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Dexamethasone implantation causing iatrogenic lens injury: 
a review of literature with case series

Ali Dal1, Murat Erdağ2, Mehmet Canleblebici3, Mehmet Balbaba2, Hakan Yıldırım2
1Department of Ophthalmology, Faculty of Medicine, Mustafa Kemal University, Hatay, Turkiye
2Department of Ophthalmology, Faculty of Medicine, Fırat University, Elazığ, Turkiye
3Department of Ophthalmology, Kayseri State Hospital, Kayseri, Turkiye

ABSTRACT
Aims: In this study, three cases of iatrogenic lens injuries during Dexamethasone (DXM) implantation will be discussed, and 
current approaches will be reviewed with the literature.
Methods: Three patients with iatrogenic lens injury during DXM implantation were evaluated retrospectively.
Results: The two patients underwent DXM implantation for cystoid macular edema with central retinal vein occlusion and one 
patient for EALES disease. The surgical intervention was performed in all three patients in conjunction with cataract surgery. 
Intraocular lenses are implanted into the sulcus in all patients. The DXM could be directed to the vitreous in two patients, 
while the other patient underwent anterior vitrectomy and DXM explanation. Anti-vascular endothelial growth factor was 
injected in the patient who could not implant DXM. The lens was stable in all patients in postoperative controls. There was a 
decrease in macular thickness at follow-up.
Conclusion: The dexamethasone implant is a slow-release tablet for macular edema due to retinal vein occlusion, diabetic 
retinopathy and non-infectious uveitis. Lens injury during dexamethasone implantation is a rare complication. In our series, 
the implant occluded the visual axis and most of it was in the lens, managed with cataract surgery. If possible, DXM should be 
directed to the vitreous; if not, treatment modalities should be specificized on a patient-by-patient basis.
Keywords: Dexametasone implantation, Iatrogenic lens injury, iatrogenic cataract
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INTRODUCTION
Dexamethasone implant (DXM) (Ozurdex® Allergan 
Inc, Irvine, CA, USA) is a rod-shaped, slow-release tablet 
containing 700µg of DXM. It is administered with a 22 gauge 
needle for macular edema due to retinal vein occlusion, 
diabetic retinopathy and non-infectious uveitis.1,2 To avoid 
systemic side effects of corticosteroids, such drugs can be 
administered intravitreally. However, the short half-life of 
intravitreally administered corticosteroids requires frequent 
intraocular injections. To overcome this problem, intravitreal 
sustained-release dosage forms have been developed.

In the ZERO study of DXM implant, complications such 
as glaucoma and cataract endophthalmitis were reported, 
but crystalline lens injury was not reported.3 There are 
rare case reports of crystalline lens injuries during implant 
injection.4-6 This may be due to inexperience of the surgeon, 
surgical technique or the patient during the procedure.7 
Complications arising from the implant itself, such as 
fracture or displacement of the DXM implant into the 
anterior chamber, can also occur.4,8

When intralenticular DXM complications develop, some studies 
recommend follow-up, while others recommend immediate 
cataract surgery.5,9 An alternative approach is a conservative 
approach in which phacoemulsification is not performed 
immediately unless there is a change in macular edema and 
worsening of visual acuity.10 In this case series, we aimed to 
evaluate the approach to the patient with lens injury during DXM 
implantation and to discuss the complication management with 
patient-specific approaches in the light of the literature.

METHODS
The preoperative and postoperative findings of three patients 
who developed crystalline lens damage after intravitreal 
DXM implantation and underwent surgical treatment 
were retrospectively analyzed. In addition, intraoperative 
approaches were evaluated. Approaches in the surgical stages 
were discussed in detail with alternative orientations. A case 
series study, we do not have ethical commitee report. All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki.

https://orcid.org/0000-0002-0748-6416
https://orcid.org/0000-0001-8857-994X
https://orcid.org/0000-0002-6554-8021
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RESULTS

Case 1
A 62-year-old man was admitted to our clinic with blurred 
vision. One month ago, DXM implantation was performed in 
his left eye due to macular edema secondary to retinal vein 
occlusion. He had no systemic disease except hypertension 
which was controlled with medication. On ophthalmologic 
examination, best corrected visual acuity (BCVA) was 0.9 
and 0.1 in the right and left eyes, respectively, according to 
the Snellen chart. Intraocular pressure was 14 mmHg in the 
right eye and 16 mmHg in the left eye. Anterior segment 
examination revealed grade 1 nuclear sclerosis in the right 
eye and dexamethasone implant in the left eye, which pierced 
the posterior capsule at the 2 o’clock level, extended to the 
anterior capsule and formed a sheen in the posterior capsule 
(Figure 1). Fundus examination revealed diffuse retinal 
hemorrhage in 4 quadrants of the left eye and cellophane 
maculopathy onset in the right and left fundus. Central 
macular thickness (CMT) was 289 micrometers (μm) in the 
right eye and 453 μm in the left eye. 

Surgery was decided because of the implant occlusion of 
the optic axis and lens opacification. Hydrodelineation 
was performed in a controlled manner during surgery. The 
parameters of the phacoemulsification device were set as 
bottle height 60 cm water, phaco power 20%, aspiration power 
250 mmHg. After the phacoemulsification procedure was 
completed, the implant fragments were cleaned with the help 
of irrigation/aspiration and the remaining residual fragments 
carefully maneuvered through the opening in the posterior 
capsule into the vitreous with the help of microforceps. It was 
observed that vitreous was not in the anterior chamber and 
the anterior hyaloid was intact. A 3-piece intraocular lens 
(IOL) was implanted in the sulcus and optical capture was 
performed. Postoperative follow-up showed that the IOL was 
stable and centralized. At the 1st month follow-up visit, the 
left eye BCVA was 0.5 and no change in CMT was observed 
with 13 mmHg IOP.

Case 2
The DXM implantation was recommended in a 47-year-
old male patient with EALES disease for his right eye 
because macular edema persisted despite previous anti-
vascular endthothelial growth factor (VEGF) treatment. 
After implantation, the lens was penetreted with DXM. The 
BCVAs were measured as 0.3 and 0.9 in the right and left 
eyes, respectively, according to the Snellen easel. Intraocular 
pressures were 14 mmHg in the right eye and 12 mmHg in 
the left eye. In the anterior segment examination, the anterior 
capsule extended to the anterior capsule by piercing the 
posterior capsule at 2-3 o’clock in the right eye and occluded 

the axis. The anterior segment examination of the left eye 
was normal. The fundus examination revealed diffuse retinal 
hemorrhage and panretinal photocoagulation scars in 4 
quadrants in the right fundus, while the left eye was normal. 
Central macular thickness (CMT) was 630 μm in the right 
eye and 270 μm in the left eye.

In this case, hydrodelineation was performed in a controlled 
manner during surgery with gloden ring sign and similar 
phaco parameters were used as in the previous case.  
Afterwards, residual implant fragments were removed with 
a 23-gauge ocutome and anterior vitrectomy was performed 
with low cutting speed and some fragments of DXM were 
carefully maneuvered into the vitreous during the procedure. 
A 3-piece IOL was implanted to the sulcus (Figure 2). 
Perioperative anti-VEGF injection was performed due to 
macular edema. Postoperative visual acuity of the right eye 
was 0.5 and CMT was 453 μm at the 1st postoperative month 
with 13 mmHg IOP.

Case 3

A 61-year-old man was recommended DXM implantation 
for macular edema due to central retinal vein occlusion. 
During implantation in the left eye, it was observed that the 
implant penetrated the lens at 2-9 o’clock. (Figure 3) BCVA 
was 0.8 in the right eye and 0.1 in the left eye. The patient had 
bilateral nuclear sclerosis. Fundus examination of the left eye 
was unremarkable while diffuse retinal hemorrhages were 
observed in 4 quadrants in the left eye. Preoperative macular 
thickness in the left eye was 443 μm.

Cataract surgery was performed with the settings mentioned 
above. In this patient, the anterior hyaloid was intact and 
the lens was directed to the vitreous because the hole in the 
posterior capsule did not enlarge during the case. The IOL 
was implanted to the sulcus. At the 1st month post operative 
control, BCVA was 0.2 and the lens was stable and centralized 
and IOP was 14 mmHg. The control macular thickness was 
decreased to 317 μm 

Figure 1. Stages of surgical removal of dexamethasone implant

Figure 2. Appearance of dexamethasone implant with crystalline lens 
insertion on slit lamp

Figure 3. Dexamethasone implant lodged in the superonasal part of the lens
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DISCUSSION

To avoid the systemic side effects of corticosteroids, such 
drugs can be administered intravitreally but require frequent 
injections due to the short half-life of corticosteroids. 
To overcome this, intravitreal sustained-release dosage 
forms have been developed.11 Since the DXM implant is 
administered with a large 22 gauge syringe compared to the 
28 or 30 gauge needles used for anti-VEGF therapy, there 
is relatively high compression of the eyeball during the 
procedure, which can lead to complications.7

In previous studies, the incidence of crystalline lens injury 
during implant injection was reported as 0.009%.12 When 
intralenticular dexamethasone complications develop, some 
studies recommend follow-up, while others recommend 
immediate phacoemulsification for cataract.5,9 If there is no 
significant increase in macular edema and no worsening of 
visual acuity, it is recommended that phacoemulsification is 
not performed immediately.10 Patients with a conservative 
approach should be closely monitored for elevated IOP 
and endothelial toxicity. Cases with intralenticular 
implantation have been reported up to 12-20 months without 
cataract development.7,13 Başkan et al.14 reported that the 
dexamethasone implant, which is completely inside the 
lens, may not have a therapeutic effect, while Çiloğlu et al.15 
reported that there was no increase in macular edema in their 
case, they followed intralenticular dexamethasone until the 
6th month and planned surgery upon the patient’s complaint. 

Patients who develop clinically significant cataract 
formation, sudden IOP increase or corneal decompensation 
after complications may require emergency surgery.16 After 
phacoemulsification and IOL implantation, the implant 
can be repositioned or directed into the vitreous cavity9 
However, in this approach, implant fragments sent into the 
vitreous cavity may pass into the anterior segment due to 
the lack of integrity of the posterior capsule and may result 
in endothelial toxicity. Sometimes in patients who have 
undergone cataract or pars plana vitrectomy surgery and IOL 
implantation, the implant may pass into the anterior chamber 
even though the posterior capsule is intact.17 Some authors 
have reported that the dexamethasone implant, which passes 
into the anterior chamber and is called ‘traveling implant’, 
can be positioned and sent to the posterior vitreous.18 Caution 
is required if implants are to be used in patients with scleral 
fixation IOLs or zonule weakness due to aphakia, posterior 
capsule rupture.  Alternative routes such as subtenon steroid 
injection should be preferred.19

Surgery was planned in our all cases because the implant 
occluded the optic axis and caused lens opacification. 
Another condition that should be evaluated before deciding 
on surgery is the size of the releasing part of the implant in 
the vitreous. In our cases, we thought that the drug may not 
reach the effective dose in the vitreous because the majority 
of the dexamethasone implant was in the lens.14 In addition to 
topical anesthesia, subconjunctival, peribulbar or retrobulbar 
anesthesia should also be considered as alternatives 
considering that the operation time may be prolonged. As 
in our two cases, the anterior hyaloid can remain intact and 
the IOL can be implanted into the pulpus by an experienced 
surgeon without the need for anterior vitrectomy. This may 

provide advantages such as less complications such as Irvine-
gass syndrome that may develop later.

