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Editorial

Thiolated Chitosan-carboxymethyl Dextran
Nanoparticles: Improving Intravitreal Drug

Bioavailability for Retinoblastoma

Lauren A Dalvin, MD
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In the current issue of Journal of Ophthalmic
and Vision Research (JOVR), Delrish et al discuss
the use of modified nanoparticles for intravitreal
drug delivery in a rat model of retinoblastoma.[1]
Retinoblastoma is the most common intraocular
malignancy of childhood, with an incidence of 11.8
cases per million children aged 0–4 years in the
US and with recent increase in incidence reported
in Europe.[2, 3] While developing countries often
face more advanced disease and worse survival
prognosis, retinoblastoma is considered curable,
and mortality is rare in well-developed nations.[4]
Although the primary goal of retinoblastoma
treatment is to protect the child’s life, secondary
and tertiary goals of globe salvage and visual acuity
preservation have become more achievable with
treatment advances, particularly the combination
of intra-arterial and intravitreal chemotherapy. With
current standard of care therapy, globe salvage can
be achieved even for the most advanced group E
eyes in about 50% of cases.[5]

Delrish et al describe what may be the next
frontier in intravitreal chemotherapy delivery,
with improved drug bioavailability using thiolated
chitosan-carboxymethyl dextran nanoparticles
(CMD-TCs-NPs). Although intravitreal injection
offers direct drug access to the vitreous cavity and
retina, it can take several hours for drug to diffuse
across the entire vitreous cavity.[6, 7] Moreover, in
vitro experiments show that drug dispersion in
the vitreous cavity is driven by advective mass
transport rather than molecular diffusion, relying
on natural saccadic movements to distribute the
drug.[8, 9] Drug distribution may be especially
challenging in more formed pediatric vitreous,
and speed of dispersion could be important to

achieve tumor control in the setting of drugs
such as melphalan, which have a short half-
life.[10] Thus, improved bioavailability of intravitreal
chemotherapy agents could decrease injection
burden and retinal toxicity, improve overall tumor
control rates, and improve globe salvage for
retinoblastoma with vitreous seeding.
Chitosan is a semi-synthetic cationic

polysaccharide produced by partial or complete
deacetylation of the naturally occurring polymer
chitin, which can be harvested from crustacean
shells or fungal cell walls.[11, 12] Chitosan is highly
biocompatible, nontoxic, and mucoadhesive;
has favorable enzymatic biodegradability, low
immunogenicity, and inherent antibacterial
properties; and can disrupt epithelial tight junctions
to enhance permeability.[13] Given these favorable
properties, combined with easy accessibility,
chitosan has become a popular candidate for
pharmaceutical development, and the US Food
and Drug Administration has already approved
several chitosan-containing products.[13]
Mucoadhesive polymers like chitosan contain

numerous charged molecular groups that can
form non-covalent bonds with mucin, allowing
bioadhesion to mucosal surfaces.[13] Numerous
factors can influence mucoadhesion, including
pH, concentration, ionic strength, temperature,
incubation time, surface charges, molecular
weight, degree of deacetylation, and hydrophilicity,
among others.[13] Chitosan, in particular, has
pH-dependent mucoadhesion, and certain
modifications have been employed to improve the
polymer’s mucoadhesive properties at physiologic
pH relevant to ophthalmic drug delivery. Trimethyl
chitosan has been extensively studied and has
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strong mucoadhesive properties due to its high
cationic charge. Thiolated chitosan derivatives
have also been studied, which have free thiol
groups to form covalent bonds with cysteine-
rich subdomains of mucus glycoproteins.[13]
Compared to unmodified chitosan, thiolated
chitosan has several advantages, including 6-
to 100-fold improved mucoadhesion, 1.6- to 3-
fold enhanced permeability, and in situ gelling
properties at physiologic pH.[14, 15] Together,
these properties improve drug residence time
and increase bioavailability. Thiolated derivatives
require sulfhydryl groups to react, limiting use to
cysteine-rich tissues,[13] but secreted protein acidic
and rich in cysteine (SPARC) has demonstrated
localization to Muller and ganglion cells in the
retina, making the retina a reasonable target
tissue.[16]
In ophthalmology, initial interests aligned with

the use of chitosan to improve bioavailability of
topically administered medications, but there
is a growing body of literature on possible
intravitreal applications.[11] Previous studies have
demonstrated that nanoparticle surface properties
are a key factor determining distribution in the
retina and vitreous following intravitreal injection,
and although glycosylated chitosan polymers
maintained a positive charge and could reach
the retina, these particles were not able to
penetrate the internal limiting membrane.[17]
Thiolated derivatives, on the other hand, may
have improved penetration due to their interaction
with cysteine-rich SPARC localized to Muller cells.
In this issue of JOVR, Delrish et al specifically
compare the biodistribution of thiolated versus
methylated chitosan-carboxymethyl dextran
nanoparticles (CMD-TCs-NPs vs CMD-TMC-
NPs) following an intravitreal injection in a
rat model of retinoblastoma.[1] The authors
found improved uptake of CMD-TCs-NPs in
retinoblastoma cell culture, and in the rat
model, 24 hr after injection; the CMD-TCs-NPs
demonstrated diffusion throughout the vitreous
cavity and retinal penetration, while the CMD-
TMC-NPs were immobilized in the vitreous.[1] The
authors attributed these differences to improved
bioadhesion of thiolated chitosan and prohibitive
effects on vitreous diffusion of the greater positive
charge of methylated chitosan (zeta potential
+29mV) compared with the thiolated counterparts
(+11mV).[1]
Although this was a small study with 10 rats,

Delrish et al concluded that surface charge is
a key factor determining vitreous diffusion and

retinal penetration for chitosan-derived intraocular
drug-delivery mechanisms, and they propose
future use of thiolated chitosan derivatives
for intravitreal chemotherapy delivery aimed
at retinoblastoma treatment.[1] Of relevance to
the article at hand, Delrish et al recently reported
improved efficacy and tumor control using thiolated
chitosan nanoparticles containing topotecan
compared to free topotecan in a rat model of
retinoblastoma.[18] These early studies indicate
feasibility and potential benefit of the application
of thiolated chitosan derivatives in retinoblastoma
treatment. Although further study is required to
investigate the safety and reproducibility prior
to human trials, there are potential exciting
applications of these biocompatible nanoparticles
to improve treatment outcomes for retinoblastoma
in the future, and this technology could also be
applied to a wide variety of other retinal diseases
which have traditionally been managed with
intravitreal injections.
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Abstract

Purpose: To compare outcomes of conjunctival autograft (CAG) and combined
amniotic membrane with mini-simple limbal epithelial transplant (mini-SLET) after
primary pterygium excision.
Methods: All consenting adults with primary pterygium were included in this
study. After pterygium excision, patients were randomized to receive either CAG
or mini-SLET and both grafts were held in place with fibrin glue. The patients
were followed-up at days 1, 3, 7, 14, and 30 and subsequently at the third, sixth,
and ninth months. The recurrence rate was considered as the primary outcome
measure whereas the operating time, postoperative symptoms, and surgical
complications were considered the secondary outcome measures.
Results: The study comprised of 264 eyes of 264 patients, of which 233 (88%)
completed the ninemonths of follow-up. Of these, 118 (51%) received CAG and 115
(49%) received mini-SLET. The groups were comparable at baseline. Recurrence
of pterygium was seen in two (1.6%) eyes in the CAG group and three (2.6%) eyes
in the mini-SLET group (P = 0.68). Operative time for mini-SLET (20.33 ± 1.28
min) was significantly higher than that for CAG (12.01 ± 1.26 min) (P < 0.001). Graft
displacement was observed in one case in group II (P = 0.999). The Lim Bon Siong
(foreign body sensation, lacrimation, pain, and irritation) score in the CAG group
was statistically significant for all four symptoms at days 1 and 3; however, at day
7, foreign body sensation, pain, and irritation scores were significantly higher for
the CAG group.
Conclusion: In this study, the overall recurrence rate was very low and
comparable between mini-SLET and the established technique of CAG after
performing the primary pterygium excision. Despite a longer surgical time, mini-
SLET appears to be a viable option for the management of primary pterygium.

Keywords: Conjunctival Autograft (CAG); Mini-simple Limbal Epithelial Transplant (mini-
SLET); Pterygium
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INTRODUCTION

Pterygium is a benign, fleshy triangular ocular
lesion that can cross the limbus and encroach on
the cornea, with subsequent visual impairment.[1]
It most often involves nasal conjunctiva and may
necessitate surgical removal if associated with
visual impairment, astigmatic refractive errors,
or cosmetic concerns. Postoperative recurrence
is not uncommon, hence surgical excision has
been coupled with various adjunctive measures
like beta irradiation[2] and anti-metabolites such
as Mitomycin C.[3, 4] Although these methods are
relatively safe, complications such as secondary
bacterial infection, punctate keratitis, scleral
melting, and raised intraocular pressure (IOP)
have been reported. To prevent these side effects
and achieve superior results in terms of graft
stability and potentially lower recurrence rates,
human amniotic membrane grafting (AMG)[5] and
conjunctival autografting (CAG)[6] were introduced
to cover the bare sclera after pterygium excision.
Of these, ipsilateral CAG is now the surgical
procedure of choice, owing to the ease of the
procedure and the difficulties in procuring AMG.
Additionally, the efficacy and low recurrence rate
of the CAG method has been corroborated by
many authors.[6–9]
Tissue adhesives like fibrin glue[10] which are

used to secure the grafts in place after pterygium
excision present many benefits such as lesser
operating time, reduced discomfort during the
postoperative period, and reduced complications
associated with sutures.[11, 12] Alternatively, the CAG
can be secured using autologous in situ blood
coagulum.[13–15]
More recently, Hernández-Bogantes et al have

described a technique of using a combination
of AMG and small pieces of autologous limbal
epithelial cells (mini-simple limbal epithelial
transplant [SLET])[16] to cover the bare sclera
using tissue adhesive. Authors reported excellent
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outcomes with this new technique, albeit in only 10
eyes. Given these encouraging results, we believe
that this may be an alternative technique to CAG
for surgical management of pterygium. At present
there are very few head to head studies comparing
outcomes of the well-established CAG with the
relatively new mini-SLET after primary pterygium
excision. Hence, this study was performed to
assess the efficacy and recurrence rate after the
two aforementioned procedures.

METHODS

This prospective, randomized, interventional study
was duly approved by the local Institutional
Ethics Committee (Ethical clearance certificate
no. 29/MH/2015 dated Aug 11, 2015). This study
was conducted in accordance with the tenets
of the Declaration of Helsinki. Patient enrollment
occurred between August 2015 and January 2019.
All consecutive adult patients visiting the

outpatient department of our hospital with primary
pterygium and requiring surgical excision for
cosmesis, intense foreign body sensation, and
reduced vision either due to induced astigmatism
or encroachment on the visual axis were invited
to participate in the study. Patients who agreed
to follow-up for nine months after surgery were
recruited after their informed consent. Patients with
other ocular surface disorders, hypersensitivity to
blood constituents, and seropositivity to Hepatitis
B, Hepatitis C, and HIV were excluded from the
study.
Sample size calculation was based on presumed

differences in the recurrence rates of pterygium
in the two groups. Given 1:1 randomization, 90%
power, and a precision error of 5% to detect a
difference of 10% or more in proportion of patients
experiencing recurrent pterygium, a required
minimum sample size of 230 eyes (115 in each
group) was obtained. To account for a 15% loss to
follow-up, we recruited 264 patients for the study.
Using simple randomization, the patients

were divided into two groups: one received
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the CAG and the other received the mini-SLET
treatment. This simple randomization utilized
serially generated computer codes along with
allocation concealment. A parallel allocation
strategy was used in a 1:1 allocation. The evaluating
ophthalmologist (AS) was masked to the type of
graft used. The operating surgeon (AJ) and
patients were masked to the procedural details
and the type of graft used. The sealed envelopes
for the type of graft were opened just before the
completion of the pterygium excision. The graft
status was masked in all cases at every follow-up
visit during the clinical testing.
Thorough medical and ocular history and

demographic details such as age and gender
of the participants were obtained. Thereafter, a
comprehensive examination of the eyes included
best-corrected visual acuity assessment, slit-lamp
evaluation of the pterygium, and the anterior
and posterior segment evaluation using a
+90D lens. Pterygia were divided into three
grades based on the classification proposed
by Tan and coworkers:[17] T1 = unobscured and
distinguished episcleral vessels underneath the
body of the pterygium; T2 = partially obscured or
indistinct episcleral vessels; and T3 = completely
obscured episcleral vessels by fibrovascular
tissue. Serial clinical photographs of patients
were taken preoperatively, per-operatively, and
postoperatively on days 1 and 30 in addition to the
sixth and ninth months for both cohorts [Figure 1].
Peribulbar anesthesia (2% lidocaine

hydrochloride) was used for all of the surgeries,
which were performed by a single surgeon (AJ).
Westcott scissors were used to draw horizontal
incisions along the superior and inferior borders
of the body of pterygium. Subsequently, using
Moorefield’s conjunctival forceps, the pterygium
was reflected toward the limbus making another
peripheral incision parallel to the limbus. The
remaining fibrovascular tissues underneath the
bulbar conjunctiva were dissected and excised to
the maximum possible extent.
The bare sclera was then measured by a caliper.

In the CAG group, a near tenon-free CAG, which
was 1 mm larger in area than the bare sclera
was harvested from the supero-temporal region.
This thin graft was stuck to the exposed sclera
using fibrin glue (Baxter, TISSEEL) with correct
orientation. The angled flat part of two iris spatulas
was maneuvered horizontally and vertically utilized

to expand the graft to its maximum possible size
besides removing excess glue from the sclera bed.
In the mini-SLET cohort, after an initial one clock

hour (10–11 o’clock for right eye and 1–2 o’clock
for left eye) peritomy performed with Westcott
scissors, a limbal tissue 2 × 2 mm in size was
excised with the help of a crescent blade. Using
Vannas scissors, this strip was then sliced into
six to eight pieces under increased magnification.
These pieces were then affixed on the inlay AMG
closer to the limbus using fibrin glue. Thereafter, an
AMG overlay was used to maintain graft pieces in
the exact position. Freeze-dried AMG (Amnio-care,
Biocover Labs, India), available in 3 × 3 cm size was
used for the study. A bandage contact lens was
placed on the cornea at the end of the procedure.
Using a patented fibrinotherm device, the

fibrin glue (TISSEEL VH, Baxter AG) used in the
above described procedures was prepared by
reconstituting thrombin and freeze-dried protein
concentrate in calcium chloride and fibrinolysis
inhibitor solutions, respectively. Both thrombin and
fibrin were suctioned into separate syringes, which
were mounted with a 27G canula. To use the glue,
almost an equal number of drops of fibrin and
thrombin were utilized for both the cohorts. Total
operating time was noted for both the groups.
Mitomycin C was not used in either group.
In the first week of the postoperative period,

patients received 1% prednisolone acetate and
0.5% moxifloxacin eye drops every 4 and 6 hr,
respectively, followed by tapering dosages of
topical steroid, which continued for onemonth. The
patients were reviewed on postoperative days 1, 3,
7, 14, and subsequently at months 1, 3, 6, and 9.
While early postoperative visits involved the

assessment of graft positioning, later visits
included reporting of the recurrence and
disintegration of limbal pieces on the slit lamp by a
masked investigator. Recurrence was considered
the primary outcome measure, which was defined
as any fibrovascular growth that occurred at the
surgical site at any time during the follow-up period.
Operating time and surgical complications were
considered the secondary outcome measures.
Four symptoms (foreign body sensation, epiphora
[watering], pain and irritation) were evaluated,
based on a 5-point scale adapted from Lim Bon
Siong R et al. The patients were asked to complete
a questionnaire in which 0 meant no pain, 1 meant
presence of easily tolerable pain, 2 meant pain
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causing some discomfort, 3 meant presence of
pain partially interfering with sleep or usual activity,
and 4 meant pain completely interfering with usual
activity or sleep.

Statistical Analysis

The statistical analysis was performed using
SPSS (Statistical Package for the Social Sciences)
software version 20. A P-value < 0.05 was
considered statistically significant. Comparison of
continuous variables such as age, preoperative
BCVA, operative time, and the dimensions of
graft between the two groups was done using
the parametric unpaired t-test. Pearson’s Chi-
square test or the Fisher’s exact test were used
for comparative analysis of categorical variables
like gender, laterality, grades of pterygium, and
indication of surgery between the two groups.

RESULTS

A total of 264 consecutive eyes of 264 patients
were enrolled in the study, of which 31 eyes
(15 in CAG and 16 in mini-SLET groups) were
ruled out due to inadequate follow-up. Hence,
data from 233 eyes (n = 118 CAG and 115 in
mini-SLET) that finished nine months of follow-
up was included in the final analysis. Table 1
depicts the baseline characteristics of CAG and
mini-SLET groups. Baseline characteristics were
statistically insignificant between the two groups.
The comparative analysis of graft size and the
operating time has been summarized in Table
2. The mean operative time for mini-SLET group
(20.33 ± 1.28 min) was significantly higher (P <
0.001) than the CAG group (12.01 ± 1.26 min). Four
postoperative symptoms have been compared in
Table 3 using the nonparametric Mann–Whitney U-
test. Both groups exhibited foreign body sensation
until day 7. A statistically significant difference in
the median score of foreign body sensation was
noted on day 1 (P < 0.001), day 3 (P < 0.001),
and day 7 (P < 0.001) between the CAG and mini-
SLET groups. This symptom improved significantly
between days 1 and 7 in both group I (P < 0.001)
and group II (P < 0.001) as demonstrated by the
Wilcoxon signed-rank test. Both groups showed
persistence of epiphora (watering) till day 7. A
statistically significant difference in the median
score of epiphora (watering) was observed on day

1 (P < 0.001) and day 3 (P < 0.001) between the
two groups. It was noted that this symptom, too,
showed significant improvement at days 1 and 7 in
both group I (P < 0.001) and group II (P < 0.001).
Pain persisted until days 7 and 3 in groups I and
II, respectively. Both the study and control groups
exhibited significant difference in the median score
of pain on day 1 (P < 0.001), day 3 (P <0.001),
and day 7 (P = 0.008). Despite a median score
of 6 and 0, the significant difference at days 1
and day 7, respectively, is ascribed to the variance
in the distribution of pain score between the two
groups. A significant improvement in this symptom
was observed between day 1 and day 7 in both
the groups (P < 0.001). Irritation in the operated
eye persisted until day 7 in both the groups.
The median score for irritation was noted to be
statistically significant on day 1 (P < 0.001), day 3
(P < 0.001), and day 7 (P < 0.001) between the two
groups. Both the study and control groups showed
significant improvement in this symptom between
day 1 and day 7 (P < 0.001), and between day 1 and
day 14, respectively.
Recurrence was observed at the first, third, sixth,

and ninth months. Two (1.6%) eyes in the CAG
group exhibited recurrence whereas three (2.6%)
had recurrence in mini-SLET group (P = 0.681).
Two patients in the CAG group and one in the
mini-SLET group showed recurrence within three
months. Recurrence in the remaining two patients
in the mini-SLET group was observed between the
third and sixth months. Two cases in each group
underwent revision surgery whereas one patient
in the mini-SLET group refused surgery. Within the
six months follow-up period, no recurrence was
observed in any of the patients who underwent
revision surgery.
One eye (0.87%) in the mini-SLET group

exhibited AMG displacement on the first
postoperative day, which was repositioned on
the very same day. None of the eyes in the study
experienced any other adverse effects related to
the grafts.

DISCUSSION

In this randomized study, we found a very low rate
of recurrence in eyes that received CAG versus
mini-SLET, with statistically insignificant difference
in the recurrence rates between the two groups.
The operating time was significantly higher in
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Table 1. Comparison of baseline characteristics between the CAG Group and the mini-SLET group

Characteristics CAG group (n = 118) Mini-SLET group (n = 115) P-value

Age (yr) 53.81 ± 14.28 (range = 22–80) 52.38 ± 14.62 (range = 26–78) 0.446∗

Sex F = 49.15% (n = 58) F = 44.35% (n = 51) 0.437†

M = 50.85% (n = 60) M = 55.65% (n = 64)

Laterality Right eye = 57.6% (n = 68) Right eye = 53.9% (n = 62 ) 0.696†

Left eye = 42.4% (n = 50) Left eye = 46.1% (n = 53)

Grade

I 13.5% (n = 16) 12.2% (n = 14) 0.920†

II 61.9% (n = 73) 61.7% (n = 71)

III 24.6% (n = 29) 26.1% (n = 30)

Occupation Outdoor = 61.1% (n = 72) Outdoor = 67.8% (n = 78) 0.282†

Indoor = 38.9% (n = 46) Indoor = 32.2% (n = 37)

Indications for surgery 0.895†

Cosmesis 40.7% (n = 48) 40% (n = 46)

Foreign body sensation 29.7% (n = 35) 26.1% (n = 30)

Reduced VA due to
Astigmatism

16.1% (n = 19) 22.6% (n = 26)

Threatening Visual Axis 13.5% (n = 16) 11.3% (n = 13)

Preoperative BCVA (LogMar) 0.46 ± 0.38 (range = 0–1.46) 0.43 ± 0.26 (range = 0.16–1.18) 0.476∗

∗Unpaired t-test; †χ2test

Table 2. Comparison of the size of the graft and operative time between the CAG group and mini-SLET group

Measures CAG group (n = 118) Mini-SLET group (n = 115) P-value

Dimensions of the graft (mm)

Horizontal 5.10 ± 0.41 (range = 4.2–6.5) 5.14 ± 0.45 (range = 4.5–6.8) 0.448∗

Vertical 6 ± 0.32 (range = 5.5–8.0) 6.09 ± 0.54 (range = 5.5–8.0) 0.097∗

Operative time (min) 12.01 ± 1.26 (range = 10.1–14.0) 20.33 ± 1.28 (range = 18–22) <0.001∗

∗Unpaired t-test

the mini-SLET group, however, none of the eyes
experienced intra- or postoperative complications
attributable to the surgery.
Pterygium is postulated to occur due to

localized dysfunction of nasal limbal stem cells
consequential to exposure to UVB light.[18] This
theory forms the basis of the incorporation of limbal
stem cells in the surgical treatment of pterygium.
Of all the techniques described in literature,[3–6]
CAG modality has been found to be associated
with the lowest recurrence rate.[7, 8, 10] The CAG
can be attached to the bare sclera by sutures,
fibrin glue, or autologous in situ blood coagulum.
Amongst the three techniques of fixing CAG, fibrin

glue definitely scores over others with the least
operative time.[19]

Use of SLET for the treatment of limbal stem cell
deficiency was first advocated by Sangwan et al.[20]
Subsequently, mini-SLET[16] was innovatively used
for treating 10 patients suffering with primary
pterygium. The basis of using mini-SLET for
pterygium surgery was localized deficiency
or dysfunction of limbal stem cells.[21, 22] The
AMG acts as a basement membrane and a
substrate supporting the growth of epithelial
progenitor cells.[23] AMG is also endowed with anti-
inflammatory properties owing to the presence
of protease inhibitors.[24] However, AMG itself is
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Table 3. Comparative outcome of the postoperative symptom score between the CAG group and mini-SLET group

CAG group (n = 118) Mini-SLET group (n = 115) P-value∗

Min Max Median Min Max Median

Foreign body sensation
Day 1 3 9 9 0 9 6 <0.001

Day 3 0 9 6 0 6 3 <0.001

Day 7 0 6 3 0 3 0 <0.001

Day 14 0 6 0 0 0 0 0.255
Day 30 0 0 0 0 0 0 0.999

Epiphora (watering)
Day 1 0 9 6 0 9 6 <0.001

Day 3 0 6 3 0 6 3 <0.001

Day 7 0 6 0 0 6 0 0.511
Day 14 0 0 0 0 0 0 0.999
Day 30 0 0 0 0 0 0 0.999

Pain
Day 1 0 9 6 0 6 3 <0.001

Day 3 0 9 3 0 6 0 <0.001

Day 7 0 6 0 0 6 0 0.008

Day 14 0 6 0 0 0 0 0.089
Day 30 0 0 0 0 0 0 0.999

Irritation
Day 1 3 9 9 0 9 6 <0.001

Day 3 0 9 6 0 6 3 <0.001

Day 7 0 6 3 0 3 0 <0.001

Day 14 0 6 0 0 6 0 0.183
Day 30 0 0 0 0 0 0 0.999

Statistically significant values are in boldface after ∗Mann–Whitney U-test

Figure 1. Serial clinical photographs of two patients of primary pterygium: (Patient 1 [A∼F]; Patient 2 [G∼L]): preoperative,
intraoperative, and postoperative. Pterygium excision with CAG with fibrin glue (A–F) and pterygium excision with mini-SLET (G–
L). (A) A case of primary nasal pterygium (left eye[LE]) before pterygium excision with CAG. (B) Dissection of pterygium. (C) POD 1.
(D) POD 30 graft well taken. (E & F) Postoperative months 6 and 9, respectively: restoration of near normal anatomy without any
recurrence. (G) A case of primary nasal pterygium (Right eye [RE]) before pterygium excision with mini-SLET. (H) Intraoperative
photograph showing dissected pterygium with eight limbal pieces. (I) POD 1. ( J) POD 30: well-settled graft. (K & L) Postoperative
months 6 and 9, respectively: restoration of near normal anatomy without any signs of recurrence.
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devoid of limbal stem cells, hence its solitary use
to cover the bare sclera after pterygium excision,
despite providing a mechanical barrier, does not
address the underlying pathology of limbal stem
cell deficiency. As a result, this may in turn lead to
potentially more recurrences and tilt the balance
toward CAG in terms of beneficial outcomes.
An extensive MEDLINE search did not reveal

any similar study of this magnitude; hence we
undertook a randomized trial to compare the
aforementioned two techniques as mini-SLET
appeared to be a viable prospect for the treatment
of pterygium.[16] In 2015, Hernández-Bogantes
E et al,[16] elicited this interesting innovation
in 10 patients with primary pterygium without
any recurrence after eight months of follow-up.
Sati et al[25] reported a randomized control trial,
comparing the outcomes between 42 cases of
CAG and 40 cases of mini-SLET. The study
reported a 9.5% recurrence in the CAG group and
2.5% recurrence in the mini-SLET group. Although
clinically meaningful, these differences were not
found to be statistically significant. We experienced
much lower rates of recurrence in the CAG group
and almost similar in the mini-SLET group. Mini-
SLET incorporates the use of AMG and limbal stem
cells, which could lower recurrence rates as is
evident in our study. Mini-SLET is a miniaturized
modification of the original SLET technique first
described by Sangwan et al.[20] However, mini-
SLET technique scores over SLET in terms of
placing the limbal stem cells’ pieces over amniotic
membrane in proximity to the limbus. In our
opinion, mini-SLET offers an alternative solution to
patients with insufficient conjunctiva due to prior
surgeries or those suspected of suffering with
glaucoma. Additionally, it is more likely to restore
the normal anatomy of the limbus.
There were a few limitations of the study such as

the relatively low overall numbers of recurrences,
which made it difficult to make robust conclusions
while using statistical tools. Follow-up of <12
months and the considerable number of excluded
eyes (12%) also contributed toward limiting our
evaluations. The strength of this study included
its randomized and masked study design, the
relatively large sample size, and the longer follow-
up period, which exceeded that of other similar
studies.
In summary, the overall recurrence rate was

very low in this study and comparable between
mini-SLET and the established technique of CAG

for primary pterygium excision. Despite a longer
surgical time, mini-SLET appears to be a viable
alternative to CAG in the management of primary
pterygium. The mini-SLET may be considered
as the procedure of choice for all cases of
primary pterygium surgery, especially, if cost and
availability are not an issue. Also, mini-SLET
is more likely to replace the abnormal limbal
stem cells compared to CAG. In particular, this
should be adopted as the procedure of choice as
conjunctival-sparing surgery (especially in young
patients, glaucoma, and cicatrizing conjunctivitis).
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Abstract

Purpose: To report 21 cases of typical inferior feather-shape lens opacity
associated with keratoconus.
Methods: In this cross-sectional study, we evaluated the association of
keratoconus with inferior feather-shape lens opacity in refractive surgery
candidates. Visual acuity, demographic, refractive, and topographic
characteristics of 26 eyes of 21 patients with inferior feather-shape lens
opacity were evaluated in detail. Pedigree analysis was also performed to
assess possible inheritance.
Results: Overall, 2122 out of 33,368 cases (6.4%) without lens opacity had
keratoconus, while 20 out of 21 patients (95.2%) with peculiar lens opacity had
definite keratoconus (P < 0.001). Lens opacity was bilateral in 5 cases (24%),
and keratoconus was bilateral in all 20 patients with lens opacity. Nine eyes
out of thirty-six with a complete data record (25%) had a severe keratoconus
and underwent deep lamellar keratoplasty, while 11 (31%) had forme fruste
keratoconus. Pedigrees were drawn for eight patients, most families of whom
suggested an X-linked recessive inheritance.
Conclusion: The present study was the first to investigate patients with a peculiar
inferior feather-shape lens opacity accompanied by bilateral keratoconus, which
was observed in 95% of the patients. This finding should raise awareness as to
the possibility of diagnosing keratoconus in the eyes of the patients with these
characteristics.
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INTRODUCTION

Keratoconus is a noninflammatory, often bilateral,
and asymmetric corneal disorder[1] in which
the progressive central or paracentral corneal
thinning leads to the bulging of the thinned
cornea.[2] Keratoconus often occurs as an isolated
disorder.[3, 4] Despite the extensive studies carried
out over the recent decades on the etiology
and pathogenesis of keratoconus, the exact
pathophysiology and biochemical mechanisms of
keratoconus is yet to be fully understood. However,
several environmental (such as eye rubbing, atopy,
sun exposure, and geography), genetic (i.e., familial
inheritance, association with other known genetic
disorders, and predisposing mutations), and
biomechanical mechanisms have been proposed
to contribute to this ectatic disorder.[5] Investigating
the possible association of keratoconus with
other diseases requires understanding of the
pathogenesis and biochemical mechanisms of this
condition.
Since keratoconus is a progressive disorder,

an early diagnosis to save uncorrected
visual performance is of utmost importance.
Unfortunately, certain detection of early
keratoconus in refractive surgery candidates
is impossible, even with the help of the latest
corneal imaging technologies. Extra-corneal clues
such as genetic susceptibility might help to spot
early keratoconus in uncertain situations. In our
current study, we report 21 patients with an inferior
feather-shape lens opacity accompanied by
bilateral keratoconus at different stages in almost
all of the cases.

METHODS

From January 2010 to July 2017, all refractive
surgery candidates who were referred to Salouti
Eye Clinicwere evaluated for inferior feather-shape
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lens opacity by using slit-lamp examinations with
dilated pupils. Pentacam HR (Oculus Optikgeräte
GmbH) was also obtained for all of these patients,
where any grade of keratoconus could be
detected.
We also collected and analyzed all relevant data

from these 21 patients who were diagnosed with
typical feather-shape lens opacity. They underwent
a complete ophthalmic examination including
visual acuity, refraction, slit-lamp biomicroscopy,
and fundus examination. The recorded data
comprised of the corrected distance visual
acuity, spherical equivalent refraction, Pentacam
keratometric, pachymetric and keratoconus indices
(Topographic Keratoconus Classification [TKC]).
The Pentacam keratoconus indices consisted
of the index of surface variance (ISV), index of
vertical asymmetry (IVA), keratoconus index (KI),
center keratoconus index (CKI), index of height
asymmetry (IHA), index of height decentration
(IHD), and minimum sagittal curvature (Rmin).
Clinical evaluations were followed by a detailed

interview, which included questions about
demographics, the assessment of the presence
or absence of other diseases, drug intake, etc.
Pedigrees were drawn up to three generations
in order to evaluate the keratoconus mode of
inheritance. Informed consent was obtained from
the 21 participants who had cataract. The study
protocol was approved by the Ethics Committee at
Shiraz University of Medical Sciences and adhered
to the principles of the Declaration of Helsinki.
All statistical analyses were performed using

SPSS for Windows (Version 22 SPSS Inc., Chicago,
IL, USA). Numerical variables were described as
median (minimum to maximum).

RESULTS

We assessed the medical charts of 33,389
refractive surgery candidates, of whom 21 patients
had the typical feather-shape lens opacity. Overall,
2122 out of 33,368 cases (6.4%) without lens
opacity had keratoconus, while 20 out of 21
This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed under the
identical terms.
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patients (95.2%) with lens opacity had definite
keratoconus (P < 0.001).
All lens opacities were inferior sectoral and

triangular in shape, with bases toward the equator.
Although the width of the opacities varied among
the patients, most had a width of about one
clock hour or less. Densities of the opacities
were also different among the patients, some
of whom had a central dense line. The borders
of the cataracts were fluffy, and most of them
resembled a feather [Figure 1]. The opacities were
bilateral in 5 cases (24%), and keratoconus was
bilateral in all 20 cases who had the ectatic
disorder. No patients had Down syndrome, atopic
disease, or history of corticosteroid use. Nine out of
thirty-six eyes with complete data (25%) recorded
had a severe keratoconus and underwent deep
lamellar keratoplasty, and 11 (31%) had forme fruste
keratoconus (grade 1 in Pentacam). All diagnoses
of combined lens-opacity/keratoconus were made
before any intervention for treating keratoconus.
Only one female patient with this characteristic
form of lens opacity had no corneal finding in favor
of keratoconus in her prior frequent examinations.
However, her first-degree relatives had a positive
history of keratoc. The other three patients did
not agree to be interviewed/re-examined, so their
detailed data are unavailable.
As a result, a total of 18 patients, 14 males

and 4 females, were evaluated in detail. The
median age was 27.5 years, ranging from 13 to
52 years. The median of the visual acuities of the
patients with combined keratoconus/lens-opacity
was 20/50 ranging from 20/20 to 20/200. The
median of patient’s spherical equivalent refraction
was –4.00 D (range, –13.25 to –0.50). The medians
(ranges) of the keratometric and pachymetric
indices were as follows: mean keratometry, 48.8 D
(44.1 to 55.1); maximum keratometry, 54.6 D (45.3 to
63.9); astigmatic keratometry, 3.3 D (1.0 to 7.6); and
thinnest point, 475 µm (362 to 558). Tables 1 and
2 summarize the patients’ demographic, refractive,
and topographic information. Of the nine eyes with
more advanced keratoconus that had undergone
the graft procedure, eight belonged to men (28.6%
of male’s eyes) and only one to a woman (12.5%
of female’s eyes), suggesting a more severe
phenotype in males. This is further corroborated by
the lower median of TKC in females as compared
to males (1.5 vs 2.0). However, due to the limited
number of patients, we were not able to perform a
complete statistical analysis on the patients.

None of the 18 patients interviewed declared
any family relationship with one another. According
to the information accessed, eight patients
reported to have at least one other person
with keratoconus among their family members
[Table 1]. We were able to draw the pedigrees of
all these patients, which were more suggestive
of an X-linked recessive inheritance in most
cases [Figure 2]. As an ongoing project, we will
try to elucidate the genetic basis of combined
keratoconus/feather-shape lens opacity in future
studies.

