.org/10.1001/jama.2014.3192
http://doi.org/10.1016/S2214-109X(13)70113-X
http://doi.org/10.1016/j.ophtha.2014.05.013
http://doi.org/10.1001/archopht.121.1.48
http://doi.org/10.1016/j.ophtha.2007.03.017
http://doi.org/10.1136/bmj.38506.594977.E0


J. Clin. Med. 2023, 12, 2247 6 of 6

7. David, R.; Zangwill, L.; Briscoe, D.; Dagan, M.; Yagev, R.; Yassur, Y. Diurnal intraocular pressure variations: An analysis of 690
diurnal curves. Br. J. Ophthalmol. 1992, 76, 280–283. [CrossRef]

8. Barkana, Y.; Anis, S.; Liebmann, J.; Tello, C.; Ritch, R. Clinical utility of intraocular pressure monitoring outside of normal office
hours in patients with glaucoma. Arch. Ophthalmol. 2006, 124, 793–797. [CrossRef]

9. Leidl, M.C.; Choi, C.J.; Syed, Z.A.; Melki, S.A. Intraocular pressure fluctuation and glaucoma progression: What do we know? Br.
J. Ophthalmol. 2014, 98, 1315–1319. [CrossRef]

10. Tajunisah, I.; Reddy, S.C.; Fathilah, J. Diurnal variation of intraocular pressure in suspected glaucoma patients and their outcome.
Graefe Arch. Clin. Exp. Ophthalmol. 2007, 245, 1851–1857. [CrossRef]

11. Kim, J.H.; Caprioli, J. Intraocular Pressure Fluctuation: Is It Important? J. Ophthalmic Vis. Res. 2018, 13, 170–174.
12. Konstas, A.G.; Kahook, M.Y.; Araie, M.; Katsanos, A.; Quaranta, L.; Rossetti, L.; Holló, G.; Detorakis, E.T.; Oddone, F.; Mikropoulos,

D.G.; et al. Diurnal and 24-h Intraocular Pressures in Glaucoma: Monitoring Strategies and Impact on Prognosis and Treatment.
Adv. Ther. 2018, 35, 1775–1804. [CrossRef]

13. Bhartiya, S.; Ichhpujani, P. The Need to maintain Intraocular Pressure over 24 Hours. J. Curr. Glaucoma Pract. 2012, 6, 120–123.
14. Realini, T.; Weinreb, R.N.; Wisniewski, S.R. Diurnal intraocular pressure patterns are not repeatable in the short term in healthy

individuals. Ophthalmology 2010, 117, 1700–1704. [CrossRef]
15. Realini, T.; Weinreb, R.N.; Wisniewski, S. Short-term repeatability of diurnal intraocular pressure patterns in glaucomatous

individuals. Ophthalmology 2011, 118, 47–51, Erratum in Ophthalmology 2011, 118, 434. [CrossRef]
16. Fischer, N.; Weinand, F.; Kügler, M.U.; Scheel, S.; Lorenz, B. Sinnhaftigkeit von Tages-/Nacht-Augeninnendruckmessungen über

48 h [Are diurnal and nocturnal intraocular pressure measurements over 48 h justified?]. Ophthalmologe 2013, 110, 755–760. (In
German) [CrossRef]

17. Xu, J.; Li, R.; Xu, H.; Yang, Y.; Zhang, S.; Ren, T.-L. Recent progress of continuous intraocular pressure monitoring. Nano Select
2022, 3, 1. [CrossRef]

18. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2021.

19. Mansouri, K.; Tanna, A.P.; De Moraes, C.G.; Camp, A.S.; Weinreb, R.N. Review of the measurement and management of 24-hour
intraocular pressure in patients with glaucoma. Surv. Ophthalmol. 2020, 65, 171–186. [CrossRef]

20. Höhn, R.; Nickels, S.; Schuster, A.K.; Wild, P.S.; Münzel, T.; Lackner, K.J.; Schmidtmann, I.; Beutel, M.; Pfeiffer, N. Prevalence
of glaucoma in Germany: Results from the Gutenberg Health Study. Graefe Arch. Clin. Exp. Ophthalmol. 2018, 256, 1695–1702.
[CrossRef]

21. Varma, R.; Lee, P.P.; Goldberg, I.; Kotak, S. An assessment of the health and economic burdens of glaucoma. Am. J. Ophthalmol.
2011, 152, 515–522. [CrossRef]

22. Traverso, C.E.; Walt, J.G.; Kelly, S.P.; Hommer, A.H.; Bron, A.M.; Denis, P.; Nordmann, J.P.; Renard, J.P.; Bayer, A.; Grehn, F.; et al.
Direct costs of glaucoma and severity of the disease: A multinational long term study of resource utilisation in Europe. Br. J.
Ophthalmol. 2005, 89, 1245–1249. [CrossRef]

23. Grüb, M.; Rohrbach, J.M. Zur sozioökonomischen Bedeutung des Glaukoms [On the socio-economic relevance of glaucoma].
Klin. Monbl. Augenheilkd. 2006, 223, 793–795. (In German) [CrossRef]

24. Lee, P.P.; Walt, J.G.; Doyle, J.J.; Kotak, S.V.; Evans, S.J.; Budenz, D.L.; Chen, P.P.; Coleman, A.L.; Feldman, R.M.; Jampel, H.D.;
et al. A multicenter, retrospective pilot study of resource use and costs associated with severity of disease in glaucoma. Arch.
Ophthalmol. 2006, 124, 12–19. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1136/bjo.76.5.280
http://doi.org/10.1001/archopht.124.6.793
http://doi.org/10.1136/bjophthalmol-2013-303980
http://doi.org/10.1007/s00417-007-0681-7
http://doi.org/10.1007/s12325-018-0812-z
http://doi.org/10.1016/j.ophtha.2010.01.044
http://doi.org/10.1016/j.ophtha.2010.04.027
http://doi.org/10.1007/s00347-012-2774-x
http://doi.org/10.1002/nano.202100137
http://doi.org/10.1016/j.survophthal.2019.09.004
http://doi.org/10.1007/s00417-018-4011-z
http://doi.org/10.1016/j.ajo.2011.06.004
http://doi.org/10.1136/bjo.2005.067355
http://doi.org/10.1055/s-2006-926689
http://doi.org/10.1001/archopht.124.1.12

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