The DXM implant should be directed to the vitreous in 
these cases if possible. This is advantageous for controlling 
inflammation and macular edema, as the drug is expensive. 
As in one of our cases, if the implant cannot be repositioned to 
the vitreous, alternative therapies such as anti-VEGF should                   
be considered. The important points of the aproach for lens 
injury with DXM implantation is summarized with Table.

Limitations

Our study has limitations due to the small number of cases. 
However, these cases, even if sporadic, should be reported 
and future meta-analyses or reviews will provide a better 
understanding of the management of these cases.

CONCLUSION

In patients with lens damage during DXM implant 
administration, the amount of release may be inadequate 
with the part of the implant that remains outside the lens, 
depending on the size of the amount that enters the lens.  
These patients can be implanted with an IOL lens with careful 
and cautious cataract surgery. If possible, the implant should 
be directed into the vitreous. If the implant cannot be guided, 
alternative treatment methods should be considered.

Table. Important points to be considered in cases of lens damage with 
DXM implant

Implant damage should be carefully evaluated.

The extent of posterior capsule damage and the presence of zonular 
damage should be well evaluated.

Preoperative visual acuity, the level of iatrogenic cataract, whether 
the visual axis is clear, the age of the patient, the condition of the lens 
opacification and how much of the implant is in the lens should be 
evaluated and cataract surgery should be planned.

Stronger anesthesia such as sub-tenon, retrobulbar or general anesthesia 
should be chosen. 

Since there is a posterior capsule tear during surgery, hydro-delineation 
should be performed, and hydro-dissection should be avoided unless 
necessary. 

Low bottle height, low phacoemulsification energy, frequent intervention 
with dispersive viscoelastic should be preferred and an experienced 
surgeon should manage the case.

The posterior capsule tear should not be widened and the anterior hyaloid 
should be kept intact, and if possible, the implant should be directed 
towards the vitreous.

If the implant cannot be saved, alternative treatment methods such as anti-
VEGF should be considered.

Anterior vitrectomy can be applied when necessary.

If possible, the surgeon should consider IOL implantation in the sulcus.

If the IOL cannot be implanted in the implanted sulcus, secondary IOL 
implantation can be considered with different techniques.

Keeping the complications at a minimum level in these patients is 
important to reduce the effect of postoperative Irvine gass syndrome on 
macular edema.

Postoperative follow-ups should be careful in terms of complications 
such as IOP elevation, lens dislocation, posterior capsular opacification, 
increased macular edema, and endophthalmitis.

DXM: Dexamethasone implant, VEGF: Anti-vascular endthothelial growth factor, IOL: 
Intraocular lens
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Efficacy of ChromaGen lenses in enhancing color perception 
in color vision deficiency: a critical evaluation
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ABSTRACT
Aims: Despite advancements in color vision correction, evidence supporting the efficacy of ChromaGen haploscopic filter 
systems in improving color perception remains limited. This study primarily investigates the performance of ChromaGen 
lenses (CL). 
Methods: The study included 27 volunteers diagnosed with color vision deficiency (CVD). An anomaloscope was used to detect 
color vision defects. Participants underwent color vision tests (Ishihara and panel D15) both with and without CL. The results 
were statistically analyzed. 
Results: All participants were male, aged 21 to 57. Among them, 12 (44%) had protan defect (10 protanopes, 2 protanomalies) 
and 15 (56%) had deutan defect (12 deuteranopes, 3 deuteranomalies). Without CL, protan defect participants read 2.0±1.0 
pages on the Ishihara test, while deutan defect participants read 3.0±1.9 pages. With CL, protan defect participants read 
4.5±2.2 pages and deutan defect participants read 14.2±0.9 pages, showing statistically significant improvement (p<0.05). The 
difference between protan and deutan groups was also statistically significant (p<0.05). In the panel D15 test, without the use 
of CL 81% of individuals with protanopia and deuteranopia made significant errors, whereas participants with protanomaly 
and deuteranomaly performed well. No significant improvement was noted with CL in the panel D15 results. Twenty-three 
participants preferred magenta and four preferred pink CL. Fifteen participants expressed interest in using CL solely to pass 
the Ishihara test. 
Conclusion: This study concludes that commercially available ChromaGen filters do not provide clinically significant evidence 
of improved subjective color perception. Therefore, recommending these devices to the CVD population for color perception 
may not be highly beneficial. However, ChromaGen lenses may be used by some CVD patients to pass the Ishihara test.
Keywords: Color vision deficiency, ChromaGen lenses, anomaloscope, Ishihara test, panel D15 test, color vision correction, 
haploscopic filter systems
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INTRODUCTION 
Color vision deficiency (CVD) presents significant challenges 
in daily life particularly affecting tasks that require accurate 
color discrimination. Patients with CVD encounter important 
vocational limitations in various industries. Unfortunately, 
the options available to assist individuals with CVD are 
limited. Despite several recent innovations,1-6 there remains a 
notable lack of clinical evaluations and interventional studies 
assessing the efficacy of these devices. Existing research is 
sparse and often confined to case reports, highlighting a 
critical gap in our understanding of their potential benefits.7 

ChromaGen lenses (Chromagen Ltd, Chester, UK) represent 
a recent advancement in contact lens technology. These 
lenses have shown promise in enhancing color perception 
for individuals with red-green color vision impairments.1,8 

This study aims to explore the effectiveness of ChromaGen 
lenses (CL) particularly in improving color vision scores 
and subjective visual experiences to provide deeper insights 
into their role as a viable solution for managing CVD. 
Through a comprehensive review of current literature and 
clinical observations we seek to establish a foundational 
understanding of how CL can be integrated into therapeutic 
practices for patients with color vision deficiency.

METHODS
This prospective study was conducted at the ophthalmology 
department of a single tertiary hospital, adhering to the 
Declaration of Helsinki throughout the study, and was 
approved by the Bursa Uludağ University Clinical Researches 
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Ethics Committee (Date: 11.09.2007, Decision No: 2007–
14/43). After providing verbal information about the study, 
written informed consent was obtained from all participants.

Volunteers with CVD were included in the study, while 
individuals with corrected visual acuity less than 2/10 in 
one eye or 12/20 for both eyes combined, as well as those 
with night blindness, diplopia, paralytic strabismus, visual 
field defects, cataracts, macular degeneration, retinopathy 
or monochromatic and achromatic vision were excluded. 
Detailed histories, including age, gender, occupation and age 
of diagnosis were recorded. Comprehensive eye examinations 
and color vision tests were conducted and participants’ 
experiences with color vision in daily and professional life 
were documented.

Color vision was assessed using the Anomaloscope, Ishihara 
and panel D15 tests. The Anomaloscope was initially 
employed to confirm the diagnosis and subtype of color 
blindness through Rayleigh matching. Rayleigh color 
matching data were collected on CVD participants using an 
Oculus HMC Anomaloscope. Participants were categorized 
into Protan and Deutan groups. 

The Ishihara test (published in 1978) were administered 
without CL first, followed by a repeat of the tests with CL. 
Errors were assessed with natural vision, and results were 
recorded after repeating the tests with CL to evaluate their 
effectiveness. Fifteen Ishihara plates were held 75 cm from 
the subjects. All subjects were asked to identify the symbols 
on plates 2-15, responding without more than a three-second 
delay. The first plate was excluded from evaluation as it was 
designed for both normal vision and all types of CVD. The 
number of recognized symbols on the 15 consecutive plates 
was noted for each participants.

Panel D15 test were administered without CL first, followed 
by a repeat of the tests with CL. Panel D15 errors were 
assessed with natural vision and results were recorded after 
repeating the tests with CL to evaluate their effectiveness. The 
panel D-15 hue Test consists of 15 color caps selected from 
various parts of a color circle contained in a box. There is 
one fixed reference color cap that is blue. The participant is 
asked to arrange the 15 color caps in the order of perceived 
similarity, starting from the reference cap. Once the test is 
completed the box is closed and turned upside down. The 
numbers on the back of the color caps are then checked to 
evaluate how the participant arranged them.

Standard plano CL with a 6 mm pupil diameter and an 8.6 
mm base curve were utilized. Refractive errors were corrected 
with glasses. Initially participants performed the Ishihara 
test with one eye using a ChromaGen filter to determine the 
dominant eye. Filters were then applied to the non-dominant 
eye and adjustments were made based on performance 
improvements. The same filter was applied to the dominant 
eye and participants explored colorful environments for 
one hour to assess subjective changes in color perception. 
None of the patients in the study were previous contact lens 
wearers. The Ishihara and panel D15 tests were repeated with 
the selected CL and results were recorded. Participants were 
subsequently asked about their interest in purchasing and 
using the lenses regularly.

Statistical Analysis

Statistical analysis was performed using SPSS 13.0. Differences 
in Ishihara test results with and without ChromaGen lenses 
for all patients (protan and deutan) were evaluated using the 
Wilcoxon test. Comparisons between the two groups were 
conducted using the Mann-Whitney U test, with statistical 
significance set at p<0.05.

RESULTS
All participants were male, aged between 21 and 57 with an 
average age of 30.55. Of the 27 participants 25 had previously 
been diagnosed with color blindness at other healthcare 
institutions. The anomaloscope test identified 10 protanopes, 
2 protanomalous individuals, 12 deuteranopes and 3 
deuteranomalous individuals. The significant errors made 
by all participants in the Ishihara test confirmed red-green 
color blindness but did not distinguish the type of blindness. 
Participants with deutan deficiency read between 1 and 8 of 
the 15 Ishihara plates in the first stage while participants with 
protan deficiency read between 1 and 4 plates. Protanopic and 
deuteranopic individuals made significant errors in the panel 
D15 test. However protanomalous and deuteranomalous 
participants performed well (Table 1). With CL deuteranopic 
individuals read between 12 and 15 plates (Table 2, Figure 1), 
while participants with protan deficiency read between 2 and 
9 plates (Table 3, Figure 2).