DISCUSSION

In this study, we introduced a novel association
between inferior feather-shape lens opacities and
keratoconus. This type of lens opacity is more
easily visualized when the pupils are dilated;
however, they could still be detected in most eyes
with undilated pupils.
Keratoconus is a multifactorial disorder,

originating from complex interaction between
many genetic and environmental factors. In this
regard, previous studies have reported that 0.5
to 15.0% of individuals with Down syndrome are
also affected by keratoconus. This association is
10–300 times higher as compared with a normal
population.[6–8] It has been suggested that the
primary cause of this association is eye rubbing
due to the increased rate of blepharitis observed
in about 46% of patients with Down syndrome.[8]
Other studies have reported a higher incidence
or a more severe form of keratoconus in subjects
with vernal keratoconjunctivitis.[9, 10] About 40%
of patients with Leber’s congenital amaurosis are
affected by keratoconus;[11, 12] genetic factors
and eye rubbing have been suggested as
possible mechanisms.[12] There are also possible
associations reported between keratoconus and
advanced mitral valve prolapse,[13, 14] and certain
connective tissue disorders such as Osteogenesis
Imperfecta[15] and Ehlers-Danlos syndrome subtype
VI.[16]

A few studies have found this association
between keratoconus and lens opacities. A
family affected with keratoconus and anterior
polar cataract was reported back in 1931.[17]
The same phenotype with a supposed genetic
association was reported in a large Northern
Irish family.[18–20] Co-incidence of cataract and
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Table 1. Demographic, refractive, and keratometric characteristics of cases

Case Age Sex Keratoconus in
family

Eye SE CDVA Kmean Kmax Kastig Pmin

(yr) (D) (D) (D) (D) (µm)

1 24 M Cousin OD –6.25 20/25 49.7 54.5 3.1 452

OS –6.5 20/30 49.7 55.9 3.6 422

2 16 M Cousin OD –3.75 20/200 48 53.9 4.2 459

OS –9.75 20/60 44.9 51.2 2.8 572

3 25 M Sister; Cousin;
Two first cousins
once removed

OD –2.25 20/40 46.8 49.5 2.1 516

OS –5.75 20/200 51.1 55.3 2.8 498

4 52 M – OD –9 20/100 45.3 53.9 4.2 558

OS –0.5 20/50 45.5 53.9 4 545

5 13 M – OD –1.5 20/20 47.7 54.6 2 517

OS –1 20/25 47.9 53.2 1.9 451

6 26 M – OD –3 20/20 46.8 57.6 7.6 478

OS –0.5 20/200 54.2 59.5 6.6 475

7 33 M Two uncles OD –3.75 20/50 42.9 50.7 4.2 687

OS –1.25 20/50 49.3 52.1 1.3 410

8 24 M – OD –2.5 20/30 51.2 55.2 3.2 391

OS –1.5 20/30 52 55.9 3 362

9 32 M Sister OD –3.75 20/40 42.6 50.1 8.2 541

OS –10 20/60 48.8 58.5 5.7 495

10 29 F – OD –5.25 20/60 49.4 63.9 3.9 548

OS –4 20/40 44.3 52 4.5 492

11 27 F Sister OD –4 20/30 44.1 45.3 1.4 530

OS –3 20/30 43.5 45.5 2 543

12 29 M Cousin OD –1.5 20/20 44.1 45.3 1.4 530

OS –0.5 20/20 47.3 56.1 3.6 523

13 43 M – OD –3.25 20/40 47.4 48.4 0.9 530

OS –2.75 20/30 47.8 48.6 1 522

14 26 M Cousin OD –3.25 20/40 45.3 50 1.7 519

OS –2.75 20/30 45.2 48.3 0.7 516

15 35 F Mother and
brother

OD –3.25 20/40 45.7 48.5 3.3 486

OS –6.75 20/50 47.6 48.5 4.2 480

16 37 M – OD –9.25 20/50 47.8 54 3.5 455

OS –9.75 20/50 47.9 54 4.8 449

17 27 F – OD –11.25 20/50 52 54.6 4.1 397

OS –11.25 20/40 51.9 54.6 3.3 408

18 28 M – OD –13.25 20/80 53.4 55.2 3.7 445

OS –13 20/80 55.1 55.2 2.9 421

CDVA, corrected distance visual acuity; D, diopter; F, female; Kastig, astigmatic keratometry; Kmean, mean keratometry; Kmax,
maximum keratometry; M, male; OD, right eye; OS, left eye; Pmin, minimum pachymetry; Y, year.
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Table 2. Pentacam keratoconus indices and feather-shape lens opacity in reported cases

Case Eye Lens
opacity

TKC* ISV† IVA† KI† CKI† IHA† IHD† Rmin
†

1 OD + 1 50 0.38 1.08 1.02 33.8 0.048 6.2
OS 1 60 0.56 1.02 1.03 40.1 0.066 6.03

2 OD + 2–3 98 1.15 1.3 1.04 27.2 0.089 6.27
OS Post-graft 50 0.45 0.92 0.97 5.2 0.047 6.59

3 OD 1 44 0.46 1.1 1.03 15.3 0.028 6.82
OS + 2 83 0.82 1.16 1.07 15.6 0.06 6.11

4 OD + Post-graft 57 0.42 0.88 0.96 12.1 0.054 6.26
OS Post-graft 57 0.42 0.88 0.96 12.1 0.054 6.26

5 OD Post-graft 48 0.43 1.08 0.97 26 0.038 6.19
OS + 2–3 94 1.12 1.24 1.05 4.6 0.103 6.34

6 OD + 2 76 0.64 1.09 0.97 37.6 0.069 5.86
OS + Post-graft 80 0.8 0.88 1.01 20.1 0.125 5.67

7 OD Post-graft 47 0.31 0.96 0.96 9.9 0.024 6.65
OS + 2 74 0.74 1.23 1.04 5.9 0.05 6.47

8 OD + 2 76 0.77 1.24 1.05 1 0.076 6.12
OS + 2 83 0.81 1.24 1.05 2.6 0.078 6.03

9 OD 1 52 0.24 0.94 0.99 16.4 0.017 6.73
OS + 1 63 0.55 1.09 0.97 7.3 0.047 5.76

10 OD + Post-graft 18 0.1 1.08 0.97 26 0.038 6.2
OS 1 44 0.5 1.1 1.03 15.1 0.028 6.82

11‡ OD + 0 14 0.03 1.01 1.01 0.2 0.001 7.45
OS 0 18 0.07 1.02 1.01 5.1 0.005 7.42

12 OD Post-graft 14 0.03 1.01 1.01 0.2 0.001 7.45
OS + Post-graft 51 0.25 0.97 0.97 23.5 0.024 6.02

13 OD 1 23 0.12 1.04 1.01 5.5 0.01 6.97
OS + 1 24 0.13 1.09 1.01 5.6 0.01 6.95

14 OD + 1–2 44 0.5 1.1 1.03 15.1 0.028 6.82
OS 1 45 0.52 1.3 1.03 16.3 0.032 6.7

15 OD + 1 42 0.47 1.1 1.01 25.6 0.035 6.78
OS + 2 60 0.66 1.15 1.04 21 0.05 6.48

16 OD 1 42 0.31 1.03 1.02 26.8 0.05 6.57
OS + 1–2 51 0.45 1.09 1.02 20 0.055 6.49

17 OD + 2 77 0.61 1.25 1.06 34 0.053 5.99
OS + 2–3 87 0.76 1.3 1.06 21 0.058 6.08

18 OD + 3 115 1.1 1.31 1.12 61.1 0.124 5.56
OS + 3 98 0.76 1.24 1.1 35 0.081 5.6

*The cases that are marked as “Post-graft” are those that had undergone lamellar keratoplasty for advanced keratoconus †The
typographical coding of Pentacam keratoconus indices are based on the Pentacam definition, in which plain text refers to
normal index, underlined letters to abnormal, and italic letters to suspicious values ‡This case had typical cataract but no sign of
keratoconus CKI, center keratoconus index; IHA, index of height asymmetry; IHD, index of height decentration; ISV, index of
surface variance; IVA, index of vertical asymmetry; KI, keratoconus index; Rmin, minimum sagittal curvature; TKC,
topographic keratoconus classification
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Figure 1. The typical inferior feather-shape lens opacity in 10 eyes of 10 cases from the cohort.

Figure 2. The pedigree drawings of eight cases with combined inferior feather-shape lens opacity and keratoconus. The number
assigned to each case corresponds to the patients’ numbers provided in Tables 1 and 2.

keratoconus has also been reported in patients
with atopic dermatitis.[21, 22]

This is the first study to report a combination
of keratoconus with a peculiar feather-shape
lens opacity in a series of patients. We are not
sure about the pattern of inheritance; however,
the absence of male-to-male transmission, the
lower number of affected females, and the milder
phenotype in females are mostly suggestive of
an X-linked inheritance in most pedigrees. In
addition, the penetrance of the lens opacity was
varied in the keratoconus cases of the index
patients’ families. Intuitively, the inferior location
of both the lens opacity and the keratoconus
cone might suggest a developmental error in the
early fetal development of the eye, where the
lens and cornea must be precisely separated from
each other. Since some cases with bilateral
keratoconus (which is usually asymmetric)
have unilateral feather-shape lens opacity, the
proposed developmental error might present
in different severities with resultant phenotypes
of various origins. It is logical to suppose that
the keratoconus and the related lens opacity
have the same genetic basis but with different

degrees of penetrance and expressivity. In other
words, the background lens abnormality probably
involves both eyes; however, the visible lens
opacity may be present in one or both eyes.
Whether or not there exists a single gene basis
for such an association is the subject of our future
investigation.
Among the limitations of our study, mention

can be made of the retrospective nature in
the primary collection of data for all of the
cases. However, all patients who were willing to
participate were re-examined and interviewed
prospectively, and the nature of the findings
was not subject to classic biases posed by
retrospective design (such as inadequate
recording, misclassification, etc.). In addition,
although we amassed detailed information on our
patients, there was an inability to exact genetic
evidence for the observed association, which
would be the subject of future investigation for this
cohort of patients.
In summary, our study revealed that the typical

inferior feather-shape lens opacity is suggestive
of an associated keratoconus, particularly in
cases who might not show the clinical signs
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of keratoconus. Therefore, we recommend an
appropriate workup to diagnose keratoconus in
patients with such type of cataract.
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Abstract

Purpose: To evaluate vision-related quality of life in two sets of patients after
routine cataract surgery implanting with traditional versus multifocal intraocular
lens (IOLs).
Methods: In a cross-sectional prospective study, 58 and 33 candidates
for cataract surgery were divided into traditional (Acrysof SN60WF, Alcon
Laboratories, Inc) and multifocal IOL (AcrySof IQ PanOptix IOL TFNT00, Alcon
Laboratories, Inc.) groups, respectively. The primary outcome was VFQ-25
scores. The secondary outcomes were making comparisons between the two
IOL types in the near vision and the driving items.
Results: The mean patients’ age in traditional and multifocal IOL groups was
60.85 ± 7.40 (55% female) and 59.85 ± 8.95 (36% female) years, respectively.
The mean VFQ-25 total scores in traditional and multifocal IOL groups before
and after surgery were 63.69 ± 4.95 and 72.15 ± 9.66, and 98.08 ± 0.70 and
95.70 ± 1.30, respectively (P = 0.001 & 0.001). The mean scores of night driving
in traditional and multifocal IOL groups were 38.79 ± 20.50 and 44.35 ± 21.12
(P = 0.1) before surgery which improved to 97.41 ± 7.68 and 56.45 ± 11.12 after
surgery, respectively (P = 0.001). The mean scores of near vision in traditional
and multifocal IOL groups were 46.83 ± 10.56 and 50.53 ± 8.58 (P = 0.2)
before surgery which improved to 89.94 ± 4.87 and 100.00 ± 0.00 after surgery,
respectively (P = 0.001).
Conclusion: Vision-related quality of life after cataract surgery with either type
of traditional or multifocal (PanOptix) IOLs improved to an excellent level.
Traditional IOLs provided more satisfaction in nighttime driving while multifocal
IOLs provided increased satisfaction in near and intermediate vision.

Keywords: Cataract Surgery; Multifocal IOL; Quality of Life; Presbyopia; Vision-related
Quality of Life
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INTRODUCTION

Cataract is amongst the most prevalent causes of
visual impairment in the world.[1] The prevalence
of senile cataract increases with age during the
years of presbyopia.[2] Cataract surgery with an
intraocular lens (IOL) implantation is one of the
most common and thought to be one of the
most effective surgical procedures in any field of
medicine.[1, 2] Monofocal lens as the first generation
and most common type of intraocular lenses
brings far distance into clear focus.[2] However,
the ideas of accommodative[3] and multifocal
intraocular lenses[4] developed due to increasing
demand for activities that require near sight
adjustment in the modern life style. Although
the progress in the area of accommodative
intraocular lenses did not advance as quickly as
its counterparts,[3] the multifocal intraocular lenses
progressed to a clinically satisfactory level and
spectacle independency.[4–11]

The trifocal intraocular lenses are the most
recent type of multifocal intraocular lenses that
provide clear vision not only for far and near
distances but also for intermediate distances
that facilitate vision for electronic devices and
automobile dashboards.[10] Trifocal intraocular
lenses that are mostly pupil independent,
designed to encompass the refractive–diffractive
functionality in addition to extended depth of
focus optics[8] which are mostly pupil independent,
provide highly successful clinical outcomes,[5–11]
increased visual satisfaction,[10–12] and improved
quality of life as a result of enhanced vision.[11–15]
The trifocal intraocular lens of PanOptix (AcrySof
IQ PanOptix intraocular lens TFNT00, Alcon
Laboratories, Inc.) is a noble diffractive non-
apodized pupil independent aspheric intraocular
lens that provides clear vision in 40 cm, 60 cm,
120 cm, 4 m, and optical infinity distances.[10] Some
of the previous studies showed that PanOptix
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provides increased satisfaction for near and
intermediate vision patients as compared to other
competing tri-focal intraocular lens brands.[8, 10, 11]
Photic phenomena which is defined as light

scattering, halos and glare, presents itself
when positioned in poor lighting environments.
They are known to be the source of minor
visual dissatisfaction that may occur after tri-
focal intraocular lens implantation.[14–16] Photic
phenomena occurs as a result of multiple
diffraction of the light beam due to the optics
of the intraocular lenses. While present in an
environment of glare lighting, the optical bench
evaluation revealed a decrease in the image
quality of the multifocal when compared to
the monofocal intraocular lens.[16] Hence, it is
of critical importance to evaluate the extent
of the effect of these photic phenomena
on the patient’s vision in order to present a
more complete judgement about the patient’s
state of vision after multifocal intraocular lens
implantation.
Since patient-reported outcomes are of

paramount importance when evaluating the
success of treatments,[17] the first aim of the
current study was to evaluate changes in vision
as it related to the quality of life after bilateral
traditional (monofocal) and multifocal (PanOptix)
intraocular lenses implantation in the Iranian
population. In this study, we used the Persian-
version of the visual function questionnaire-25
(VFQ-25) which had been previously validated
in the Persian population.[18] This questionnaire
has been widely utilized for evaluating the quality
of life in cataractous patients.[14, 19, 20] Quality
of life measurements evaluates the level of
improvement that a specific treatment may bring
about in various life dimensions beyond the
clinical evaluations. The second and third aims
of the current study were to compare the near
vision and driving items scores cumulated from the
questionnaire between the two intraocular lens
types.
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METHODS

This cross-sectional prospective study was
conducted at Khalili Eye Hospital, Shiraz, Iran.
The study protocol followed the tenets of
the Helsinki and was approved by the local
ethics committee of Shiraz University of Medical
Sciences. Informed consent was obtained from
all patients. Inclusion criteria were patients with
bilateral cataract and corneal astigmatism <1.25
diopter power. In addition, patients who routinely
drive were included. Exclusion criteria were prior
history of refractive surgery, and other ocular
conditions that may affect the vision such as
glaucoma, age-related macular degeneration, and
diabetic retinopathy. Prior to the surgery, optical
coherence tomography was performed to exclude
patients with any impairment in the macular
area such as age-related macular degeneration
disease, drusen, and diabetic exudate. Corneal
topography was also assessed for all patients
to exclude patients with irregular or skewed
astigmatism. The excluded patients were not
good candidates for multifocal intraocular lens
implantation. Uncorrected distance visual acuity,
best-corrected distance visual acuity, refraction,
slit-lamp bio-microscopy and fundoscopy were
performed at baseline and two months after
surgery. The postsurgical examinations were
performed for all patients in each follow-up
session.
Keratometry and axial length measurements

with intraocular lens Master 500 (Carl Zeiss
Meditec, Germany) was performed prior to the
surgery for all patients. The intraocular lens dioptric
power was selected to target emmetropia using
the intraocular lens power that corresponded to
the negative (myopic) predicted refractive outcome
closest to zero. The appropriate formulas that
corresponded to axial length were used for
the intraocular lens power calculation. Patients
underwent the intracapsular cataract extraction
for the first eye. Two months after the first eye
healed, the second eye surgery was performed. All
surgical procedures were performed by the same
surgeon (FM). According to the patients’ visual
demand and desire expressed in the consultation
session, either the monofocal intraocular lens
with the double haptic aspheric design (Acrysof
SN60WF, Alcon Laboratories, Inc.) or the multifocal
intraocular lens (AcrySof IQ PanOptix intraocular
lens TFNT00, Alcon Laboratories, Inc.) was chosen

for implantation. It was impossible to randomize
patients between these two groups because of the
differences in the costs of the intraocular lens and
the lifestyle of the patients.

PanOptix Intraocular Lens

The multifocal intraocular lens of PanOptix is an
aspheric, hydrophobic intraocular lens with a blue
filter and a 6.0-mm optical zone composed of a
4.5-mm large diffractive area with 15 diffractive
zones and an outer refractive rim. It has three
focal points from distance to intermediate and
near ranges, dividing the incoming light to create
intermediate and near add powers of 2.17 diopters
(D) and 3.25 D, respectively. Therefore, it provides
optimal close reading distances at 60 cm and
42 cm. This novel diffractive structure provides
high light utilization transmitting 88% of light at
the simulated 3.0 mm pupil size to the retina.
This light energy is distributed 25% each for
near and intermediate and 50% for distance
vision.

The Persian-Version-VFQ-25

We used the 25-item Persian-version-VFQ, short-
form version of 51-item VFQ. It was divided
into 12 subscales including general health (two
items), general vision (two items), ocular pain (two
items), near vision (six items), distance vision (six
items), vision-specific social functioning (three
items), vision-specific mental health (five items),
vision-specific role difficulties (four items), vision-
specific dependency (four items), driving (three
items), color vision (one item), and peripheral
vision (one item). Subscale responses were
graded 0 to 100, higher VFQ scores represent
a better quality of life. The items were averaged
to form subscales, and the sum of averages
resulted in the total score. The Persian-version-
VFQ-25 questionnaire, as determined in the
Iranian population, has been shown to be valid
and reliable. Through face-to-face interview by
an ophthalmic technician the Persian-version-
VFQ-25 results were obtained from all patients
at baseline and two months after the cataract
surgery of the second eye. For further comparison,
we matched the groups of the monofocal and
PanOptix intraocular lenses according to the
scores of the near vision and driving items at
baseline.
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Statistical Analysis

Statistical analysis was performed using SPSS 18.0
for Windows (SPSS Inc., Chicago, Illinois, USA). We
used descriptive statistics to illustrate the future
of the data. The nonparametric test of Wilcoxon
and Mann–Whitney U-test were used to make a
comparison between the before and after data
within the two groups. P < 0.05 was considered as
statistically significant.

RESULTS

Fifty-eight patients (55% female [32 out of 58]) with
the mean age 60.85 ± 7.40 years and 33 patients
(36% female [12 out of 33]) with themean age 59.85
± 8.95 years were included in the monofocal and
PanOptix intraocular lenses groups, respectively.
The mean binocular uncorrected distance visual
acuity in the monofocal intraocular lens group was
1.24 ± 1.89 and 0.07 ± 0.04 before and after
surgery, respectively, (P = 0.00) and in the PanOptix
group was 0.79 ± 1.08 and 0.00 ± 0.00 before
and after surgery, respectively (P = 0.00). The
mean scores of the Persian-version-VFQ-25 in the
monofocal and PanOptix intraocular lens groups
before and after the cataract surgery are presented
in Tables 1 and 2.
The mean scores of near vision and driving

references in both groups are presented in Graph 1.
The driving reference is evaluated in the categories
of day and nighttime driving and vision in driving in
adverse conditions. Two groups were matched in
the mean scores of near vision driving references
before surgery (P > 0.05). The differences in
the references of near vision, nighttime driving,
and vision in driving in adverse conditions were
statistically significant between the two groups (P
= 0.001).
There were no intra- or postoperative

complications or adverse effects in the study
population in the two groups.

DISCUSSION

Nowadays, cataract surgery has the potential to
provide excellent visual rehabilitation for all of the
far, intermediate, and near distances by implanting
multifocal intraocular lenses. However, monofocal
intraocular lenses are still the most commonly
used types of intraocular lenses across the world.

Multifocal intraocular lenses have the potential
to provide spectacle independency for pan-
distances while they may increase the possibility
of minor photic phenomena occurring due to
their optical designs. Previous clinical evaluations
revealed that a high level of visual acuity and
contrast sensitivity after multifocal intraocular lens
implantation is obtainable. However, the mesopic
contrast sensitivity in patients with multifocal
intraocular lenses has been reported to be less
than monofocal.[16] In the current study using the
Persian-version-VFQ-25, we evaluated the state of
improvement that cataract surgery by implanting
monofocal and multifocal (PanOptix) intraocular
lenses may bring about in the patients’ quality of
life.
Our data analysis shows that the vision-

related quality of life improved to an excellent
level after cataract surgery with either type
of monofocal or PanOptix intraocular lenses.
For both groups, the mean score values in all
dimensions were approximately >90, except for
the driving reference in the PanOptix group (=75)
that is discussed thoroughly in the paragraphs
below. The prominent improvements observed
in the dimensions of general and mental health,
social function, dependency, and role limitation
reveal that cataract surgery with either type
of intraocular lenses improves both vision and
sense of well-being. Cataract surgery with either
lenses reduces the patients’ stress level, and
improves the patients’ social relationships and
activities. Our results are in agreement with the
results of previous studies.[11, 13, 14, 21] Akman et
al[13]utilized the VF-14 quality-of-life questionnaire
and evaluated the vision-related quality of life in
48 patients after PanOptix implantation. Similarly,
they reported an overall high level of satisfaction
and a high quality of life among these patients. In
another study, Carneros-Llorente et al[11] compared
the visual acuity, contrast sensitivity, and quality
of life scores among three trifocal designs. They
reported high satisfaction levels with all of the
designs and a slightly improved intermediate
vision with PanOptix. Hamidi et al[21] reported
highly satisfactory results with the toric PanOptix
intraocular lens model in the eyes with longer or
shorter axial length.
The novelty of the PanOptix intraocular lens

is the provision of clear images at near and
intermediate distances. Since the PanOptix group
obtained the maximum score in the “near &
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Table 1. Vison-related quality of life in patients with monofocal intraocular lens

Mean ± Std.
Deviation N = 58

Mean ± Std.
Deviation N = 58

P-value

General health 47.84 ± 17.69 100.00 ± 0.00 0.001

General vision 54.31 ± 14.91 88.91 ± 12.47 0.001

Peripheral vision 50.43 ± 12.81 100.00 ± 0.00 0.001

Color vision 65.08 ± 12.33 100.00 ± 0.00 0.001

Mental health 77.58 ± 7.68 100.00 ± 0.00 0.001

Ocular pain 71.87 ± 15.23 88.36 ± 8.06 .001

Near vision 46.83 ± 10.56 89.94 ± 4.87 0.001

Distance vision 55.02 ± 7.47 100.00 ± 0.00 0.001

Social function 70.47 ± 13.18 100.00 ± 0.00 0.001

Role limitation 86.63 ± 8.71 100.00 ± 0.00 0.001

Dependency 91.66 ± 6.24 100.00 ± 0.00 0.001

Driving 47.27 ± 15.48 98.27 ± 4.05 0.001

Total Score 63.69 ± 4.95 98.08 ± 0.70 0.001

Table 2. Vison-related quality of life in patients with PanOptix intraocular lens

Mean ± Std. Deviation
(before) N = 33

Mean ± Std. Deviation
(after) N = 33

P-value

General health 74.24 ± 14.63 96.96 ± 8.28 0.001

General vision 69.69 ± 14.99 93.18 ± 11.30 0.001

Peripheral vision 64.39 ± 12.54 94.69 ± 10.37 0.001

Color vision 100.00 ± 0.00 100.00 ± 0.00 >0.99
Mental health 69.69 ± 14.58 89.77 ± 9.08 0.001

Ocular pain 94.50 ± 6.00 100.00 ± 0.00 0.01

Near vision 51.01 ± 9.02 100.00 ± 0.00 0.001

Distance vision 77.02 ± 12.50 100.00 ± 0.00 0.001

Social function 88.25 ± 10.33 96.59 ± 3.16 0.001

Role limitation 68.56 ± 20.99 100.00 ± 0.00 0.001

Dependency 69.69 ±17.77 100.00 ± 0.00 0.001

Driving 44.08 ± 21.10 77.15 ± 3.70 0.001

Total 72.15 ± 9.66 95.70 ± 1.30 0.001

intermediate fine works” category, it is evident that
the PanOptix design from the patients’ viewpoint
was very successful in achieving its aim. Although
patients with a monofocal intraocular lens may
take advantage of near glasses and obtain a good
score the spectacle independency that PanOptix
provides has resulted in a prominently higher score

in these patients. Our results are in agreement with
the results of previous studies.[22–24] Chichester
et al reported spectacle independence in 90%
of patients with trifocal intraocular lenses, and
all patients stated that they would be willing to
repeat surgery with the same intraocular lens
type.[22] Akman et al[13]reported no difficulty
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Figure 1. A comparison between monofocal and PanOptix intraocular lenses.

in near activities such as reading books and
phone numbers, writing checks, performing
computer tasks, wearing make-up, and cooking
with PanOptix. However, they reported a little
difficulty in reading very small print sizes and
sewing. Rementería-Capelo et al[15] reported
high scores in near activities such as reading
newspapers, viewing prices on goods, and doing
handcrafts.
Our findings revealed that nighttime driving and

driving in adverse conditions had a moderate
improvement in the PanOptix group. Albeit the
daytime driving reached the maximum level of
improvement in this group. We relate that to the
diffractive design of the PanOptix lens and the
light halos that appears in the field.[16, 25] Trifocal
PanOptix intraocular lens provides three images
simultaneously, so in poor lighting conditions, the

multiple images’ shadows disturb the vision. It
seems that the effect of shadows is significant in
nighttime driving and is reflected in the patient’s
reported outcome. Moreover, the higher-order
aberrations amount increases at nights due to
the larger pupil size, that superimposes the
previous problems of halos and glare with this
design. Although the results of our study were
in agreement with previous studies,[12, 13] it has
been reported that as a result of neural adaptation
this problem described above decreases with
time.[26] Previous studies revealed that resolving
the remaining uncorrected refractive errors with
wavefront-guided lasers in situ keratomileuses
can prominently enhance the satisfaction level
of patients after multifocal lens implantation.[27]
Moreover, performing the incision after the corneal
steep axis in surgery results in astigmatism
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reduction in the corneal, <1D power. Consequently,
this consideration with PanOptix design improves
the quality of vision and the satisfaction of the
patients.[28]
As expected, postoperative uncorrected visual

acuity prominently improved after cataract surgery
with both lens types and no adverse effects were
observed in both groups. Previous studies revealed
that presurgical visual acuity should not be
considered as the only indicator when performing
cataract surgery. Rather, vision-related quality of
life measurements with validated questionnaires
is recommended as a necessary additional tool
for making decisions about surgery.[29] These
tools are necessary because there might be high
visual demands present in some patients’ lifestyles
where even early stage cataract can profoundly
degrade their quality of life and vision satisfaction.
In choosing the intraocular lens design patients
who are more demanding and are perfectionists
may request multifocal lenses while the more
easygoing patients may choose the traditional
design. Therefore, the personality of the patient
itself may affect postoperative acceptance. In our
study, we observed increased satisfaction from
patients in near vision with PanOptix. However,
if the traditional group were served by PanOptix,
this resultant satisfaction may not be obtained,
as PanOptix intraocular lens requires making an
adjustment for the near vison which easygoing
patients may find inconvenient.
The strength of our study was utilizing

the Persian-version VFQ-25 as a validated
questionnaire which is widely used in cataract
evaluations[14, 19, 20] in global populations.[30–32]
Thus, it makes comparisons in future studies
more convenient than using self-designed
questionnaires. The study’s limitation was the
short follow-up time. A longer follow-up period is
recommended when considering the probability
of neural adaptation in evaluating the state of
nighttime driving after PanOptix intraocular lens
implantation. Another limitation was not measuring
and comparing the contrast sensitivity between
the two groups. In addition, our study does not
cover the high myopic and extremely hyperopic
eyes. Previous studies show satisfactory clinical
outcomes in such cases, however less successful
results when compared to patients with more
normal refractive errors.[33, 34] Therefore, in order
to properly address these limitations that exist,
more resources are required in determining the

patients’ vision satisfaction and reported outcomes
in such cases.
In conclusion, we discovered that in all aspects

of life both monofocal and PanOptix intraocular
lens provide patients with a substantial level of
vision-related quality of life and visual satisfaction.
The monofocal intraocular lenses enhanced
the vision of the patient during nighttime
driving as compared to that of the PanOptix
multifocal intraocular lens. In addition, the
PanOptix intraocular lens improved the quality
of the vision of the patients in the near and
intermediate categories as a result of its optical
design. Therefore, it is recommended in order
to adequately assess choosing the suitable
option it is mandatory to consider the patient’s
visual demand prior to the cataract surgery and
inform the patient about the probability of visual
dissatisfaction occurring with nighttime driving if
multifocal intraocular lenses are the chosen option.
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Abstract
Purpose: To investigate the association between the time of occurrence of intraocular
pressure (IOP) peaks during thewater-drinking test (WDT) and visual field damage in a cohort
of primary open-angle glaucoma (POAG) patients.
Methods: In this retrospective, cross-sectional study, 98 eyes from 49 consecutive POAG
patients were followed in a referral clinical practice. The relationship between the time when
IOP peaks occurred during the WDT and the visual field mean deviation (MD) assessed with
24-2 visual field was tested with mixed-effects models.
Results: MD value was significantly associated with the time of IOP peak occurrence (P =
0.020) when adjusting for the number of medications, but not with the IOP peak values (P =
0.238).
Conclusion: The time of IOP peaks occurrence during the WDT was associated with
glaucoma severity among treated POAG patients.
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INTRODUCTION

Provocative tests have been widely employed
in medicine to assess changes in physiological
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systems when stressed under strenuous
conditions. For instance, coronary ischemia,
not usually noted in physiologic conditions, may
become evident when the subject undergoes a
treadmill provocative test or following intravenous
pharmacological stimulation. Depending on the
magnitude of the change, treatment may be
required to prevent long-term complications.
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Similarly, the water-drinking test (WDT) is a
stress test used to assess intraocular pressure
(IOP) behavior and indirectly evaluate the outflow
facility of the eye.[1] Glaucoma progression in
patients whose IOP is apparently well-controlled
during clinic visits maintain a challenge. A
satisfactory correlation between clinic-based
IOP measurements and mean circadian IOP have
been shown, even though not predictive of the
peak IOP.[2] In fact, more than 70% of IOP peaks
occur at night or in the early morning hours.[3–6]
However, monitoring IOP 24 hr is not practical in
routine glaucoma practice. Diurnal tension curves
(DTC) misses IOP peaks occurring overnight.[7] The
WDT is a reliable and feasible means to estimate
peak IOP.
While many glaucomatous eyes may have

seemingly controlled IOP during office hours or
usual steady-state conditions, IOP peaks triggered
by this test may reveal pressure measurements
inconsistent with controlled disease and which
could yield to disease progression in the long
run. In fact, the peak IOP elicited during the
WDT has been shown to correlate with the IOP
peak that occurs during the day[8–12] and is highly
reproducible.[9, 13, 14] More importantly, it has been
shown to be associated with the risk of visual
field (VF) progression of glaucoma and disease
severity.[15–18] Recently, it has also been suggested
that the WDT could be used to evaluate retinal
ganglion cell function and hence have potential
application for risk assessment.[18] In addition,
the WDT is an indicator of treatment efficacy,
assessing the effect of hypotensive drugs as well
as surgeries.[9, 19–22]
The mechanism of IOP elevation remains

unclear, but there are some postulates, such
as limited outflow facility, increased episcleral
venous pressure (EVP), increased IOP mediated
by the autonomic nervous system, and choroidal
expansion.[23–25] Eyes with lower outflow facility
should experience higher IOP peaks after ingestion
of water than eyes with normal outflow function,
thus being a surrogate measure of the outflow
system of the eye and its ability to respond to
transient IOP elevation.[26] The time interval in
which peak IOP occurs after the ingestion of water
can also be related to the ability of the drainage
system to maintain IOP homeostasis. Eyes with
worse outflow facility may experience continued
IOP rise during the WDT, and as so, later IOP peaks
than eyes with better outflow facility.

This study aims to investigate the association
between severity of glaucomatous VF loss, the
magnitude, and the time of IOP peaks during the
WDT in a group of treated primary open-angle
glaucoma (POAG) patients.

METHODS

This retrospective, cross-sectional study included
98 eyes from 49 consecutive POAG patients
followed in a referral glaucoma center. The study
protocol adhered to the tenets of the Declaration
of Helsinki[27] and was approved by the committee
of ethics. Informed consent for the research was
obtained fromall the patients. Consecutive patients
that met the inclusion and exclusion criteria were
selected for the present study.
A review of medical history, IOP measurement

with Goldmann applanation tonometry,
best-corrected visual acuity, and slit-lamp
biomicroscopy was performed in these patients.
Patients were included if they had a glaucomatous
appearing optic disc during disc photograph
evaluation defined by a senior glaucoma specialist
associated with glaucomatous VF loss on 24-
2 standard automated perimetry. VF loss was
defined according to the modified Anderson’s
criteria. These results were confirmed on at least
two consecutive examinations.
Included eyes had a best-corrected visual acuity

of at least 20/40, spherical refraction better than
±5.00 diopters, and cylinder correction within
3.00 diopters. We excluded participants with non-
glaucomatous optic neuropathy, closed or narrow
angle assessed by gonioscopic examination,
retinal disease, secondary glaucoma, or any
other abnormality that could interfere with VF
testing. None of the patients had undergone
trabeculectomy or laser trabeculoplasty and none
had cataract surgery within the last six months
before enrollment.
The water-drinking test (WDT) consists of

one baseline IOP measurement, followed by
ingestion of 800 mL of water in 5 min and
three more IOP measurements taken at 15-min
intervals.[28] All participants were required to stop
liquid ingestion 2 hr before the test. Intraocular
pressure measurements were performed with a
Goldmann applanation tonometer (Haag-Streit,
GmbH, Switzerland). The maximum value of the
three measurements was considered as the IOP
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Table 1. Baseline characteristics

Variables Data

Number of eyes 98

Age 60 ±12 (range: 33–95)
Race Caucasian Asian 88% 12%

Sex Female Male 54% 46%

Number of medications of 2 ± 1 (range: 0–5)

Latanoprost use 76 (77.5%)

Mean baseline MD –8.23 ± 7.94 dB (range: –31.19 to 2.38 dB)

Mean baseline IOP 14 ± 3 mmHg (range: 8 to 22 mmHg)

Mean peak IOP 18 ± 4 mmHg (range: 10 to 30 mmHg)

∗Presented mean ± standard deviation, calculated using summary statistics. MD, mean deviation; IOP, intraocular pressure

Table 2. Distribution of number of eyes, mean MD, and mean IOP peak value of eyes according to the time of IOP peak in the
WDT

Time of IOP peak Number of eyes MD value (dB)† IOP peak (mmHg)†

15 20 (20.4%) –4.36 ± 5.51 17 ± 4

30 42 (42.9%) –9.35 ± 7.98 19 ± 3

45 36 (36.7%) –9.13 ± 8.56 19 ± 5

†Presented as mean ± standard deviation, calculated using summary statistics. MD, mean deviation; IOP, intraocular pressure;
WDT, water-drinking test.

peak during the WDT.[9] The time of the peak
was defined as the time when the maximum
IOP was measured. To minimize the effect of the
IOP circadian rhythm, all WDT were performed
between 4:00 PM and 5:00 PM.
Standard achromatic perimetry was performed

with the Humphrey VF Analyzer (24-2 SITA-
Standard; Carl Zeiss Meditec Inc., Dublin, CA). All
patients underwent VF testing and reliable exams
(<20% fixation losses, <33% false-positive and
false-negative rates) were analyzed. Visual field
tests and WDT were performed up to four months
apart.