Table 1. Anomaloscope, Ishihara, and panel D 15 test results

Patient 
number

Diagnosis in 
anomaloscope test

Pages correctly read 
in Ishihara test

Panel D15 
results

1 Protanopia 4/15 Abnormal

2 Protanopia 1/15 Abnormal

3 Protanopia 3/15 Abnormal

4 Protanopia 2/15 Abnormal

5 Protanopia 1/15 Abnormal

6 Protanopia 3/15 Abnormal

7 Protanopia 1/15 Abnormal

8 Protanopia 1/15 Abnormal

9 Protanopia 1/15 Abnormal

10 Protanopia 2/15 Abnormal

11 Protanomaly 3/15 Normal

12 Protanomaly 3/15 Normal

13 Deuteranopia 2/15 Abnormal

14 Deuteranopia 3/15 Abnormal

15 Deuteranopia 3/15 Abnormal

16 Deuteranopia 3/15 Abnormal

17 Deuteranopia 1/15 Abnormal

18 Deuteranopia 5/15 Abnormal

19 Deuteranopia 1/15 Abnormal

20 Deuteranopia 2/15 Abnormal

21 Deuteranopia 2/15 Abnormal

22 Deuteranopia 2/15 Abnormal

23 Deuteranopia 2/15 Abnormal

24 Deuteranopia 2/15 Abnormal

25 Deuteranomaly 6/15 Normal

26 Deuteranomaly 4/15 Normal

27 Deuteranomaly 8/15 Normal
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Under natural conditions the average number of plates read 
correctly in the Ishihara test was 2.7±1.6 and the average 
number of errors was 12.3±1.6. With CL the average number 
of plates read increased to 9.8±5.1 and the number of errors 
decreased to 5.1±5.1. The difference between the tests 
conducted with and without CL was statistically significant 
(p<0.05).

Participants with protan deficiency read 2.0±1.0 plates 
without CL while participants with deutan deficiency read 
3.0±1.9 plates. With CL, participants with protan deficiency 
read 4.5±2.2 plates and participants with deutan deficiency 
read 14.2±0.9 plates. The increase in the number of plates read 
and the decrease in the number of errors were statistically 
significant for both groups (p<0.05). No improvement was 
observed in the panel D15 test results with CL.

Twenty-three participants preferred magenta lenses while 
four participants chose pink lenses. While magenta lenses 
were not noticeable from the outside pink lenses were clearly 
visible. Participants reported experiencing difficulties in 
professional activities involving colors but did not encounter 
any issues in daily life other than naming colors. Although 
CL caused colors to appear brighter and  also made the 
surroundings appear darker and pinkish. This situation 
was found to be disturbing by the participants. Fifteen 

Figure 1. The number of pages correctly identified by participitants with 
Deutan defect in the first and second stages of the Ishihara test (p<0.05)

Figure 2. The number of plates correctly identified by participitants with 
Protan defect in the first and second stages of the Ishihara test (p<0.05)

Table 2. Ishihara test results and error amounts before and after the application of ChromaGen lens in patients with deutan defect

ID Anomaloscope results 
without ChromaGen lens

Ishihara results without 
ChromaGen lens

Ishihara error amount 
without ChromaGen lens

Ishihara results with 
ChromaGen lens

Ishihara error amount 
with ChromaGen lens

1 Deuteranopia 2/15 13 14/15 1

2 Deuteranopia 3/15 12 15/15 0

3 Deuteranopia 3/15 12 14/15 1

4 Deuteranopia 3/15 12 15/15 0

5 Deuteranopia 1/15 14 15/15 0

6 Deuteranopia 5/15 10 14/15 1

7 Deuteranopia 1/15 14 14/15 1

8 Deuteranopia 2/15 13 13/15 2

9 Deuteranopia 2/15 13 12/15 3

10 Deuteranopia 2/15 13 15/15 0

11 Deuteranopia 2/15 13 13/15 2

12 Deuteranopia 2/15 13 14/15 1

13 Deuteranomali 6/15 9 15/15 0

14 Deuteranomali 4/15 11 15/15 0

15 Deuteranomali 8/15 7 15/15 0

Table 3. Ishihara test results and error amounts for patients with protan defect before and after applying ChromaGen lens

Patient 
number

Anomaloscope 
results

Ishihara results without 
ChromaGen lens

Ishihara errors without 
ChromaGen lens

Ishihara results with 
ChromaGen lens

Ishihara errors with 
ChromaGen lens

1 Protanopia 4/15 11 8/15 7

2 Protanopia 1/15 14 2/15 13

3 Protanopia 3/15 12 5/15 10

4 Protanopia 2/15 13 2/15 13

5 Protanopia 1/15 14 5/15 10

6 Protanopia 3/15 12 9/15 6

7 Protanopia 1/15 14 4/15 11

8 Protanopia 1/15 14 3/15 12

9 Protanopia 1/15 14 2/15 13

10 Protanopia 2/15 13 4/15 11

11 Protanomaly 3/15 12 5/15 10

12 Protanomaly 3/15 12 5/15 10
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participants considered purchasing the lenses but only four 
participants thought about using the lenses to improve color 
perception. The others only wanted the lenses to pass the 
Ishihara test.

DISCUSSION
Color vision deficiency (CVD) impacts about 8% of the 
population. Among individuals with CVD, 6% exhibit 
trichromat anomalies, while 2% are classified as dichromats.9 
In this study, 22 participants were identified as dichromats, 
and 5 were classified as having trichromat anomalies. Due 
to the small sample size and the more pronounced color 
perception issues experienced by dichromat individuals10 in 
professional life, we believe that our volunteer group does not 
reflect the prevalence rates of CVD in the general population.

In this study, the use of ChromaGen lenses (CL) increased 
the average number of correctly recognized Ishihara cards. 
Similarly, previous studies have shown that the addition of 
CL increases the number of correctly recognized cards.11,12 
However, in some individuals with CVD, this increase was 
limited. Those with limited increase had a protan defect and 
their CVD was found to be severe. In our study, participants 
with protan or deutan defects were unable to succeed in the 
Ishihara test without CL. However, after the application of 
CL, those with protan defects were able to read between 2 and 
9 cards. Among the 14 participants with deutan defects, 93% 
were able to read 13 or more cards with CL, while 7% could 
read 12 cards. Participants with protan defects were unable 
to achieve success with CL, while 93% of those with deutan 
defects succeeded with the lenses.

The Ishihara test is typically used for screening. It is 
inadequate for determining the type and severity of color 
vision deficiency. For a more advanced evaluation of color 
vision deficiency, tests like panel D-15 and FM-100 are more 
useful. In this study, the effectiveness of CL was evaluated 
using the panel D15 test. Participants diagnosed with 
deuteranomaly and protanomaly (5 individuals) succeeded in 
the panel D15 test without CL, while those diagnosed with 
deuteranopia and protanopia did not succeed. Our finding 
that CL does not affect panel D15 test results is consistent 
with the findings of Swarbrick and colleagues.1 Many studies 
have reported significant improvements in color perception 
with CL. However, Swarbrick et al.1 found no clinical 
improvement in the lantern test. They reported that 78% of 
the test group succeeded in the Ishihara test with CL; error 
rates in all patients with deutan defects fell to 2 or below, and 
about half of the participants with protan defects achieved 
the same success. The ineffectiveness of CL in the lantern and 
panel D15 tests suggests that these lenses do not aid in color 
recognition and naming, indicating their unsuitability for 
professions where safety is critical.

Limitations
ChromaGen lenses offer a wider range of colors and 
intensities compared to other contact lens models designed 
for individuals with color vision deficiency (CVD). Studies 
report that participants using CL tend to prefer magenta, 
pink or purple lenses.8 Similarly, in our study, 23 participants 
preferred magenta lenses, while 4 chose pink lenses. This 
suggests that the range of usable colors in the ChromaGen 
filter system is limited.

In our study, 14 out of 15 participants with deutan defects 
(93%) succeeded in the Ishihara test with CL. However, we 
believe this success is artificial. The success of color vision 
deficient patients in the Ishihara test can be explained by 
ChromaGen filters altering the color dots on the cards, 
allowing some participants to see hidden numbers or shapes. 
Indeed, similar studies have reported this effect as artificial. 
The fact that our participants with deutan defects succeeded 
in the Ishihara test with CL but did not achieve success in 
the panel D15 test indicates that CL has no effect on color 
perception.

CONCLUSION
While CL enable individuals with CVD to pass the Ishihara 
test, they do not alter color perception. More than half of the 
participants (15/27) reported that the sole purpose of using 
CL was to pass the Ishihara test. Our study anticipates that 
the use of assistive devices like CL during CVD assessment 
may raise certain ethical and legal issues. In summary:

•	 Legal definition of color blindness: Current legal 
regulations do not clearly define how color blindness 
should be assessed. This situation creates legal uncertainty 
when an individual passes the Ishihara test with CL but is 
still classified as color blind (Figure 3).

•	 Principle of legal certainty: The absence of a clear legal 
provision on how the Ishihara test should not be passed 
may make it seem contrary to the principle of legal 
certainty, which requires laws to be applied in a clear and 
consistent manner.

•	 Equality in assessment: The use of CL creates disparities 
in how color vision deficiencies are assessed. Without 
clear legal provisions on the method of assessment, the use 
of CL could lead to unfair advantages or disadvantages in 
professions requiring specific color vision standards.

•	 Lack of standardized guidelines: Insufficient legal 
guidelines regarding the use of CL in assessments may 
lead to inconsistent practices among healthcare providers.

Figure 3. ChromaGen lenses with Ishihara test pathway: challenges and 
legal implications
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•	 Ethical considerations: The ethical implications of 
labeling individuals as “color blind” based on their 
performance with or without CL may raise questions 
about fairness and the integrity of the assessment process.

•	 Impact on employment and licensing: Misclassification 
due to the use of CL could affect employment 
opportunities or licensing in professions requiring 
specific color vision standards, potentially leading to legal 
challenges related to discrimination.

•	 Absence of legal precedents: The lack of established 
legal precedents regarding the use of CL in color vision 
assessments may lead to uncertainty for practitioners, 
patients and legal authorities.

Addressing these conflicts may require updates to regulations 
and clearer definitions regarding the assessment of color 
vision with CL. Therefore, based on our study data, we 
recommend adding the phrase “without corrective optical 
devices for color blindness” to all legal texts that stipulate the 
condition of “not having color blindness” to address these 
significant issues effectively.
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ABSTRACT
Aims: To evaluate Humphrey visual field analyzer (HVFA) data and optical coherence tomography angiography (OCT-A) 
parameters in multiple sclerosis (MS) patients with optic neuritis (ON) attacks.
Methods: 34 eyes of 34 patients with MS diagnosis who had ON attacks were included in the study. After detailed 
ophthalmoscopic examination, OCT-A and HVFA images were taken. Spearman correlation analysis was used in statistical 
analysis.
Results: The mean age of the participants was 31.52±10.09 years. In the correlation analysis, a moderate correlation was found 
between mean deviation (MD) and foveal deep blood flow (DF) (rho=0.52), and a weak correlation was found between MD and 
foveal superficial blood flow (SF) (rho=0.40) and optic disc head blood flow (ODF) (rho=0.38). A weak negative correlation was 
found between pattern standard deviation (PSD) and DF (rho=-0.37) and ODF (rho=-0.40).
Conclusion: This study showed that OCTA data were affected in a manner consistent with HVFA data. More practical and 
quickly applicable OCTA scans may facilitate the estimation of visual field findings in MS patients.

Keywords: Multiple sclerosis, visual field, optic neuritis, optical coherence tomography angiography

Cite this article: Meşen S, Meşen A, Muzafferzade M. Combined evaluation of visual field and optical coherence tomography angiography data in multiple 
sclerosis patients. Arch Ophthalmol Res. 2024;1(4):65-68.
Corresponding Author: Selma Meşen, drselmamesen@gmail.com

Received: 14/09/2024 ◆ Accepted: 22/09/2024 ◆ Published: 23/10/2024

DOI: 10.51271/AOR-0018

INTRODUCTION
Multiple sclerosis (MS) is an inflammatory and 
neurodegenerative disease characterized by axonal loss in the 
central nervous system.1 MS occurs mostly in young adults 
between the ages of 20 and 40, and women are affected more 
frequently than men. In the clinical course of MS, the most 
common ocular manifestation is optic neuritis (ON). ON 
occurs as the first symptom in approximately 20% of these 
patients.2

Recently, retinal imaging has been used to help understand 
the pathogenesis and follow the disease in central nervous 
system degeneration. Optical coherence tomography 
angiography (OCT-A) is a high-resolution, noninvasive 
method that visualizes blood flow in the retinal vascular 
structures. In addition to neurodegeneration, cerebral 
endothelial dysfunction has been detected in MS patients. 
Decreases in retinal vascular density and optic disc head 
blood flow indices detected by OCT-A were observed in MS 
patients.3

Visual field (VF) scans provide important information in 
the evaluation and follow-up of diseases affecting the visual 
pathways. Naumovska et al.4 performed VF scans to evaluate 
the effectiveness of corticosteroid treatment in MS patients 

with ON attacks. At the end of the study, they revealed 
that there was no difference in the results of corticosteroid 
treatment administered orally or systemically. The VF test, 
which should be applied at certain intervals in MS disease, 
may be suboptimal depending on the performance of the 
participants and may need to be repeated.

This study aimed to investigate whether there is a correlation 
between Humphrey visual field analyzer (HVFA) data and 
OCT-A parameters in MS patients diagnosed with optic 
neuritis attacks.

METHODS
This study was conducted at Kahramanmaraş Sütçü İmam 
University Faculty of Medicine campus between June 
2024 and September 2024. It was conducted following the 
principles of the Declaration of Helsinki with the approval 
of the Kahramanmaraş Sütçü İmam University Faculty of 
Medicine Ethics Committee (Date: 27.08.2024, Decision No: 
210).

In this study, medical records of patients followed up with 
MS diagnosis were reviewed. Clinical features of ON include 
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Table 1. Demographic characteristics of the patients

MSON+ (n=34)

Age (mean±SD) 31.52±10.09

Gender n (%)

   Male 6 (17.6%)

   Female 28 (82.3%)

BCVA (logMAR) 0.10±0.04

Color vision test n (%)

   Affected 11 (32.3%)

   Normal 23 (67.6%)

RAPD n (%)

   Positive 11 (32.3%)

   Negative 23 (67.6%)

Fundus examination n (%)

   Optic disc pathology 15 (44.1%)

   Normal 19 (55.8%)
MSON: Multiple sclerosis optic neuritis attack, SD: Standard deviation, BCVA: Best 
corrected visual acuity, RAPD: relative afferent pupillary defect

painful or painless subacute monocular or binocular vision 
loss worsening with eye movements, decreased color vision, 
and relative afferent pupillary defect (RAPD). Symptoms 
supporting the diagnosis of ON include acute swelling of the 
optic disc, increased contrast in the optic nerve and its sheath 
on magnetic resonance imaging (MRI) of symptomatic 
patients, delayed P100 wave latency on visual evoked potential 
(VEP) testing, and deterioration on visual field testing. The 
presence of these pathologies was considered as having had 
an ON attack.5

Inclusion criteria were having MS between the ages of 18 
and 80 years, having had an ON attack, complying with the 
study procedure (visual field and OCT-A scan), having a 
visual acuity of at least 20/200, not having had any ON or MS 
attack for at least three months, and not having used systemic 
or topical corticosteroid therapy for at least three months. 
Exclusion criteria were having a refractive status greater than 
-6.00 and +6.00 diopters in spherical equivalent in both eyes, 
having a history of intraocular surgery or orbital trauma, 
and having any additional ophthalmologic pathology (e.g. 
glaucoma, diabetic retinopathy, hypertensive retinopathy, 
or age-related macular degeneration). Patients with poorly 
documented, low-resolution OCT-A images were excluded 
from the study. Patients who could not adapt to visual field 
scans had fixation loss of more than 20%, and false positive 
(FP) and/or false negative (FN) rates of more than 33% were 
not included in the study. The eye of each participant who 
met the inclusion criteria for both eyes and had the first 
attack was included in the study.

A total of 34 eyes of 34 MS patients met the inclusion criteria. 
All patients underwent a complete ophthalmic examination, 
including best-corrected visual acuity (BCVA) testing 
using the Snellen chart (converted to logMAR), color vision 
examination (Ishihara test), RAPD examination, intraocular 
pressure measurement using Goldmann applanation 
tonometry, biomicroscopic anterior segment and dilated 
fundus examination. After the examination, images were 
obtained with spectral-domain OCT-A RTVue XR AngioVue 
(version 2015.1.0.90; Optovue, Inc., Fremont, CA, USA). 
Visual field acquisitions were performed with the HVFA 
(Carl Zeiss Meditec, Dublin, CA) at least 2 days later to allow 
dilation to resolve.

Optical Coherence Tomography Angiography Imaging
Before the OCT-A scan, all patients’ pupils were dilated using 
a combination of 0.5% tropicamide and 2.5% phenylephrine 
HCL. OCT-A scans were performed by two experienced 
ophthalmologists (A.M. and S.M.). The OCT-A RTVue XR 
AngioVue, a spectral domain device based on the erythrocyte 
motion-dependent split-spectrum amplitude-correlated 
angiography (SSADA) algorithm, was used for imaging. This 
device provides volumetric exposure of 304×304 A at 70,000 
a-scans per second with an 840 nm light source with a 5 mm 
axial resolution. The device performs quantitative analysis of the 
measured data and calculates vascular density and flow area.

Visual Field Imaging
All subjects underwent visual field testing with Humphrey’s 
Field Analyzer 750 I (Carl Zeiss-Humphrey Systems, Dublin, 
California, USA) using the 30-2 SITA-Fast strategy. Visual 
fields were considered satisfactory when FP and FN errors did 
not exceed 33% and fixation errors did not exceed 20%.

The results obtained with HVFA were expressed in three 
ways: mean deviation (MD), pattern standard deviation 
(PSD), and the number of significantly depressed test points 
(DP) at <1% level on the pattern deviation probability map. 
MD is the mean of the difference between the patient’s 
threshold value and the age-matched control group. PSD 
indicates the standard deviation of the difference between 
the threshold values ​​and the expected threshold values ​​in 
the visual field. It is an indicator of localized defects in the 
age-corrected area. The indicators of DP on the pattern 
deviation map are the probability that the obtained values ​​
would be found in the current population in this age group. 
A DP indicates that 99% of normal subjects of the same 
age would be expected to have a higher sensitivity than the 
recorded value. This is considered to provide a more sensitive 
measure of visual field defects than MD. To obtain the DP 
value, HVFA 30-2 was analyzed by counting and summing 
the number of significantly DP.

Statistical Analysis

The SPSS (Statistical Package for the Social Sciences; version 
23) software program was used for the statistical analysis of 
the data obtained in this study. Descriptive statistics for the 
continuous variables were expressed as means ± standard 
deviations and medians (min-max), while categorical 
variables were expressed as numbers and percentages. 
Whether the data conformed to a normal distribution was 
determined using Kolmogorov-Smirnov and Shapiro-Wilk 
tests. Spearman correlation coefficients were calculated, and a 
statistical significance level of p<0.05 was accepted.

RESULTS

Demographic and Clinical Features

Of the 34 participants, 6 (17.6%) were male and 28 (82.3%) 
were female. The mean age was 31.52±10.09 years. The 
mean BCVA values ​​were 0.10±0.04 (logMAR). Color vision 
test revealed defects in 11 (32.3%) patients. Additionally, 11 
(31.4%) patients had RAPD. Detailed fundus examination 
revealed optic disc pallor in 15 (44.1%) patients (Table 1).
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OCT-A and HVFA Measurement Values

The means of OCT-A and HVFA data are given in Table 2. 
In the correlation analysis, a moderate correlation was found 
between MD and foveal deep blood flow (DF) (rho=0.525) 
(p<0.05), a weak correlation was found between MD and 
foveal superficial blood flow (SF) (rho=0.405) (p=0.03), and 
optic disc head blood flow (ODF) (rho=0.382) (p=0.04). A 
weak negative correlation was found between PSD and foveal 
DF (rho=-0.375) (p=0.04) and ODF (rho=-0.400) (p=0.03). 
There was also a moderate correlation between DP and 
ODF (rho=-0.528) (p<0.05) and a weak negative correlation 
between DP and DF (rho=-0.407) (p=0.03) was detected. 
(Table 3).

DISCUSSION
In this study, it was determined that MD, PSD, and DP data 
obtained from visual field output in MS patients with ON 
attacks were correlated with foveal SF, DF, and ODF data in 
OCT-A.