Statistical Analyses

Statistical comparisons were performed between
patients with mixed-effects models, which
considers the correlation between both eyes
of the same patient.
Statistical analysis was performed using Stata

Version 14 (StataCorp LP, College Station, TX).
Statistical significance was reached at P < 5%.

RESULTS

Ninety-eight eyes from 49 POAG patients
were analyzed. The mean age of patients
was 60 ± 12 years (range, 33–95) and 54%
were women. Patients were on a mean of 2
± 1 (range, 0–5) IOP lowering medications.
The mean of mean deviation values (MD) was
–8.23 ± 7.94 dB (range, –31.19 to 2.38 dB).
Baseline characteristics are described in Table
1.
Table 2 depicts the distribution of the number

of eyes, mean MD values (dB), and mean IOP peak
according to the time point of the WDT in which the
IOP peak occurred. The mean IOP peak and the
mean MD values (17 ± 4 mmHg and 4.36 ± 5.51
dB, respectively) were lower at 15 min compared to
30 min (19 ± 3 mmHg and –9.35 ± 7.98 dB) and
45 min (19 ± 5 mmHg and –9.13 ± 8.56 dB) in the
WDT.
The box plot of the distribution of MD

value in each time IOP peak occurrence
(Figure 1) shows lower MD values in the later
time points (30 and 45 min) compared to 15
min.
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Table 3. Results of the mixed model evaluating the association between the MD and time of IOP peak, IOP peak value, and
number of medications.

Parameter Coefficient 95% CI P-value

Time of IOP peak –0.155 –0.284 to –0.025 0.020

Peak value – 0.237 –0.630 to 0.156 0.238

Number of medications –1.137 –2.899 to 0.625 0.206

Constant 3.859 –4.691 to 12.411 0.376

†Calculated using mixed effect model. CI, confidence interval

Figure 1. Distribution of mean deviation value at each time point of the WDT. †Boxplot depicting the MD distribution. MD, mean
deviation; IOP, intraocular pressure; WDT, water-drinking test; min, minutes.

Separate multivariable models showed a
statistically significant relationship between the
time of IOP peak and MD values (P = 0.010)
adjusting for number of medications. However,
peak value was not associated with MD values
when adjusting for number of medications (P =
0.117).

The results of the mixed-effect model relating
MD values to the time of IOP peak, IOP peak
value, and number of medications together
are presented in Table 3. Eyes with more
damage in VFs had later IOP peaks during
WDT (P = 0.020). Neither number of medications
nor IOP peak value were significantly related
to MD values (P = 0.238 and P = 0.206,
respectively).

DISCUSSION

Intraocular pressure peak is a key risk factor for
glaucoma progression.[29–31] To better investigate
other parameters obtained from the WDT, we
tested whether the IOP peak time was related
to the level of glaucomatous functional damage,
which might reflect the eye’s outflow system status
of a given eye. Therefore, it is expected that in
eyes with worse outflow facility, IOP elevation may
remain rising for longer time, leading to later IOP
peaks during the WDT.
Razeghinejad et al[32] investigated the effect of

WDT after tube shunt surgery and trabeculectomy
and showed that 30 min after the WDT, IOP in the
trabeculectomy group initiated to decline, whereas
for the tube shunt group it remained increasing
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up to 60 min, which might have implications on
tubes’ efficacy in advanced glaucoma patients.
Additionally, Waisbourd et al[22] investigated the
effect of the WDT on the IOP of patients with
angle-closure glaucoma and demonstrated that
after peripheral iridotomy was performed, patients
had a more pronounced IOP recovery, probably
due to an increased trabecular meshwork area
exposure following treatment. This corroborates
the reasoning that eyes with impaired outflow have
different time responses during the WDT.
We found that the time duringWDT of IOP peaks’

occurrence was associated with glaucoma severity
in a population with treated POAG. Specifically,
eyes with more severe disease had a later IOP
peak than eyes with less severe disease (P =
0.020). In other words, eyes with later IOP peaks
experienced continued IOP rise during the WDT
until the maximum IOP was reached (IOP peak)
and as so, a longer period of IOP elevation than
eyes with earlier IOP peaks, possibly reflecting a
better ability of these eyes to handle transient IOP
elevation.
Accordantly, De Moraes et al[33] showed that

the number of long peaks assessed with contact
lens sensor (CLS) was the best predictors of faster
progression in treated glaucoma patients.[33]
In contrast with results found by other

authors,[15–17] there was no association between
peak IOP value and MD (P = 0.238) in our study.
Probably because patients were under treatment
based on physician’s discretion, which was
adjusted to reduce IOP peaks elicited by the
WDT. Therefore, patients showing more advanced
glaucoma were likely prone to receive aggressive
therapy in both eyes to achieve lower target IOP
peaks.
One limitation is that this was a retrospective

study. In order to reduce selection bias, we
consecutively selected patients from a cohort in
which all patients had routinely been submitted to
the WDT.
Further prospective studies evaluating these

WDT parameters, preferably with patients free
of topical treatment, should be done to better
understand the relationship between the peak time
and VF defect.
In conclusion, this study demonstrated that the

time of occurrence of IOP peak measured with
the WDT was associated with glaucoma severity
and might be an additional tool to evaluate
glaucomatous patients.
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Abstract

Purpose: To evaluate the diagnostic test properties of the Palm Scan VF2000®
Virtual Reality Visual Field Analyzer for diagnosis and classification of the severity
of glaucoma.
Methods: This study was a prospective cross-sectional analysis of 166 eyes from
97 participants. All of them were examined by the Humphrey® Field Analyzer
(used as the gold standard) and the Palm Scan VF 2000® Virtual Reality Visual
Field Analyzer on the same day by the same examiner. We estimated the kappa
statistic (including 95% confidence interval [CI]) as a measure of agreement
between these twomethods. The diagnostic test properties were assessed using
sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV).
Results: The sensitivity, specificity, PPV, and NPV for the Virtual Reality Visual
Field Analyzer for the classification of individuals as glaucoma/non-glaucoma
was 100%. The general agreement for the classification of glaucoma between
these two instruments was 0.63 (95% CI: 0.56-0.78). The agreement for mild
glaucoma was 0.76 (95% CI: 0.61-0.92), for moderate glaucoma was 0.37 (0.14-
0.60), and for severe glaucoma was 0.70 (95% CI: 0.55-0.85). About 28% of
moderate glaucoma cases were misclassified as mild and 17% were misclassified
as severe by the virtual reality visual field analyzer. Furthermore, 20% of severe
cases were misclassified as moderate by this instrument.
Conclusion: The instrument is 100% sensitive and specific in detection of
glaucoma. However, among patients with glaucoma, there is a relatively high
proportion of misclassification of severity of glaucoma. Thus, although useful for
screening of glaucoma, it cannot replace the Humphrey® Field Analyzer for the
clinical management in its current form.
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INTRODUCTION

Glaucoma, the second most common cause of
vision loss in the world, is an important cause
of blindness in India.[1–3] About 6.48 million
people were estimated to have primary open-
angle glaucoma in India.[3] It may be rightly
termed as “the silent disease”, as it causes
bilateral, painless, and progressive vision loss.[4]
One of the instruments used for the diagnosis
and management of glaucoma, the Humphrey®
Field Analyzer (Zeiss/USA) (HFA), is an automated
perimeter and is well-known to ophthalmologists
and optometrists. It is considered to be accurate,
reliable, and a trusted method to detect the
visual field defects of patients.[5] However, like
other devices, HFA also has certain disadvantages
and limitations. It is big and bulky, non-portable,
demands a dark room, time-consuming, and may
be difficult for patients with neck problems, old
age, children, or those with any disability where
it is difficult to keep their heads in a fixed slot to
maintain good fixation.[6]

The Palm Scan VF2000® (MMD/USA) is a virtual
reality (VR)-based visual field analyzer developed
to measure the patient’s visual field defect. It is
a battery-operated portable device. The VF2000
consists of a system with three main sections
connected to each other by a wireless mechanism.
These three major components are: (1) the VR
goggles worn by the patients; (2) the controller
device operated by the healthcare staff who sets
the testing strategy, technical parameters, and
monitors the entire test; and (3) the clicker, which
will be clicked by the patient when visualizing the
stimulus.[6] There is a classic perimeter bowl in
HFA whereas the Palm Scan VF 2000® VR Visual
Field Analyzer has VR goggles. However, the VR
perimetry has algorithms in place to make the
stimuli appear on the retina as if they have been
projected from the classic perimeter bowl.[7] The
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entire VR perimetry system fits in a small portable
unit and it does not require a dedicated dark room
or the fellow eye to be occluded. Furthermore, the
VF2000 perimeter may be a more practical device
for examining the visual fields in children, as well as
in patients who are unable to perform HFA testing
such as those with disabilities, those in nursing
homes, and those who are hospitalized.[7]
Although, there are apparent advantages of

the VF2000, it is also important to evaluate
its accuracy in diagnosis and classification of
glaucoma. Previous studies have shown that there
is a correlation between the tablet-based visual
field assessment and HFA; however, they have not
discussed the performance of these instruments in
the classification of the severity of glaucoma.[7, 8]
With this background, we designed the present
study to evaluate the diagnostic test properties of
the Palm Scan VF2000® VR visual field analyzer
for the diagnosis of glaucoma and the classification
of the severity of glaucoma. We compared the
agreement for diagnosis and classification of
glaucoma between VR perimetry and HFA.

METHODS

The present study was a prospective cross-
sectional analysis of 166 eyes from 97 participants.

Study Site

The study was conducted at the Laxmi Eye
Hospital, a tertiary eye care center situated at a
distance of about 50 km from Mumbai, India. The
study was approved by the Ethics Committee at LEI
for primary data analysis.

Study Population

We recruited 97 consenting patients who
presented to the center. Of these, 57 individuals
(86 eyes) had glaucoma and 40 (80 eyes) did
not. The inclusion criteria for the glaucoma group
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were: (1) aged between 20 and 65 years; (2)
those classified as glaucoma based on the
Anderson criteria[9] – three non-edge points on the
pattern deviation map, pattern standard deviation
(PSD), and glaucoma hemifield test along with an
intraocular pressure (IOP) of ≥20; and (3) those
consenting for the study. The inclusion criteria for
the non-glaucoma group were: (1) aged between
20 and 65 years; (2) those who were negative for
all three parameters in the aforementioned criteria
with an IOP of <20; and (3) those consenting for
the study. The exclusion criteria were: (1) those with
visual acuity <6/60 and (2) any other coexisting
ocular comorbidities that are likely to affect the
test like corneal or macular pathology (such as
any corneal opacity or any macular scar). We used
the following reliability indices for glaucoma cases:
fixation losses (0.2); the fraction was converted to a
decimal number form; <20% for false-positive and
false-negative errors.

Study Procedures

All the study participants were examined with the
HFA (Zeiss/USA) and the VF 2000® VR Visual Field
Analyzer (MMD/USA) on the same day by the same
examiner. We had performed perimetry on all these
patients previously at least twice using the HFA;
the criteria for fixation losses, false positive, and
false negative were based on the acceptable and
standard cut-off values.
HFA (Zeiss/USA): The participant sat in a

comfortable (rested forehead and chin) position in
front of the HFA (Zeiss/USA) bowl in a semi-dark
room. The patient was told to look at the central
fixation target and click the buzzer whenever
the light stimulus was visualized. The lens power
and type were provided by the HFA (Zeiss/USA)
analyzer in patients with refractive errors. In these
cases, wire-rimmed full aperture lenses were used.
We tested one eye at a time and the eye which
was not being tested was occluded with a patch.
We used the Swedish Interactive Thresholding
Algorithm (SITA) Standard 24-2 for these cases.
Palm Scan VF2000® Virtual reality (VR) Visual

Field Analyzer (MMD/USA): Participants wore the
VR glasses; these glasses are fitted with a strap
and adjusted to avoid any tilt. The participant
was told to look at the central fixation target and
click the buzzer whenever the light stimulus was
visualized. The examiner adjusted the focus using

two rotating knobs present on the instrument; this
was to correct the refractive errors. The Palm Scan
VF 2000® VR Visual Field Analyzer (MMD/USA)
has an occluder within the system. Thus, even
though the eyes were tested alternatively, no
external occlusion patch is required [Figure 1a]. All
participants underwent the HFA test followed by
the Palm Scan VF2000® VR Visual Field Analyzer.
They were given a rest of 1 hr at least between the
tests on these two machines.
We used the central 24-2 threshold test with a

stimulus size of three and a presentation time of
200ms for both these perimeters. The background
illumination was 31.5 apostilb for HFA (Zeiss/USA)
and 36 decibels for Palm Scan VF 2000® VR
Visual Field Analyzer (MMD/USA). The software
measured fixation losses by the Heijl–Krakau blind
spot method. The false positives were events in
which the participant responded only to audible
stimulus (not visual stimulus) and false negatives
were events in which participant failed to respond
to supra threshold stimuli.[10]

For each test type, we extracted the following
data; Mean Deviation (MD), Pattern Standard
Deviation (PSD), and Visual Field Index (VFI). Those
with an MD of <6 were classified as mild, with 2–
12 as moderate, and with values >12 as severe
glaucoma; this categorization was done according
to the Hoddap Classification.[11]

Statistical Analysis

Data were entered in MS Excel (©Microsoft, USA)
and analyzed using Stata Version 15.1 (©StataCorp,
College Station, Texas, USA). We estimated the
means and standard deviation (SD) or median and
interquartile range (IQR) for continuous variables,
and proportions for categorical variables. The
means were compared using t-tests and the
medians were compared using the Mann–Whitney
test. The proportionswere compared using theChi-
square test or Fisher’s exact test for low expected
cell counts.
We estimated the kappa statistic and its 95%

confidence interval (CI) as a measure of agreement
between the two methods. The diagnostic test
properties of Palm Scan VF 2000® VR Visual
Field Analyzer (MMD/USA) was assessed using
sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV); HFA
(Zeiss/USA) was considered as the gold standard
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Figure 1. Figure showing the use of the instrument in a participant.

for this analysis. The following analyses were
done: (1) comparison of glaucomatous versus non-
glaucomatous eyes and (2) severity of glaucoma
(mild/moderate/severe) in eyes that were classified
as glaucomatous.
We used intraclass correlation coefficient (ICC)

as a measure of reliability for continuous variables
(MD, PSD, and VFI). These paired values were
also visualized using the Bland Altman Plot. A
p-value of < 0.05 was considered statistically
significant.
All procedures performed in studies involving

human participants were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki Declaration and its later amendments or
comparable ethical standards.

RESULTS

The mean age (SD) of individuals was 51.3 (14.9)
years. About 62% of participants in the study
were males and 38% were females. Of the
86 glaucomatous eyes, 22 (26%) had mild, 18
(21%) had moderate, and 46 (53%) had severe
glaucoma (based on the gold standard – HFA
[Zeiss/USA]).

Comparison of Glaucomatous and Non-
glaucomatous Eyes

In these analyses, the agreement between Palm
Scan VF 2000® VR Visual Field Analyzer and HFA
for diagnosis of glaucoma was 1.00 (95% CI: 1.00-
1.00). According to Palm Scan VF 2000® VR Visual
Field Analyzer, the proportion for true positives and
true negatives was 100% respectively. Thus, the
sensitivity and specificity for Palm Scan VF 2000®
VR Visual Field Analyzer for classifying individuals
as glaucoma/non-glaucoma was 100%. The PPV
and NPV were both 100%.

Glaucomatous Eyes

We initially classified these individuals into mild
vs moderate/severe glaucoma. The true positive
proportion formoderate/severe glaucomawas 92%
and the true negative proportion was 86%. Thus,
sensitivity and specificity of Palm Scan VF 2000®
VR Visual Field Analyzer for the detection of
moderate/severe glaucoma was 92.2% and 86.4%,
respectively. The PPV was 95.2% and the NPV was
79.2%. Detailed estimates and their 95% CI are
presented in Table 1.
We also classified the eyes mild/moderate vs

severe glaucoma. The true positive proportion
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a)

b)

c)

Figure 2. a) Bland Altman plot of the mean deviation values from both the instruments, b) Bland Altman plot of the pattern standard
deviation values from both the instruments, c) Bland Altman plot of Visual Field Index values from both the instruments.

for mild/moderate glaucoma was 90% and the
true negative proportion for severe was 80%. The
sensitivity of Palm Scan VF 2000® VR Visual
Field Analyzer for identification of mild/moderate
glaucoma was 90.0%, and the specificity was
80.4%. The PPV was 80% and the NPV was
90.2%. We have presented all the diagnostic test
properties (estimates and 95% CI) in Table 1.

We also tested the kappa agreement between
these two instruments for severity of glaucoma.
The overall agreement for severity of glaucoma
between these two instruments was 0.63 (95%
CI: 0.56-0.78). We have presented kappa values
and their 95% CI in Table 2. For classification of
glaucoma as moderate or severe, the kappa value
was 0.43 (95% CI: 0.22-0.65). The agreement was
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Table 1. Table showing the diagnostic test properties (including the Area Under the Curve) of the Palm Scan VF2000® Virtual
Reality Visual Field Analyzer in 166 eyes.

Estimate 95% Confidence Intervals

Glaucoma vs non-glaucoma

Sensitivity 100% 95.7%-100%

Specificity 100% 95.5%-100%

Positive Predictive Value 100% 95.7%-100%

Negative Predictive Value 100% 95.5%-100%

ROC Area Under the Curve 1.00 1.00-1.00

Type of glaucoma

Mild/moderate vs severe

Sensitivity 80.4% 66.1%-90.6%

Specificity 90.0% 76.3%-97.2%

Positive Predictive Value 90.2% 76.9%-97.3%

Negative Predictive Value 80.0% 65.4%-90.4%

ROC Area Under the Curve 0.85 0.78-0.93

Mild vs moderate/severe

Sensitivity 92.2% 82.7%-97.4%

Specificity 86.4% 65.1%-97.1%

Positive Predictive Value 95.2% 86.5%-99.0%

Negative Predictive Value 79.2% 57.8%-92.9%

ROC Area Under the Curve 0.89 0.81-0.97

Table 2. Table showing the kappa agreement and 95% confidence intervals between Palm Scan VF2000® Virtual Reality Visual
Field Analyzer and Humphrey Field Analyzer

Kappa estimate 95% Confidence Intervals

Glaucoma vs non-glaucoma 1.00 1.00-1.00

Classification of glaucoma

Mild glaucoma 0.76 0.61-0.92

Moderate glaucoma 0.37 0.14-0.60

Severe glaucoma 0.70 0.55-0.85

Group of glaucoma included

Mild or moderate 0.49 0.20-0.78

Moderate or severe 0.43 0.22-0.65

Mild or severe 0.67 0.39-0.95

best for classification of glaucoma asmild or severe
(kappa: 0.67-95%CI: 0.39-0.94) [Table 2]. We found
that the highest proportion of misclassification was
in the moderate group; they were classified as mild
(28%) or severe (17%). Furthermore, about 20% of
severe cases were misclassified as moderate by
the VR Visual Field Analyzer [Table 3].

Other Parameters

The ICC for MD was 0.96 (95% CI: 0.94-0.97), for
PSD was 0.93 (95% CI: 0.92-0.95), and for VFI
was 0.92 (95% CI: 0.90-0.95). The Bland Altman
plots for these three parameters are presented in
Figures 2a–2c. The median (IQR) fixation loss in
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Table 3. Table showing the classification of severity of glaucoma according to Palm Scan VF2000® Virtual Reality Visual Field
Analyzer and Humphrey Field Analyzer in 86 glaucomatous eyes.

Humphrey VR Perimetry Total

Mild Moderate Severe

Mild 1986.36 % 29.09 % 14.55 % 22100 %

Moderate 527.78 % 1055.56 % 316.67 % 18100 %

Severe 00 % 919.57 % 3780.43 % 46100 %

Total 2427.91 % 2124.42 % 4147.67 % 86100 %

χ2 = 72.053; df = 4; Cramer’s V = 0.647; Fisher’s p < 0.001

the HFA group was 0.45 (0-13.3) and in the Palm
Scan VF 2000® VR Visual Field Analyzer group
was 0 (0-18.2); the difference was not statistically
significant (p = 0.89). Similarly, the median (IQR)
difference for false negative responses was not
significantly different in both these methods (HFA
(Zeiss/USA): 0 [0, 6] vs Palm Scan VF 2000® VR
Visual Field Analyzer (MMD/USA): 0 [0, 18]; p =
0.07). However, we found the median (IQR) false
positives were significantly higher in the HFA (0 [0,
2]) compared with that of the Palm Scan VF 2000®
VR Visual Field Analyzer (0 [0, 0]); the difference
was statistically significant (p = 0.0003).

DISCUSSION

This study showed that Palm Scan VF2000® VR
Visual Field Analyzer had a perfect agreement
with HFA for the detection of glaucoma. The
sensitivity and PPV for identifying glaucoma were
100%; however, the sensitivity, specificity, PPV,
and NPV was lower for the severity of glaucoma.
The agreement was best for the classification
of glaucoma as mild or severe; however, the
agreement was not good for classification cut-off
at mild or moderate, and moderate or severe.
Glaucoma may go unnoticed in the early stages

as it starts with loss of peripheral vision. The
patient may not realize the loss and hence may
not seek any medical advice.[12] Hence, it is
important to have screening tools for this disease
so that patients in initial stages can be identified
because in glaucoma, optic nerve damage is
irreversible and it may progress in most cases
without appropriate treatment.[13] As seen in our
study, the VR Visual Field Analyzer had perfect
agreement[14] with the HFA for classification of
eyes as glaucomatous or non-glaucomatous; the

diagnostic test properties were also good. In fact,
the sensitivity and specificity observed in our
study was better compared with that of the optical
coherence tomography (OCT) for classification of
eyes as glaucomatous or non-glaucomatous.[15]
Tpaskis and colleagues, and Mees and coworkers
found an excellent correlation between these two
methods in detecting glaucoma.[7, 16] The main
advantage of the HFA is the current gold standard.
However, the disadvantages are that it cannot be
used in community screenings due to the difficulty
in transportation of the instrument or for patients
who are unable to sit or are immobile (due to any
reason such as post-surgery). The main advantage
of the VR perimetry is that it can be used for
community- and clinic-based screenings. It can also
be used with patients with back pain who have
difficulty to sit for perimetry or those who are
immobile or confined to the bed.[6, 7] However, it
cannot be used to identify the severity of glaucoma
and hence is not very useful in the management of
the condition in the present form.

It has been suggested that due to the
subjectivity in visual filed testing, the variability
in examination recorded is likely to be higher
when the damage is greater.[7, 17, 18] In general,
portable and/or tablet based, or online perimeters
have shown to be reliable and assess the visual
fields fairly accurately,[8, 19–22] however , a recently
published report found that a VR head-mounted
device did not identify the deficits reliably.[16] As
seen in our study, the agreement between these
two instruments was best when the glaucoma was
classified as either mild or severe. Furthermore,
we did find that a large proportion of moderate
glaucoma cases were misclassified as mild. Thus,
the present algorithm is not able to classify the
glaucoma appropriately.
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The study was conducted in a clinic-based
setting; this is a more controlled setting with
better co-operation by patients. Hence, we may
have overestimated some of the diagnostic test
properties. For example, patients who came to the
clinic were more likely to be aware of glaucoma
and its importance for vision. Thus, they are more
likely to adhere to all the instructions during these
tests. This may influence the test results. It will be
appropriate to test the properties of this instrument
in community settings as well. Although, we would
like to suggest the use of this instrument as a
screening tool for glaucoma, a community-based
study will provide additional evidence to this effect.
This study is an important contribution to the

literature. We went beyond the glaucoma/non-
glaucoma differentiation and evaluated the
instrument for classification of glaucoma. We
did find that the instrument in its current form
is able to differentiate between glaucomatous
and non-glaucomatous eyes. However, among
patients with glaucoma, the instrument is not
able to correctly classify the stage of glaucoma.
Particularly, moderate glaucoma is more likely
to be misclassified as mild or severe. Hence, it
cannot replace the HFA in clinical settings in its
current form for the management of glaucoma.
The algorithm needs to be refined to account for
this discrepancy. The instrument may be used in
screening of individuals for the presence/absence
of glaucoma in community settings, health
camps, and clinical practices. It is also useful
for those patients who are unable to come to the
examination room or sit in the examination chair
due to back problems/surgeries, old age, neck
problems, and disabilities. However, based on
the evidence generated from this study, in the
current form, the instrument may only be used as
a screening tool for identification of glaucoma.
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Abstract

Purpose: To compare the clinical, optical coherence tomography (OCT) features, and
surgical outcomes of lamellar macular hole (LMH) depending on the presence of
epimacular membrane proliferation (EMPF).
Methods: This retrospective chart review included 112 eyes with LMH. The patients were
divided into two groups depending on the presence of EMPF. Group 1 had LMH without
EMPF and Group 2 had LMH with EMPF. The best-corrected visual acuity was recorded
and OCT scans were obtained.
Results: Lamellar macular hole without and with EMPF was noted in 62 (55%) and 50
(45%) eyes, respectively. The presence of EMPF was associated with lower presenting
visual acuity (P = 0.049), wider LMH size at the largest diameter on the horizontal scan (P =
0.001), thinner residual retinal tissue (P =<0.0001), and larger IS-OS defects (P =<0.0001)
as compared to the non-EMPF group. Of the 112 eyes, 18 eyes underwent surgery for
LMH. Seven eyes had EMPF and the remaining eleven did not have EMPF. The average
follow-up time for patients post-surgery and under observation was 16.8 and 24.1 weeks,
respectively. A significant improvement in visual acuity was noted in the operated eyes
with no EMPF as compared to the eyes with EMPF (P = 0.008). Worsening visual acuity
(P = 0.021) was noted in eyes with LMH associated with EMPF which did not undergo
surgery. Eyes with LMH and no EMPF, which were not operated on showed a minimal
negative change in visual acuity.
Conclusion: LMH with EMPF showed a higher association with accompanying ellipsoid
zone disruption. Better anatomical and functional outcomeswere achieved in those eyes
that underwent surgery for LMH with no presence of EMPF and ellipsoid zone defect.

Keywords: Epimacular Membrane Proliferation; Full-Thickness Macular Hole; Lamellar Hole
Epithelial Proliferation; Lamellar Macular Hole; Surgery
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INTRODUCTION

Epimacular membrane proliferation (EMPF) was
previously described as a “thick” epiretinal
membrane (ERM) by Witkin et al in 2006, “dense
non-tractional membrane” by Parolini et al in
2011, and then more commonly as the lamellar
hole epithelial proliferation (LHEP) by Pang and
associates in 2014.[1–3] This different type of ERM
seen in cases of lamellar macular holes (LMH)
on high-resolution optical coherence tomography
(OCT) was identified as a homogenous mass
of medium reflectivity lying over the retinal
surface.[3] In 2015, Schumann et al renamed
this phenomenon as “atypical epiretinal tissue”,
because it occurred in conditions other than LMH,
such as in a full-thickness macular hole (FTMH)
condition.[4] The commonly accepted hypothesis
for the formation of LMH is that it arises from
the ERM contraction, which then results in a
tear in the inner retinal layers.[2, 5] During clinical
examination, EMPF is identified as a yellow elastic
jelly lying over the epiretinal surface and commonly
associated with a thick non-contractile ERM. Its
yellowish color is likely due to the xanthophyll
pigment identified in histological analysis.[2, 6]
Despite the absence of a clear mechanism for
EMPF formation, the most likely theory is that it
results from the migration of the retinal Muller
glial cell.[3] The association of the EMPF with
higher rates of ellipsoid disruption and positivity to
pan-keratin created another theory of the retinal
pigment epithelial origin of the disease.[4, 7–10] It
has been reported that patients with EMPF tend
to have lower baseline visual acuities, greater
external MH diameters, thinner residual retinal
tissue, and higher rates of inner segment-outer
segment (IS-OS) band disruption when compared
to non-EMPF eyes.[4, 7, 9] Visual acuity in eyes with
LMH varies from having baseline normal vision to

Correspondence to:

Ramesh Venkatesh, MS. Vitreo Retina consultant,
Narayana Nethralaya Eye Hospital, 121/C, Chord Road,
1st ’R’ Block, Rajaji Nagar, Benguluru 560010, India.
Email: vramesh80@yahoo.com
Received 05-12-2019; Accepted 22-11-2021

Access this article online

Website: https://knepublishing.com/index.php/JOVR

DOI: 10.18502/jovr.v17i1.10169

having lower visual acuities depending upon the
integrity of the ellipsoid zone. A wide variety of
anatomic and visual outcomes has been reported
after the performance of vitrectomy for macular
holes with and without EMPF presence. Marques
et al reported no differences in visual performance
or closure rates between the EMPF group and
non-EMPF group after surgery or in the subset of
patients who did not undergo treatment.[11] One
paper reported a significantly poor visual outcome
for patients with LMH and EMPF after surgery,[6]
while another study showed an increase in area of
EMPF and a decline in the visual function in eyes
who were managed conservatively.[12] The majority
of retinal specialists in the Indian subcontinent tend
to manage the cases of LMH conservatively either
because of underlying ellipsoid layer integrity,
better presenting visual acuity, or associated poor
visual prognosis. Given the variable characteristics
in the physical and structural properties of EMPF,
there are no clear guidelines currently available
regarding patient selection and timing of surgery
in such eyes with LMHs. In addition, to the
best of our knowledge, there is no reported
literature from the Indian subcontinent describing
this clinical entity in these eyes or discussing
the treatment outcomes either from surgery or
through conservative management. In this report,
we intend to analyze the morphological changes
and visual outcomes of the LMH cases that
presented with EMPF, and describe the surgical
outcomes. By comparing the clinical and surgical
data from the LMH cases with and without
EMPF, we intend to appreciate and understand
better the significance of this unique epimacular
proliferation. The objective of this study is also to
make the readers aware of this clinical entity in
clinical/OCT examinations and to encourage them
to understand the relevance and impact it can have
on the final outcome of the disease.

METHODS
This study was approved by Narayana Nethralaya
institutional review board and ethics committee
This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed under the
identical terms.

How to cite this article: Venkatesh R, Pereira A, Jain K, Yadav NK. Structural
and Functional Outcomes of Surgery for Lamellar Macular Holes with or
without Epimacular Proliferations. J Ophthalmic Vis Res 2022;17:42–50.

JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2022 43

https://knepublishing.com/index.php/JOVR


Surgery for Lamellar MH; Venkatesh R

(C-2019/01/003). This retrospective study was
conducted at the retina clinic of a tertiary eye
hospital in Southern India. In this study, a single
observer (RV) reviewed the SD-OCT images
acquired by the Spectralis, Heidelberg machine,
which were saved in the folders labelled as
lamellar macular hole and epiretinal membrane
between the January 2011 and December
2018. The diagnosis of LMH was based on
the updated criteria proposed by the International
Vitreomacular Traction Study Group.[13] According
to the group, LMH is a non-full-thickness
retinal defect seen at the macula. This defect
is characterized by the presence of the following
features on the SD-OCT: (1) an irregular foveal
contour; (2) inner foveal defect; (3) intraretinal
splitting, typically between the outer plexiform
and outer nuclear layers; and (4) presence of a
photoreceptor layer at the base of the hole. The
OCT images were viewed to identify the presence
or absence of EMPF in these eyes. EMPF was
identified on the OCT imaging as a homogenous
material of medium reflectivity arising from the
outer retinal layers, crawling along the walls of the
macular hole and lying on the epiretinal surface.
The eyes were categorized into two groups for
further analysis: (1) LMH with no EMPF and (2) LMH
with EMPF. Demographic data records included
age, gender, laterality, and Snellen visual acuity
(VA) at presentation. Features on OCT which
were recorded included presence of LMH, EMPF,
IS-OS defect, and ERM. The macular hole size
in LMH was measured as the widest horizontal
diameter at the level of the middle retinal layers at
the foveal center. The length of the IS-OS defect
and thickness of residual retinal tissue in LMH
were manually measured at the fovea using the
calipers provided with the software. The LMHs
observed on the OCT were further divided into
tractional or degenerative types based on the
classification proposed by Govetto et al.[14] The
tractional type was characterized by the schitic
separation of neurosensory retina between outer
plexiform and outer nuclear layers with an intact
ellipsoid layer and was associated with tractional
epiretinal membranes and/or vitreomacular
traction at the fovea. The degenerative type
was characterized by the presence of intraretinal
cavitation, non-tractional epiretinal proliferation,
a retinal ”bump” and with an early ellipsoidal
zone defect. In addition, other documented data

included treatment and outcome of surgery for
the LMH, postoperative VA, and anatomic status
of the macular hole. The indications to operate in
the LMH group were visual acuity < 6/12, patient
who complained of metamorphopsia and had a
presence of an epiretinal membrane. In the present
study, we looked at patients with a minimum follow-
up of eight weeks following surgery to analyze the
outcomes. Successful macular hole closure was
defined as the collapse of the excavation between
the outer nuclear and outer plexiform layers while
achieving a normal foveal contour.

Surgical Technique

All the surgeries were performed by a single
surgeon (NKY). A three-port 23- or 25-gauge
pars plana vitrectomy was performed. After core
vitrectomy, intravitreal triamcinolone acetonide
was injected to stain the posterior cortical vitreous
and the posterior vitreous detachment was then
induced. In cases where epimacular membrane
was present, removal was performed. Care was
taken to not forcibly peel the ERM from the edge of
the LMH. A vitrectomy cutter was used to trim and
leave the adherent epiretinal tissue at themargin of
the hole. An attemptwasmade to remove the EMPF
that was lying over the internal limiting membrane
(ILM). A 0.1–0.2 cc of Brilliant Blue Green (BBG) dye
was injected to stain the ILM to facilitate its removal
from the macular area. If the ERM was difficult
to identify, BBG-assisted ILM peeling was done
from outside the ERM-covered area that was not
stained. The ERMwas then removed along with the
ILM. Again, care was taken to not forcibly peel the
ERM/ILM from the edge of the hole. Finally, air–fluid
exchange was done and 15 % perfluoropropane
(C3F8) or 20% Sulphur hexafluoride (SF6) gas
was used for an endotamponade procedure. A
minimum of seven days of prone positioning was
recommended.

Statistical Analysis

Normal distribution of quantitative variables was
checked using the Kolmogorov–Smirnov test.
Snellen’s vision data were converted to logarithm
of minimum angle of resolution (logMAR) vision
for statistical analysis. Categorical variables were
labelled as numerical for easy analysis as in
identification of the IS-OS defects, the ERM, and
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the hole closures. Value 1 indicated presence and
value 0 absence of these findings. Categorical
variables between the two groups were compared
using the Chi-square test. The Mann–Whitney
U-test was used to compare quantitative data
between the two groups. Correlations between
the presence of EMPF and other variables were
determined using the Spearman correlation test.
A correlation (r) value of 0 means no correlation
between the two variables while values closer to
–1 indicate strong negative correlation and values
closer to +1 indicate strong positive correlation. For
the analysis of surgical outcomes, the eyes were
divided into two groups: (1) eyes with EMPF and (2)
eyes without EMPF. Wilcoxon signed-rank test was
applied for the comparison of VA changes in the
two groups. All data were analyzed with GraphPad
Prism software (version 8.1.1). P-values < 0.05 were
considered statistically significant.