Visual dysfunction is common in MS. This is due to 
retrobulbar optic neuritis, papillitis, or rarely, demyelinating 
lesions affecting the retrochiasmal pathways. MS patients 
with ON attacks develop retinal ganglion cell axon loss.6 
Cheng et al.7 studied the relationship between VF parameters 
and retinal nerve fiber layer (RNFL) thickness measured 

by optical coherence tomography (OCT) in MS patients. 
Pearson correlation coefficients between MD and RNFL 
thicknesses were found between 0.65 and 0.69 in eyes with 
ON attacks. However, no agreement was found between the 
two parameters in eyes without ON attacks. Khalil et al.8 
compared the mean RNFL thickness and MD parameters in 
VF in 68 MS patients but did not find a significant correlation. 
They attributed this result to the fact that OCT parameters 
may indicate subclinical permanent damage despite the 
VF parameters returning to near-normal levels after the 
ON attack. In another study comparing anatomical and 
functional parameters in MS cases, a correlation was found 
between macular sensitivity determined by microperimetry 
and macular volume from OCT parameters.9

Vascular abnormalities occur in MS patients due to cerebral 
endothelial cell dysfunction.10 Based on these findings, 
retinal microvascular blood flow parameters of MS patients 
were examined. Wang et al.11 revealed that there was a 
decrease in optic disc head flow indices in MS patients who 
had ON attacks compared to healthy controls. Similarly, 
decreased vascular density in the perifoveal area was 
reported in these patients.3,12 A decrease in superficial and 
deep capillary vascular density was observed in the optic disc 
head and macula region in MS patients with or without ON 
attacks. This result was associated with MS disease activity 
independently of ON attacks. The authors suggested that the 
decrease in ganglion cell layer and nerve fiber layer in MS 
causes retinal hypoxia.13 The decrease in vascular density 
in MS patients may be the result of inflammation-related 
endothelial dysfunction. Another hypothesis is that it may 
be related to decreased oxygen and metabolite demand due 
to neuroaxonal degeneration and nerve fiber layer atrophy.14

The ganglion cell complex, the nerve fiber layer, the ganglion 
cell layer, and the inner plexiform layer, are associated with 
the central nervous system. They are used to determine 
retinal effects associated with neurological diseases.8 From 
OCT-A data, SF represents the blood flow between the 
internal limiting membrane and the inner plexiform layer. 
DF is the blood flow between the inner and outer plexiform 
layers. In the present study, a correlation was found between 
SF and MD. This result suggested that the decrease in 
vascular flow in the superficial layers may contribute to 
the damage in the ganglion cell complex. However, DF was 
found to be more correlated with VF parameters (MD, PSD, 
and DP). This finding supports the hypothesis that systemic 
vascular pathologies may develop in MS and that vascular 
pathologies may be associated with neuronal dysfunction and 
degeneration.15 ODF was correlated with MD, PSD, and DP. 
In MS patients who have had an ON attack, hemodynamic 
disorders may develop in the central retinal artery, and optic 
disc blood flow may decrease.16 In addition, since axonal loss 
will develop in the optic nerve after the attack, both OCT-A 
and VF values ​​will be affected in these cases.

Limitations

The current study includes the limited number of patients and 
the cross-sectional nature of the study. Future study designs 
on this topic may benefit from repeated VF and OCT-A 
measurements. In addition, this study was applied only to MS 
patients who had ON attacks. Evaluation of cases who did not 
have ON attacks may provide more detailed information on 
the subject and help us understand whether the findings are 
related to MS disease or ON attacks.

Table 2. Mean values of OCT-A and HVFA data of MS patients

MSON+ (mean±SD) (n=34)

SF (µm²) 1.306±0.132

DF (µm²) 1.277±0.232

CCF (µm²) 1.893±0.052

sFAZ (µm²) 0.325±0.096

dFAZ (µm²) 0.414±0.163

Fovea sVD (%) 29.639±5.803

Parafovea sVD (%) 46.188±5.937

Fovea dVD (%) 32.848±8.049

Parafovea dVD (%) 56.648±7.663

ODF (µm²) 1.449±0.211

ONHD (%) 53.170±5.309

MD (dB) -6.870±5.327

PSD (dB) 3.133±2.045
OCT-A: Optical coherence tomography angiography, HVFA: Humphrey visual field analyzer, 
MS: Multiple sclerosis, MSON: Multiple sclerosis optic neuritis attack, SD: Standard 
deviation, SF: Superficial flow, DF: Deep flow, CCF: Choriocapillaris flow, sFAZ: Superficial 
foveal avascular zone, dFAZ: Deep foveal avascular zone, sVD: Superficial vascular density, 
dVD: Deep vascular density, ODF: Optic disk flow, ONHD: Optik nerve head dansite, MD: 
Mean deviation, PSD: Pattern standard deviation, dB: Decibel

Table 3. Correlation coefficients of OCT-A and HVFA data

SF (µm²) DF (µm²) ODF (µm²)

MD (dB)
Correlation coefficient 0.405 0.525 0.382

p value 0.03 0.00 0.04

PSD (dB)
Correlation coefficient -0.233 -0.375 -0.400

p value 0.23 0.04 0.03

DP (<1%)
Correlation coefficient -0.187 -0.407 -0.528

p value 0.34 0.03 0.00
OCT-A: Optical coherence tomography angiography, HVFA: Humphrey visual field 
analyzer, SF: Superficial flow, DF: Deep flow, ODF: Optic disk flow, MD: Mean deviation, 
PSD: Pattern standard deviation, DP: Depressed test points, dB: Decibel
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CONCLUSION
This study showed that the decrease in retinal vascular 
parameters in MS patients with ON attacks may be correlated 
with the deterioration in MD and PSD values ​​in the visual 
field output. Combining structural and functional tests 
may be useful in clinical studies of MS patients. Vascular 
parameters can be used as a fast and simple method to 
estimate visual functions in MS patients who have difficulty 
in performing VA and who cannot cooperate.
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ABSTRACT
Aims: To evaluate the effect of phacoemulsification on the intraocular pressure, anterior chamber and pupil diameter in 
patients with pseudoexfoliation syndrome.
Methods: 66 eyes of thirty-three patients who had pseudoexfoliation (PEX) and underwent phacoemulsification enrolled in 
this retrospective study. The eyes divided two groups as a study group that with pseudoexfoliation syndrome (PES) or PEX 
glaucoma and the other eyes as a control group without PES or PEX glaucoma. The follow-up examinations were preoperatively 
and postoperatively on the first day, fourth day, first month, and three months. It is important to note that PES often affects 
the other eye as well. Studies using electromicroscopic, histochemical, and immunohistochemical methods have detected 
exfoliation material in the other eye, meaning it cannot be considered completely healthy. Best-corrected visual acuity (BCVA), 
intraocular pressure (IOP), anterior chamber depth (ACD) and pupil diameter (PD) were evaluated at each visit, and glaucoma 
medications were noted.
Results: There was no statistically significant difference when compared preoperative and postoperative IOP values on the 
first day between two groups (p>0.05). The mean IOP postoperatively at 4th, 30th day and 3rd months, reduced according to 
preoperative values in the study group (p<0.05). Mean anterior chamber depth and pupil diameter were increased significantly 
at the final visit (p<0.001).
Conclusion: Cataract surgery has a beneficial effect on patients with PEX including IOP, ACD and PD.
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INTRODUCTION
Pseudoexfoliation syndrome (PES) is an age-related 
condition characterized by the accumulation of fibrogranular 
extracellular flake-shaped material with a gray appearance 
in the anterior segment of the eye and visceral organs.1,2 
Previous studies have shown the etiological association 
between cataract and PES.3 The shallower anterior chamber 
and grade of cataract are  higher in patients with PES.4,5 PES 
is the most common cause of secondary open-angle glaucoma 
due to fibro-granular material deposition in the outflow 
pathway of the trabecular meshwork. The level of intraocular 
pressure (IOP) is the most important indicator to decide on 
treatment in glaucoma patients. Cataract surgery in patients 
with pseudoexfoliation (PEX) glaucoma has a positive effect 
in lowering IOP.6 Also, Anterior chamber depth (ACD) and 
pupil diameter (PD) are smaller that complicate the cataract 
surgery in patients with PEX. PEX material can be removed 
from the eye with cataract surgery. Therefore PD, ACD may 

change after cataract surgery in patients with PEX. In this 
study, we evaluated IOP and anterior segment parameters 
include PD, ACD of glaucomatous and non- glaucomatous 
patients with PEX after phacoemulsification and intraocular 
lens implantation. 

METHODS
The study was carried out with the permission of the 
Kırıkkale University Faculty of Medicine Ethics Committee 
(Date: 05.06.2024, Decision No: 2024.05.02). All procedures 
were carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.

Sixty-six eyes of thirty-three patients with routine cataract 
surgeries and no postoperative complications that were 
operated at Kırıkkale University Faculty of Medicine were 
included in this retrospective study. All patient files were 
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reviewed retrospectively. Only the patients who underwent 
bilateral cataract surgery had PES, or PEX glaucoma in one 
eye and the other eye normal were included.

Exclusion criteria were a history of refractive surgery, patients 
with phacodonesis or zonular weakness, history of glaucoma 
surgery or laser trabeculoplasty. PES was diagnosed under 
biomicroscopic examination. PEX materials were visualized 
on the anterior lens surface, iris, iridocorneal angle or 
pupillary border. Patients with PEX glaucoma diagnosed by 
visual field defects and/or glaucomatous optic nerve changes. 
All surgeries were performed with phacoemulsification, 
and intraocular lens implantation with hydroimplantaion 
technique under topical anesthesia by the same surgeon 
(OT) and the quick-chop phacoemulsification technique 
was performed. In both groups, two side-ports and a main 
temporal incision were performed in all eyes. Following 
injection of viscoelastic 2% hydroxypropyl methylcellulose 
(Eyevisc, Biotech, India) in both group continuous curvilinear 
capsulorhexis, hydrodissection, phacoemulsification of the 
nucleus and cortex aspiration were performed. In group 1, 
no viscoelastic was injected in the eye. Then the irrigation 
cannula introduced into the anterior chamber through left 
side port with irrigation on. After the tip of the cartridge was 
put into the main port in the direction of the capsular bag, 
IOL (Eyecryl plus, Biotech, India) was gradually injected. The 
aspiration cannula was inserted through the other side port, 
and the optic and haptic were placed into the capsular bag 
through pressing lightly on by bimanual cannula. Finally, all 
corneal incisions were hydrated. Posterior capsule rupture or 
zonular dialysis did not occur in any eyes. The eyes divided 
two groups as a study group that with PES or PEX glaucoma 
and the other eyes as a control group without PES or PEX 
glaucoma. The follow-up examinations were preoperatively 
and postoperatively on the first day, fourth day, first month, 
and three months. Best-corrected visual acuity (BCVA), IOP, 
ACD, and PD were evaluated at each visit, and glaucoma 
medications were noted. It is important to note that PES often 
affects the other eye as well. Studies using electromicroscopic, 
histochemical, and immunohistochemical methods have 
detected exfoliation material in the other eye, meaning it 
cannot be considered completely healthy.7

BCVA was measured by Snellen chart. IOP was measured 
with Goldmann applanation tonometry. ACD and PD were 
measured with optical biometer (Al-Scan, Nidek, Japan) The 
data for the patients analyzed using SPSS (version 20.0 IBM). 
Q-q plots were examined, histogram and Shapiro-Wilk’s 
test were used to assess the data normality. For categorical 
variables, the chi-square test and numerical variables, a 
parametric paired sample test was used. A p value less than 
0.05 was considered significant 

RESULTS
There were 18 (%54.4) women and 15 (%45.6) men with a 
mean age 69.80±6.72 years in the study. In the study group, 
20 eyes had PEX and 13 eyes had PEX glaucoma that used at 
least an antiglaucomatous drug. The mean preoperative IOP 
was 17.82±3.14 in group 1 and 15.61±2.79 in group 2. There 
was no statistically significant difference when compared 
preoperative and postoperative IOP values on the first day 
between two groups (p>0.05). The mean IOP postoperatively 
at 4th, 30th day and 3rd months were 16.00±3.13, 15.97±2.73 

and 15.48±2.53 respectively. The mean postoperative IOP 
except first postoperative day significantly reduced according 
to preoperative values in the study group (p<0.05). The mean 
IOP values of the two groups are shown in Table 1. Mean 
anterior chamber depth was 3.11±0.41 before the cataract 
surgery. After phacoemulsification and IOL implantation, 
the ACD increased significantly to 4.08±0.48 (p<0.001, Table 
2). Mean PD before and after the surgery were 4.08±0.52 and 
4.87±0.67. Mean pupil diameter was increased significantly 
at the final visit (p<0.001, Table 2). Glaucoma medication 
recruitment was reduced in patients with PEX glaucoma. 
Five patients had passed to monotherapy from the fixed 
combination.