RESULTS

During the study period, a total of 112 eyes with
LMHs were included. The number of eyes included
in each group were: (1) Group 1 – Eyes with LMH
and no EMPF (62, 55%); (2) Group 2 – Eyes with
LMH and EMPF (50, 45%).
The comparison of clinical and OCT findings

of patients with lamellar macular hole presenting
with and without EMPF is described in Table 1 and
depicted in Figure 1.
Tractional types of LMH were identified in 25

(22%) eyes, the degenerative types of LMH in 81
(72%) eyes, and mixed variety in 6 (6%) eyes. EMPF
was most commonly seen with the degenerative
type of LMH (45/50, 90%) followed by the mixed
type (5/50, 10%). ERM was absent in eight eyes
with EPMF and LMH. Analysis of presence of EMPF
with different OCT features showed strong positive
correlations with the presence (r = 0.742) and size
(r = 0.743) of IS-OS defects while strong negative
correlation was noted with thickness of the residual
retinal tissue (r = –0.641) present within the MH
[Table 2].
Moreover, 18 of the 112 (16%) cases with LMH

were treated surgically using the pars plana
vitrectomy procedure. The remainder of the cases
were managed conservatively. Of the 18 eyes
which underwent surgery, 7 eyes had EMPF. Table
3 compares the clinical and OCT features of eyes
with and without EMPF that were operated on.

The width of the LMH (p = 0.027), size of the
IS-OS defect (p = 0.002), and residual retinal
tissue thickness (p = 0.000) showed statistically
significant correlation between the two groups. The
average follow-up period for patients post-surgery
was 16.8 weeks. Single surgery hole closure was
achieved in 4 (57%) eyes and 11 (100%) eyes in
cases with and without EMPF, respectively. Of the
remaining three eyes where surgical success was
not achieved due to the development of a full-
thickness macular hole, repeat surgery introducing
a fluid-air exchange and silicone oil/intraocular gas
tamponade was performed in all the eyes. In two
eyes the hole closed while in one eye the hole
remained open despite the second surgery. In the
observation group, 43 of the 94 (46%) eyes, which
were managed by observation, showed EMPF on
the SD-OCT scans. However, by the end of the
final follow-up visit, an additional 16 eyes showed
development of EMPF, thus increasing the number
to 59 (63%) eyes for those who were managed
conservatively. The average follow-up period for
patients under observation was 24.1 weeks.
The mean preoperative visual acuity in eyes with

EMPF and without EMPF was 0.5 (20/63) and 0.592
(20/78) (p = 0.052), respectively. The eyes in the
EMPF group showed a mean decrease of –0.312
logMAR units (p = 0.797) in visual acuity following
surgery while eyes in the non-EMPF group showed
a mean of 0.272 logMAR units’ improvement (p
= 0.008) following surgery. By the end of the
final follow-up visit, a significant decrease in visual
acuity was noted in eyes with LMH and EMPF
who were managed conservatively (p = 0.021).
Eyes with LMH and no EMPF who were managed
conservatively showed a minimal worsening in
visual acuity.
Changes in the visual acuity in the two groups

before and after surgery is described in Table 4.

DISCUSSION

The use of spectral domain OCT has allowed us
to visualize the presence of substantive material
on the epiretinal surface in the LMH and the FTMH
which we describe as EMPF or LHEP as described
by Pang et al.[3] In this article, we studied the clinical
and OCT features and surgical outcomes of LMHs
with and without EMPF.
The findings in this study suggest that in

LMHs, EMPF formation was accompanied by
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ellipsoid layer loss, a wider than normal macular
hole diameter, deep retinal defects, and the
presence of IS-OS defects in large-sized MHs.
The ERM was not present in all the cases of
EMPF. The EMPF was yellowish in color and
connected to the retinal tissue within the hole.
Taken together, these findings suggested that
EMPF could be a secondary event following LMH
formation and is usually accompanied with deep
outer retina involvement. Also, histological studies

have shown absence of the inner retinal tissue
within the epiretinal tissue.[2] Many theories were
proposed for the development of EMPF in LMH;
however, none are conclusive.[3, 4, 10] The findings
of this study reinforce an alternate theory for
the EMPF formation. According to this theory,
EMPF originates secondary to the defects in
the ellipsoid zone which then allows the retinal
pigment epithelial cells to migrate along the walls
of the MH and then onto the retinal surface and
finally leading to EMPF and ERM formation.

The prevalence of EMPF in LMH has ranged from
20.5% to 44% in previous studies.[3, 7, 8, 16] In our
study, EMPF was noted in 44% of eyes with LMH.
This is comparable to that observed with other
studies. EMPF was seen more commonly with the
degenerative variety of LMH (90%) as compared
to the mixed or tractional variety. The presence
of EMPF was associated with lower presenting
visual acuity, larger MH size, thinner residual retinal
tissue, and larger IS-OS defects before operation.
As a result, the visual and anatomical outcomes
following surgery in these eyes were significantly
different from those with no EMPF. Eyes with LMH
with EMPF showed no visual acuity gain following
surgery. Also, successful anatomic closure of the
MH was achieved in only four of the seven (57%)
eyes following surgery compared to that of the
non-EMPF group where the MH closed in all cases
(100%). Similar observations were also noted by
Choi et al and Ko et al where the visual outcomes
in LHEP group was poorer as compared to the eyes
with no LHEP.[7, 16] However, Lai et al reported no
difference in the visual and anatomic outcomes
between the LHEP group and non-LHEP group
following surgery.[8] In their study, the largest mean
diameter on the horizontal scan of the LMH in eyes
with LHEP (98.4 µ) was less than the eyes with no
LHEP (146.9 µ). While in our study, eyes with LMH
with EMPF (1282 µ) hadwider largemean diameters
on the horizontal scan as compared to eyes with no
EMPF (715 µ). Also, the IS-OS defects were much
larger in eyes with EMPF (808 µ) than in eyes with
no EMPF (54.4 µ). This would explain the poor
visual and anatomic outcomes following surgery in
our study.
The recommendations for the surgical repair

of eyes with LMH remain controversial.[15, 16] While
there have been reports with good surgical
outcomes,[17, 18] there have also been reports that
have advised caution with performing vitrectomy
in these cases.[1, 2] In our series, only 18 of the

112 (16%) eyes with LMH underwent surgery. The
rest of the eyes were managed conservatively
through observation. In the observation group, 43
of the 94 (46%) eyes, which were managed by
observation, showed EMPF on the SD-OCT scans,
this category further increased to 63% by the
end of the final follow-up visit. Thus, suggesting
that solely observing such cases may lead to
progression of the outer retinal defects and EMPF
formation, ultimately leading to decrease in vision.
Consequently, we recommend surgery for eyes
with LMH when visual acuity is 6/18 or less, there
is the presence of epiretinal membrane causing
retinal traction, presence of an intact ellipsoid zone,
progression in the size of LMH on follow-up visits
or progression to full-thickness within the macular
hole.
During surgery in cases that possess LMH

with EMPF, it is recommended to peel the
proliferative tissue while peeling the ERM. The
cellular composition of the EMPF may lead to the
recurrence of the ERM formation if not removed
completely. However, aggressive peeling of the
EMPF may lead to the conversion of the LMH to
FTMH as seen in three cases in this study. Care
should be taken to not forcibly pull the ERM from
the edge of the hole. Applying the least amount
of traction as possible may theoretically reduce the
possibility of retinal tissue damage or the formation
of FTMH. In fact, a few studies have reported a
high incidence of FTMH formation after the LHEP
was peeled in surgeries for LMH.[2, 3] Shiraga et al
recommended inversion of the pigment containing
proliferative tissue into the LMH to facilitate
normalization of the foveal contour;[21] however, we
did not practice this technique in any of our cases.
We did a conventional ILM peeling extending from
arcade to arcade in all our cases with the intention
of removing the cellular proliferative tissue where
possible without much damage to the retina. In
some cases, it is sometimes easier to start peeling
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Figure 1. Lamellar macular hole (LMH) with EMPF. (a) Optical coherence tomography (OCT) image of a patient with LMH in right
eye showing the presence of epiretinal proliferative tissue at the margin of the hole (white arrow) with presence of ellipsoid zone
defect (red star). (b) Another OCT scan passing through a different section acquired on the same day demonstrating the extension
of the proliferative tissue (yellow arrow) from the ellipsoid zone defect (red star) and then crawling along the walls of the macular
hole to lie over the retinal surface.

Table 1. Clinical and optical coherence tomography findings of patients with and without EMPF in eyes with LMH

Variable LMH without EMPF (n =
62)

LMH with EMPF (n = 50) P-value

Mean age (yr) 72.6 ± 8.25 69.9 ± 13.0 0.316#

Sex (M:F) 26:36 33:17 0.667#

Laterality (RE:LE) 35:27 31:19 0.667∗

Mean presenting logMAR VA
(Snellen equivalent)

0.396 (20/50) 0.518 (20/66) 0.05#

Size of LMH (µm) 715 ± 305 986 ± 471 0.001#

Residual retinal thickness (µm) 144 ± 28.1 102 ± 33.7 <0.001#
Presence of IS-OS defect (n, %) 8 (13) 42 (84) >0.999∗

Size of IS-OS defect (µm) 32.8 ± 101 401 ± 389 <0.001#
Presence of ERM (n, %) 52 (84) 42 (84) 0.667∗

Eyes undergoing surgery (n, %) 11 (18) 7 (14) 0.667∗

LMH, lamellar macular hole; EMPF, epimacular proliferative tissue; VA, visual acuity; ETDRS, Early Treatment Diabetic
Retinopathy Study; IS–OS, inner segment–outer segment; ERM, epiretinal membrane #P-value calculated using the
Mann–Whitney U-test; ∗P-value calculated using the Chi-square test
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Table 3. Surgical outcomes in eyes with and without EMPF

Variable Surgery in EMPF cases (n
= 7)

Surgery without EMPF
cases (n = 11)

P-value

Pre-op mean logMAR VA
(Snellen equivalent)

0.5 (20/63) 0.592 (20/78) 0.052#

MH width (µm) 1232 ± 528 795 ± 252 0.027#

Residual retinal thickness (µm) 82.1 ± 16.3 143 ± 30 0.0004#

Presence of IS–OS defect (n, %) 6(86) 2(18) 0.013∗

Size of IS–OS defect (µm) 808 ± 757 54.4 ± 128 0.002#

Presence of ERM (n, %) 6(86) 10(91) >0.999∗

Hole closure achieved (n, %) 4(57) 11(100) 0.043∗

Post op mean logMAR VA
(Snellen equivalent)

0.518 (20/130) 0.32 (20/42) 0.001#

VA, visual acuity; EMPF, epimacular proliferative tissue; MH, macular hole; IS–OS, inner segment–outer segment; ERM, epiretinal
membrane #P-value calculated using the Mann–Whitney U-test; ∗P-value calculated using the Chi-square test

Table 4. Visual acuity changes before and after surgery in eyes with and without EMPF

Mean Pre-op logMAR VA
(Snellen equivalent)

Mean Post-op logMAR VA
(Snellen equivalent)

P-value#

Surgery in EMPF 0.5 (20/63) 0.812 (20/130) 0.797

Surgery in no EMPF 0.592 (20/78) 0.32 (20/42) 0.008

EMPF, epimacular proliferative tissue; VA, visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; MH, macular hole
#P-value calculated using the Wilcoxon signed rank test

by first engaging the ILM not occupied by the ERM,
and then removing the ILM along with the ERM.
Our study has several clinical implications. Our

study suggests that surgery in eyes with LMH
with EMPF have both poor anatomic and visual
prognosis. Intervention in eyes with LMH without
EMPF/LHEP and without ellipsoid zone disruption
can have better visual and surgical prognosis.
Our study has the advantage of having an

adequate number of eyes both with and without
EMPF in LMHs for evaluation. The descriptive
features of eyes with EMPF on OCT confirms
the outer retinal damage theory of EMPF origin.
The study also describes the surgical outcomes
of patients operated for LMH with EMPF. The
most significant limitation of our study is its
retrospective design in accessing pertinent
data for evaluation. Our study was further
limited as there was only a single observer
evaluating the OCT scans, in addition, only
a small number of eyes underwent surgery
for management of LMH . Extensive clinical
and pathological studies may be required to

complement our observations and to provide
answers to the questions of the cellular origin of
EMPF and the reason for its recurrence following
surgery.
From this study, we can conclude that EMPF

in LMH has a poor visual prognosis when
accompanied with ellipsoid zone disruption.
Better functional and anatomical outcomes can
be achieved following surgery when LMH are
not associated with EMPF and/or ellipsoid zone
disruption.
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Abstract
Purpose: Stargardt disease type 1 (STGD1) is a recessively inherited retinal disorder that can
cause severe visual impairment.ABCA4mutations are the usual cause of STGD1.ABCA4 codes
a transporter protein exclusively expressed in retinal photoreceptor cells. The gene contains
50 exons. Mutations are most frequent in exons 3, 6, 12, and 13, and exons 10 and 42 each
contain two common variations.We aimed to screen these exons formutations in Iranian STGD1
patients.
Methods: Eighteen STGD1 patients were recruited for genetic analysis. Diagnosis by retina
specialists was based on standard criteria, including accumulation of lipofuscin. The six ABCA4
exons were PCR amplified and sequenced by the Sanger method.
Results: One or more ABCA4-mutated alleles were identified in 5 of the 18 patients (27.8%).
Five different mutations including two splice site (c.1356+1G>A and c.5836-2A>G) and
three missense mutations (p.Gly1961Glu, p.Gly1961Arg, and p.Gly550Arg) were found. The
p.Gly1961Glu mutation was the only mutation observed in two patients.
Conclusion: As ABCA4 mutations in exons 6, 12, 10, and 42 were identified in approximately
25% of the patients studied, thesemay be appropriate exons for screening projects. As in other
populations, STDG1 causative ABCA4 mutations are heterogeneous among Iranian patients,
and p.Gly1961Glu may be relatively frequent.

Keywords: ABCA4; Mutation Screening; Retinal Dystrophy; Stargardt Disease; STGD1
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INTRODUCTION

Stargardt disease type 1 (STGD1: OMIM No.
248200) is a relatively common form of macular
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dystrophy with a prevalence of 1 in 8000 to 1 in
10,000.[1, 2] It is a genetic disease with an autosomal
recessive pattern of inheritance. Stargardt disease
begins in childhood or young adulthood, and
causes progressive bilateral loss of central vision,

This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed under the
identical terms.

How to cite this article:Darbari E, Ahmadieh H, Daftarian N, Kanavi MR, Suri
F, Sabbaghi H, Elahi E. Mutation Screening of Six Exons of ABCA4 in Iranian
Stargardt Disease Patients. J Ophthalmic Vis Res 2022;17:51–58.

© 2022 Darbari et al. THIS IS AN OPEN ACCESS ARTICLE DISTRIBUTED UNDER THE CREATIVE COMMONS ATTRIBUTION LICENSE | PUBLISHED BY KNOWLEDGE E 51

http://crossmark.crossref.org/dialog/?doi=10.18502/jovr.v17i1.10170&domain=pdf&date_stamp=2019-07-17
https://knepublishing.com/index.php/JOVR


ABCA4 Mutations in Stargardt Disease; Darbari et al

impairment of color vision, and degeneration
of retinal pigment epithelium (RPE) cells.[2, 3]
Accumulation of orange–yellow flecks in the
macula is often observed during ophthalmoscopic
examination. ATP-binding cassette sub-family A
member 4 (ABCA4, OMIM: 601691; also known as
ABCR) is the most important Stargardt disease-
causing gene.[4–10] This gene is positioned on
chromosome 1p21-p22, contains 50 exons,
and encodes a 2273 amino acid protein that
belongs to ABC transporter protein family. ABC
transporter proteins have four essential domains,
including two transmembrane domains (TMDs)
and two cytoplasmic nucleotide-binding domains
(NBDs). TMDs are responsible for translocation of
substrates, and NBDs bind to ATP and hydrolyze
ATP toADP to produce energy for the translocation.
ABCA4 expression is specific to the retina and its
protein product is responsible for the transport of
vitamin A derivatives in the outer segment disc
membranes of photoreceptors.[11, 12] Mutations in
the gene result in accumulation of toxic bisretinoid
adducts in RPE cells, eventually leading to RPE cell
death and macular degeneration.[13]
In addition to STGD1, mutations in ABCA4 can

cause several other types of retinal degenerative
diseases.[14–16] This suggests a complex
genotype/phenotype relationship between
mutations in the gene and the consequent
phenotypes. Additionally, the number of sequence
variations and disease-associated variations in
ABCA4 is astounding. Variability in frequencies
of the variations in different populations is
also notable. The Human Genome Mutation
Database (HGMD, http://www.hgmd.cf.ac.uk)
reports 1467 mutations in the ABCA4 gene as
cause of various retinal degenerative diseases;
629 of the mutations are associated with STGD1.
The Genome Aggregation Database (gnomAD
v2.1.1; https://gnomad.broadinstitute.org) reports
3979 sequence variations for ABCA4, including
exonic, intronic, UTR, splicing, and INDEL
variations; the frequency of 3930 of these is <0.01.
The Iranome database (http://www.iranome.ir)
which comprises exome sequence data on 800
healthy Iranians reports 389 ABCA4 sequence
variations, and the frequency of 301 of these is
<0.01. Clearly, common sequence variations are
unlikely to contribute to disease status, but rare
variations may have deleterious effects.
Here, we report the results of mutation screening

of six exons of the ABCA4 gene in 18 unrelated

Iranian Stargardt disease patients. To the best of
our knowledge, mutation screening of this gene in
Iranians has not been previously reported. Among
the 50 exons of ABCA4, exons that were more
likely to contain mutations were screened. Based
on theHGMDdatabase, moremutations have been
reported in exons 3, 6, 12, and 13 than in other
exons. These exons of ABCA4 have, respectively,
33, 33, 39, and 45 reported mutations. In addition
to these, exons 10 and 42 were also screened.
A common nucleotide sequence variation that
causes p.His432Arg is positioned in exon 10.
Although now considered a polymorphism, this
variation was earlier thought to contribute to
disease status. Exon 42 was screened because
the most frequent disease-associated variation in
various populations is positioned within this exon.
This variation causes p.Gly1961Glu.

METHODS

This research was performed in accordance with
the Declaration of Helsinki, with informed consent
of participants or responsible guardians, and with
the approval of the Ethics Board of the University
of Tehran. Eighteen unrelated Stargardt patients
were sequentially recruited from the Retina Clinic
of Labbafinejad Medical Center affiliated to Shahid
Beheshti University of Medical Sciences, Tehran,
Iran. Ophthalmic examinations included visual
acuity assessment, fundus photographs (color,
infrared, and autofluorescence) and fluorescein
angiography (FA) for accumulation of lipofuscin
in the retina, measurement of macular thickness
by optical coherence tomography (OCT), visual
field (VF) testing, and electroretinography (ERG).
A combination of clinical presentations and
progression, decreased visual acuity, fundus
photographs, FA, VF, OCT, and ERG results
were considered for the diagnosis of Stargardt
disease.[17]
For genetic analysis, genomic DNA was isolated

from the white blood cells of the peripheral
blood of the patients. Exons 3, 6, 10, 12, 13, 42,
and flanking intronic regions of ABCA4 were
amplified by the polymerase chain reaction (PCR).
Primer sequences are available upon request. The
amplified PCR products were sequenced using
the Sanger sequencing protocol. Sequences were
analyzed using the Sequencher Software (Gene
Codes Corporation, Ann Arbor, MI). Variations were
assessed by comparison with ABCA4 reference
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Figure 1. Fundus photographs (color, infrared, and autofluorescence), fluorescein angiography (FA), visual field (VF), optical
coherence tomography (OCT), and electroretinography (ERG) findings in a representative patient (STG-5). (A–D) and (F–I) represent
color (A & F), infrared (B & G), autofluorescence (C & H), and fluorescein angiographic (D & I) fundus photographs of the patient’s
right and left eyes, respectively, and demonstrate the lipofuscin accumulation in the macula. VF defects are evident in the right
(E) and left eyes ( J). Reduced central macular thicknesses were illustrated in the OCT images of the right (K) and left (L) eyes. Note
the abnormal photopic ERG graphs and values for both eyes in (M).

sequence available at NCBI (NC_000001.10,
NM_000350.3, NP_000341.2).

RESULTS

The average age of patients at the disease onset
was 17 years (range 6–41 years). Of the 18 included
patients, 11 (61%) were male. The average age at
the examination was 26 years (range 8–45 years).
All investigated patients demonstrated decreased
best-corrected visual acuity and evidence of
lipofuscin accumulation in the macula, decreased
central macular thickness, constricted visual fields,
and variable degrees of ERG abnormalities [Figure
1].
Of the 18 patients screened, three (STG-2,

STG-6, and STG-18) had two definitive disease-
causing mutated ABCA4 alleles [Table 1]. Of
these, two patients had homozygous mutations
(p.Gly1961Arg and p.Gly550Arg), consistent with
them having been born to consanguineous
parents. The third patient had compound

heterozygous mutations; one was the very
common p.Gly1961Glu-causing mutation in
exon 42 that was noted above, and the other
was a donor splice site mutation in intron
10 (c.1356+1G>A). Patient STG-1 harbored a
splice site mutation (c.5836-2A>G) in intron
41 and a variation in exon 6 that causes
p.Arg212His [Table 1]. The intronic mutation
is a known STGD1-causing mutation. As the
p.Arg212His-causing variation was observed in
the homozygous state, the allele with the c.5836-
2A>G intronic mutation must be in cis with a
c.635G>A variation that causes p.Arg212His.
Although the p.Arg212His-causing variation has
sometimes been considered a polymorphism
because of its relatively high allele frequency
(0.052720), it was reported to contribute to
STGD1 status in a Turkish patient.[4, 7, 18, 19] It
is possible that in an individual with a clearly
disease-causing mutation such as the splice
site mutation of patient STG-1, the presence of
p.Arg212His will result in disease presentation.
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Figure 2. Sequence chromatograms of five mutations observed among the Stargardt disease-affected patients studied. (A)
c.5836-2A>G in patient STG-1; (B) c.5881G>A mutation in patient STG-2; (C) c.5882G>A mutation in patient STG-5 and STG-
6; (D) mutation c.1356+1G>A in patient STG-6; and (E) mutation c.1648G>A in patient STG-18.

Alternatively, the second mutated ABCA4 allele
in patient STG-1 may be positioned in one of
the many exons not screened in this study.
Patient STG-5 also harbored two variations in
ABCD4, a variation that causes p.Gly1961Glu
and the intronic variation c.1356+11T>G.
Although the intronic mutation is rare (0.0001),
bioinformatics tools including Human Splice
Finder (http://umd.be/Redirect.html) and NNsplice
(https://www.fruitfly.org/seq_tools/splice.html)
predict that it would not affect splicing. Therefore,
the second mutated ABCA4 allele in patient
STG-5 is likely positioned in one of the exons not
screened. The presence of a shared haplotype
between the two mutated alleles that cause
p.Gly1961Glu cannot be ascertained because of
phase issues in the two heterozygous carriers,
STG-5 and STG-6. Sequence chromatographs
of the reported STGD1-associated mutations are
shown in Figure 2.

DISCUSSION

All diseases associated with ABCA4 are
progressive retinopathies accompanied by
degeneration of photoreceptor cells that
can lead to blindness. There is a significant
association between the severity of phenotype
and the nature of the ABCA4 mutations.
Stargardt disease is generally considered
to be less severe than cone-rod dystrophy
(CRD) or retinitis pigmentosa (RP).[20, 21]
Deletions, nonsense mutations, and INDELs are
usually associated with severe phenotypes.[5]
Missense mutations are more commonly
found in less severely affected patients. It is
interesting that the pathogenicity of some
missense mutations, such as p.His432Arg and
p.Arg212His discussed above, and even of
p.Gly1961Glu that is described below, remains
controversial.
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One or more ABCA4-mutated alleles were
identified in 5 of the 18 Iranian STGD1 patients
(27.8%) in whom only six of the gene’s 50 exons
were screened. No variant nucleotide was found in
exons 3 and 13, and the single variation found by
screening exon 10 was in fact in intron 10. Without
considering p.Arg212His as a mutation that affects
disease status, five different mutations were
observed. Three of the mutations were missense
mutations. P.Gly1961Glu and p.Gly1961Arg affect
an amino acid that is localized in the second
NBD domain. Although p.Gly1961Glu has been
reported as one of the most frequent mutations
in Stargardt patients of various populations,
its pathogenicity has been questioned largely
because of the relatively high frequency of its
coding allele in some populations.[22] For example,
its frequencies in the Somalian, Ashkenazi, Qatar,
and Iranian populations are reported to be 0.10,[22]
0.024 (gnomAD), 0.023,[23] and 0.026 (Iranome),
respectively. The consensus appears to be that
p.Gly1961Glu is a moderate mutation.[5, 24] In the
homozygous state, it presents a mild form of
STGD1; in the compound heterozygous state with
a more deleterious mutation, it can contribute
to a severe form of Stargardt disease.[5] As in
other populations, p.Gly1961Glu may be relatively
common among Iranian STGD1 patients, as it was
observed in two patients of the relatively small
cohort studied here. P.Gly1961Arg is found less
frequently than p.Gly1961Glu in retinal dystrophy
patients. The frequency of the allele that causes
p.Gly1961Arg among Iranians is 0.0025, and the
frequency is <0.01 in most other populations as
well (Iranome, gnomeAD). P.Gly550Arg, that has
been reported as a Stargardt disease-causative
mutation, was the third missense mutation found
in the Iranian cohort.[25] P.Gly550 is localized in
the extracytosolic domain 1 (ECD1) of the protein
encoded by ABCA4.

The molecular consequences of two observed
splice site mutations were not critically
investigated. C.5836-2A> G that abolishes the
acceptor splice site in intron 41 was previously
reported in a CRD patient of a Chinese cohort.[6]
C.1356+1G>A is being reported for the first time
in a Stargardt disease-affected patient, although
c.1356+1G>T was previously reported in age-
related macular degeneration patients.[26] This
signifies potential variability of phenotypic features
associated with any ABCA4 mutation.

To the best of our knowledge, this is the first
report of the ABCA4 mutation screening of the
Iranian patients affected by Stargardt disease. Of
course, more patients need to be screened in
order to achieve a representative profile of ABCA4
mutation in this population. This knowledge will be
needed for various purposes, including possible
initiatives for gene therapy.
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Abstract
Purpose: The use of more potent medicine for local chemotherapy of retinoblastoma
in order to minimize local and systemic adverse effects is essential. The main goal of
this investigation was to assess the biodistribution of thiolated and methylated chitosan-
carboxymethyl dextran nanoparticles (CMD-TCs-NPs and CMD-TMC-NPs) following
intravitreal (IVT) injection into rat eyes with retinoblastoma.
Methods: An ionic gelation method was used to fabricate Cy5-labelled CMD-TCs-NPs
and CMD-TMC-NPs. The NPs were characterized. Cellular internalization of Cy5-labelled
NPs was investigated using confocal microscopy and the absorption of labeled NPs
was quantified by flow cytometry in human retinoblastoma (Y79) cells. In addition,
the Cy5-labeled distribution of nanoparticles in the posterior segment of the eye was
histologically imaged by confocal microscopy after IVT injection of NPs into the eyes of
rats with retinoblastoma.
Results: CMD-TCs-NPs and CMD-TMC-NPs showed a mean diameter of 34 ± 3.78 nm
and 42± 4.23 nmand zeta potential of +11±2.27mVand +29± 4.31mV, respectively. The
in vivo study of intraocular biodistribution of Cy5-labeled CMD-TCs-NPs and CMD-TMC-
NPs revealed that there is more affinity of CMD-TCs-NPs to the retina and retinoblastoma
tumor after IVT administration while methylated chitosan nanoparticles are immobilized
in the vitreous and are not able to reach the retina even after 24 hr.
Conclusion: The ionic gelation technique was efficient in synthesizing a biocompatible
polymeric nanosystem for drug delivery into the posterior segment of the eye. The
current study demonstrated increased ocular bioavailability of CMD-TCs-NPs relative to
CMD-TMC-NPs in retinoblastoma induced rat eyes.

Keywords: Biodistribution; Carboxymethyl Dextran; Chitosan; Cy5-Labeled; Nanoparticles;
Retinoblastoma
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INTRODUCTION

The blood–retinal barrier prevents large molecules
from passing into the retina from the blood
and choriocapillaris.[1] The presence of efflux
transporters and the pigmented structure of the
choroid are the major limiting factors affecting
therapeutic molecule penetration from the choroid
to the retina and subsequently into the vitreous.[2, 3]
Sclera mainly limits the delivery of lipophilic drugs.
The effect of the molecular radius however is
greater than that of lipophilicity, which affects
the scleral permeability of the drug.[1] Vitreous,
which consists mostly of 99% water, also contains
only a few solid components, such as collagen
and glycosaminoglycans.[4] The vitreous poses
a substantial barrier to injectable therapeutic
molecules, especially to the diffusion of suspended
solids or combinations of high molecular weight.[5]
Intravitreal (IVT) injection is the most popular

method for delivering drugs into the posterior
portion of the eye. It delivers the needed
therapeutic concentration of the drug to the
posterior segment with minimal but considerable
hazards.[6–8] With recent developments in
nanocarriers, polymeric carriers are being
employed in facilitating drug delivery to the
eye to improve the drug’s bioavailability.[9–12]
Natural polysaccharides are attractive for the
formulation of ocular medications because they
are nontoxic, economical, available, generally
biodegradable and biocompatible, and usually
amenable to chemical modification to fabricate
new derivatives.[13–18] Chemical modifications have
been recently used to fabricate derivatives with
improved properties in terms of mucoadhesion,
increased ocular bioavailability, and drug
solubilization.[19–23]
The bioavailability of NPs in the retina can be

enhanced using this technique. It is proven that
PEG-coated polystyrene NPs with neutral surface
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charge up to the size of 750 nm could freely
diffuse through bovine vitreous to reach the retina.
Diffusion coefficients in nanoparticles were found
to be greater at 100–500 nm rather than at 750 nm.
Carboxylic groups coating was used to fabricate
negatively charged beads, which were able to
readily diffuse through the vitreous. Negatively
charged nanoparticles, on the other hand, are
more impacted by size than neutrally charged
NPs, as a negative-500nm-particle was unable to
efficiently disperse through vitreous fluid.[26] When
nanoparticles made of human serum albumin
(HSA), hyaluronic acid, or a combination of the two
are injected intravitreally, they can reach the retina.
Polyethylene imine nanoparticles with positive
surface charge cannot spread through the vitreous
when intravitreally injected and are therefore not
beneficial for IVT route. Nanoparticles fabricated
from glycosylated chitosan (200–500 nm) can
reach the retina when intravitreally injected but are
not able to penetrate inner limiting membrane.[27]
To the best of our knowledge, no study has been

performed to investigate the bioavailability of Cy5
fluorescent dye oligonucleotide labeled thiolated
and methylated chitosan nanoparticles following
IVT injection in the eyes of rats with retinoblastoma.
Therefore, in this investigation, we characterized
the effects of the surface charge of thiolated and
methylated chitosan NPs on the diffusion and
tissue distribution after a single IVT injection into
the retinoblastoma bearing rat eyes.

METHODS

Materials

Medium-molecular-weight chitosan (Cs) with
a degree of deacetylation of about 89% was
purchased from Primex (Karmoy, Norway).
N-ethylcarbodiimide hydrochloride (EDC), N-
hydroxysuccinimide (NHS), carboxymethyl dextran
(CMD) sodium salt (10–20 KD, 1.1–1.5 mmol
carboxyl/g), Ellman’s reagent, RPMI-1640 tissue
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culture medium, fetal bovine serum (FBS), and
dialysis tubing (molecular weight cut-off 2, and
12 kDa)‘1 were purchased from Sigma-Aldrich
(Missouri, USA). N-Methyl-2-pyrrolidone (NMP),
sodium chloride, hydrochloric acid, and sodium
hydroxide (NaOH) were all purchased from Merck
(Darmstadt, Germany). The human retinoblastoma
cell line (Y79). All chemicals were of analytical
grade.

Synthesis and Characterization of TMC

TMC was synthesized according to the method
reported by Sieval et al.[28] The degree of
quaternization (% DQ) was distinguished using 1H
NMR spectrum of TMC which was prepared by a
600 MHz spectrometer (Bruker-Biospin, Germany).
The %DQ was estimated by the following formula:

DQ = [[(CH3)3 / [H] × 1/9] × 100,

where DQ is the level of quaternization; [(CH3)3] is
the integral of chemical shift of the hydrogens of
N+(CH3)3 groups at 3.4 ppm; and [H] is the integral
of H-1 peaks between 4.7 and 5.7 ppm.[29]

Synthesis and Characterization of TMC-
Cysteine Conjugates:

The method of synthesis was according to Margit
et al.[30] In the first step, 100 milligrams (mgr) of
synthesized TMC was dissolved in 5 ml of distilled
water (DI) and then 200mgr of cysteine was added
and then mixed until dissolved. In the second
stage, EDC and NHS were added. The mixture
was then incubated for 3 hr in the dark under
continuous stirring at room temperature and the
pH was balanced to 5. Afterward, the solution was
dialyzed (membrane dialysis MW cut-off = 2 kDa)
using 1 mM HCl for three days at 4ºC. Eventually,
the solution was lyophilized to obtain a powdery
substance (TMC-cys) and stored at 4ºC. The
amount of free thiol groups attached on the TMC
backbone was determined by photometry with
Ellman’s reagent. The thioglycolic acid standards
curve was used to determine the quantitative
amount of thiol groups.[31] FT-IR spectra of TCswere
prepared with an FTIR spectrophotometer (Vectore
22, Germany).

Preparation of CMD-TCs Nanoparticles

The nanoparticles were fabricated by a simple
coacervation technique.[32] Carboxymethyl
dextran (CMD) was used as the cross-linking
agent. Nanoparticles were prepared by adding
CMD solutions to TCs or TMC solutions. Then,
an instant vortex stirring was executed and
samples were incubated at room temperature for
2 hr.

Nanoparticles Characteristics

The particle size of the nanoparticles was
distinguished by applying dynamic light scattering
on a Malvern Zetasizer Nano-ZS (Worcestershire,
United Kingdom). A Zetasizer Nano series (Malvern
Instruments) was performed to determine the
surface charge of the NPs. Field emission
scanning electron microscopy (FESEM; ZEISS)
and transmission electron microscopy (TEM, Zeiss,
EM 900) were used to study the morphology of
nanoparticles.