DISCUSSION
This study presented that cataract surgery reduces IOP values 
in the long term. Also, the rate of antiglaucoma treatment 
or the number of antiglaucoma agents was reduced after the 
surgery.

All patients had deeper an anterior chamber when compared 
with the other eye and before the surgery. The pupil 
diameter increased after the surgery. PEX is characterized by 
production and deposition of abnormal fibrillar extracellular 
material in the ocular adnexa, Iris and Lens Capsule. Due 
to its manifestation, zonular weakness, Iris atrophy, and the 
non-dilating pupil may It is important to note that PES often 
affects the other eye as well. Studies using electromicroscopic, 
histochemical, and immunohistochemical methods have 
detected exfoliation material in the other eye, meaning it 
cannot be considered completely healthy occur in patients. 
Also, the anterior chamber depth is smaller.8,9 Doganay et 
al.10 evaluated anterior segment parameters in patients with 
(PEX) syndrome or (PEX) glaucoma and found that ACD was 
significantly lower in the PEX glaucoma group that 80 eyes of 
57 patients compared with 80 eyes of 45 healthy subjects. In 
the other study, Güngör SG et al.11 compared ACD in patients 
with PES who underwent phacoemulsification and found that 
ACD values increased following the surgery. In our study, 
ACD values were more extensive in both patients with PES 

Table 1. Intraocular pressure in the groups before and after 
phacoemulsification

Preop Postop Postop 4. day Postop Postop p value

Group 1 17.82±3.14 17.18±2.86 16.00±3.13 15.97±2.73 15.48±2.53

0.165a 

0.013b 

0.006c 

0.001d

Group 2 15.61±2.79 16.39±3.30 15.18±3.52 15.03±2.55 14.52±2.98

0.281a 

0.582b 

0.426c 

0.114d
a: Comparison preop-postop 1. day, b: preop-postop 4. day, c: preop-postop 30. day, d: 
preop-postop 3. month

Table 2. The changes of ACD and PD of patients with pseudoexfoliation

Preop Postop 3. month p value

ACD 3.11±0.41 4.08±0.48 <0.001

PD 4.08±0.52 4.87±0.67 <0.001
ACD: Anterior chamber depth; PD: Pupil diameter
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and PEX glaucoma after cataract surgery than preoperative 
values. Small pupil size is the most frequent trouble in PES 
that related to surgical complication.12 There are many studies 
reported smaller pupil diameter in PES despite the mydriatic 
medication.13-15 In this study, the authors compared pupil 
diameter with healthy control, but in our study, we analyzed 
the difference before and after the surgery, and we found a 
higher pupil size. We think that this result may be related with 
the cleaning of the fibrogranuler material from the surface of 
the lens and iris margin which forcing the pupil dilatation. 
Cataract and glaucoma often coexist in eyes with glaucoma 
and PES.16 There some reports are stating that cataract 
extraction has positive effects on intraocular pressure. Lai et 
al.16 evaluated outcomes of 21 patients who had cataract and 
primary angle closure glaucoma following cataract surgery. 
They found IOP decreased significantly when compared 
with intraoperative level. The requirement for the anti-
glaucomatous drug was reduced from 1.91±0.77 (range, 1-3) 
to 0.52±0.87 (range, 0-3) at the last visit.17 Especially this 
effect is more pronounced in PES and PEX glaucoma. Lia 
et al. All compared the effect of phacoemulsification in two 
types glaucoma that primary open angle and PEX. In this 
study, the IOP level reduced significantly after the surgery for 
both kinds. In the other research that comprised 1122 eyes 
with PES, the author found a long-term reduction in IOP 
in patients who 2.7% progressed to the need for glaucoma 
treatment almost three years after phacoemulsification. There 
is no consensus on why IOP reduce after cataract surgery. 
The outflow of aqueous humor may simplify because of the 
trabecular meshwork cleaned especially in patients with 
PEX.18 

Limitations

In our study, all parameters which we evaluated in this study 
showed that phacoemulsification or cataract surgery has a 
beneficial effect in patients with PEX. The other advantage 
of cataract surgery is that increasing the anterior chamber 
depth reduces the risk of primary angle closer glaucoma 
attack. Also, due to the pupil relaxes, pupil size increases and 
the response to light returns to normal. The limitation of this 
study was the small sample size.

CONCLUSION
This study showed that the benefit of cataract surgery does 
not only improve the vision but also reduces IOP, increases 
ACD and PD in patients with PEX. Furthermore, recruitment 
of glaucoma medication was reduced following the cataract 
surgery. It is more accurate to perform cataract surgery before 
deciding on glaucoma surgery in these patients.
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ABSTRACT
Aims: To evaluate the effects of steroid treatment on the best-corrected visual acuity (BCVA) and retinal nerve fiber layer 
(RNFL) in patients with non-arteritic ischemic optic neuropathy (NAION).
Methods: The retrospective study included 24 eyes of 24 patients who received 1 gram/day pulse steroid treatment for 3 days 
with a diagnosis of NAION. The patients’ comorbidities, demographic information, intraocular pressure, BCVA, and RNFL 
measured by optical coherence tomography (OCT) were recorded before and after treatment at one month.
Results: The mean age of the patients was 64.35±14.6 (22-86). Diabetes mellitus was present in 14 patients (58.3%), hypertension 
in 13 (54.2%), and coronary artery disease in 5 (27.8%). The pre-treatment BCVA was 0.33±0.37, and post-treatment BCVA was 
0.37±0.36 (p=0.365). The pre-treatment RNFL value was 208.0±57.9 μm, and post-treatment RNFL value was 113.6±32.6 μm 
(p<0.001). No additional complications related to treatment were observed.
Conclusion: While there was no significant difference in BCVA values at one month after steroid treatment, a significant 
anatomical improvement was observed in RNFL thickness.
Keywords: Non-arteritic ischemic optic neuropathy, pulse steroid, retinal nerve fiber layer

Cite this article: Kaya M, Konuk ŞG, Kılıç R. Short-term results of steroid treatment in patients with non-arteritic ischemic optic neuropathy. Arch 
Ophthalmol Res. 2024;1(4):72-74.
Corresponding Author: Melek Kaya, melek5806kaya@gmail.com

Received: 15/09/2024 ◆ Accepted: 17/10/2024 ◆ Published: 23/10/2024

DOI: 10.51271/AOR-0020

INTRODUCTION
Non-arteritic ischemic optic neuropathy (NAION) is a type 
of optic neuropathy characterized by sudden and painless 
unilateral loss of altudinal vision due to decreased blood flow 
to the optic nerve head.1 Although NAION usually occurs in 
patients aged 50-70 years, approximately 10% of patients who 
develop NAION are younger than 50 years.2

Hypoperfusion and ischemia of the posterior ciliary arteries 
(PCA) are implicated in the development of NAION. 
The most commonly accepted view of ischemia is that 
transient hypoperfusion and nonperfusion occur without 
thromboembolic events. Another accepted, but less common, 
view is that ischemia may be caused by rare embolic occlusion 
of the arteries and arterioles that supply the optic nerve head.3 
Histopathological examination of the optic nerve reveals 
degeneration of the myelin sheath, axonal edema, axonal 
degeneration, and infarcts at the level of the lamina cribrosa.

Systemic diseases such as nocturnal hypotension, diabetes 
mellitus, hypertension, atherosclerosis, hypercholesterolemia, 
and obstructive sleep apnea syndrome are the most 
commonly blamed predisposing factors. In addition, small 
physiologic cup in the optic disc or lack of cup/disc area, 
small optic disc and vascular branching anomalies are other 
important predisposing factors for NAION.4-7

There is no treatment protocol for NAION whose efficacy has 
been fully recorded. Although there are various studies in the 
literature, the main aim of treatment is to reduce the edema 
of the optic disc head in the early period, to prevent stasis in 
the earliest period and thus to reduce the effect of ischemia. 
With the edema reducing and anti-inflammatory mechanism 
of action of steroids, NAION can be used for therapeutic 
purposes.8

In our study, we aimed to investigate the short-term effects 
of steroid use on retinal nerve fiber layer (RNFL) thickness 
and best corrected visual acuity (BCVA) in patients with 
NAION.

METHODS

The study was conducted in accordance with the ethical 
standards of the Declaration of Helsinki and approved by 
the Tokat Gaziosmanpaşa University Ethics Committee 
(Date: 06.06.2024, Decision No: 24-KAEK-186). Twenty-
four eyes of 24 patients who were diagnosed with NAION 
between January 2021 and July 2023 in the Department of 
Ophthalmology, Tokat Gaziosmanpaşa University Hospital 
were retrospectively analyzed. 
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Table 2. BCVA and RNFL values

Before treatment After treatment p value

Best corrected visual 
acuity (Snellen Chart) 0.33±0.37 0.37±0.36 p=0.365

RNFL μm 208.0±57.9 113.6±32.6 p<0.001*
BCVA: Best corrected visual acuity, RNLF: Retinal nerve fiber layer

Patients who presented to the clinic with complaints of sudden 
visual loss and were diagnosed with NAION with relative 
afferent pupillary defect, optic disc edema and peripapillary 
flame-shaped hemorrhage, subitudinal and/or central visual 
field defect and were treated with 1 g/day pulse steroid for 3 
days were included in the study. Patients were given antacidic 
drugs to reduce the side effects of steroids on the stomach. 
Blood glucose levels of the patients were monitored regularly. 
Blood pressure was monitored frequently because steroids 
may cause blood pressure elevation. Demographic data 
and systemic diseases were recorded at the first visit and 
one month after treatment, BCVA was measured using the 
Snellen chart, detailed ophthalmological examinations were 
performed, and intraocular pressure (IOP) measurements 
were recorded. RNLF measurements with spectral-domain 
optical coherence tomography (OCT) (Zeiss Cirrus HD-OCT 
5000) were also recorded.