In Vitro Cellular Uptake of Nanoparticles

Qualitative cellular uptake of Cy5-loaded NPs
was investigated with a confocal laser scanning
microscope (Nikon, Eclipse).[33] For this purpose,
the Y79 cells were cultured in 6-wells at the
density of 2 × 105 cells per well. When the
cells reached confluence, the cells were then
incubated with Cy5-labeled TMC-CMD-NPs and
TMC-cys-CMD-NPs suspension to track their
uptake in Y79 cells. As a result of this procedure,
the nanoparticles were well-dispersed in the
culture medium at concentrations of 100 μg/ml.
Nanoparticle dispersions were incubated at
37ºC in a 5% CO2 atmosphere for 2 hr. After
aspiration of the medium, the cells were rinsed
with 10 ml of cold phosphate buffered saline (PBS)
(pH7.4) to eliminate any traces of nanoparticles
remaining in the medium. Then, the cells were
fixed with 2% paraformaldehyde for 10 min at
room temperature and stained with DAPI (4’,6-
Diamidino-2-phenylindole dihydrochloride). The
fluorescence of the Cy5-labeled nanoparticles
was monitored applying a confocal microscope
(excitation 640.8 nm/emission 662–737 nm).
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Quantifying Level of NPs Cellular Uptake By
Flow Cytometry

The cellular internalization of Cy5-labeled CMD-
TMC-NPs and CMD-TCs-NPs were reconfirmed and
compared by flow cytometric analysis in the Y79
cells. To execute, the cells were cultured in a 6-
well plate at a density of 250 × 104 cells/well.
After 24 hr of incubation, the cells were treated
with Cy5-labeled NPs at 37ºC for 2 hr. After
the incubation, cells were washed with PBS and
analyzed for intracellular fluorescence of Cy5-
labeled NPs using BD FACS Calibur flow cytometer
(BD Biosciences, San Jose, CA, USA).[34]

Rat Xenograft Model of Retinoblastoma

For this study, 10 Wistar albino rats (male, two
months old, purchased from Pasteur Institute,
Karaj, Iran) were used. All rats were treated
in accordance with the ARVO (Association for
Vision and Ophthalmology Research) Declaration
on the Procedure of Animals in Ophthalmic
and Vision Research, approved by the University
of Medical Sciences of Tehran. Surgeries were
performed by the same surgeon (FG). The rats
were immunosuppressed with daily injections
of Cyclosporin A (CsA) (Sandimmun®; Novartis).
Approximately 1 × 106 Y79 cells were intravitreally
injected to the rat eyes.[35] After retinoblastoma
tumor formation, Cy5-labeled TMC-CMD-NPs and
TMC-cys-CMD-NPs (100 µg/ml) was intravitreally
injected. The control eyes received IVT normal
saline as same concentration. All the animals were
euthanized 24 hr after the IVT injection of
Cy5-labeled nanoparticles and enucleation was
performed on them. Afterward, tissues were cut
into 5-µm thick layers using a microtome for
investigation of qualitative ocular uptake and
biodistribution of Cy5-labeled NPs, which was
done with a confocal laser scanning microscope
(Nikon, Eclipse).

RESULTS

Nanoparticles Characteristics

The 1H NMR spectrum of TMC is shown in Figure
1. In the 1H NMR spectrum of TMC, the signals
at 3.3 to 3.8 ppm were attributed to the methyl
group at the N,N,N-trimethylated site ([H3]–[H6]).[36]

FTIR spectroscopy is an efficient tool for the
investigation of the physicochemical attributes of
polysaccharide. In this study, the syntheses of TMC
and TCs were corroborated by the FTIR spectra
illustrated in Figure 2. The TMC-cys conjugate was
synthesized by the development of amide bonds
between the amino group of methylated chitosan
and carboxylic acid group of cysteine. Meanwhile,
for TMC the peak at 1470 cm−1 corresponded to
the characteristic absorption of N–CH3. The peak
at around 1250 cm−1 in the spectra of compound
was accredited to the C–SH stretching band. Also,
the spectra of thiolated-chitosan displayed two
powerful characteristic absorptions at 1641 cm−1

and 2500 cm−1 which were attributed to the
C = O double bonds of the amido group and
stretching vibration of –SH, respectively [Figure
2].[37, 38] Furthermore, the degree of substitution of
thiols using Ellman’s protocol was determined as
11%. In addition, CMD-TCs-NPs and CMD-TCs-NPs
had diameters of 34 ± 3.78 and 42 ± 4.23and
zeta potentials of 11 ± 2.27 and 29 ± 4.31 (mV),
respectively. The polydispersity index (PI) is a
parameter used to investigate the homogeneity in
the particle size distribution of synthesized NPs,
PI values <0.3 guarantees the stability of colloidal
dispersion.[39] The size distributions of the CMD-
TCs-NPs and CMD-TCs-NPs were 0.27 ± 0.05 and
0.21 ± 0.05, respectively. As demonstrated by the
SEM images [Figures 3A & 3B], CMD-TMC-NPs and
CMD-TCs-NPs were spherical in shape.

Uptake of Cy5-Labeled Nanoparticles By Y79
Cells

The cellular uptake of Cy5-labeled CMD-TCs-NPs
and CMD-TMC-NPs by Y79 cells was visualized
using a confocal microscope after 2 hr of exposure
[Figure 4]. Meanwhile, the nuclei of the Y79 cells
were stained by DAPI (blue fluorescence) in order
to ascertain the location of internalized NPs. A
direct indicator of uptake enhancement by the
Y79 cells could be increasing the number of
uptakes of NPs, which was documented by the
increase in the intensity of the red color as seen
in Figure 4. In the Cy5-labeled NPs groups, the
red signal that appeared, was mostly located in
cytoplasm. Contrastingly, a stronger red signal
was discovered to be distributed inside the cells
treated with CMD-TCs-NPs. Compared with CMD-
TMC-NPs, more bioadhesive CMD-TCs-NPs were
better adsorbed by cell membrane, resulting in
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improved endocytosis of Y79 cells and efficacious
cellular uptake [Figure 4].

Uptake with Flow Cytometry

A rapid method for the determination of the
absorption of nanoparticles in Y79 cells using
flow cytometry has been used in this research.
The cellular uptake of Cy5-labeled CMD-TCs-
NPs and CMD-TMC-NPs by Y79 cells was further
investigated by flow cytometry analysis. The
fluorescence intensity of cell emission determined
by flow cytometry can be a good marker of the
amount of NPs internalized by Y79 cells. As shown
in Figure 5, the peak of the fluorescence intensity
shifted to a higher level when the CMD-TCs-NPs
were used, suggesting the promoted Cy5-labeled
CMD-TCs-NPs internalization by Y79.

Animal Model Diffusion Study

Within the first 24 hr after the IVT injection, the
eyes were enucleated and severed into 5 μm thick
sections. The NPs distribution was investigated by
taking confocal images after the IVT injection of
the Cy5-labeled NPs [Figure 6]. The two chitosan
compositions showed various diffusion rates in the
vitreous. After the injection, only Cy5-labeled CMD-
TCs-NPs freely disseminated all over the vitreous
cavity; 24 hr after the IVT injection, confocal
microscopy demonstrated that the Cy5-labeled
CMD-TCs-NPs had accumulated throughout the
different retinal layers [Figure 6]. Also, it showed
that cationic CMD-TCs-NPs with Zeta potentials
+11 ± 2.27 mV were able to penetrate efficiently
into the rat retina, while CMD-TMC-NPs with zeta
potential value of +29 mV were trapped in the
vitreous. The distinguished diffusion rate between
the groups receiving CMD-TMC-NPs versus CMD-
TCs-NPs might be due to the difference in surface
charges of NPs.

DISCUSSION

Chemotherapy by nanoparticles has been an
effective approach in ophthalmic research in
overcoming poor intraocular bioavailability of
drugs due to the presence of anatomical barriers
and it has also contributed toward improving
therapeutic efficiency. The main purpose in the
engineering of nano-carriers in this investigation

was to develop a promising vehicle via biopolymers
to transport drugs to the posterior part of the eye.
Chitosan is a polymer that has been discovered
by researchers for the application of ophthalmic
drug delivery systems. Mucoadhesive chitosan
formulations were also considered as an effective
strategy in overcoming the rapid elimination of
topical ophthalmic drugs.[40, 41]
Due to its solubility in acidic solutions (pH =

6), the efficacy of chitosan can be reduced at
the site of action. Hence, a chemical alteration
of chitosan was employed to fabricate a water-
soluble derivative of Cs. In this study, the NPs were
fabricated using hydrophilic biopolymers such as
TMC, TMC-cys (TCs) and CMD to design efficient
and safe drug delivery systems for the posterior
segment of the eye.[42] The solubility of TMC-
NPs may also be decreased as a consequence
of a high degree of methylation (DQ%), which
results in a high level of O-methylation. The
beneficial approach of combining TMC and cys to
fabricate TMC-cys conjugate in preparing desirable
derivatives was used in this study to improve
the solubility of fabricated NPs and minimize the
formation of agglomerates.[43, 44] Conjugation of
polymers with the thiol group is the most common
method used in the manufacture of mucoadhesive
delivery systems.[45] Endocytosis is the dominant
mechanism in the adsorption of nanoparticles with
a size of <100 nm. The rate of spherical NP
internalization is affected by size, shape, surface
charge, composition, and surface hydrophilicity.
Non-phagocytic cells absorb the highest number of
spherical nanoparticles with sizes between 20 and
50 nm.[46] By labeling NPs with Cy5, a qualitative
assessment of their number can be obtained
by evaluating the intensity of the staining seen
through the confocal microscope to compare the
cell uptake of the NPs. An increase in the red color
intensity in the staining in the NPs-treated group,
as compared to the control, could be due to better
cellular uptake of NPs by Y79 cells. Therefore,
the intensity of the red color that occurs after the
labelling can be considered as a direct criterion
for assessing the cellular uptake of NPs. As shown
in Figure 4, to prove the presence of NPs in the
cytoplasm, the cell nucleus was stained with DAPI.
Flow cytometry was also utilized in order to provide
a qualitative evaluation of the difference in cellular
uptake between the two formulations of NPs. As
can be seen in Figure 5, the cellular uptake of
thiolated chitosan NPs by Y79 cells was better,
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Figure 1. FT-IR spectra of Cs, TMC, and TCs.

Figure 2. 1H-NMR spectrum of TMC in D2O.
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Figure 3. SEM images of CMD-TMC-NPs (A) and CMD-TCs-NPs (B).

Figure 4. Intracellular localization of CMD-TMC-NPs (A–C) and CMD-TCs-NPs (D–F) in Y79 cells by Cy5-labeled NPs. Labeled NPs
appear in red in the confocal microscopy fluorescence images.

which could be due to greater bioadhesion of
TCs (TMC-cys) nanoparticles owing to the TMC
combination with the thiol group.

In this research, TCs adhesion properties were
founded by electrostatic interactions with cysteine.
When the NPs are intravitreally injected, they must
be able to cross the vitreous barrier to reach their
destination. The vitreous body is a polyanionic gel-
like mass which is made up of collagen fibers
and glycosaminoglycan.[47] Pitkänen et al showed
that the major obstacle to nonviral gene delivery

systems is the vitreous.[48] Peeters et al.[49] also
stated that only PEGylated particles <500 nm
are able to have unrestricted movement through
the vitreous. Later, it was declared that cationic
liposomes with zeta potentials below +20 mV were
allowed to defuse efficiently into the murine retina,
while liposomes with zeta potential value above
+20 mV were completely trapped in the vitreous
humor.[50, 51]

The drug bioavailability is dependent on
the route of drug administration into the eye.
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A: (FL4-H) CY5: Mean : 

90.8

B: (FL4-H) CY5: Mean : 127

Figure 5. Flow cytometry analysis of cellular uptake of Cy5-labeled (A) CMD-TMC-NPs and (B) CMD-TCs-NPs in Y79 cells after 2
hr incubation time.

Figure 6. Confocal microscopy of the retinoblastoma and retina at 24 hr after intravitreal injection of CY5-labeled NPs
into the vitreous cavity of rat with retinoblastoma. (A–E) Control group; untreated retinoblastoma (A) and untreated retina (C).
(E–H) Eyes injected with Cy5-labeled CMD-TCs-NPs. The Cy5-labeled CMD-TCs-NPs diffused to the tumor mass (F) and through
the retinal layers (H). (I–L) Eyes injected with Cy5-labeled CMD-TMC-NPs. Cy5-labeled CMD-TMC-NPs are entirely trapped in the
vitreous and are not able to reach the retina even after 24 hr.
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Effectiveness of systematically administrated
drug vehicles for ocular posterior segment
drug delivery is limited by different factors
including the wide drug distribution to the off-
target sites and the presence of the blood–retinal
barrier.[52] Therefore, in this study, in order to
achieve maximum bioavailability, IVT injection
of nanoparticles has been used. CMD-TMC
and CMD-TCs nanoparticles with identical sizes
and diverse surface charges were employed to
examine the connection between their diffusion
rates and their composition. Confocal imaging was
used to track real-time diffusion in the vitreous
cavity of the injected Cy5-labelled nanoparticles.
By comparing the images of the CMD-TMC-NPs,
CMD-TCS-NPs, and the control groups, the Cy5
signal of labeled NPs was determined, and the
variations of fluorescence intensity in the confocal
images illustrated the distribution of Cy5-labelled
NPs [Figure 6]. Two biocopolymers (TMC and
TCs) could self-assemble into NPs with identical
sizes and various surface charges. TCs could
self-assemble into 34 nm NPs and with +11mV
surface charges, while TMC NPs assembled into
42 nm NPs with a +29 mV zeta potential. The
difference in the surface charges between TMC
and TCs NPs may result in different diffusion
rates of NPs after the IVT injection. In the two
polymer confocal images of Figure 6, TCs with
the 11 ± 2.27 mV surface charges displayed the
most noticeable alterations in fluorescence signals
(red color). The results of this study indicated
that the surface charge of nanoparticles might
perform a negative or positive role in influencing
the retinal penetration of intravitreally injected
NPs. This investigation also proved that vitreous
with anionic properties is a weak barrier for
the movement of NPs with zeta potentials +11 ±
2.27mV, but vitreous can remarkably limit TMC-
diffusion with zeta potentials of +29 ± 4.31mV
in vivo [Figure 6]. TMC-NPs with zeta potentials
of +29 ± 4.31 mV are completely immobilized
in the vitreous via electrostatic interactions with
negatively charged hyaluronic acid and collagen
fibers. As shown in Figure 6, methylated chitosan
nanoparticles are completely trapped in the
vitreous and are unable to reach the retina even
after 24 hr. Thus, a powerfully positive charge
(+29 ± 4.31 mV) on the particle surface has a
remarkable negative impact on diffusion after IVT
injection.

Through comparing the fluorescence changes
in the eye injected with TCs or TMC, the results
illustrated in Figure 6 indicate that the appropriate
surface charges on the particle surface (i.e., +11 ±
2.27 mV) improved the diffusion efficacy of the
particles after IVT injection. Accordingly, surface
improving of the NPs with the thiol group in CMD-
TCs-NPs boosts the transfection efficacy of the NPs
through the development of intra-chain disulphide
bonds within the complex. After the success of
this elementary step, we plan to use nanoparticle-
based CMD-TCs as a controlled drug delivery
system for anticancer drugs for retinoblastoma
treatment.
In conclusion, an effort to facilitate the

application of more potent medicine for the
local chemotherapy of retinoblastoma to ensure
minimization of local and systemic adverse
effects, we embarked on the current study.
One challenge that is evident in delivering the
relevant medicine to the posterior of the eye
is the ability of the medicine to break through
the vitreous cavity. Nanoparticles have been
determined to be a viable alternative in targeting
specific areas for medication due to their ability
to adsorb and diffuse medication in specific areas
locally. Our study has revealed that appropriate
surface charges (preferably +11 ± 2.27 mV) on
the surface of nanoparticles NPs that were
manufactured with different chitosan derivatives
may boost their diffusion after IVT injection. A
positive charge adversely affects the rate of
vitreous diffusion of NPs. This research showed
that when NPs were intravitreally injected, the
surface, charge of NPs is the most significant
limiting factor in their penetration through the
vitreous. The cationic bio-polymer with appropriate
surface charges is able to reach the retina and
diffuse through the retinal layers. The ionic
gelation technique was efficient in synthesizing
a biocompatible polymeric nanosystem for drug
delivery into the posterior segment of the eye.
The current study demonstrated increased
ocular bioavailability of CMD-TCs-NPs relative
to CMD-TMC-NPs in retinoblastoma containing rat
eyes.
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Abstract

Purpose: We developed a contrast sensitivity test that considers an integrative
approach of spatial and temporal frequencies to evaluate the psychophysical
channels in processing two-dimensional stimulus for clinical use. Our new
procedure provides a more efficient isolation of the magnocellular and
parvocellular visual pathways supporting spatiotemporal contrast sensitivity
processing.
Methods: We evaluated 36 participants of both sexes aged 18–30 years with
20/20 or better best-corrected visual acuity. Two spatial frequencies (0.5 cycles
per degree [cpd] and 10 cpd), being in one of the three temporal frequencies
(0.5 cycle per second [cps], 7.5 cps, and 15 cps), were presented in a high-
resolution gamma corrected monitor. A two-alternative forced-choice procedure
was conducted, and the staircase method was used to calculate the contrast
sensitivity. Reliability was assessed using a retest procedure within a month (±5
days) under the same conditions.
Results: Results showed statistical significance in 0.5 cpd and 10 cpd spatial
frequencies for 0.5 cps (F = 77.36; p < 0.001), 7.5 cps (F = 778.37; p < 0.001),
and 15 cps (F = 827.23; p < 0.001) with a very high (η2 = 0.89) effect size. No
statistical differences were found between the first and second sessions for
all spatial frequencies. For reliability, a significantly high correlation and high
internal consistency were found in all spatiotemporal conditions. The limits were
calculated for normality.
Conclusion: We developed an approach to investigate the spatiotemporal
integration of contrast sensitivity designed for clinical purposes. The relative
contribution of the low spatial frequencies/high temporal frequencies and
the high spatial frequencies/low temporal frequencies of the psychophysical
channels can also be evaluated separately.

Keywords: Clinical Psychophysics; Drifting Grating; Dynamic Contrast Sensitivity; Primary
Visual Pathway; Spatial Vision
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INTRODUCTION

The evaluation of visual functions has improved
in the last three decades with the development
of visual tests for visual acuity (VA),[1–6] contrast
sensitivity (CS),[7–12] color vision (CV),[13–16] motion
perception (MP),[17–20] and stereopsis (ST),[21–26]
among others. Despite these developments and
multiple studies showing that visual functions
other than VA provide diagnosis for subclinical
and early impairments in visual function,[27–38]
ophthalmology and visual sciences associatedwith
optometry and orthoptic clinical practice have been
preferentially using VA as a measurement of visual
function.
The clear advantage of CS over VA

measurements is the more detailed description
of spatial vision, since symptomatic changes can
occur in CS with VA within normal limits.[39, 40]
Further, the test for VA is a measurement
of the spatial separation function mediated
by the parvocellular (PC) pathway, while CS
measurements carry information mediated by the
PC and magnocellular (MC) pathways.[41–45] Since
both pathways can be measured by a CS function,
it is an obvious clinical test with more resources for
diagnosis of visual impairments.
Clinical assessment of CS is mainly performed

using charts such as Pelli-Robson and Functional
Acuity Contrast Test (FACT).[43, 46] Both
methodologies have significant limitations. The
Pelli-Robson chart is based on a recognition VA
test; however, it has a fixed low spatial frequency in
the overall chart, and the contrast steps are based
on three letters, which could lead to a learning
effect after only a few uses. Another problem
related to the Pelli-Robson chart is the need
to read letters, which reduces testing potential
for young children. The FACT is composed of five
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spatial frequencies and nine contrast levels. One
important problem is that almost all participants
with normal vision can see the last contrast level
for middle frequencies, inserting a roof effect to
reduce the sensitivity of the test. They were unable
to see more than half of the contrast levels for
low and high spatial frequencies. Furthermore,
the suprathreshold contrast levels were also fixed,
reducing the precision of sensitivity measurement.
Despite these problems, these methods have
been successfully used to measure CS in clinical
settings.
Some studies have proposed alternative

methods to isolate the contribution of the PC and
MC pathways for psychophysical measurements
of CS with relative success.[47] However, they were
designed to identify the psychophysical signature
of the PC and MC pathways, and they took a long
time to be completed (about one and a half hour),
which made them unviable for clinical purposes.
Considering the above, we purposed a new CS

test which intends to deal with chart measurement
problems, and aimed to make the test user-friendly.
The use of the same test for children and adults
canmake data comparable for development follow-
ups, including a dynamic variable that amplifies the
differences between PC and MC pathways. The
possibility of isolating visual pathways is mandatory
because many ocular and cerebral diseases affect
these pathways differently. Our experience in
the study of the traditional CS measurements in
mercury,[30, 48–50] diabetes mellitus type 2,[51, 52]
multiple sclerosis,[53] and Leber’s Ocular Hereditary
Neuropathy[54–56] motivated us to develop a CS
test with greater efficiency in isolating PC and MC
pathways for clinical testing.

METHODS

Participants

We evaluated 36 participants (17 men and 19
women) with a best-corrected VA of 20/20 or
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better, measured using the ETDRS–Tumbling E
chart (Xenônio Rep. Prod., São Paulo, Brazil). The
exclusion criteria were absence of ophthalmologic
complaints and/or diabetes mellitus, rheumatoid
arthritis, systemic arterial hypertension, any
other known systemic diseases, smokers, and
the presence of dichromacy or anomalous
trichromacy using the 38 plates version of the
Ishihara pseudoisochromatic plates (Kanehara
Trade Inc., Tokyo, Japan).
The participants, aged between 18 and 30 years

(M = 22.6; SD = 3.7) were undergraduate and
graduate students of the Institute of Psychology
of the University of São Paulo. This study was
approved by the local ethics committee via
the approval number 66767317.5.0000.5561.
All participants provided written consent for
the inclusion of material about themselves and
acknowledged that they could not be identified,
as we ensured complete anonymity. The study
followed the principles of the 1964 Declaration of
Helsinki and its revised version.

Equipment and Stimulus

CS functions were alsomeasured psychophysically
with the software PSYCHO for Windows v2.36
(Cambridge Research) using a Sony Trinitron 19 in.
(GFD-420). Themonitor was driven by a Cambridge
Research VSG 2/4 graphics board with a refresh
rate of 100 Hz non-interlaced and an 800 × 600
resolution.
The stimuli used were horizontal sinusoidal

gratings with an average luminance of 10 fL, that
is, 34.4 cd/m², measured using an Optical OP200-
E photometer (Cambridge Research) and a visual
angle of 4°. The luminance output of the screenwas
calibrated using a luminance meter (LS-110, Konica
Minolta Sensing, Inc., Osaka, Japan). Screen
uniformity was checked at maximum output. The
contrast of the sinusoidal grating is defined as a
Michelson contrast:

𝐶 = 𝐿max − 𝐿min

𝐿max + 𝐿min
,

where Lmax is the maximum and Lmin is the
minimum luminance consisting of a dimensional
value. Gratings of 0.5 cycles per degree (cpd) and
10 cpd drifted rightward and leftward at temporal
frequencies of 0.5, 7.5, and 15 cycles per second
(cps). Testing was conducted in a dark room with

the participants positioned 1 m away from the video
monitor.

Procedure

Participants were sat in a comfortable chair 1 m
away from the monitor screen and were instructed
to keep their eye fixed on a small black cross
centered on the screen. Head stabilization was not
performed. Ophthalmological patches (Oftan, AMP,
São Paulo, Brazil) were used to cover one randomly
chosen eye.
At the beginning of the experiment, the

participant was adapted to a gray mean luminance
in the dark for 5 min. The stimulation consisted of
a drifting grating with a randomly chosen spatial
frequency presented by 1000 ms, followed by
3000 ms for the response in a two-alternative
forced-choice (2-AFC) procedure, pressing a
specific keyboard key for the right (m) and left (z)
based on their perception of the grating’s drifting
side [Figure 1].
A psychophysical staircase procedure with

a dynamic step size was used to determine the
threshold. The staircase began with a high contrast
level (70 ± 10 randomly chosen), which changed
the luminance to the mean luminance background.
The change depended on the participant’s
response: the grating contrast approached the
background mean luminance every time there was
a correct response and moved away from it when
there was an incorrect response. The dynamic
step consisted of a 50% reduction of the contrast
level between the stimulus and background
luminance. After the second reversal, the reduction
changed to 12.5% between the stimulus level and
background luminance. The contrast improvement
always changed in increments of 25%. After seven
staircase reversals, the program automatically
calculated the contrast thresholds as the average
luminance corresponding to the last five reversals.
All testing procedures, including the adaptation
time, lasted approximately 20 min.
For all spatial frequencies, the contrast

thresholds were converted to CS according to
the following equation:

𝑆 = 1
𝐶𝑡 ,

where Ct is the contrast threshold. To define the
CS function, the CS for each spatial frequency was
plotted.
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Motion Direction
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Figure 1. The illustrative timeline of the testing session. A spatial frequency randomly chosen was presented by 1 s, moving
rightward or leftward in an also randomly chosen temporal frequency. The patient had up to 3 s to judge the movement of the
grating in a two-AFC procedure.

Test reliability was estimated by comparing CS
measurements in a test–retest design. The retest
of the CS measurements was performed in all
participants with a mean interval of one month (±5
days) between the first and second measurements.
The retestswere also performedmonocularly in the
same eye and under the conditions of the first test.

Statistical Analysis

Statistical analyses were performed using Statistica
v.6.0.4, (StatSoft Inc., Tulsa, OK, USA, 2001). A
complete descriptive analysis was performed. The
normal distribution was checked by the Shapiro–
Wilk and Kolmogorov–Smirnoff tests. A repeated-
measures ANOVA was used to evaluate the

statistical differences between spatial frequencies,
drift velocity, and test–retest conditions. The
correlation was calculated using the Pearson’s
product moment correlation test. No significant
differences (p < 0.05) were observed between the
conditions. The effect size, which is a quantitative
measure of themagnitude of the experiment effect,
was assessed using Cohen’s d classification, that
is, d = 0.2 was considered a “small” effect size,
d = 0.5 represented a “medium” effect size, d
= 0.8 a “large” effect size, and d = 1.4 a “huge
effect” size.[57] The interpretation of the effect
size was that if the means of the two groups
do not differ by 0.2 or more SD, the difference
could be considered trivial, even if it is statistically
significant.
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RESULTS

All participants successfully completed both the
first and second sessions. The CS measured in
the first and second experimental sessions is
described in detail in Table 1.
Considering the spatial frequencies of the

grating, statistically significant results were found
between 0.5 cpd and 10 cpd for 0.5 cps (F = 77.36;
p < 0.001), 7.5 cps (F = 778.37; p < 0.001), and
15 cps (F = 827.23; p < 0.001) in the first and
second sessions. The calculated effect size was
considered to be very high (η

2
= 0.89). No statistical

difference was found between the first and second
sessions for all spatial frequencies for 0.5 cps (F =
0.11; p = 0.73), 7.5 cps (F = 0.06; p = 0.93), and 15 cps
(F = 0.24; p = 0.63). The results are shown in Figure
2.
Reliability was assessed using Pearson’s

correlation, and the results are shown in Figure 3.
A significantly high correlation was found in 0.5
cpd for 0.5 cps (r = 0.988; p < 0.001), 7.5 cps (r =
0.919; p < 0.001), and 15 cps (r = 0.985; p < 0.001),
and in 10 cpd for 0.5 cps (r = 0.989; p < 0.001), 7.5
cps (r = 0.972; p < 0.001), and 15 cps (r = 0.980; p
< 0.001).
Internal consistency was assessed using

Cronbach’s alpha coefficient. A high internal
consistency was obtained for 0.5 cpd (α = 0.8449)
with high item-total correlation for 0.5 cps (r =
0.880), 7.5 cps (r = 0.836), and 15 cps (r = 0.894).
Similarly, a high item-total correlation was also
observed for 10 cpd (α = 0.8963) to 0.5 cps (r =
0.997), 7.5 cps (r = 0.994), and 15 cps (r = 0.979).
Based on the tolerance limits, we calculated

the boundaries of the CS normality range for
clinical purposes. Tolerance limits were calculated
considering the mean value (X) and with a factor (k)
multiplied by the standard deviation (SD).[58] The k
factor can be chosen considering the percentage
of the population covered (90%, 95%, or 99%)
and the significance level of 0.90, 0.95, or 0.99,
according to the number of participants. For our
number of participants, we used the value 2.03, in
which we covered 95% of the population with a p-
value of 0.95. The tolerance limits are presented in
the rightmost columns of Table 1.

DISCUSSION

Clinical evaluation of CS has been improved
in ophthalmological clinics[8, 9] and it is a good

step forward in understanding the spatial vision
of their patients, as VA is a one-dimensional
evaluation and CS is a two-dimensional test,
since contrast is added to each spatial frequency
measured. In our study, we included one more
dimension by adding temporal modulation, which
is a significant improvement, considering that
objects in our visual environment are frequently
moving. Using this more complex approach to
investigate spatial vision, we can potentially be
able to help our patients more efficiently and
conduct more informative studies about visual and
ophthalmological diseases and about the visual
impairment suffered.
The robustness of our CS test was addressed

by calculating the validity and reliability of the
measurement. Validity was assessed by measuring
the Pearson’s correlation coefficients of the first
and second measurements. We had a high
correlation coefficient for both low (0.5 cpd) and
high (10 cpd) spatial frequencies, regardless of the
temporal frequency used. Since both the first and
second measurements were highly correlated, this
suggested that the influence of external variables
had a low impact on the results obtained. Further,
the reliability was considered high, suggesting that
the reliability of our test was strong.
We also compared the mean contrast

sensitivities of the first and second measurements.
The absence of statistical significance in the
same spatial frequencies compared to the first
and second testing sessions and the statistical
difference between the temporal frequencies
within the first and the second testing sessions
corroborate that our new CS test is robust.
An additional advantage of our measurement

is the possibility of isolating the MC and PC
visual pathways that contribute to CS. Using
the amplitude of extracellular synaptic potential
recordings for different Michelson contrast levels,
retinal cells that project to theMC layer of the lateral
geniculate nucleus (LGN) showed a logarithmic
curve, in which huge improvements in amplitude
responses occurredwith small contrast increments.
For the retinal ganglion cells projecting to the PC
layer of the LGN, a linear curve was modeled
with a small increase in amplitude response with
a moderate increase in contrast levels.[41] The
psychophysical correlates of these visual pathways
were obtained using a pedestal paradigm.[47] MC-
inferred responses were related to high temporal
frequencies and PC-inferred responses related
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Table 1. Descriptive data from the first and second contrast sensitivity measurements

Spatial frequency First measurement Second measurement

0.5 cps 7.5 cps 15 cps 0.5 cps 7.5 cps 15 cps

0.5 cpd 174.2 (32.5) 332.6 (78.6) 163.2 (37.4) 174.8 (32,2) 332.6 (56.9) 167.2 (33.4)

10 cpd 113.7 (43.7) 76.2 (25.4) 34.7 (7.8) 117.7 (41.3) 77.7 (25.9) 35.2 (6.9)

cpd, cyle per degree; cps, cycle per second

Table 2. Tolerance limits of contrast sensitivity for normality ranges

Spatial frequency Tolerance limits

0.5 cps 7.5 cps 15 cps

0.5 cpd

Upper 240.3 492.2 239.1

Lower 108.2 173 87.3

10 cpd

Upper 202.5 127.9 50.5

Lower 24.8 24.6 18.8

cpd, cyle per degree; cps, cycle per second

Figure 2. The psychophysical CS signature for the low (0.5 cpd) and high (10 cpd) spatial frequency. (A) The mean and standard
deviation of the spatiotemporal interaction. (B) The normality range to be used for clinical purposes. In both panels, it is evident
that the middle and high temporal frequencies are more discriminable areas to isolate the MC and PC contribution in the CS.
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Figure 3. Correlations between the first and second measurements for reliability purposes. A strong correlation is evident for both
low and high spatial frequencies in all temporal frequencies.

to low temporal frequencies. According to the
spatial profile, low spatial frequencies were related
to the MC-inferred pathway and the PC-inferred
pathway related to high spatial frequencies.[45] The
results obtained in our test are in line with earlier
studies since the high spatial frequency with a
low temporal modulation had better CS than the
results for the middle or high temporal frequencies.
On the other hand, better CS was obtained for
the middle and high temporal modulations for low
spatial frequencies.
Furthermore, we found a significantly different

signature of CS spatiotemporal integration. For
the low spatial frequency, there was a reduction
in CS as the temporal frequency increased in
an almost linear fashion. For the high spatial
frequency, the curve had an inverted U-shape,
in which there was an increase in CS as the
temporal frequency increased from 0.5 to 7.5 Hz
and then, there was an inversion of the relation
since the CS reduced as the temporal frequency
increased from 7.5 to 15 Hz. The different
signatures of the MC- and PC-CS measured
psychophysically have two important implications.
First, the test was successful in isolating the

MC and PC contributions of the measured
spatiotemporal CS. Second, the difference in
the CS shape has an important contribution for
diagnostic purposes, adding resolution to the CS
measurement.
The isolation of MC and PC pathways has

a huge clinical significance because many
ophthalmological and neurological diseases
affect these visual pathways differently. Visual
impairment related to reading problems in
children with learning difficulties and dyslexia
has been related to the reduction of CS at
low spatial frequencies, suggesting an MC
pathway failure.[32] MP, also an MC pathway
function, is impaired in children with Down’s
Syndrome[34] and strabismic amblyopia.[28, 59]
We believe that our test improves the MC-
and PC-mediated CS measurements because
it integrates spatial and temporal proprieties in one
measurement.
Considering the significant clinical applications,

we calculated the normality range for clinical
purposes. Of course, there are some restrictions
on the use of normal ranges, as we calculated
based on the age of our sample. For children and
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elderly patients, additional measurements should
be performed in future studies.
In summary, we developed a test to investigate

the spatiotemporal integration of CS, designed for
clinical purposes. The relative contribution of the
low spatial frequencies/high temporal frequencies,
and the high spatial frequencies/low temporal
frequencies of the psychophysical channels can
also be evaluated separately. The validation and
replicability were highly successful, and tolerance
limits were calculated to define the normality
ranges.
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Abstract

Purpose: To estimate the prevalence, burden of refractive errors and their
associated trend from 1990 to 2018 and geographic inequalities in Iran.
Methods: Data regarding the epidemiology of refractive errors was extracted
from three different sources: systematic review of published literature, data from
visual school screening programs, and data from Iran’s national health survey
(NHS). The pool of all available data on refractive errors as well as demographic,
location, and socioeconomic status covariates were fitted in spatio-temporal and
Gaussian process regressionmodels to predict the prevalence of refractive errors
from the years 1990 to 2018 in 31 provinces grouped by age and sex in order to
calculate years lived with disability (YLDs).
Results: In 2018, the age-adjusted prevalence of refractive errors was 16.32%
(95% uncertainty interval [UI]: 12.44–21.48%) in both sexes, 17.98% (95% UI: 13.74–
23.61%) in women, and 14.66% (95% UI: 11.14–19.36%) in men. The prevalence of
refractive errors reveals that it increases with age. Refractive errors contributed to
441.41 and 348.38 YLDs in men and women, respectively. The age-standardized
prevalence growth was 31.30% in females and 24.32% in males from the years
1990 to 2018. Significant geographical heterogeneity was observed. The age-
standardized YLDs rates of refractive errors represent an increasing trend of
28.9% increase from 1990 to 2018.
Conclusion: Over 28 years, the prevalence of refractive errors increased
significantly. Women tend to have higher rates of prevalence. The prevalence
increased in older ages. Border provinces had the lowest prevalence. Age-
standardized YLDs rates of refractive errors increased by about 30%.
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INTRODUCTION

Refractive errors are recognized as approximately
half of the causes of visual impairment (VI)
and the second leading cause of functional
blindness.[1] It impinges on patients’ quality of life
through functional, psychosomatic, and cosmetic
issues while also causing economic burden.[2]
Refractive errors are listed among one of the
four non-fatal disorders classified in the 20 top
causes of disability-adjusted life years (DALYs).[3]
Since refractive disorders mostly initiate early in
life, remarkable morbidity assessed by years of
living with disability (YLDs) is associated more
with this eye disorder as compared to other
ocular diseases.[3] Compared to other causes
of VI, refractive errors in most cases is easily
treatable by prescribing glasses which is one
of the most cost-effective interventions in eye
care. If left uncorrected, refractive errors can
affect performance, reduce employability, and
productivity, and compromise the entire life of
patients.[2–5]

Uncorrected refractive disorders relative to
the total DALYs increased by 42% globally when
compared to 1990,[6] and refractive disorders
were responsible for the loss of healthy life
of approximately 44.8 years per 100,000
population globally with an increasing trend
and with an advance in age from 40 years
onward.[7, 8] The Eastern Mediterranean region
has the second-highest DALY recorded from
refractive errors among world regions. This is
the consequence of a higher prevalence (188.7;
95% uncertainty interval [UI]: 125.3–276.9%) of
refractive error in addition to the suboptimal
implementation of prevention/treatment options.
Therefore, cost-effective prevention programs
are recommended to address this epidemiological
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priority.[6] Refraction/accommodation (functional)
disorders in Iran accounted for 0.42% DALY in 1990
and 0.47% in 2010, where the associated costs
and issues were greater than that of other causes
of VI, namely cataract, glaucoma, and macular
degeneration.[9]

Providing reliable evidence and situational
analysis is required for promoting good health
practices. Global Burden of Disease (GBD) 2017
has presented estimates for the economic and
social burden of refractive errors; which, however,
lack subnational estimates and comprehensive
inclusion of the present national surveys data in
Iran.
This study aims to estimate the incidence,

prevalence, burden, and trend of refractive errors
during the period of 1990 to 2018 at the national
and sub-national levels in Iran.

METHODS

Data Sources

This research represents secondary data analysis
on three data sources; the systematic review of
published literature, data from the Ministry of
Health and Medical Education (MoHME) screening
programs, and Iran’s National Health Survey (NHS)
data [Figure 1]. A detailed explanation of the search
strategy and cleaning process of all data sources is
presented in a supplementary document.[10]

Systematic review

Published literature between January 1980 and
December 2018 present in Medline (PubMed), ISI
Web of Science, Scopus, Iranian Digital databases
of SID (http://www.sid.ir), Barakat knowledge
network system (http://health.barakatkns.com),
and in the national ophthalmic literature
database by Noor Ophthalmology Research
Center (http://iraneyedoc.com) were all searched.
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Additionally, the abstract books of the Iranian
ophthalmology annual congresses from the years
2008 through 2010 were screened and included
only if the inclusion criteria was satisfied. A
detailed explanation of the study selection criteria
and critical appraisal is described in the protocol
paper.[10] A crosswalk method was applied in
extracting the pertinent data where cases related
to myopia/hyperopia/astigmatism were combined
to those of refractive error and modified the
rural/urban scope. A total of 146 data points from
10 provinces were extracted from the systematic
review and included in the analysis [Table 1].

Refractive error screening programs

Unpublished official data for the prevalence of
refractive errors occurring in the years 2007,
2010, and 2012 were gathered from screening
programs performed in the elementary schools of
all the provinces. A total of 1156 data points were
extracted [Table 1].

National Health Survey

The National Health Survey (NHS) includes two
self-reporting questions about spectacles use (“Do
you use glasses?”) and spectacles need (“Do
you need glasses to see clearly?”) in all age
groups and provinces in the years 1990 and
2000. After an adjustment of the NHS data by
MoHME/Systematic Review Data while using a
crosswalk method and adjusting for missing data,
a total of 1488 data points were generated [Table
1].

Statistical Analysis

A total number of 2790 data points were included
from the above data sources. We aimed to
estimate the prevalence of refractive errors for
different age groups, between the two sexes, at
national level, and in 31 provinces, from the years
1990 to 2018. Generalized Linear Mixed Model
(GLMM) was applied to impute missing values
of these age-sex-location-time combinations. In
this model, we predicted the prevalence of
refractive errors with fixed covariates, including
years of schooling, wealth indices, urbanization
ratios, as well as the random effects of the
location of the provinces. Urbanization ratios and

population data were retrieved from the national
censuses, which were conducted by the Statistical
Center of Iran (SCI). To calculate other covariates
in the statistical models, we used Household
Expenditure and Income surveys from the years
1990 to 2018, which were also conducted by the
SCI. The second step after applying the GLMM
was the application of an age-spatio-temporal
(AST) model capturing all variations for time,
location (province), and age groups of residuals
from the first model. In the AST model, we
assumed that there were unmeasured variations
in residuals that were derived from GLMM. To
estimate these variations, we weighted adjacent
years, provinces, and ages by three matrices and
used neighboring elements of the matrix that
had more correlation with each other where this
measure decreased by increasing their distances.
The weighted residuals were then added back
to GLMM predictions and final estimates of
prevalence were produced. In order to have robust
estimates with certainty, using estimated rates,
we employed Gaussian Process Regression (GPR)
which is a Bayesian technique. It defines a flexible
model with hierarchical priors for its parameters
and it also has a mean and covariance function.
In this study, these functions were defined in the
AST model and the Matérn function, respectively.
Gaussian Process Regression (GPR) samples were
drawn from the posterior distribution by using
the Markov Chain Monte Carlo method and we
calculated the median for the final estimates of
prevalence and 2.5 and 97.5 percentiles for its
uncertainty.[10]
The data collected from the 2018 record of

the national population in Iran was used as the
standard population in a direct age-standardized
analysis to facilitate the statistical comparisons
between provinces.
Since refractive errors do not have fatal

consequences, DALYs were considered equal
to YLDs, which were estimated by multiplying the
prevalence by the reported disability weight for
refractive errors in the GBD study, and the duration
of symptoms.

RESULTS

Prevalence of Refractive Errors

At national level, in the year 2018, the age-adjusted
prevalence of refractive errors was estimated at
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Table 1. Data source specifications.

Source Sex Age (yr) Province Year Coverage Number of data
point

Systematic Review Male/female All ages 10 1999–2014 Sub-national 146 (5.23%)

Ministry of Health Male/female 7–15 31 2007, 2010,
2012

National/sub-
national

1156 (37.6%)

National Health Survey Male/female All ages 31 1990, 2000 National 1049 (41.43%)

Table 2. Prevalence of refractive errors by sex and age group in year 2018.

Age group (yr) Sex Prevalence Lower limit Upper limit

0–6 Female 1.25 1.1 1.41

0–6 Male 1.01 0.9 1.13

7–11 Female 4.26 3.04 5.97

7–11 Male 3.33 2.34 4.75

12–14 Female 7.6 5.56 10.39

12–14 Male 6.1 4.42 8.42

15–17 Female 7.31 5.22 10.27

15–17 Male 5.58 3.91 7.95

18–24 Female 12.32 9.62 15.75

18–24 Male 9.48 7.17 12.54

25–34 Female 11.42 8.69 14.98

25–34 Male 8.53 6.57 11.05

35–44 Female 16.35 12.96 20.66

35–44 Male 13.1 10.12 17.02

45–54 Female 27.16 21.51 34.23

45–54 Male 25.62 19.56 33.56

55–64 Female 30.71 24.55 38.45

55–64 Male 23.12 18.1 29.6

65–74 Female 32 24.99 40.95

65–74 Male 26.43 21.05 33.17

75–84 Female 36.22 26.91 48.93

75–84 Male 27.94 20.57 38.14

85 Female 29.22 20.72 41.31

85 Male 25.75 19 34.95

16.32% (95% UI: 12.44%, 21.48%). It is 17.98% (95%
UI: 13.74–23.61%) in women and 14.66% (95%
UI: 11.14–19.36%) in men. The age-standardized
prevalence increased by 31.30% in females and
24.32% in males during the years 1990 to 2018.

The prevalence of refractive errors showed an
increasing trend with age in both sexes, with the
highest prevalence among women older than 85

years with a prevalence of 29.22% (95% UI: 20.72–
41.31%) in 2018. The highest rise is seen in ages 35
to 44 years [Table 2; Figures 2 & 3].

Geographic Distribution of Refractive Errors

The age-standardized prevalence of refractive
errors in different provinces is reported in
Figure 4. Provinces heterogeneity was observed
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Table 3. Age-standardized DALYs per 100,000 in different years and sex.

Year Male Female

1990 144.95 177.86

1995 172.69 213.64

2000 205.87 257.28

2005 255.14 319.81

2010 302.38 381.64

2018 348.38 441.41

Figure 1. Analysis process for YLDs calculation. DALY, disability-adjusted life years; YLD, years lived with disability.

consistently during the study period. The highest
age-standardized prevalence recorded in 2018
was 20.4% in North Khorasan while the lowest was
discovered in Tehran with a prevalence of 13.8%.
Country provinces located at the borders tend to
have lower levels of refractive errors while central
provinces showed higher levels, particularly in
recent years. The data also show a negative
association with the wealth index (r: 0.6; P: 0.032).

The Burden of Refractive Errors (Per 100,000)

Refractive errors contributed to 441.41 and 348.38
YLDs in men and women, respectively. The YLDs in
2018 in age and gender groups are summarized in
Table 3. The highest number of years of life lost was
seen in women over 85 years with 499.55 YLDs.
Nationally, the age-standardized YLDs rates of

refractive errors reveal an increasing trend of 28.9%
during this period [Figure 5].

DISCUSSION

This study represented a national first effort to
collect data from multiple sources at the individual

level to estimate the prevalence of refractive
errors over an extended period in Iran. It revealed
that a total of 13 million Iranian citizens are
affected by refractive errors. Similar to the global
patterns, advancing age, female gender, and
lower socioeconomic status were identified as risk
factors.[6, 11]

Refractive error prevalence carries an inherent
“age-related” feature; where it was determined
through the study that the possibility of developing
some kind of refractive error increases with age.
While in viewing the data of the decade one age
category a prevalence of under 10% refractive
error was noticed in 2018 throughout the country,
it increased to approximately 17% in the ninth
decade age category. Several phenomena may
explain this, juvenile myopia generally commences
before 6 years of age and continues to occur
and increase in severity up to 16 years or
more. In later years, keratoconus incidence in the
second and third decades contributes modestly to
increased refractive error. In later years especially
where people approach their 40s, presbyopia
and latent hyperopia may develop and manifest
in patients. The incidence of the presbyopia
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Figure 2. Refractive errors prevalence at national level by sex and age group from 1990 to 2018.

and hyperopia conditions fluctuates to a higher
level during the middle aged category of the
population which is clearly reflected in the study
diagrams. Decoupling of lenticular astigmatism
(from corneal astigmatism) and emergence of
nuclear sclerosis may also contribute to the age-
related changes. The latter should explain the

trend in the >70 years (index myopia) category.
Diabetes mellitus is another source for incidental
refractive error in the middle to older ages as it
may induce refractive index shifts in the crystalline
lens.
The increasing trend in the prevalence of

refractive errors is consistent with other reports in

JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2021 83



Refractive Errors in Iran; Mohammadi et al

Figure 3. Trend of refractive errors prevalence at national level by sex and age groups from 1990 to 2018.

the world and region.[6, 11] However, our prevalence
estimates in Iran are lower as compared with
corresponding figures in the region. In addition,
relative to global estimates, refractive errors
prevalence estimated in Iran reflects a more
positive outcome.[11]

It is known that the world is experiencing a
pandemic of refractive errors.[12] In 2010, about 28%
of the world’s population was affected by short-
sightedness. This is predicted to rise to 34% by
2020 and then to approximately 50% by 2050.[13]
The aging population has many more people
with refractive errors (demographic transition).
Presbyopia and manifest hyperopia are the two
major contributors in older ages. The myopia
epidemic, on the other hand, may be caused
by epidemiologic transition factors; daily habits
that encompass the use of digital, sight-intensive,
and night and near vision-oriented activities may
affect the state of vision in molecularly vulnerable
people where they may become more prone to
myopia. Many ecological studies suggested a

correlation between indoor and nightlife activities
with the prevalence of myopia and its related
severity.[14–16] In addition, lifestyle changes
involving the execution of more intense visual
tasks such as using a computer or a smartphone
led to glasses being prescribed even for patients
diagnosed with minimal myopia. An increase in
the prevalence of refractive errors in Iran may be
attributed to lifestyle changes due to technological
advancements and behavioral factors relating to
specific age groups. The initial and progressive
pace of juvenile myopia in recent years were both
attributed to near-work activities and digital life.
Cohort studies have proven the axial growth in the
eyes in the global population.[17] The COVID-19
pandemic due to the lifestyle restrictions has
exacerbated the use of digital apparatus and
the need for indoor entertainment where now
there are frequent studies revealing more myopia
incidence and progression.[18] However, it should
also be mentioned that based on particular studies
this phenomenon seems to not be consistent
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Figure 4. Geographic distribution of age-standardized prevalence in different years (a: Females, b: Males).
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Figure 5. Age-adjusted DALYs (YLDs) per 100,000 at national level by sex from 1990 to 2018.

among all races, Asians being the most sensitive
while Africans seem unsusceptible.[11] The age-
standardized prevalence estimates of refractive
error in our study from the years 1990 to 2018
translate into >100% rise which mostly follows the
trend of juvenile myopia.[13, 19]

The authors of the current study would like
to indicate the challenge experienced in the
conducting the assignment of the disability
index for VI to refractive errors. Refractive errors
are highly heterogeneous and their severity is
divergent. Although some refractive errors are
essentially a variation of normality, others are so
disabling that without correction they constitute
clear handicap and “functional” blindness. As a
result of our analysis, we recommend that the
approach to addressing the global burden of this
disease needs major improvement in this regard
including cost estimation and social attribution of
the disability.

DALYs attributed to refractive disorders
increased 52% worldwide as compared to 1990
and increased by 82% in Iran.[9] Our study showed
a higher prevalence and DALY as compared to
Institute for Health Metrics and Evaluation (IHME).
This might be due to the nature of IHME estimation
and imputation ofmissing data by neighboring data
because of security and insufficient evidences from
Iran in prior years. Imputation from neighboring
countries’ evidence may constitute another source
of disparity.
In our study, it was revealed that the prevalence

of refractive errors in central provinces which
generally possess better socioeconomic status
(better education and more indoor occupations)
is higher than those of the marginal provinces.
Prior studies on the prevalence of refractive errors
have already confirmed higher myopia prevalence
in environments that possess more advanced
levels of education, income, and professional
occupations.[20] Modern careers tend to be
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associated with sight-intensive work. In several
epidemiological studies[21–26] as a consequence
of the mentioned trends, increased attention is
now directed to addressing unmet refractive error
correction and control of myopia conditions.
In summary, the challenging data extraction

process in our current study proved useful in
determining the prevalence of the refractive errors
phenomena in Iran. This study has provided the
required evidence in determining the associated
burden (economic and social) of these conditions
and the basis for the recommendation to the
respective health authorities about the necessity
to address these issues. Over a span of 28
years, the prevalence of refractive errors has
increased significantly in Iran by 16.32% (the
age-standardized prevalence growth was 31.30%
in females and 24.32% in males from the years
1990 to 2018). Prevalence in females was 3.5%
higher than that of males. The prevalence rates
increased in older ages. Significant geographical
heterogeneity was observed where border
provinces possessed a lower prevalence of
refractive errors. The age-standardized YLDs rates
of refractive errors showed an increasing trend
of 28.9% during the period. Lifestyle changes
and behavioral adaptions due to technological
advancements and other social restrictions
continues to perpetuate the onslaught of myopia
and other VI issues globally, which further
emphasizes the need to manage diagnoses,
their prevention and treatment of these related
issues.
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Abstract
Keratoconus is the most common form of primary corneal thinning. Different methods have been
suggested to deal with the condition, including glasses, contact lenses, and surgical interventions, like
penetrating keratoplasty (PKP) and deep anterior lamellar keratoplasty (DALK), well-knownmethods of
the latter. This study was conducted to compare the outcomes and side effects of the two mentioned
keratoplasty techniques. First, we systematically reviewed all original articles studies on PubMed,
Scopus, Web of Science, and Embase. Then, the extracted data were pooled and meta-analyzed
on each of the intended outcomes. A total of 30 studies were included in which PKP was more
commonly performed compared to DALK. We found that adverse outcomes consisting of cataracts,

graft rejection, graft failure, High-IOP, and corneal infection, were all more common findings in the PKP
groups compared to the DALK groups. However, only for the high-IOP, cataracts, and graft rejection,
the analysis of the extracted results demonstrated statistical significance. Overall, the DALK groups

demonstrated significantly better results when considering the improvement levels by measuring the

Endothelial Cell Count (ECC) and Spherical Equivalent (SE). In addition, though statistically insignificant,
the Central Corneal Thickness(CCT), Best Corrected Visual Acuity(BCVA), Topographic Cylinder(TC),

Refractive Cylinder values were greater in the PKP groups. Based on our study and with its limitations
in mind, we can conclude that DALK can be a relatively safer and more effective procedure. Though,
a larger number of high-standard randomized clinical trials still need to be conveyed for more definite

conclusions.
Keywords: Corneal Transplant; Deep Anterior Lamellar Keratoplasty; Keratoconus; Penetrating Keratoplasty
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INTRODUCTION

Keratoconus defined as bilateral[1, 2] and
asymmetrical[3, 4] degeneration of the cornea
is the most common form of primary corneal
thinning. Local thinning of the cornea caused by
keratoconus leads to corneal protrusion and then
severe myopia and irregular astigmatism.[2, 5]

Different methods have been utilized to treat
this condition, including prescribing glasses
and contact lenses for the early stages[5, 6] and
keratoplasty for the advanced stages of the
disease.[6] Keratoconus is the most common
pathology requiring corneal transplants in most
ophthalmology centers worldwide. Similarly,
based on available data, keratoconus is also the
most common eye pathology requiring corneal
transplant in Iran.[8, 9] According to one study,
approximately 10–20% of keratoconus cases end
up requiring standard penetrating keratoplasty
(PKP). If the corneal cone’s size, the severity of
the keratoconus or corneal hydrops limits the
possibility of utilizing contact lenses to treat the
condition, keratoplasty should be performed.[10]
Despite the popular use and high success rates
of PKP, there is always a 20% risk that the host
develops an immune reaction to the graft, of
which 85% is due to the endothelial cell rejection.
Approximately 2.5% of graft rejections lead to graft
failure.[11, 12]

Some studies have also shown that in PKP
cases, the number of endothelial cells decreases
by 4.2% each year. This decline may continue
until 5–10 years after the transplantation.[13] Other
PKP complications include expulsive hemorrhage,
endophthalmitis, synechiae of the iris to the angle
or point of incision of the graft, side effects of
long-term corticosteroids use, and predisposition
to traumatic injuries.[14]

In the recent decade, the rate of performing
the lamellar keratoplasty (LK) procedure
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has increased.[15] Potential immunological
incompatibilities after the insult, leading to
complications including graft rejection, are of
considerable importance, therefore, the injured
corneal layers are removed, and the healthy
tissue is preserved.[16] Deep anterior lamellar
keratoplasty (DALK) is a type of LK that reconnects
the stroma to the Descemet’s membrane in cases
whose stroma might be in danger of loss.[17] This
technique prevents the recipient’s endothelium
replacement with the donor’s and mitigates the
risk of endothelial induced rejection. However, the
risk of rejection will not be completely eliminated
due to the remaining epithelial layer.[18, 19]
Although the LK is rapidly becoming the method

of choice in corneal transplant, some studies have
compared DALK with PKP to determine the more
appropriate option for treating keratoconus.[20]
Considering the importance of the subject and that
very few comprehensive studies have evaluated
and compared both techniques in keratoconus
cases, our study aims to conduct a systematic
review to compare the outcomes and side effects
of these two techniques.

METHODS

We completed our systematic review in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
(http://www.prisma-statement.org/).[21]
For this systematic review, we searched

PubMed, Scopus, Embase, Web of Science
databases for articles published up to the end of
May 2021.

Inclusion and Exclusion Criteria

All English comparative studies on adults including
clinical trials, retrospective and prospective cohort
studies on keratoconus treated with DALK and PKP
were used in the data assessment. We excluded
all editorials, conferences, commentaries,
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letter to editors, and reviews. In addition, non-
English studies, case reports, case–controls,
noncomparative studies, and those evaluating
DALK and PKP effects without a focus on
keratoconus were excluded. There were no
limitations regarding the sex of the evaluated
cases. However, only studies which evaluated
adults were included.

Search Strategy

We conducted a thorough manual search on the
Web of Science, Embase, PubMed, and Scopus,
considering the publications up to May 2021. The
searched queries are delineated below:

SCOPUS and Web of Science

TITLE-ABS-KEY (compar* AND (lamell* AND penet*)
AND keratocon*) AND (LIMIT-TO (DOCTYPE , ”ar”))
AND (LIMIT-TO (LANGUAGE , ”English”))

Pubmed

compar*[tiab] AND (lamell*[tiab] AND penet*[tiab])
AND keratocon*[tiab] Filters: Clinical Study, Clinical
Trial, Comparative Study, Controlled Clinical Trial,
Evaluation Study, Multicenter Study, Observational
Study, Pragmatic Clinical Trial, Randomized
Controlled Trial, English

Embase

compar*:ti,ab,kw AND lamell*:ti,ab,kw AND
penet*:ti,ab,kw AND keratocon*:ti,ab,kw AND
(’case study’/de OR ’clinical trial’/de OR ’cohort
analysis’/de OR ’comparative effectiveness’/de
OR ’comparative study’/de OR ’controlled
clinical trial’/de OR ’controlled study’/de OR
’cross sectional study’/de OR ’intervention
study’/de OR ’major clinical study’/de OR
’observational study’/de OR ’prospective
study’/de OR ’randomized controlled trial’/de
OR ’randomized controlled trial topic’/de OR
’retrospective study’/de) AND ’article’/it

Evaluating Recovered Evidence

After completing the search, two reviewers
separately removed duplicated findings via

Endnote version 20. A manual check for
duplication was also performed to ensure none
existed. Subsequently, two authors performed
initial evaluations of titles and abstracts of the
recovered evidence. After recovering all the
available articles in the second phase, they were
then evaluated by the research team.

Data Extraction

Two authors independently extracted data from the
articles according to the following criteria:
•Included study’s first author
•The year the study was published
•Study type
•Country of origin
•Patients’ age and sex
•Duration of follow-up
•Corneal infection rates
•Graft rejection rates (the rate of the rejection

episodes seen in cases)
•Graft failure rates
•Cataract rates
•High-intraocular pressure (IOP; also known as

ocular hypertension; an eye pressure of >21 mm
Hg) rates
•Mean and standard deviation (SD) of best-

corrected visual acuity (BCVA) in LogMAR scale
(defined as the highest score on the Snellen chart
when wearing either a visual aiding device, like
glasses or contact lenses)
•Refractive (RC) and topographic cylinder (TC;

defined as refractive power of the cylindrical lenses
and the mapping the anterior curvature of the
cornea, respectively)
•Central corneal thickness (CCT; defined as the

thickness of the cornea measured by optical low
coherence reflectometry)
•Endothelial cell count (ECC; estimation of

corneal endothelial reserve by corneal endothelial
photography)
•Spherical equivalent (an estimate of the

eyes’ refractive error calculated by merging the
nearsightedness or farsightedness and cylindrical
astigmatism components)
All the mentioned values were included based

on the last known follow-up of each study. Finally,
the extracted data were reviewed and double-
checked by the senior author.
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Quality Assessment

The quality of the included studies was evaluated
independently by two authors using the critical
appraisal tool, provided by The Joanna Briggs
Institute, containing 13, 12, and 8 items for
assessing RCTs, cohort, and cross-sectional
studies, respectively.

Data Analysis

For quantitative outcomes, the mean differences
and SD, and the risk-ratio for qualitative outcomes
were determined and analyzed. Methods of meta-
analysis and random-effects models were used
to combine the results using the 14th edition of
the STATA software. Furthermore, heterogeneity
between the studies was determined by employing
the I2 test. The p-value was set at <0.05 for the
significance level.

RESULTS

We identified 1129 articles in the systematic
search of resources. After reviewing the titles
and abstracts, 1079 articles were excluded from
the study of which 347 were duplications. After
reviewing the full-text of the articles, 20 were put
aside again. Finally, 30 articles were included into
this meta-analysis. The information of the selected
articles is shown in Figure 1.
Among the 30 articles chosen, 25 were cohort

(retrospective or prospective), 3 were cross-
sectionals, and 2 were randomized-clinical trials.
Information about each study is shown in Table 1.

Quality Assessment

Based on the Joanna Briggs Institute’s critical
appraisal tool, the three cross-sectional studies
scored within a range of 6–8 out of a possible 8.
The two randomized-clinical trials scored 10 out of a
possible 13. In addition, the 25 cohort studieswithin
a range of 9–11 out of a possible 12.

Meta-Analysis Results

Central corneal thickness (CCT)

In nine of the studies, the mean and SD of
central corneal thickness after PKP and DALK was

reported. A total of 271 eyes were treated with
PKP and 316 eyes with DALK. The mean age of
the cases treated with PKP and DALK was 31.56
and 30.72, respectively. Furthermore, the follow-
up duration was 24.87 and 20.81 months for PKP
and DALK, respectively. Heterogeneity between
the studies was significant (I2 = 85.9%, p-value <
0.001). According to the meta-analysis results with
the help of the random-effects model, integrated
mean differences (mean PKP – mean DALK) for the
central corneal thickness were measured as –0.10
(pooled MD = –0.10, 95% CI: –0.57 – 0.37, p-value
= 0.671). Figure 2 shows the forest plot of the meta-
analysis.

Spherical equivalent (SE)

In 16 studies, the mean and SD of the spherical
equivalent identified after PKP and DALK was
reported. A total of 2552 eyes were treated with
PKP, and 1105 eyes were treated with DALK. The
mean age of cases treated with PKP and DALK was
29.2 and 28.39 years, respectively. The duration
of the follow-up was 35.36 months for PKP and
27.33 months for DALK cases. Heterogeneity was
statistically significant (I2 = 80.4%, p-value < 0.001).
Integrated mean differences (mean PKP – mean
DALK) of PKP andDALK for the spherical equivalent
was 0.32 (pooled MD = 0.32, 95% CI; 0.10 – 0.54,
p-value = 0.004). Figure 3 illustrates the forest plot
of the meta-analysis results.

Best-corrected visual acuity (BCVA)

Eighteen studies reported the mean and SD of
BCVA after both PKP and DALK. A total of 3301
eyes were treated with PKP and 1388 eyes with
DALK. The mean age of cases treated with PKP
and DALK was 30.54 and 28.14 years, respectively.
Duration of follow-up was 29.71 months for PKP
and 27.60 months for DALK cases. Heterogeneity
was statistically significant (I2 = 65.1%, p-value <
0.001). Integrated mean differences (mean PKP –
mean DALK) for the BCVA was measured as –0.01
(pooled MD = –0.01, 95% CI; –0. 61 – 0.13, p-value
= 0.869). Figure 4 illustrates the forest plot of the
meta-analysis.

Topographic cylinder

The mean and SD of the topographic cylinder
occurring after PKP and DALK was reported in
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Figure 1. Diagram of the studies evaluation.

14 studies. A total of 534 eyes underwent PKP
and 602 underwent DALK. The mean age of
cases treated with PKP and DALK was 30.00
and 28.01 years, respectively. Follow-up for PKP
and DALK groups was 35.61 and 28.79 months,
respectively. Heterogeneity was statistically
significant (I2 = 69.8%, p-value < 0.001). Integrated
mean differences (mean PKP – mean DALK) for
the topographic cylinder was 0.11 (pooled MD =
0.11.95% CI; –0.12 – 0.34, p-value = 0.359). Figure
5 shows the forest plot of the meta-analysis.

Refractive cylinder

The mean and SD of refractive cylinder occurring
after PKP and DALK was reported in 11 studies.
A total of 439 eyes underwent PKP and 525
underwent DALK. The mean age of cases treated

with PKP and DALK was 29.65 and 29.09
years, respectively. Follow-up for PKP and DALK
groups was 38.57 and 34.91 months, respectively.
Heterogeneity was statistically significant (I2 =
52%, p-value = 0.022). Integrated mean differences
(mean PKP –mean DALK) for the refractive cylinder
was 0.08 (pooled MD = 0.27, 95% CI; –0.12 – 0.28,
p-value = 0.428). Figure 6 shows the forest plot of
the meta-analysis.

High IOP

High IOP occurring after PKP and DALK appeared
in eight studies. A total of 349 eyes were treated
with PKP, and 424 were treated with DALK. The
mean age of cases treated with PKP and DALK was
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Figure 2. Results of meta-analysis for central corneal thickness.

Figure 3. Results of the meta-analysis of the spherical equivalent.
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Figure 4. Results of the meta-analysis of the best-corrected visual acuity.

Figure 5. Results of the meta-analysis of the topographic cylinder.
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Figure 6. Results of the meta-analysis of the refractive cylinder.

Figure 7. Results of the meta-analysis of the high IOP.
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Figure 8. Results of the meta-analysis of the cataract.

Figure 9. Results of the meta-analysis of the corneal infection.
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Figure 10. Results of the meta-analysis of the graft rejection.

Figure 11. Graft failure meta-analysis results.
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Figure 12. Endothelial cell count meta-analysis results.

30.51 and 30.52 years, respectively. The duration
of follow-up for the PKP cases was 28 and 24.32
months for the DALK cases. Heterogeneity was
statistically significant (I2 = 68.7, p-value = 0.002).
The random-effectsmodel showed the PKP group’s
high IOP risk ratio as 3.63 times that of the DALK
group (pooled HR = 3.63, 95% CI; 2.36 – 5.59, p-
value = 0.018). Forest’s plot is presented in Figure
7.

Cataract

In six studies reporting cataract occurring after
PKP and DALK, 223 eyes were treated with PKP
and 225 eyes with DALK. The mean age of
cases was 29.62 years for PKP and 30.77 years
for DALK. Follow-up period was 41.27 months
for PKP and 37.32 months for DALK cases.
Heterogeneity was not statistically significant (I2
= 22.8, p-value = 0.274). The risk ratio of
cataract incidence in the PKP group was 3.02
times that of the DALK group (pooled HR =
3.02, 95% CI; 1.69 – 5.40, p-value = 0.62).
Figure 8 presents the forest plot of the meta-
analysis.

Corneal infection

Corneal infection manifesting after PKP and DALK
was reported in five studies. A total of 3314 eyes
were treated with PKP and 1326 eyes were treated
with DALK. The mean age of cases treated with the
PKP and DALK method was 34.17 and 30.3 years,
respectively. The duration of the cases’ follow-up
in the PKP and the DALK groups was 49.22 and
33.98 months. Heterogeneity was not statistically
significant (Q-value = 0.24, df = 2, (I2 = 0.000,
p-value = 0.7). The risk ratio of corneal infection
incidence in the PKP group was measured at 1.23
times that of the DALK group (pooled HR = 1.23,
95% CI; 0.58 – 2.63, p-value = 0.700). Figure 9
illustrates the forest plot of the meta-analysis.

Graft rejection

Graft rejection occurring after PKP and DALK was
observed in 15 studies. A total of 5554 eyes
were treated with PKP and 2134 eyes with DALK.
The mean age of cases undergoing PKP was
32.25 and 30.81 years for DALK. PKP cases were
followed-up for 38 months and the DALK cases for
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29.88 months. Heterogeneity was not statistically
significant (I2 = 17.2, p-value = 0.261). The graft
rejection risk ratio of PKP to DALK was 1.91 (pooled
HR = 2.33, 95% CI; 1.69 – 3.22, p-value = 0.179).
Figure 10 presents the forest plot.

Graft failure

Six studies discussed graft failure presenting after
PKP and DALK. A total of 5224 eyes were treated
with PKP and 1725 were treated with DALK. The
mean age of cases treated with PKP and DALK was
31.77 and 29.4 years, respectively. Follow-up for the
PKP group was 42 months and 35.98 months for
the DALK group. Heterogeneity was not statistically
significant (I2 = 1.8, p-value = 0.405). The risk ratio
of the graft failure incidence in the PKP group was
0.88 of the DALK group (pooled HR = 0.88, 95% CI;
0.71 – 1.09, p-value = 0.98). In Figure 11, a related
forest plot is illustrated.

Endothelial cell count

The mean and SD of endothelial cell count
presenting after PKP and DALK was reported
in six studies. A total of 252 eyes underwent
PKP and 320 underwent DALK. The mean age
of cases treated with PKP and DALK was 32.47
and 29.95 years, respectively. Follow-up for PKP
and DALK groups was 35.35 and 24.65 months,
respectively. Heterogeneity was statistically
significant (I2 = 96.3%, p-value < 0.001). Integrated
mean differences (mean PKP – mean DALK) for
the endothelial cell count was –2.49 (pooled
MD = –2.49 95% CI; –3.65 – –1.34, p-value =
0.000). Figure 12 shows the forest plot of the
meta-analysis.

DISCUSSION

In this study, a total of 6773 cases of PKP and 2891
cases of DALK were documented and reviewed.
In those studies, where differences in sex were
evaluated, the male cases were subjected to
more interventions in both the PKP and DALK
procedures than the female cases. The mean age
for PKP and DALK categories was 30.97 and 29.80
years, respectively. Furthermore, the cases were
followed-up in the PKP and DALK groups for 34.99
and 28.59 months, respectively.
CCT in the DALK group was 10% greater overall

than registered in the PKP group, which was not

statistically significant. The study by Liu et al[53]
could not find statistical significance regarding the
differences in this value when comparing the two
groups.
The SE value in the PKP group was 32% higher

overall, which was also statistically significant. This
finding may be due to the tighter suturing in DALK.
Henein et al[54] and Liu et al[53] did not find any
statistical significance when comparing the value
between the two groups. However, the study by
Song et al[55] found this value to be significantly
more improved in the DALK group.
BCVA measured in the DALK group

insignificantly demonstrated to be 1% better as
compared to the PKP group. However, the study
by Henein et al[54] revealed statistical significance
in favor of the PKP group. In Song et al[55] and Liu
et al[53], this value was not statistically significant.
Regarding the topographic cylinder, the PKP

group showed insignificantly greater results (about
11%). Furthermore, neither of the studies by Henein
et al[54] nor Song et al[55] demonstrated statistical
significance.
The PKP group demonstrated insignificantly

greater results on the refractive cylinder values
than the DALK group (8% overall). Henein et al[54]
demonstrated significance in the improvement of
the RC in the DALK group. Song et al,[55] however,
found no statistical significance in the differences
of RC between the two groups.
The ECC was 2.49 score unique higher in

the DALK group as compared to the PKP group.
Consistent with the study by Liu et al,[53] this finding
also turned out to be statistically significant. In the
study by Henein et al,[54] the ECC values were
not statistically significant between the two groups.
DALK involved the inner portion of the cornea less
often than PKP. The procedure is also less invasive.
Cataracts (38 vs 12 cases), graft rejection (413 vs

80 cases), graft failure (286 vs 105 cases), High-
IOP (73 vs 30 cases), and corneal infection (22
vs 11 cases) were all more common findings in
the PKP groups as compared to the DALK groups.
Except for the high IOP, cataract and graft rejection
the remaining complications were not statistically
significant when we compared the results of the
two groups.
Graft failure, consistent with our study, was not

statistically significant in the studies by Henein
et al[54] and Liu et al.[53] In addition, High IOP
was significantly more common in the PKP group
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when compared in the study by Liu et al.[53]
Furthermore, in prior review studies by Henein
et al,[54] Song et al,[55] and Liu et al,[53] the DALK
groups suffered significantly fewer graft rejection
episodes. Furthermore, consistent with our study,
Liu et al[53] found statistical significance regarding
the number of post-op cataracts occurring in the
PKP group.