Patients with temporal arteritis, collagen tissue diseases, 
diabetic retinopathy, hypertensive retinopathy, optic neuritis, 
uveitis, and systemic drug use toxic to the optic nerve or 
retina were excluded.

SPSS 22.0 (IBM Corp., USA) program was used for the 
analyses. Distributional characteristics of the data were 
determined by Shapiro-Wilk’s test. Normally distributed 
quantitative data were expressed as mean±standard deviation 
and categorical data were expressed as percentage (%). 
Dependent samples t-test was used to compare normally 
distributed quantitative data. A p-value less than 0.05 was 
considered statistically significant.

RESULTS
The study included 24 eyes of 24 patients. Of these, 12 
(50%) were male and 12 (50%) were female.The mean age of 
the patients was 64.35±14.6 (22-86). Diabetes mellitus was 
detected in 14 patients (58.3%), hypertension in 13 (54.2%), 
and coronary artery disease in 5 (27.8%) (Table 1). The pre-
treatment intraocular pressure was 15.3±3.2 mmHg, and 
post-treatment intraocular pressure was 15.44±2.8 mmHg 
(p=0.85). The pre-treatment BCVA was 0.33±0.37, and post-
treatment BCVA was 0.37±0.36 (p=0.365). The pre-treatment 
RNFL value was 208.0±57.9 μm, and post-treatment 
RNFL value was 113.6±32.6 μm (p<0.001) (Table 2). No 
complications were observed post-treatment.

Table 1. Demographic characteristics of patients

Number of patients 24

Gender male (%), female (%) 12(50%)/12(50%)

Eye right (%), left (%) 14(58.3%)/10(41.7%)

Average age (distribution) 64.35±14.6 (22-86)

Additional diseases: DM (%), hypertension 
(%), coronary artery disease (%) 14(58.3%)/13(54.2%)/5(27.8%)

DM: Diabetes mellitus

DISCUSSION

Visual acuity in NAION, which is characterized by sudden 
visual impairment, varies in a wide range from mild visual 
blurring to severe visual loss. In our study, the mean visual 
acuity of the patients was 0.33±0.37.

Although NAION is rarely reported to be seen in younger 
patients, it is typically reported to be seen over the age of 
50 years10. In our study, the mean age of the patients was 
64.35±14.6 (22-86), which is similar to the literature.

Many authors have stated that the pathogenesis of NAION 
is multifactorial. It has been suggested that it may be related 
to systemic disorders, such as nocturnal hypotension, 
diabetes, hypertension, and arteriosclerosis, which reduce 
the autoregulatory capacity of the optic disc. NAION is 
thought to result from transient hypoperfusion of the optic 
nerve head. Despite the varying prevalence of predisposing 
factors across different studies, systemic conditions such as 
diabetes, hypertension and coronary artery disease have been 
frequently reported in patients.2-6 In our study, consistent 
with the literature, 58.3% of patients had diabetes mellitus, 
54.2% had hypertension, and 27.8% had coronary artery 
disease, indicating a high prevalence of these predisposing 
factors. 

There is no classical treatment for NAION with proven 
efficacy. When the literature is reviewed, various medical and 
surgical treatment options have been tried in NAION, but 
there is no clear opinion on their effectiveness. When we look 
at the treatment protocols, antiaggregant and thrombolytic 
agents to prevent the development of NAION in the other 
eye, neuroprotective agents and hyperbaric oxygen therapy 
for axonal protection and minimization of myelin loss, 
intravitreal anti vascular endothelial growth factor inhibitors 
(VEGF) to reduce disc edema, systemic and intravitreal 
steoid use have been reported.10-13

Steroid therapy is one of the most commonly used treatment 
options.  The use of systemic corticosteroids as a treatment 
option for NAION began in the 1960s and 1970s, following 
several case series that showed improvement in visual 
outcomes in NAION patients treated with steroids.8 The goal 
of steroid treatment is to increase blood flow to the optic 
nerve head by reducing edema and relieving compression 
of the capillaries, due to its anti-inflammatory and edema-
reducing effects.14 However, when we look at the studies, the 
effectiveness of steroids shows variability across different 
research.

In a study conducted by Hayreh et al.13 on 613 patients 
diagnosed with NAION, the group given 80 mg/day 
prednisone treatment in the acute phase of the disease, i.e. 
in the first 2 weeks, was compared with the control group. 
In this study, it was reported that regression of disc edema 
was observed in 6.8 weeks in patients treated with systemic 
steroid therapy, whereas it was observed in 8.2 weeks in the 
control group. Visual acuity improved in 69.8% of the patients 
in the systemic steroid group, while this rate was 40.5% in the 
control group. As a result, it was reported that visual acuity, 
visual field improvement and optic disc edema improved 
more quickly. 

In another case report, in a case of acute NAION with 
subretinal fluid and dense edema of the optic disc head, an 
increase in visual acuity and a decrease in disc edema with 
dense edema of the optic disc head were reported after high 
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dose (1 g/day) methylprednisolone administration for 3 
days.15

In contrast to these studies, Rebolleda et al.16 applied 80 mg/
day systemic corticosteroid treatment in patients with acute 
NAION and found that steroid treatment was not effective 
in terms of visual acuity and anatomical improvement. In 
addition, they reported steroid-related complications in 3 
patients, and therefore, it was reported that steroid did not 
have a beneficial effect in NAION in this study. Authors have 
emphasized that steroid treatment should be administered 
with careful consideration of the risk-benefit ratio and side 
effect profile for each individual patient.

In our study, while anatomical improvement was found in the 
thickness of the nerve fiber layer, we found no difference in 
BCVA.

Limitations

The limitations of our study include the short follow-up 
period and the small sample size. Additionally, the absence of 
a control group affects the quality of the study in determining 
the true efficacy of steroid treatment.

CONCLUSION
In conclusion, it was observed that steroid treatment did not 
significantly improve visual acuity in patients; however, it 
significantly improved the resolution of optic disc edema.
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ABSTRACT
Aims: To evaluate the vision-related quality of life (VR-QOL) in patients with low vision, who underwent epiretinal membrane 
(ERM) surgery with pars plana vitrectomy.
Methods: Twenty subjects with unilateral ERM and 20 healthy subjects as control group (CG) were included in the study. The 
National Eye Institute Visual Function Questionnaire-25 (NEI VFQ-25) was used. In ERM cases, the two-step 23 G vitrectomy 
was performed with a similar technique by the same experienced vitreoretinal surgeon. The relationship between the composite 
score and visual acuity was evaluated. Reliability analysis was performed. Flexible discriminant analysis was performed to 
group individuals according to the NEI VFQ-25 results.
Results: The preoperative best corrected visual acuity (BCVA) in ERM group was 1.04±0.41. Postoperative visual improvement 
reached statistical significance (p<0.001) and postoperative 6th month BCVA was 0.61±0.41. The composite score was 
significantly lower in patients with ERM than in CG (p=0.017). The subscale scores were significantly lower in the patients with 
ERM than in the CG in general vision, ocular pain, near activities and distance activities (p<0.001, p=0.005, p<0.001, p=0.003, 
respectively). There was a statistically significant correlation between the composite score and visual acuity (R2=0.19, p=0.004). 
The scale has high reliability (Cronbach’s alpha=0.8743). The accuracy of the flexible discriminant function was found to be 
100%.
Conclusion: The NEI VFQ-25 questionnaire may help to define the effects of ERM surgery since visual acuity does not fully 
reflect VR-QOL. Impaired binocular vision may be associated with the deterioration of VR-QOL in patients with ERM in the 
postoperative period.
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INTORDUCTION
Vision-related quality of life (VR-QOL) is a measure of the 
impact of visual impairment on daily activities and quality 
of life.1 Recently, VR-QOL assessment has included the use 
of tools such as the National Eye Institute Visual Function 
Questionnaire (NEI VFQ-25).2,3 The 25-item NEI-VFQ-25 is 
preferred for evaluating the outcome of treatment of various 
eye diseases including cataract, keratoconus, glaucoma, 
age related macular degeneration, macular hole, epiretinal 
membrane (ERM), central serous chorioretinopathy, diabetic 
retinopathy, retinal vein occlusion and retinal detachment.4-6

Functional assessment and health-related quality of life 
questionnaires are becoming commonplace to measure 

the impact of ophthalmic treatments on patients’ ability to 
perform their visual functions. Recent studies have reported 
a correlation between NEI-VFQ-25 scores and visual acuity, 
and a beneficial effect on VR-QOL with removal of ERM.7,8 
However, patients undergoing ERM surgery in these studies 
had relatively good preoperative visual acuity (0.50 logMAR 
or 6/24 Snellen). In this retrospective study, we evaluated 
vision-related quality of life (VR-QOL) in patients with 
preoperative low vision who had epiretinal membrane 
(ERM), and compared the results with the control group 
(CG). We aim to accurately characterize visual function with 
self-reported dimensions in patients who underwent ERM 
surgery.
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METHODS

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the Namık Kemal University Non-interventional Clinical 
Researches Ethics Committee (Date: 28.09.2017, Decision No: 
2017/80/08/04) and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. Informed 
consent was obtained from all individual participants 
included in the study.

In this retrospective and nonrandomized clinical trial, we 
evaluated 20 patients (20 eyes) who underwent 23 gauge 
transconjunctival pars plana vitrectomy (PPV) with internal 
limiting membrane peeling and air tamponade to treat ERM. 
Twenty age-sex matched healthy individuals as CG were 
included in the study.

Surgical Procedures

In ERM cases, a two-stage 23 G vitrectomy (Stellaris PC; 
Bausch and Lomb, Rochester, NY, USA) was performed with 
a similar technique by the same experienced vitreoretinal 
surgeon (FH) under local anesthesia. The standard surgical 
procedure was core vitrectomy, removal of the ERM and 
internal limiting membrane, fluid-air exchange. The patients 
were placed in the face-down position for 1 postoperative day. 