SUMMARY

Despite the results favoring the DALK procedure
and its utility in most of the evaluated outcomes,
we cannot definitively conclude that the procedure
is more eventful compared to PKP. This remark is
primarily due to the small sample size, study design
variability, and mismatched follow-up durations
leading to, in some incidences, significant
heterogeneity that could not be addressed via met-
regression or sensitivity analyses. Therefore, we
believe that any conclusions from the comparisons
must be taken with a grain of salt. Ultimately, we
believe that to increase the validity of a possible
meta-analysis, future randomized controlled trials
need to be conducted with consistently matching
follow-up durations and timing between the
sessions.

Limitations

Our study’s limitation was that we did not include
other types of lamellar keratoplasty techniques due
to the low number of available cases. Furthermore,
formulas used to convert the domains to the SD
might not be as accurate as desired, which can be
due to statistical limitations.

Financial Support and Sponsorship

Nil.

Conflicts of Interest

The authors do not have any conflicts of interest.

REFERENCES

1. Zadnik K, Barr JT, Gordon MO, Edrington TB.
Biomicroscopic signs and disease severity in keratoconus.
Collaborative Longitudinal Evaluation of Keratoconus
(CLEK) Study Group. Cornea 1996;15:139–146.

2. Kennedy RH, Bourne WM, Dyer JA. A 48-year clinical and
epidemiologic study of keratoconus. Am J Ophthalmol
1986;101:267–273.

3. Zadnik K, Steger-May K, Fink BA, Joslin CE, Nichols
JJ, Rosenstiel CE, et al. Between-eye asymmetry in
keratoconus. Cornea 2002;21:671–679.

4. Chopra I, Jain AK. Between eye asymmetry in keratoconus
in an Indian population.Clin ExpOptom 2005;88:146–152.

5. Rabinowitz YS. Keratoconus. Surv Ophthalmol
1998;42:297–319.

6. Bilgin LK, Y𝚤lmaz S, Araz B, Yüksel SB, Sezen T. 30 years of
contact lens prescribing for keratoconic patients in Turkey.
Cont Lens Anterior Eye 2009;32:16–21.

7. Gordon MO, Steger-May K, Szczotka-Flynn L, Riley C,
Joslin CE, Weissman BA, et al. Baseline factors predictive
of incident penetrating keratoplasty in keratoconus. Am J
Ophthalmol 2006;142:923–930.

8. Fallahi Motlagh B, Javadi MA, Jafari Nasab MR,
Rabbanikhah Z, Anisian A, Souri H. Corneal transplantation
in patients with keratoconus. Iran J Ophthalmol
2003;16:9–19. [In Persian]

9. Javadi MA, Mohammadi MJ, Mirdehghan SA, Sajjadi SH.
A comparison between donor-recipient corneal size and
its effect on the ultimate refractive error induced in
keratoconus. Cornea 1993;12:401–405.

10. Brierly SC, Izquierdo Jr L, Mannis MJ. Penetrating
keratoplasty for keratoconus. Cornea 2000;19:329–332.

11. Kirkness CM, Ficker LA, Steele AD, RiceNS. The success of
penetrating keratoplasty for keratoconus. Eye 1990;4:673–
688.

12. Lim L, Pesudovs K, Coster DJ. Penetrating keratoplasty for
keratoconus: visual outcome and success.Ophthalmology
2000;107:1125–1131.

13. Colin J, Velou S. Current surgical options for keratoconus.
J Cataract Refract Surg 2003;29:379–386.

14. Agarwal Rk. Deep lamellar keratoplasty, an alternative to
penetrating keratoplasty.Br JOphthalmol 1997;81:178–179.

15. Croasdale CR, Barney E, Warner EJ. Eye bank tissue
utilization between endothelial keratoplasty and
penetrating keratoplasty. Cornea 2013;32:280–284.

16. Cassidy D, Beltz J, Jhanji V, Loughnan MS. Recent
advances in corneal transplantation for keratoconus. Clin
Exp Optom 2013;96:165–172.

17. Weed KH, McGhee CN, MacEwen CJ. Atypical unilateral
superior keratoconus in young males. Cont Lens Anterior
Eye 2005;28:177–179.

18. MacIntyre R, Chow SP, Chan E, Poon A. Long-term
outcomes of deep anterior lamellar keratoplasty versus
penetrating keratoplasty in Australian keratoconus
patients. Cornea 2014;33:6–9.

19. Van Dooren B, Mulder PG, Nieuwendaal CP, Beekhuis WH,
Melles GR. Endothelial cell density after posterior lamellar
keratoplasty (Melles techniques): 3 years follow-up. Am J
Ophthalmol 2004;138:211–217.

20. Shimazaki J, Shimmura S, Ishioka M, Tsubota K.
Randomized clinical trial of deep lamellar keratoplasty vs
penetrating keratoplasty.Am JOphthalmol 2002;134:159–
165.

21. Moher D, Liberati A, Tetzlaff J, Altman DG, Prisma
Group. Preferred reporting items for systematic reviews

JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2022 105



PK versus DALK; Shams et al

and meta-analyses: the PRISMA statement. PLoS Med
2009;6:e1000097.

22. Joanna Briggs Institute. The Joanna Briggs Institute
Critical Appraisal tools for use in JBI systematic
reviews checklist for prevalence studies [Internet].
Adelaide, Australia: Joanna Briggs Institute; 2017.
Available from: http://joannabriggs.org/research/critical-
appraisaltools.html

23. Abdelaal AM, Alqassimi AH, Malak M, Hijazi HT, Hadrawi
M, Khan MA. Indications of keratoplasty and outcomes
of deep anterior lamellar keratoplasty compared to
penetrating keratoplasty. Cureus 2021;13:e13825.

24. Busool Abu Eta Y, Tomkins-Netzer O, Mimouni M, Hamed
Azzam S, Shehadeh Mashour R. Predicting factors of
ocular hypertension following keratoplasty: Indications
versus the procedure. Eur J Ophthalmol 2021;31:1749–
1753.

25. Akdemir MO, Kandemir B, Sayman IB, Selvi C, Dogan
OK. Comparison of contrast sensitivity and visual
acuity between deep anterior lamellar keratoplasty
and penetrating keratoplasty in patients with keratoconus.
Int J Ophthalmol 2012;5:737–741.

26. Alzahrani K, Dardin SF, Carley F, Brahma A, Morley D,
Hillarby MC. Corneal clarity measurements in patients
with keratoconus undergoing either penetrating or
deep anterior lamellar keratoplasty. Clin Ophthalmol
2018;12:577–585.

27. Amayem AF, Hamdi IM, Hamdi MM. Refractive and
visual outcomes of penetrating keratoplasty versus deep
anterior lamellar keratoplasty with hydrodissection for
treatment of keratoconus. Cornea 2013;32:e2–e5.

28. Bahar I, Kaiserman I, Srinivasan S, Ya-Ping J, Slomovic AR,
Rootman DS. Comparison of three different techniques of
corneal transplantation for keratoconus. Am J Ophthalmol
2008;146:905–912.e1.

29. Cohen AW, Goins KM, Sutphin JE, Wandling GR, Wagoner
MD. Penetrating keratoplasty versus deep anterior
lamellar keratoplasty for the treatment of keratoconus. Int
Ophthalmol 2010;30:675–681.

30. Donoso R, Díaz C, Villavicencio P. Comparative study
of keratoconus between Anwar’s deep anterior lamellar
keratoplasty versus converted penetrating keratoplasty.
Arch Soc Esp Oftalmol 2015;90:257–263.

31. Funnell CL, Ball J, Noble BA. Comparative cohort
study of the outcomes of deep lamellar keratoplasty
and penetrating keratoplasty for keratoconus. Eye
2006;20:527–532.

32. Godefrooij DA, Gans R, Imhof SM, Wisse RP. Trends
in penetrating and anterior lamellar corneal grafting
techniques for keratoconus: a national registry study. Acta
Ophthalmol 2016;94:489–493.

33. Hamdi IM, Hamdi MM. Quality of vision after deep anterior
lamellar keratoplasty (fluid dissection) compared to
penetrating keratoplasty for the treatment of keratoconus.
J Ophthalmol 2017;2017:4507989.

34. Huang T, Hu Y, Gui M, Hou C, Zhang H. Comparison
of refractive outcomes in three corneal transplantation
techniques for keratoconus. Graefes Arch Clin Exp
Ophthalmol 2015;253:1947–1953.

35. Jafarinasab MR, Feizi S, Javadi MA, Hashemloo A. Graft
biomechanical properties after penetrating keratoplasty

versus deep anterior lamellar keratoplasty. Curr Eye Res
2011;36:417–421.

36. Janiszewska-Bil D, Czarnota-Nowakowska B, Krysik K,
Lyssek-Boron A, Dobrowolski D, Grabarek BO, et al.
Comparison of long-term outcomes of the lamellar and
penetrating keratoplasty approaches in patients with
keratoconus. J Clin Med 2021;10:2421.

37. Javadi MA, Feizi S, Yazdani S, Mirbabaee F. Deep anterior
lamellar keratoplasty versus penetrating keratoplasty for
keratoconus: a clinical trial. Cornea 2010;29:365–371.

38. Jones MN, Armitage WJ, Ayliffe W, Larkin DF, Kaye SB.
Penetrating and deep anterior lamellar keratoplasty for
keratoconus: a comparison of graft outcomes in the United
kingdom. Invest Ophthalmol Vis Sci 2009;50:5625–5629.

39. Kasbekar SA, Jones MN, Ahmad S, Larkin DF, Kaye
SB. Corneal transplant surgery for keratoconus and the
effect of surgeon experience on deep anterior lamellar
keratoplasty outcomes. Am J Ophthalmol 2014;158:1239–
1246.

40. Khattak A, Nakhli FR, Al-Arfaj KM, Cheema AA.
Comparison of outcomes and complications of
deep anterior lamellar keratoplasty and penetrating
keratoplasty performed in a large group of patients with
keratoconus. Int Ophthalmol 2018;38:985–992.

41. Kim KH, Choi SH, Ahn K, Chung ES, Chung TY.
Comparison of refractive changes after deep anterior
lamellar keratoplasty and penetrating keratoplasty for
keratoconus. Jpn J Ophthalmol 2011;55:93–97.

42. Koytak A, Kubaloglu A, Sari ES, Atakan M, Culfa S,
Ozerturk Y. Changes in central macular thickness after
uncomplicated corneal transplantation for keratoconus:
penetrating keratoplasty versus deep anterior lamellar
keratoplasty. Cornea 2011;30:1318–1321.

43. Kubaloglu A, Coskun E, Sari ES, Gunes AS, Cinar Y,
Piñero DP, et al. Comparison of astigmatic keratotomy
results in deep anterior lamellar keratoplasty and
penetrating keratoplasty in keratoconus. Am JOphthalmol
2011;151:637–643.e1.

44. Macintyre R, Chow SP, Chan E, Poon A. Long-term
outcomes of deep anterior lamellar keratoplasty versus
penetrating keratoplasty in Australian keratoconus
patients. Cornea 2014;33:6–9.

45. Motlagh BF, Sedghipoor MR, Abroon G, Sadigh AL.
Outcomes of penetrating keratoplasty and deep anterior
lamellar keratoplasty for keratoconus in a university
teaching hospital. Iran J Ophthalmol 2012;24:52–56.

46. Oh BL, Kim MK, Wee WR. Comparison of clinical
outcomes of same-size grafting between deep anterior
lamellar keratoplasty and penetrating keratoplasty for
keratoconus. Korean J Ophthalmol 2013;27:322–330.

47. Pedrotti E, Passilongo M, Fasolo A, Ficial S, Ferrari
S, Marchini G. Refractive outcomes of penetrating
keratoplasty and deep anterior lamellar keratoplasty in
fellow eyes for keratoconus. Int Ophthalmol 2017;37:911–
919.

48. Sögütlü Sari E, Kubaloglu A, Ünal M, Piñero Llorens D,
Koytak A, Ofluoglu AN, et al. Penetrating keratoplasty
versus deep anterior lamellar keratoplasty: comparison
of optical and visual quality outcomes. Br J Ophthalmol
2012;96:1063–1067.

49. Watson SL, Ramsay A, Dart JK, Bunce C, Craig E.
Comparison of deep lamellar keratoplasty and penetrating

106 JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2022



PK versus DALK; Shams et al

keratoplasty in patients with keratoconus. Ophthalmology
2004;111:1676–1682.

50. Yüksel B, Kandemir B, Uzunel UD, Çelik O, Ceylan
S, Küsbeci T. Comparison of visual and topographic
outcomes of deep-anterior lamellar keratoplasty and
penetrating keratoplasty in keratoconus. Int J Ophthalmol
2017;10:385–390.

51. Zhang YM, Wu SQ, Yao YF. Long-term comparison of full-
bed deep anterior lamellar keratoplasty and penetrating
keratoplasty in treating keratoconus. J Zhejiang Univ Sci B
2013;14:438–450.

52. Ziaei M, Vellara HR, Gokul A, Ali NQ, McGhee CNJ,
Patel DV. Comparison of corneal biomechanical
properties following penetrating keratoplasty and deep

anterior lamellar keratoplasty for keratoconus. Clin Exp
Ophthalmol 2020;48:174–182.

53. Liu H, Chen Y, Wang P, Li B, Wang W, Su Y, et al. Efficacy
and safety of deep anterior lamellar keratoplasty vs.
penetrating keratoplasty for keratoconus: a meta-analysis.
PLoS ONE 2015;10:e0113332.

54. Henein C, Nanavaty MA. Systematic review comparing
penetrating keratoplasty and deep anterior lamellar
keratoplasty for management of keratoconus. Cont Lens
Anterior Eye 2017;40:3–14.

55. Song Y, Zhang J, Pan Z. Systematic review and
meta-analysis of clinical outcomes of penetrating
keratoplasty versus deep anterior lamellar keratoplasty
for keratoconus. Exp Clin Transplant 2020;18:417–428.

JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2022 107



Review Article

Update on Management of Non-proliferative Diabetic
Retinopathy without Diabetic Macular Edema; Is There

a Paradigm Shift?

Amir Arabi1,2, MD, MPH; Ramin Tadayoni3, MD, PhD; Hamid Ahmadieh1,4, MD; Toktam Shahraki1,5, MD
Homayoun Nikkhah1,2, MD

1Ophthalmic Research Center, Research Institute for Ophthalmology and Vision Science, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

2Department of Ophthalmology, Torfeh Medical Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Université de Paris, Ophthalmology Department, AP-HP, Lariboisière, Saint Louis and Fondation Adolphe de Rothschild

Hospitals, Paris, France
4Department of Ophthalmology, Labbafinejad Medical Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
5Department of Ophthalmology, Imam Hossein Medical Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran

ORCID:
Amir Arabi: https://orcid.org/0000-0002-6523-7533

Homayoun Nikkhah: https://orcid.org/0000-0002-2414-4661

Abstract

Diabetic retinopathy (DR) is the major cause of visual impairment and blindness in
the working-age population. Conventional management for nonproliferative diabetic
retinopathy (NPDR) without diabetic macular edema (DME) is derived from the findings of
the Early Treatment Diabetic Retinopathy Study (ETDRS). Although the ETDRS protocol
basically includes observation, selected cases of severe NPDR may undergo scatter
laser photocoagulation. Post-hoc analysis of recent trials has shown that patients with
NPDR receiving intravitreal anti-vascular endothelial growth factor (anti-VEGF) for DME
would experience improvement in the DR severity scale (DRSS). In addition, recent
randomized trials (PANORAMA and Protocol W) have revealed that early intervention
with intravitreal aflibercept in eyes with moderately severe to severe NPDR is associated
with significant improvement in DRSS and reduced vision-threatening complications of
DR. Based on recent studies, it seems that the therapeutic approach to NPDR may
undergo a substantial change and a paradigm shift toward considering early intervention
with the administration of intravitreal anti-VEGF injections. However, the long-term
results and the duration of adherence to anti-VEGF therapy for eyes with NPDR are
not yet defined. It is also not apparent whether improvement in DRSS is a true disease
modification. Studies showed that DRSS improvement is not associated with retinal
reperfusion. In addition, DRCR.net Protocol W showed no visual acuity benefit with the
early intravitreal aflibercept injection in moderate to severe NPDR as compared with
performing observation plus intravitreal aflibercept applied only after progression to
proliferative DR or vision-impairing DME. The cost–benefit ratio is also a challenge.
Herein, we look at different aspects of early anti-VEGF application and discuss its pros
and cons in the process of treating NPDR.

Keywords: Diabetic Macular Edema; Management; Nonproliferative Diabetic Retinopathy;
Paradigm Shift
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INTRODUCTION

According to the recent report of the International
Diabetes Federation (IDF), about 400 million
people live with diabetes mellitus (DM) worldwide;
this prevalence is estimated to approach 600
million individuals by 2035.[1] One of the most
common microvascular complications of DM
is diabetic retinopathy (DR), which is reported
to be the leading cause of visual impairment
in the working-age population.[2, 3] Diabetic
retinopathy is classically categorized into two
types: nonproliferative diabetic retinopathy
(NPDR) and proliferative diabetic retinopathy
(PDR). Diabetic macular edema (DME) is another
important manifestation of DR, which may be
experienced across all DR severity stages. While
approaches to the patients with PDR or DME
is straightforward, the therapeutic approach to
NPDR patients with no DME has not been well
established.
Conventional management for NPDR without

DME, which is derived from the findings of the Early
Treatment Diabetic Retinopathy Study (ETDRS)[4]
includes observation for mild and moderate NPDR.
Most cases of severe NPDR are also followed
closely; however, selected cases may undergo
scatter laser photocoagulation. Post-hoc analysis
of recent trials has shown that patients with NPDR
receiving intravitreal anti-vascular endothelial
growth factor (anti-VEGF) drugs for DME would
experience amelioration in the DR severity scale
(DRSS).[5, 6] In addition, more recent randomized
controlled trials (PANORAMA study and DRCR.net
Protocol W) have revealed that early intervention
with intravitreal injection of aflibercept in eyes
with moderately severe to severe NPDR may be
associated with significant improvement in DRSS
and reduced vision-threatening complications
although the effect on visual acuity has not been
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significantly different compared to proper follow-up
with timely treatment of complications.[7, 8] Based
on recent studies, the therapeutic approach toward
treating NPDR may undergo a significant change
and paradigm shift to early intervention with
intravitreal anti-VEGF injections that may substitute
the conventional approach. However, the long-
term results of anti-VEGF therapy for eyes with
NPDR are not yet determined, and it is not clear
how durable this approach will be and whether
it is connected with enhanced visual functions
and improved quality of life (QoL). The cost–
benefit ratio is also a challenge that needs to be
addressed. Herein, we review the different aspects
of NPDR management and the early application of
anti-VEGF therapy.

Management of NPDR Without DME

Management of NPDR patients without DME
involves all interventions that prevent occurrence
of vision-threatening complications including PDR
and DME. This goal can be achieved by both
systemic and ocular interventions.

Systemic management

Glycemic control

Control of hyperglycemia remains the basis of care
in diabetic patients. Intensive glycemic control
evaluated in two landmark trials, the Diabetes
Control and Complications Trial (DCCT) and the
UK Prospective Diabetes Study (UKPDS), assisted
in reducing the risk of developing retinopathy and
slowing the DR progression in both type 1 and type
2 DM[9, 10] These results have been supported in
other studies.[11, 13] As an observation in the DCCT
and UKPDS, the people in the early intensive
glycemic control group had a significantly lower
risk for long-term retinopathy progression and
microvascular disorders regardless of the glycemic
condition in the later course of the diabetes.[14, 15]
The American Diabetes Association (ADA)
This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed under the
identical terms.
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recommends a hemoglobin A1c (HbA1c) of <7%,
with the recommendation of adjustment on an
individual basis to avoid probable complications,
such as hypoglycemia.[16]

Blood pressure control

Several studies have investigated the role of
blood pressure regulation in the incidence and
progression of DR. Some of these studies have
demonstrated a positive effect from the intensive
control of blood pressure, whereas no beneficial
effect on the incidence and progression of DR has
been observed in others.[17–20] Generally, blood
pressure control has been recommended as a
principal part of the standard care in diabetic
patients, primarily because of its known beneficial
effect on macro-vascular complications of DM
rather than for its effect on DR.[21] However, blood
pressure control may also reduce the damage to
endothelial cells, through which slowing of DR
progression may be achieved.[22] The available
evidence does not support the idea that blood
pressure control alone can inhibit or slow the
progression of DR.[23]

Control of hyperlipidemia

The effects of dyslipidemia on DR incidence
and progression have been controversial. In a
new meta-analysis, no significant difference in
lipid profile was observed between patients with
and without DR.[24] However, Sankara Nethralaya
Diabetic Retinopathy Epidemiology and Molecular
Genetic Study (SN-DREAMS II) reported a threefold
increase in the risk of DR progression to PDR stage
in patients with higher triglycerides levels.[25] The
ACCORD Eye Study has confirmed that fenofibrate
benefits patients with DR.[26] Furthermore, the
FIELD study confirmed that fenofibrate could
prevent the progression of DR independent of
serum lipids’ levels.[27] It is postulated that the
role of fenofibrate is more effective via iron
chelation rather than hyperlipidemia treatment.
Given the role of iron in retinal damages via
oxidative pathways, iron chelation with fenofibrate
may play a protective role in reducing retinal
damage in DR.[28] In the Collaborative Atorvastatin
Diabetes Study and the Heart Protection Study, the
progression of DR did not differ between patients
treated with statins and those who received
placebo.[29, 30]

Miscellaneous systemic risk factors

Anemia is considered a risk factor of the
microvascular complications of diabetic
patients.[31, 32] Some studies have suggested
that lower hemoglobin levels may be linked to
progression of DR.[33, 34] Dietary modification,
regular monitoring of anemia, and treatment with
supplements may stop the progression of DR.[35]

A meta-analysis has revealed an association
between vitamin D deficiency and increased
risk of DR in type 2 DM.[36] Recently, it has
been postulated that vitamin D3 exerts protective
effects against retinal cell apoptosis and vascular
damage in DR patients via an anti-inflammatory
mechanism.[37]

A new meta-analysis discovered that the risk of
DR was greater in smokers with type 1 diabetes;
while in those patients who suffered with type 2
diabetes, the risk of PDR significantly decreased in
smokers in comparison with nonsmokers.[38]
In the Wisconsin Epidemiologic Study of
Diabetic Retinopathy (WESDR), smoking was
not significantly associated with the progression
of DR in a 4-year and 10-year follow-up period.[39]
Although the relationship between smoking and
progression of DR remains inconclusive, there is
evidence that suggests that smoking encourages
macro-vascular complications associated with
DM. As a result, it is recommended that patients
who suffer with DM be strongly advised to cease
smoking.

Ophthalmic management

Laser photocoagulation for NPDR

As DR reaches proliferative stage, retinal
photocoagulation is applied to preserve the
vision. This indication was derived from the
presentation of two landmark studies, Diabetic
Retinopathy Study (DRS) and ETDRS, where the
findings convinced ophthalmologists to reach
consensus on laser photocoagulation as a gold
standard procedure for high-risk PDR (HRPDR).[40]
Nevertheless, the question remains: Can retinal
photocoagulation for patients with nonproliferative
stages of DR decrease the risk of visual impairment
by preventing the progression to PDR stage?
Patients with either PDR in at least one eye

or severe NPDR in both eyes were included
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in the DRS.[41] One eye of each patient was
randomly assigned to laser photocoagulation and
the second eye was considered as the control
group. The two-year risk of severe visual loss in
eyes with severe NPDR was 3.2% and 2.8% in
the control and laser photocoagulation groups,
respectively. The four-year rates were 12.8% and
4.3%, respectively. Although the researchers found
that 50% of the eyes with severe NPDR who were
in the control group developed new vessels in
one year, after considering the small risk of severe
visual loss in the control group and the possible
side effects of laser photocoagulation they did
not recommend laser photocoagulation for all
NPDR patients. Nevertheless, the DRS offered laser
photocoagulation in NPDR eyes in some instances:
one eye of a patient with severe NPDR in both
eyes, presence of severe retinal ischemia, when
the patient was pregnant or there was coexisting
disorders such as renal failure that might accelerate
the course of DR.[40]
The ETDRS remains the only study addressing

the question of the suitable time for starting
laser photocoagulation.[4] Patients with moderate
to severe NPDR or early PDR were included. Early
photocoagulation was randomly performed in one
eye of each patient and the other eyewas assigned
to deferred photocoagulation. In the latter, patients
underwent laser therapy when high-risk PDR
was detected. In the deferred photocoagulation
group who had severe NPDR, the rate of PDR
development was 51%, 71%, and 79% in the
first-, third-, and fifth-year visits, respectively.[4]
Compared to deferred photocoagulation, early
photocoagulation decreased progression to high-
risk PDR by 25% and 50% with full scatter and mild
scatter photocoagulation, respectively.[4] However,
the rate at the five-year visit determined that severe
visual loss was low and comparable among the
study groups (2.6% and 3.7% in early and deferral
photocoagulation groups, respectively).[4]
A recent survey built a Markov model to

explore whether it would be cost-effective either
to apply panretinal photocoagulation (PRP) at the
NPDR stage or to wait until HRPDR developed.[43]
They found that earlier PRP at the severe NPDR
stage was less costly and more effective than
administering PRP to patients with high-risk PDR. It
meant that fewer patients in the earlier PRP group
progressed to more advanced stages of DR.
The most common complications of PRP are

decreased visual field and exacerbation of macular

edema.[44, 45] Fong et al have reported that visual
field defects may occur in almost half of the
treated patients, and the incidence is correlated
with the intensity of the laser therapy.[46] A recent
study based on optical coherence tomography
angiography (OCT-A) has reported that in laser-
treated severe NPDR eyes, ocular blood flow is
significantly reduced, which may be associated
with decreased visual acuity in these patients.[47]

Anti-VEGF for NPDR

Intravitreal anti-VEGF therapy for NPDR is an
evolving concept. Clinical data show that VEGF
contributes to the pathogenesis of both NPDR and
PDR.[48, 49] According to the results of retrospective
studies, anti-VEGF treatment can improve the
DRSS and reduce the rate of PDR development.[50]

Utilization of anti-VEGF in NPDR with DME

RISE and RIDE were two phase-III, double-
blind randomized clinical trials of intravitreal
ranibizumab versus sham in patients with DME.
In an exploratory analysis of RISE and RIDE trials,
among the eyes with baseline ETDRS severity level
of 53 (severe NPDR) or less, monthly intravitreal
ranibizumab injection administered for 24 months
was associated with a ≥2-step improvement in
DRSS in 47% of eyes, as compared to 6.8% in
the sham group (P < 0.001).[5] Furthermore, it has
been noted that the cumulative probability of DR
progression was 34% in the sham-treated patients
and 11.2–11.5% in the ranibizumab-treated patients
by month 24.[5] In addition, it has been reported
that intravitreal ranibizumab in patients of RISE
and RIDE trials slowed the progression of retinal
non-perfused areas.[51]

Similarly, in the VIVID-DMEandVISTA-DME trials,
a significantly greater proportion of patients treated
with aflibercept (week 100: 34.9%) compared with
those treated with laser (13%) achieved a ≥2 step
DRSS improvement (P < 0.0001).[52] In addition, the
proportion of patients who developed PDR was
significantly less in those who received intravitreal
aflibercept as compared with the sham-treated
group (week 100: 2.2% vs 9.1%, P < 0.0001).[52]

DRCR.net Protocol T compared the efficacy
of intravitreal aflibercept, ranibizumab, and
bevacizumab in the treatment of DME. Based
on a post hoc analysis of the Protocol T,
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25%, 22% and 31% of NPDR eyes receiving
aflibercept, bevacizumab, and ranibizumab for
DME demonstrated improvement in DRSS at
two-year follow-up, respectively.[53] There were
no statistically significant differences among the
three commercially available anti-VEGFs in terms
of inducing the regression of DR.

Utilization of anti-VEGF in NPDR without DME

The PANORAMA study was the first randomized
clinical trial evaluating the role of intravitreal
aflibercept on DRSS and incidence of vision-
threatening complications (PDR and/or anterior
segment neovascularization) and center-involved
(CI) DME in patients with moderately severe to
severe NPDR without DME. In this phase-3 clinical
trial, 402 patients were randomly assigned to
sham versus aflibercept administered every 8
weeks after 5 monthly loading doses versus
aflibercept administered every 16 weeks after
3 monthly loading doses. At two-year follow-
up, the proportion of eyes with 2-step or more
improvement in DRSS was 12.8%, 62.2%, and 50%
in the sham group, every 16 weeks aflibercept
group and every 8 weeks (converted to pro re
nata [PRN] in the second year) aflibercept group,
respectively (P < 0.001 for both).[7] Furthermore,
the proportion of eyes that developed vision-
threatening complications and/or CI-DME were
50.4%, 16.3%, and 18.7% in the sham group, every
16 weeks and every 8 weeks aflibercept groups,
respectively (P < 0.001 for both comparisons).
DRCR.net Protocol W is a phase-3 randomized

clinical trial evaluating the role of intravitreal
aflibercept (injected at baseline, months 1, 2, and
4; and after that every four months through to two
years) versus sham in reducing vision-threatening
complications in eyes with moderate to severe
NPDR.[8] While the primary endpoint was recently
reported at two years, the patients will be followed-
up to four years. The two-year risk of developing
CI-DME with decreased visual acuity or PDR was
16.3% and 43.5% in the aflibercept and sham
groups, respectively (adjusted hazard ratio, 0.32
[97.5% confidence interval {CI}, 0.21–0.5; P <
0.001]). DRSS improved ≥2-steps from baseline
to year 2 in 44.8% and 13.7% of eyes receiving
aflibercept and sham, respectively (adjusted odds
ratio, 5.91 [97.5% CI, 3.19–10.95; P < 0.001]).
Monte Carlo simulation of a real-world cohort of

treatment-naive patients with NPDR from the IBM®

Explorys® database suggested that severe NPDR
treatment with anti-VEGF would significantly
decrease the probability of progression to
PDR by 51.7% at the five-year follow-up period.
Furthermore, the incidences of sustained blindness
in severe NPDR patients were reduced with anti-
VEGF therapy by 57.7% over a 10-year follow-up
period.[54]

The phase-2 BOULEVARD trial compared
the efficacy of Faricimab, a bispecific antibody,
inhibiting both VEGF-A and angiopoietin-2, with
ranibizumab in the treatment of patients with
DME.[55] At the six-month follow-up period, among
the patients who were treatment-naïve, 2-steps or
greater improvement in the DRSS was achieved
in 12.2%, 27.7%, and 38.6% of eyes in the 0.3 mg
ranibizumab, 1.5 mg Faricimab, and 6 mg Faricimab
groups, respectively.[55]

DISCUSSION

Conventional management of NPDR without DME
included observation along with controlling the
systemic condition. The ETDRS showed that in
one year, 26% of eyes with moderately severe
NPDR and 52% of eyes with severe NPDR in the
deferred photocoagulation group would progress
to PDR, a vision-threatening complication of DR.
The rate of progression to PDR reached 66%
and 75–81% at the five-year follow-up period.[42]
Recently, there has been increasing evidence
that anti-VEGF treatments would improve DRSS
and decrease the risk of vision-threatening
complications such as PDR and DME,[7, 8] raising
an important question: Is it recommended to
target the DR at the nonproliferative stage by
administering intravitreal anti-VEGF injections to
prevent the disease progression and reduce the
risk of vision threatening complications? There are
pros and cons for this evolving approach.

Pros of Using Anti-VEGF in NPDR Without
DME

There is increasing evidence in favor of
administering intravitreal anti-VEGF injection
in nonproliferative stages of DR without DME.
The PANORAMA study showed that intravitreal
aflibercept reduces the risk of vision-threatening
complications by 77% and 83% in every 16 weeks
and every 8 weeks (PRN in the second year)
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groups, respectively, as compared with the sham
group at 100 weeks.[7] At the end of the second
year, data were also emphasized in the DRCR.net
W protocol, where the risk of vision-threatening
complications was 16.3% and 43.5% for the
aflibercept and the sham groups, respectively.[8]

Extension of non-perfusion areas is the major
pathology in DR. Diabetic retinopathy leads to
upregulation of VEGF and contributes to further
progression of non-perfusion areas as a vicious
cycle. It was demonstrated that anti-VEGF therapy
slows the development and progression of
retinal non-perfusion in patients with DME.[51]
However, a small interventional cohort with short
term follow-up showed that anti-VEGF induced
improvement of DRSS could occur without any
retinal reperfusion.[56]

Epidemiological studies have shown that DR
has an adverse effect on the quality of life
(QoL). A recent longitudinal and observational
study showed that QoL significantly decreases
with aggravation of DR severity from mild NPDR
to PDR.[57] Furthermore, a cross-sectional study
showed that vision-related functional burden is
significantly greater in patients with severe NPDR
or PDR versus those with no retinopathy.[58]

Longitudinal population-based studies have
shown that more advanced DR at diagnosis
is associated with higher risk of developing
sustained blindness.[59] Kaplan-Meier’s analysis
of a recent epidemiological study has shown that
eyes with moderate NPDR, severe NPDR, and
PDR were 2.6, 3.6, and 4 times, respectively,
more likely to develop sustained blindness, as
compared to eyes with mild NPDR, after two years
of follow-up.[59]

Cons of Using Anti-VEGF in NPDR Without
DME

At the end of two-year follow-up in the PANORAMA
study, 49.6% of eyes in the sham group did not
develop vision-threatening complications and/or
CI-DME.[7] This shows that nearly half of the
patients who have NPDR will not progress to
PDR or develop DME despite not receiving any
intraocular injection.
Some complications have been reported

regarding the use of intravitreal anti-VEGF
injections. Common complications are
the incidence of floaters and the rise of

IOP.[60, 61] The most devastating complication
is infectious endophthalmitis. The prevalence of
endophthalmitis following intravitreal injections is
estimated to be 0.01–0.26%.[62]

It is not clear whether intravitreal anti-VEGF for
severe NPDR can be associated with enhanced
visual function and improved QoL. DRCR.net
Protocol W, during a two-year period, showed
no visual benefit of the preventive intravitreal
aflibercept treatment in eyes with moderate to
severe NPDR as compared with those eyes that
underwent observation plus aflibercept which was
administered only after progression to PDR or
vision-impairing CI-DME. The mean change of
visual acuity was –0.9 and –2.0 ETDRS letters
in aflibercept and sham groups, respectively (P =
0.47).[8]

The long-term real-world benefits of anti-VEGF
therapy for eyes with NPDR are not yet determined.
It is not clear how durable the treatment is
and how long the patients should receive anti-
VEGF treatment. In the second year of the
PANORAMA study, those patients who initially
received aflibercept every eight weeks transitioned
to PRN. Concomitantly the rate of 2-steps or more
improvement in DRSS reduced from 79.9% to
50%.[7] Furthermore, in the RISE/RIDE open label
extension (OLE) study, nearly 40% of eyes that did
not receive anymore ranibizumab injections during
the OLE experienced 2-steps or more worsening in
the DRSS.[63]

It is not apparent whether improvement in
the DRSS following intravitreal injections of anti-
VEGFs is a true disease modification. In a case
series by Couturier et al, no reflow of vessels
or reperfusion of capillary bed was found in
non-perfusion areas using ultra-widefield (UWF)
fluorescein angiography (FA) and swept-source
widefield (SS-WF) OCT-A in eyes with DR after
3 anti-VEGF injections.[64] In addition, Bonnin
et al showed that after administering anti-VEGF
injections in DR eyes, the improvement in the
DRSS score based on color fundus photograph
could occur without retinal reperfusion on UWF
FA.[65] In an OLE of RISE/RIDE study, it was
shown that patients with anti-VEGF injection
induced moderate NPDR were more prone to DR
progression compared to patients with moderate
NPDR at enrollment who were randomized to the
sham group.[63]
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The cost–benefit ratio is also a challenge that
needs to be addressed. Answering this question
requires more time and further studies.