Patients

Patients with unilateral idiopathic ERM who were treated 
with PPV and had no intraoperative complications were 
included in the study. Twenty age-sex-matched healthy 
individuals without retinal disease (diabetic retinopathy, 
retinal vein occlusion, etc) and glaucoma were included 
in the study. Patients with proliferative vitreoretinopathy, 
intraocular hemorrhage, amblyopia, high refractive error, 
severe cataract, glaucoma, vitreoretinal disorders and any 
intraocular surgery other than cataract surgery were excluded 
from the study. The best corrected visual acuities (BCVA) of 
the patients were evaluated before the operation, in the first 
month, third month, and sixth month postoperatively. BCVA 
was evaluated using a Snellen chart and converted to the 
logarithm of the minimum angle of resolution (logMAR) 
units.

The 25-Item National Eye Institute Visual Function 
Questionnaire

The VR-QOL was assessed by the NEI VFQ-25. Patients 
answered the Turkish version of the NEI VFQ-25.3 This 
questionnaire contains questions related to their general 
health status and 11 questions about visual perceptions of 
patients, including general vision, ocular pain, near activities, 
distance activities, social functioning, mental health, role 
limitations, dependency, driving, color vision and peripheral 
vision. Each item in the survey is scored from 0 to 100. The 
average score of 11 of the subscales is taken to obtain the 
composite score. According to the instructions of Mangione 
et al.,2 the general health subscale is not included in the NEI 
VFQ-25 composite score.

Statistical Analysis

All statistical analyses were performed using with NCSS 
version 12 (Utah, USA) and R Studio version 4 (Vienna, 

Austria). The Shaphiro-Wilk normality test was performed 
with the data set. The pearson chi-square test was used for 
nominal ordinal data. The visual acuity of the ERM group 
was compared with the repeated measurement ANOVA 
test. Visual acuity and NEI VFQ-25 results of the CG and 
ERM group were compared with the Mann-Whitney U test. 
The relationship between the composite NEI VFQ-25 score 
and visual acuity was evaluated by simple linear regression. 
Reliability analysis was performed. Flexible discriminant 
analysis was performed to group individuals according to 
the NEI VFQ-25 results. Missing data were available in the 
driving category in patient with ERM. In the discriminant 
analysis, the missing data in the driving category was 
corrected according to the mean and the analysis was 
performed. Data were expressed as mean±standard deviation. 
The significance levels were set at p<0.05.

RESULTS

The average age was 67.6±5.9 years in ERM group and 
64.4±5.1 years in CG. There were no statistical difference 
(p>0.05) between the groups in terms of age and sex. The 
demographic characteristics of the groups are presented in 
Table 1. The mean preoperative BCVA in the ERM group 
was 1.04±0.41. Postoperative visual improvement reached 
statistical significance (p<0.001) and postoperative 6th month 
BCVA was 0.61±0.41. The change in postoperative visual 
acuity in patients with ERM is presented in Table 2 and Figure 
1. The postoperative 6th month BCVA was significantly lower 
in ERM patients than in CG (p<0.001). The visual acuity 
comparison is presented in Table 3.

Table 1. Demographic characteristics of groups

Control (20) Epiretinal membrane (20) p

Age 64.4±5.1 67.6±5.9 0.080

Sex 8M/12F 9M/11F 0.749
Student t test, pearson Chi-square test, significance level is p<0.05, M: Male, F: Female

Table 2. Visual acuity change after epiretinal membrane surgery

Mean±SD p

Preoperative BCVA 1.04±0.41 <0.001

Postoperative BCVA 1th month 0.73±0.43 <0.001

Postoperative BCVA 3th month 0.63±0.40 <0.001

Postoperative BCVA 6th month 0.61±0.41 <0.001
Repeated Measurements ANOVA test, significance level is p<0.05, SD: Standard deviation, 
BCVA: Best corrected visual acuity

Figure 1. Postoperative 6-month change in visual acuity in ERM patients 
(with means and standard deviations)
ERM: Epiretinal membrane, BCVA: Best corrected visual acuity
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Table 3 Visual acuity comparison of ERM postoperative 6th month and CG

BCVA Mean±SD p

Control vs ERM (vitrectomized eye) 0.02±0.02 0.61±0.41 <0.001

Control vs ERM (nonvitrectomized eye) 0.02±0.02 0.05±0.05 0.751

ERM 
(vitrectomized eye vs non vitrectomized eye) 0.61±0.41 0.05±0.05 <0.001

Mann-Whitney U test, significance level is p<0.05, CG: Control group, BCVA: Best 
corrected visual acuity, SD: Standard deviation, ERM: Epiretinal membrane

A comparison of the NEI VFQ-25 questionnaire in the 6th 

month postoperatively is presented in Table 4. The composite 
score was significantly lower in patients with ERM than in the 
CG (p=0.017). The general vision, ocular pain, near activities 
and distance activities scores were significantly lower in the 
ERM patients than in the CG (p<0.001, p=0.005, p<0.001, 
p=0.003, respectively). There was a statistically significant 
correlation between the composite NEI VFQ-25 score and 
visual acuity (R2=0.19, p=0.004).

Table 4. Comparison of NEI VFQ-25 between groups

Control (20) Epiretinal membrane (20) p

General health 50.00±22.94 40.00±24.87 0.221

General vision 80.00±0.00 59.00±15.18 <0.001

Ocular pain 85.00±9.60 66.25±22.25 0.005

Near activities 85.00±6.59 63.31±19.00 <0.001

Distance activities 85.00±10.03 67.70±21.54 0.003

Social functioning 95.00±6.28 83.33±22.38 0.108

Mental health 78.70±17.01 71.56±23.48 0.461

Role difficulties 65.00±18.85 61.25±21.42 0.758

Dependency 93.40±6.48 91.24±21.04 0.201

Driving 78.60±9.79 54.12±36.98 0.241

Color vision 88.75±17.16 90.00±12.57 0.968

Peripheral vision 65.00±23.51 75.00±22.94 0.242

Composite score 83.22±8.49 71.95±17.90 0.017
Mann-Whitney U test, significance level is p<0.05

The scale has high reliability (Cronbach’s alpha=0.8743). The 
Cronbach’s alpha coefficient ranged from 0.880 to 0.846 for 
the subscales. It was found that our data did not meet the 
multivariate normality assumption (Mardia’s Kurtosis test 
p<0.001 and Mardia’s Skewness test p<0.001).The accuracy 
of the flexible discriminant function was found to be 100%. 
The 11 variables (except general health status) included in 
the analysis were expressed with 1 canonical variate. The 
distribution of the groups according to the canonical variate 
is presented in Figure 2.

Figure 2. Flexible discriminant analysis plot of a canonical variate score 
expressing 11 variable of the NEI VFQ-25
ERM: Epiretinal membrane, NEI VFQ-25: National Eye Institute Visual Function Questionnaire

DICUSSION
In the present study, we saw that apart from increased visual 
acuity there was a lower quality of life with the self-reported 
dimensions. The reliability of the NEI VFQ-25 questionnaire 
was evaluated and was found to accurately measure VR-
QOL. The NEI-VFQ 25 questionnaire was found to be able to 
discriminate between the ERM group and the CG. 

Successful ERM surgery often results in positive visual 
outcomes.9,10 There was a significant increase in visual acuity 
at 6 month follow up, however visual acuity may be insufficient 
to express many aspects of visual function and to predict 
whether individuals experience difficulties in real-world 
activities.11 Our results confirm this information and visual 
acuity explained 19% of the composite score of NEI VFQ-
25. More importantly metamorphopsia after ERM surgery 
may be permanent7,12 and decrease vision-related quality 
of life.8 In our results, the composite score of patients with 
ERM remained lower than the CG. Additionally, unilateral 
ERM may impair stereopsis and cause metamorphopsia as 
an independent condition, and surgery might contribute 
positively to improving these visual disturbances.

Binocular interference was defined as a condition in which 
the quality of vision was worse with both eyes open compared 
with one eye closed. It was reported in a recent study that 
binocular interference worsens the quality of life of patients 
with ERM.13 ERM is usually unilateral or asymmetrically 
bilateral.14 The visual performance of the patients’ fellow eyes 
were generally unaffected. Thus, although the composite 
score of patients with unilateral ERM was lower than 
CG, patients with ERM were found to be similar to CG in 
other categories except for general vision, ocular pain, and 
near and far activity categories. Uneven vision levels after 
surgery may cause binocular interference and result in lower 
subscale categories compared to CG. However, the point 
to be considered when evaluating these results is that we 
conducted the NEI-VFQ 25 questionnaire at the 6th month 
postoperatively. After ERM surgery, visual improvement has 
been reported in 43% of eyes at 12 month, 54% at two year, 
and 60% at 3 year,15 and this may lead to an improvement in 
NEI-VFQ 25 results in the long term.

In previous studies evaluating the postoperative NEI VFQ-25 
results of ERM patients, mean NEI VFQ-25 composite score 
are as follows, respectively; 77.9,8 78.54. The mean composite 
scores of NEI VFQ-25 after vitreoretinal surgery in patients 
with macular hole, rhegmatogenous retinal detachment, 
proliferative diabetic retinopathy, and age-related macular 
degeration have been reported as 82.4,16 80.3,17 68.518 and 
54.419 respectively. In the present study, the mean composite 
score of NEI VFQ-25 was 71.9 and was lower than the ERM 
patients reported in the literature and was similar to the 
score of patients with proliferative diabetic retinopathy 
(PDR). It should be noted that the composite score was better 
in diseases that usually affect only one side, such as ERM, 
macular hole and rhegmatogenous retinal detachment, than 
in diseases that usually affect both sides, such as PDR and 
age-related macular degeneration.

Ghazi-Nouri et al.7 reported a significant association 
between binocular BCVA and VR-QOL, but no association 
with VR-QOL for monocular BCVA, metamorphopsia, and 
contrast sensitivity in ERM patients. Metamorphopsia in age-
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related macular degeneration20 and vitreomacular traction21 
has been reported to be associated with VR-QOL. Another 
study reported that stereopsis was consistently altered in 
patients with ERM and was associated with VR-QOL.22

Limitations

The limitation of our study is that we did not evaluate the 
preoperative NEI VFQ-25 score and did not evaluate the 
metamorphopsia and steropsis of the patients. However, 
this study represents the first evaluation of NEI VFQ-25 
outcomes following ERM surgery in the Turkish population, 
highlighting its unique contribution to the field.

CONCLUSION
This is the first paper reporting NEI VFQ-25 after ERM 
surgery in a Turkish population. In present study, we 
demonstrated that near and distance activity scores 
and ocular pain scores were worse in ERM patients. We 
demonstrated that the NEI VFQ-25 questionnaire may 
help to define the effects of ERM surgery on visual quality 
since the visual acuity does not exactly reflect VR-QOL. In 
conclusion, findings such as metamorphopsia and impaired 
stereopsis can persist in the postoperative period in patients 
with ERM and can impair VR-QOL.
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