Possible Effects of VEGF-independent Drugs
on NPDR Course

Inhibition of the VEGF independent pathways
may also affect the course of DR. There is
some evidence that angiopoietin/Tie2 and Rho-
associated kinase (ROCK) play an influential role in
retinal perfusion. Inhibition of angiopoietin 2 may
enhance the effects of VEGF inhibition in improving
the DRSS.[55]

Expression of Rho-associated kinase (ROCK)
is increased in diabetic eyes and activation of
ROCK-1 induces focal retinal vasoconstriction
and subsequent retinal ischemia.[66, 67] An in
vivo study showed that fasudil (a specific ROCK
inhibitor) decreased vasoconstriction, improved
retinal flow, and could potentially reduce the
retinal ischemia.[67] Intravitreal ripasudil also
decreased the retinal non-perfusion areas
and improved retinal blood flow in a murine
model of retinal vein occlusion.[68] Ahmadieh
et al reported that a combination of intravitreal
bevacizumab and fasudil in eyes with persistent
DME and macular ischemia was associated
with significantly more visual improvement as
compared with solely administering intravitreal
bevacizumab. This significant visual improvement
could be due to improved perfusion induced
by the ROCK inhibitor.[69] Further research
is needed to determine the role of ROCK
inhibitors in ameliorating diabetes-induced retinal
microvascular damage and improving DRSS.

SUMMARY

The concept of slowing the progressive course
of DR and preventing the vision-threatening
complications of this potentially blinding disease
may represent the initial sign of a paradigm shift
from the observation, which has been the standard
care for patients with NPDR to a new strategy
comprising intravitreal anti-VEGF injections.
However, there is not enough evidence supporting
this paradigm shift at present. A new classification
may help improving the management of NPDR
based on recent progress in understanding of the
pathophysiology and advances in treatment of DR

and addresses the need to possible paradigm shift
in the future.

Financial Support and Sponsorship

The authors declare that they did not receive any
fund for the current manuscript or any research
relevant to the present study.

Conflicts of Interest

The authors have no conflicts of interest to declare.

REFERENCES

1. Gao HX, Regier EE, Close KL. International Diabetes
Federation World Diabetes Congress 2015. J Diabetes
2016;8:300–302.

2. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the
prevalence of diabetes for 2010 and 2030. Diabetes Res
Clin Pract 2010;87:4–14.

3. Klein R, Lee KE, Knudtson MD, Gangnon RE, Klein BE.
Changes in visual impairment prevalence by period of
diagnosis of diabetes: the Wisconsin Epidemiologic Study
of Diabetic Retinopathy. Ophthalmology 2009;116:1937–
1942.

4. Early Treatment Diabetic Retinopathy Study Research
Group. Early photocoagulation for diabetic retinopathy.
ETDRS report number 9. Ophthalmology 1991;98:766–
785.

5. Ip MS, Domalpally A, Hopkins JJ, Wong P, Ehrlich
JS. Long-term effects of ranibizumab on diabetic
retinopathy severity and progression. Arch Ophthalmol
2012;130:1145–1152.

6. Mitchell P, McAllister I, Larsen M, Staurenghi G, Korobelnik
JF, Boyer DS, et al. Evaluating the impact of intravitreal
aflibercept on diabetic retinopathy progression in the
VIVID-DME and VISTA-DME studies. Ophthalmol Retina
2018;2:988–996.

7. Brown DM, Wykoff CC, Boyer D, Heier JS, Clark WL,
Emanuelli A, et al. Evaluation of intravitreal aflibercept
for the treatment of severe nonproliferative diabetic
retinopathy: results from the PANORAMA randomized
clinical trial. JAMA Ophthalmol 2021;139:1–10.

8. Maturi RK, Glassman AR, Josic K, Antoszyk AN, Blodi
BA, Jampol LM, et al. Effect of intravitreous anti-
vascular endothelial growth factor vs sham treatment for
prevention of vision-threatening complications of diabetic
retinopathy: the protocol W randomized clinical trial. JAMA
Ophthalmol 2021;139:701–712.

9. Diabetes Control and Complications Trial Research Group.
Effect of intensive diabetes treatment on the development
and progression of long-term complications in adolescents
with insulin-dependent diabetesmellitus: DiabetesControl
and Complications Trial. J Pediatr 1994;125:177–188.

10. Stratton IM, Kohner EM, Aldington SJ, Turner RC, Holman
RR, Manley SE, et al. UKPDS 50: risk factors for incidence
and progression of retinopathy in Type II diabetes over 6
years from diagnosis. Diabetologia 2001;44:156–163.

114 JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2022



NPDR without DME; Arabi et al

11. Shichiri M, Kishikawa H, Ohkubo Y, Wake N. Long-term
results of the Kumamoto Study on optimal diabetes control
in type 2 diabetic patients. Diabetes Care 2000;23:B21–
B29.

12. Wang PH, Lau J, Chalmers TC. Meta-analysis of effects of
intensive blood-glucose control on late complications of
type I diabetes. Lancet 1993;341:1306–1309.

13. Ohkubo Y, Kishikawa H, Araki E, Miyata T, Isami S,
Motoyoshi S, et al. Intensive insulin therapy prevents the
progression of diabetic microvascular complications in
Japanese patients with non-insulin-dependent diabetes
mellitus: a randomized prospective 6-year study. Diabetes
Res Clin Pract 1995;28:103–117.

14. Drzewoski J, Kasznicki J, Trojanowski Z. The role of
”metabolic memory” in the natural history of diabetes
mellitus. Pol Arch Med Wewn 2009;119:493–500.

15. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA.
10-year follow-up of intensive glucose control in type 2
diabetes. N Engl J Med 2008;359:1577–1589.

16. AmericanDiabetes Association. Standards ofmedical care
in diabetes-2014. Diabetes Care 2014;37:S14–S80.

17. UK Prospective Diabetes Study Group. Tight blood
pressure control and risk of macrovascular and
microvascular complications in type 2 diabetes: UKPDS
38. BMJ 1998;317:703–713.

18. Schrier RW, Estacio RO, Jeffers B. Appropriate blood
pressure control in NIDDM (ABCD) trial. Diabetologia
1996;39:1646–1654.

19. Klein R, Klein BE, Moss SE, Cruickshanks KJ. The
Wisconsin Epidemiologic Study of Diabetic Retinopathy:
XVII. The 14-year incidence and progression of diabetic
retinopathy and associated risk factors in type 1 diabetes.
Ophthalmology 1998;105:1801–1815.

20. Estacio RO, Jeffers BW, Gifford N, Schrier RW. Effect
of blood pressure control on diabetic microvascular
complications in patients with hypertension and type 2
diabetes. Diabetes Care 2000;23:B54–B64.

21. Hansson L, Zanchetti A, Carruthers SG, Dahlof B,
Elmfeldt D, Julius S, et al. Effects of intensive blood-
pressure lowering and low-dose aspirin in patients
with hypertension: principal results of the Hypertension
Optimal Treatment (HOT) randomised trial. HOT Study
Group. Lancet 1998;351:1755–1762.

22. Raum P, Lamparter J, Ponto KA, Peto T, Hoehn R, Schulz
A, et al. Prevalence and cardiovascular associations of
diabetic retinopathy and maculopathy: results from the
Gutenberg Health Study. PLoS One 2015;10:e0127188.

23. Do DV, Wang X, Vedula SS, Marrone M, Sleilati G, Hawkins
BS, et al. Blood pressure control for diabetic retinopathy.
Cochrane Database Syst Rev 2015;1:CD006127.

24. Zhou Y, Wang C, Shi K, Yin X. Relationship between
dyslipidemia and diabetic retinopathy: a systematic review
and meta-analysis. Medicine 2018;97:e12283.

25. Srinivasan S, Raman R, Kulothungan V, Swaminathan G,
Sharma T. Influence of serum lipids on the incidence and
progression of diabetic retinopathy and macular oedema:
Sankara Nethralaya Diabetic Retinopathy Epidemiology
and Molecular genetics Study-II. Clin Exp Ophthalmol
2017;45:894–900.

26. Chew EY, Davis MD, Danis RP, Lovato JF, Perdue LH,
Greven C, et al. The effects of medical management on

the progression of diabetic retinopathy in persons with
type 2 diabetes: the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) Eye Study. Ophthalmology
2014;121:2443–2451.

27. Keech AC, Mitchell P, Summanen PA, O’Day J, Davis TM,
Moffitt MS, et al. Effect of fenofibrate on the need for
laser treatment for diabetic retinopathy (FIELD study): a
randomised controlled trial. Lancet 2007;370:1687–1697.

28. Mandala A, Armstrong A, Girresch B, Zhu J, Chilakala A,
Chavalmane S, et al. Fenofibrate prevents iron induced
activation of canonical Wnt/ß-catenin and oxidative stress
signaling in the retina. NPJ Aging Mech Dis 2020;6:12.

29. Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA,
Neil HA, Livingstone SJ, et al. Primary prevention of
cardiovascular disease with atorvastatin in type 2 diabetes
in the Collaborative Atorvastatin Diabetes Study (CARDS):
multicentre randomised placebo-controlled trial. Lancet
2004;364:685–696.

30. Collins R, Armitage J, Parish S, Sleigh P, Peto R. MRC/BHF
Heart Protection Study of cholesterol-lowering with
simvastatin in 5963 people with diabetes: a randomised
placebo-controlled trial. Lancet 2003;361:2005–2016.

31. Hosseini MS, Rostami Z, Saadat A, Saadatmand SM,
Naeimi E. Anemia and microvascular complications in
patients with type 2 diabetes mellitus. Nephrourol Mon
2014;6:e19976.

32. Thomas M, Tsalamandris C, MacIsaac R, Jerums G.
Anaemia in diabetes: an emerging complication of
microvascular disease.Curr Diabetes Rev 2005;1:107–126.

33. Traveset A, Rubinat E, Ortega E, Alcubierre N, Vazquez
B, Hernandez M, et al. Lower hemoglobin concentration
is associated with retinal ischemia and the severity of
diabetic retinopathy in type 2 diabetes. J Diabetes Res
2016;2016:3674946.

34. Ranil PK, Raman R, Rachepalli SR, Pal SS, Kulothungan V,
Lakshmipathy P, et al. Anemia and diabetic retinopathy
in type 2 diabetes mellitus. J Assoc Physicians India
2010;58:91–94.

35. Idiculla J, Nithyanandam S, Joseph M, Christeena J.
Anemia as a risk factor for diabetic retinopathy (dr)
with special reference to nutritional etiology. Diabetes
2018;67:591.

36. Luo BA, Gao F, Qin LL. The association between
vitamin D deficiency and diabetic retinopathy in type
2 diabetes: a meta-analysis of observational studies.
Nutrients 2017;9:307.

37. Lu L, Lu Q, Chen W, Li J, Li C, Zheng Z. Vitamin
D3 protects against diabetic retinopathy by
inhibiting high-glucose-induced activation of the
ROS/TXNIP/NLRP3 inflammasome pathway. J Diabetes
Res 2018;2018:8193523.

38. Cai X, Chen Y, YangW, Gao X, Han X, Ji L. The association
of smoking and risk of diabetic retinopathy in patients with
type 1 and type 2 diabetes: a meta-analysis. Endocrine
2018;62:299–306.

39. Moss SE, Klein R, Klein BE. Cigarette smoking and ten-
year progression of diabetic retinopathy. Ophthalmology
1996;103:1438–1442.

40. Moutray T, Evans JR, Lois N, Armstrong DJ, Peto T,
Azuara-Blanco A. Different lasers and techniques for
proliferative diabetic retinopathy. Cochrane Database
Syst Rev 2018;3:Cd012314.

JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2022 115



NPDR without DME; Arabi et al

41. The Diabetic Retinopathy Study Research Group.
Indications for photocoagulation treatment of diabetic
retinopathy: Diabetic Retinopathy Study Report no. 14. Int
Ophthalmol Clin 1987;27:239–253.

42. Early Treatment Diabetic Retinopathy Study Research
Group. Fundus photographic risk factors for progression
of diabetic retinopathy. ETDRS report number 12.
Ophthalmology 1991;98:823–833.

43. Mistry H, Auguste P, Lois N, Waugh N. Diabetic retinopathy
and the use of laser photocoagulation: is it cost-effective
to treat early? BMJ Open Ophthalmol 2017;2:e000021.

44. Royle P, Mistry H, Auguste P, Shyangdan D, Freeman
K, Lois N, et al. Pan-retinal photocoagulation and other
forms of laser treatment and drug therapies for non-
proliferative diabetic retinopathy: systematic review and
economic evaluation. Health Technol Assess 2015;19:v–
xxviii, 1–247.

45. El Rami H, Barham R, Sun JK, Silva PS. Evidence-based
treatment of diabetic retinopathy. Semin Ophthalmol
2017;32:67–74.

46. Fong DS, Girach A, Boney A. Visual side effects of
successful scatter laser photocoagulation surgery for
proliferative diabetic retinopathy: a literature review.
Retina 2007;27:816–824.

47. Iwase T, Kobayashi M, Yamamoto K, Ra E, Terasaki
H. Effects of photocoagulation on ocular blood flow in
patients with severe non-proliferative diabetic retinopathy.
PLoS One 2017;12:e0174427.

48. Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, Shah
ST, et al. Vascular endothelial growth factor in ocular
fluid of patients with diabetic retinopathy and other retinal
disorders. N Engl J Med 1994;331:1480–1487.

49. Adamis AP, Miller JW, Bernal MT, D’Amico DJ, Folkman J,
Yeo TK, et al. Increased vascular endothelial growth factor
levels in the vitreous of eyes with proliferative diabetic
retinopathy. Am J Ophthalmol 1994;118:445–450.

50. Zhao Y, Singh RP. The role of anti-vascular endothelial
growth factor (anti-VEGF) in the management of
proliferative diabetic retinopathy. Drugs Context
2018;7:212532.

51. Campochiaro PA, Wykoff CC, Shapiro H, Rubio RG, Ehrlich
JS. Neutralization of vascular endothelial growth factor
slows progression of retinal nonperfusion in patients with
diabetic macular edema. Ophthalmology 2014;121:1783–
1789.

52. Mitchell P, McAllister I, Larsen M, Staurenghi G, Korobelnik
JF, Boyer DS, et al. Evaluating the impact of intravitreal
aflibercept on diabetic retinopathy progression in the
VIVID-DME and VISTA-DME studies. Ophthalmol Retina
2018;2:988–996.

53. Bressler SB, Liu D, Glassman AR, Blodi BA, Castellarin AA,
Jampol LM, et al. Change in diabetic retinopathy through
2 years: secondary analysis of a randomized clinical trial
comparing aflibercept, bevacizumab, and ranibizumab.
JAMA Ophthalmol 2017;135:558–568.

54. Lim JI. Long-term clinical impact of intravitreal anti-
VEGF therapy for severe non-proliferative diabetic
retinopathy (NPDR): analyses through a discrete event
simulation model. Association for Research in Vision and
Ophthalmology Annual Meeting; May 6, 2021; virtual
meeting.

55. Sahni J, Patel SS, Dugel PU, Khanani AM, Jhaveri CD,
Wykoff CC, et al. Simultaneous inhibition of angiopoietin-2
and vascular endothelial growth factor-A with faricimab
in diabetic macular edema: BOULEVARD phase 2
randomized trial. Ophthalmology 2019;126:1155–1170.

56. Bonnin S, Dupas B, Lavia C, Erginay A, Dhundass M,
Couturier A, et al. Anti-vascular endothelial growth factor
therapy can improve diabetic retinopathy score without
change in retinal perfusion. Retina 2019;39:426–434.

57. Yadav P, Singh SV, Nada M, Dahiya M. Impact of severity
of diabetic retinopathy on quality of life in type 2 Indian
diabetic patients. Int J Community Med Public Health
2021;8:207–211.

58. Willis JR, Doan QV, Gleeson M, Haskova Z, Ramulu
P, Morse L, et al. Vision-related functional burden of
diabetic retinopathy across severity levels in the United
States. JAMA Ophthalmol 2017;135:926–932.

59. Wykoff CC, Khurana RN, Nguyen QD, Kelly SP, Lum F, Hall
R, et al. Risk of blindness among patients with diabetes
and newly diagnosed diabetic retinopathy. Diabetes Care
2021;44:748–756.

60. Wu L, Martinez-Castellanos MA, Quiroz-Mercado H,
Arevalo JF, Berrocal MH, Farah ME, et al. Twelve-month
safety of intravitreal injections of bevacizumab (Avastin):
results of the Pan-American Collaborative Retina Study
Group (PACORES). Graefes Arch Clin Exp Ophthalmol
2008;246:81–87.

61. Shikari H, Silva PS, Sun JK. Complications of intravitreal
injections in patients with diabetes. Semin Ophthalmol
2014;29:276–289.

62. Menchini F, Toneatto G, Miele A, Donati S, Lanzetta
P, Virgili G. Antibiotic prophylaxis for preventing
endophthalmitis after intravitreal injection: a systematic
review. Eye 2018;32:1423–1431.

63. Goldberg RA. What happens to diabetic retinopathy
severity scores with less aggressive treatment? A post
hoc analysis of the RISE and RIDE open label extension
study. Paper presented at: the American Society of Retina
Specialists Annual Meeting; July 29, 2019; Chicago, IL.

64. Couturier A, Rey PA, Erginay A, Lavia C, Bonnin S, Dupas
B, et al. Widefield oct-angiography and fluorescein
angiography assessments of nonperfusion in diabetic
retinopathy and edema treated with anti-vascular
endothelial growth factor.Ophthalmology 2019;126:1685–
1694.

65. Bonnin S, Dupas B, Lavia C, Erginay A, Dhundass M,
Couturier A, et al. Anti-vascular endothelial growth factor
therapy can improve diabetic retinopathy score without
change in retinal perfusion. Retina 2019;39:426–434.

66. Arita R, Hata Y, Nakao S, Kita T, Miura M, Kawahara S, et
al. Rho kinase inhibition by fasudil ameliorates diabetes-
induced microvascular damage. Diabetes 2009;58:215–
226.

67. Rothschild PR, Salah S, Berdugo M, Gélizé E, Delaunay
K, Naud MC, et al. ROCK-1 mediates diabetes-induced
retinal pigment epithelial and endothelial cell blebbing:
contribution to diabetic retinopathy. Sci Rep 2017;7:8834.

68. Hida Y, Nakamura S, Nishinaka A, Inoue Y, Shimazawa M,
Hara H. Effects of ripasudil, a ROCK inhibitor, on retinal
edema and nonperfusion area in a retinal vein occlusion
murine model. J Pharmacol Sci 2018;137:129–136.

116 JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2022



NPDR without DME; Arabi et al

69. Ahmadieh H, Nourinia R, Hafezi-Moghadam A, Sabbaghi
H, Nakao S, Zandi S, et al. Intravitreal injection of a
Rho-kinase inhibitor (fasudil) combined with bevacizumab

versus bevacizumab monotherapy for diabetic macular
oedema: a pilot randomized clinical trial. Br J Ophthalmol
2019;103:922–927.

JOURNAL OF OPHTHALMIC AND VISION RESEARCH Volume 17, Issue 1, January-March 2022 117



Review Article

Orbital Inflammation Caused by
Aminobisphosphonates

J Gonzalez Barlatay, MD; C Pagano Boza, MD; GV Hernandez Gauna, MD; JE Premoli, MD

Division of Orbital and Ophthalmic Plastic Surgery, Hospital Italiano de Buenos Aires, Argentina

ORCID:
J Gonzalez Barlatay: http://orcid.org/0000-0002-3412-359X

Abstract

The aim of this review was to describe orbital inflammation secondary to
aminobisphosphonates by analyzing demographic data, clinical presentation, and
treatment of the disease. This is a narrative literature review. The search was performed
using databases such as Ovid/MEDLINE and COCHRANE. The searches were limited
to papers in the English language. We found 43 cases of orbital inflammation due to
aminobisphosphonates. Zoledronate was the drug most associated with orbital side
effects. Clinical presentation was evident by unilateral involvement (89%), palpebral
edema (88%), conjunctival congestion (81%), chemosis (79%), ocular pain (77%), ocular
motility impairment (65%), proptosis (56%), and blurred vision (39%). It can affect both
eyes (11%) and is accompanied by anterior uveitis (23%). Orbital inflammation secondary
to aminobisphosphonates is a severe side effect. Clinically, it cannot be distinguished
from idiopathic inflammation of the orbit. Therefore, it is important to rule out previous
drug exposure. Timely treatment is vital to expect a favorable outcome, with systemic
corticosteroids being the treatment of choice.
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INTRODUCTION

Bisphosphonate group of drugs are widely used
in diseases such as osteoporosis, Paget’s disease,
osteoclastic bone metastases, and multiple
myeloma. These drugs have a high affinity for bone
tissue, where they combine with hydroxyapatite
crystals to inhibit bone resorption. As a result,
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untoward bone events decrease, and pain is
relieved. Among the well-known adverse effects,
the possibility of triggering an acute systemic
inflammatory phase response, characterized by
fever, pain, nausea, and fatigue within the first 72
hr after administration occurs in approximately
40–50% of the patients.[1] Symptoms are usually
transient and resolve spontaneously. However, in
several cases, they may be treated with analgesic
and antipyretic drugs. The clinical presentation is
accompanied by a decrease in the lymphocyte
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count and an increase in pro-inflammatorymarkers,
such as IL-6, IFN-γ, and TNF-α.[2–5]

Ocular adverse effects related to
bisphosphonates have also been reported. The
most frequent complications are conjunctivitis,
anterior uveitis, episcleritis, and scleritis.[6] Orbital
inflammation indicates its clinical severity. It
can range from minimal congestion to severe
inflammation with visual impairment if not promptly
diagnosed and treated in time. Clinically, it
cannot be differentiated from idiopathic orbital
inflammation. The aim of this study was to
perform a literature review on orbital inflammation
secondary to bisphosphonates to increase the
knowledge of rare adverse effects and determine
the best management methods.

METHODS

The search was performed using databases such
as Ovid/MEDLINE and COCHRANE, using English
language restriction in the electronic searches
for papers. We searched electronic databases in
August 2020. The keywords used for the search
were: bisphosphonates, OR orbital inflammation,
OR myositis, OR ocular side effects, OR ocular
adverse effects, and OR ocular inflammation.
At the same time, the search was performed
by changing the word bisphosphonate with
aminobiphosphonates, zoledronate, ibandronate,
alendronate, and pamidronate.

Selection Criteria

All the papers that described orbital inflammation
due to aminobisphosphonates were included.
Patients with intraocular side effects that did
not involve the orbit were excluded. A database
with demographic data, type of drug, disease
onset time, clinical characteristics, and treatment of
choice was created.
The study was approved by the Institutional

Review Board at the Instituto Universitario del
Hospital Italiano de Buenos Aires and adhered to
the tenets of the Declaration of Helsinki.

RESULTS

A total of 43 cases of orbital inflammation due to
aminobisphosphonates were found in 26 articles
published in Ovid/MEDLINE and COCHRANE,

including case reports and reviews.[7–33] The first
article on this topic was published in 1999[7]
and the last one in 2019.[33] Demographic data
of the patients are summarized in Table 1.
Zoledronate was the drug most associated with
orbital side effects. The clinical presentations are
summarized in Table 2. Unilateral involvement
occurred in 89% of the patients. Symptoms and
signs included palpebral edema (88%), conjunctival
congestion (81%), chemosis (79%), ocular pain
(77%), ocular motility impairment (65%), proptosis
(56%), and blurred vision (39%). Only two cases
had complications, one had a severe reduction
in visual acuity due to anterior ischemic optic
neuritis (AION),[13] and other reported recurrent
orbital inflammation without visual impairment.[30]
A total of 27 patients stopped treatment with

bisphosphonates due to orbital inflammation,
three patients continued treatment despite orbital
involvement, and no severe complications were
reported.

DISCUSSION

Orbital inflammation caused by bisphosphonates
is a rare adverse drug reaction. To date, only 43
case reports have been published worldwide.[7–33]
The route of administration seems to be associated
with latency time for the onset of symptoms.
The patients treated with oral alendronate started
showing signs and symptoms between 15 and 21
days after treatment, while the patients treated
with intravenous pamidronate and zoledronate
presented them 3 days later. Zoledronate is the
bisphosphonate most frequently associated with
this reaction when comparedwith others, and it can
be related to it being the most frequently used for
its effectiveness in the treatment of osteoporosis.
The risk of suffering this acute response and
its severity is higher after the first intravenous
administration and occur less frequently with
fewer symptoms in subsequent administrations.
The Horizon trial reported an incidence of orbital
inflammation associated with the administration
of 30% intravenous zoledronate with the first
dose, 7% with the second, and 3% with the third
dose.[34] Unilateral orbital inflammation was most
frequent (89%), but it may be bilateral (11%). Clinical
signs and symptoms included palpebral edema
(88%), conjunctival congestion (81%), chemosis
(79%), ocular pain (77%), ocular motility impairment
(65%), proptosis (56%), and blurred vision (39%).
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Table 1. Patients’ demographic data

Total patients 43

Age (yr), mean ± SD 65.39 ± 9.1

Sex Female 60% (n = 26)

Male 40% (n = 17)

Reason for aminobisphosphonates use Osteoporosis 56% (n = 24)

Metastasis 21% (n = 9)

Type of aminobisphosphonates Zoledronate 67% (n = 29)

Alendronate 14% (n = 6)

Pamidronate 12% (n = 5)

Risedronate 7% (n = 3)

SD, standard deviation

Table 2. Clinical presentation and treatment

Clinical presentation Unilateral 89% (n = 38)

Palpebral edema 88% (n = 38)

Conjunctival congestion 81% (n = 35)

Chemosis 79% (n = 34)

Ocular pain 77% (n = 33)

Motility impairment 65% (n = 28)

Proptosis 56% (n = 24)

Blurred vision 39% (n = 17)

Complications AION 2.32% (n = 1)

Type of treatment Systemic corticoid 72% (n = 31)

Oral Prednisolone alone 48.83% (n = 21)

Methylprednisolone EV + Oral Prednisolone 23.25% (n = 10)

Solve spontaneously 11.63% (n = 5)

Without data 9.30 (n = 4)

NSAIDs 4.65 % (n = 2)

Topic Prednisolone 2.23% (n = 1)

AION, anterior ischemic optic neuritis; NSAIDs, nonsteroids anti-inflammatory drugs

Moreover, 23% of the cases were associated
with anterior uveitis. On the contrary, this sign
may not be associated with idiopathic orbital
inflammation; for that reason, when anterior uveitis
develops, physicians may exclude bisphosphonate
administration. It is typically non-axial, due to the
different structures that could be involved, such as
lacrimal gland, extraocular muscles, or intraorbital
fat, alone or together. The decrease in visual
acuity can be multifactorial. Among the causes,
we found corneal keratitis, either because of

proptosis or lagophthalmos, dacryoadenitis, due to
a decrease in the production of tears; and anterior
or posterior uveitis is associated with compressive
or ischemic optic neuropathy. A 68-year-old male
with metastatic prostate cancer was reported to
experience severe complications. He consulted
the physician two weeks after the onset of ocular
pain and redness. He had visual acuity and visual
field deficits because of an AION. Ischemia may
have been caused by orbital or ocular inflammation
contiguously affecting the posterior ciliary arteries
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that supply the optic disc, creating local small-
vessel vasculitis. This highlights the importance of
applying the timely treatment once symptoms have
started.[13]

The mechanism by which these drugs produce
inflammation could be related to the presence
of a nitrogenous group that rapidly activates
monocytes and a subtype of T-cells called
gamma-delta, in both in vitro[35–38] and in vivo
conditions.[1, 39] This activation leads to the release
of cytokines and inflammatory mediators that
produce an acute inflammatory response. Local
inflammation is followed by an acute phase
of systemic inflammatory response with the
presence of symptoms such as fever, pain, nausea,
and fatigue in 25% of the patients. It is worth
mentioning that all patients who developed a
bilateral orbital condition (11%) also had systemic
symptoms.
Currently, oral systemic corticosteroids alone

or following an intravenous corticosteroid cycle
are the treatment of choice, with excellent results
in 72% of the patients.[31] The response was
effective in all cases; symptoms and CT scan
or MRI findings showed complete resolution
when the treatment was started seasonally.
Delays in treatment are associated with an
increased risk of complications.[13] Only a few cases
resolve spontaneously or with nonsteroidal anti-
inflammatory drugs (NSAIDs), limiting the current
information to suggest this type of therapeutic
decision. For this reason, these two options
may only be considered in mild inflammation
without the risk of visual impairment, or in
patients with contraindications to corticosteroid
treatment.
It has not yet been proven that the treatment

of orbital inflammation requires stopping the use
of bisphosphonates. Although most of the studies
reported the suspension of the antiresorptive
drug as treatment, the three cases published
that continued with the bisphosphonate but
associated with systemic steroids resolved the
orbital inflammation without complications.
Thus, we recommend that in the event of

mild symptoms of orbital compromise without risk
of visual impairment, bisphosphonate treatment
could be continued in conjunction with anti-
inflammatory treatment. However, in severe orbital
inflammation with visual threat or optic neuropathy,
bisphosphonates should be discontinued.

SUMMARY

Orbital inflammation caused by
aminobisphosphonates is rather infrequent;
however, ophthalmologists must recognize
this adverse effect secondary to the drug.
This condition must be ruled out when orbital
inflammation, with or without anterior uveitis is
present. Patients’ knowledge of the use of these
drugs is key to diagnosis. The treatment of choice
is the administration of systemic corticosteroids,
which are effective in suppressing the inflammatory
response with complete resolution when
started appropriately. Delayed treatment may
be associated with a poor prognosis.
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Abstract
Herpes zoster ophthalmicus is a frequent, painful, and debilitating condition caused by the
reactivation of the varicella-zoster virus alongside the ophthalmic branch of the trigeminal
nerve. Twenty-five percent of adults will develop the disease during their lifetime with the
risk increasing to one in two over the age of 50. Herpes zoster ophthalmicus presents with a
plethora of ocular manifestations ranging from the characteristic rash in the distribution of the
ophthalmic branch of the fifth cranial nerve tomore severe keratouveitis, disciform keratitis, and
even retinal necrosis. Up to 20%of affected patients develop post-herpetic neuralgia which can
persist for years after the acute episode, resulting in potentially devastating consequences for
the patient’s social, financial, and professional circumstances, as well as their quality of life and
daily activities. Shingles prevention studies indicated that the herpes zoster vaccine markedly
reduces the burden of the disease, as well as the incidence of both infection and post-herpetic
neuralgia. Herewe review the vaccinations available for herpes zoster, the reasons behind their
limited adoption so far, as well as the future perspectives and challenges associated with this
debilitating disease in the era of herpes zoster vaccination and coronavirus disease pandemic.
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INTRODUCTION

The varicella zoster virus (VZV) is a highly
contagious alpha-herpesvirus that causes
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two separate diseases in humans: varicella
(chickenpox) and herpes zoster (HZ, shingles).
Varicella is the primary disease and leads
to latency of the virus, primarily in peripheral
autonomic ganglia including dorsal root ganglia,
cranial nerve ganglia such as the trigeminal
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ganglion, and autonomic ganglia such as in the
enteric nervous system.[1–3]

Herpes zoster is the secondary disease that
results from reactivation of the dormant virus,
even decades after the initial infection, either
spontaneously or secondary to a number of
triggering factors. This usually appears as painful
or pruritic cutaneous vesicules that occurs in
a certain dermatomal distribution pattern, either
on the face or on the back [Figure 1]. This
viral reactivation occurs mostly with increasing
age due to reduced immunity in this population.
Triggering factors that can reactivate the virus also
involve immunosuppression from disease or drugs,
injury, X-ray irradiation, infection, and malignancy.
Approximately one in three people will be affected
by HZ during their life.[1–3]

Varicella zoster virus-related diseases can
lead to serious ocular morbidity, which can
range from asymptomatic corneal scars to severe
sight impairment and in more advanced cases
painful blind eyes. An important and potentially
devastating complication of shingles, post-herpetic
neuralgia, can persist long after the resolution of
the rash and can significantly affect patient’s quality
of life, especially in the population over the age of
60 where other ocular and systemic comorbidities
may be present as well. The economic impact of
such a debilitating disease cannot be overlooked;
loss of working hours, time off work, patient’s
frequent need of home care and the chronicity
of symptoms, and thus treatment, add further
financial burden to an already overstretched
healthcare systemworldwide.[4] Several treatments
exist for herpes zoster, but to be successful need
to be applied early on the course of the disease.
This in turn led to the development of prevention
strategies with vaccines.[1, 5]

Reasons for Limited Introduction of VZV
Vaccinations

Although the health and economic benefits
associated with prevention of HZ infections
are obvious, the introduction of varicella
prophylaxis through vaccination has been a
matter of controversy. Effective vaccines against
varicella and HZ are available; however, there are
healthcare systems that are reluctant to introduce
routine vaccination because modelling studies
have predicted that the reduction in varicella would

lead to an increased incidence of HZ cases.[2] The
question as to whether the varicella vaccine
results to a higher incidence of shingles remains
controversial but has gained popularity through
the theory of reduced immune response boosting
compared to the actual disease. However, this
notion is not widely accepted by the scientific
community.[1]

Whilst the incidence of zoster is increasing in
the United States, this rise began before the
varicella vaccine was introduced. Zoster is also
increasing in areas where the varicella vaccine
is not being used, and this appears to be
multifactorial including increased identification of
zoster, an aging population, and the ever growing
number of immunocompromised patients including
those on biological treatments to control a range of
diseases.[1]

Cost-effectiveness of HZ vaccine has been
previously shown to be favorable and comparable
to vaccinations for other diseases, however, the
adult coverage remains lower than expected.[6]

The COVID-19 pandemic has led to circular type
of governmental measures in an attempt to restrict
its distribution in the community. Thus, a number
of HZ patients that would seek help from either
primary or secondary care, were reluctant to visit
their physician in the midst of the pandemic.[7]With
the high penetrance of the Delta COVID-19 variant
seen in most countries some sort of restriction of
movement is here to stay for longer than initially
expected, making the case for prevention of any
disease a lot more favorable than before.[8]

The Shingles Prevention Study, a randomized,
placebo-controlled trial, assessed burden of illness
and post-herpetic neuralgia (PHN) incidence in
>38,000 people aged ≥60 years who received
the live attenuated zoster vaccine or a placebo.
Compared with placebo, vaccination significantly
reduced the severity of HZ cases as well as the
incidence of HZ and PHN. The conclusion was that
prophylactic vaccination can positively affect the
incidence and course of HZ disease and result in
an overall improvement of the patient’s quality of
life.[5]

Available Vaccinations

Nowadays there are two vaccines available for the
prevention of HZ, the live attenuated Zostavax®
vaccine (ZVX) first released in 2006 and the
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newer adjuvanted HZ subunit Shingrix vaccine
(HZsu) becoming available almost a decade later,
in 2017.[9]
In 2008, the Advisory Committee on the

Immunization Practices (ACIP) of the United States
Centers for Disease Control and Prevention (CDC)
recommended the routine vaccination with ZVX
for all persons older than 60 years with a dose
of the vaccine. Those who report a previous
episode of zoster as well as people with chronic
medical conditions (e.g., diabetes mellitus) could
also be vaccinated. There was no need to
consider history of varicella (chickenpox) or to
conduct serologic testing for varicella immunity
before routine administration of zoster vaccine.
Zostavax® vaccine vaccination at that time was
not recommended for people who have received
varicella vaccine (VV) in the past.
However, there was no need to ask about VV

history before administering ZVX as those eligible,
that have received the VV previously, would have
been very few. The specific vaccine was introduced
toward the end of the previous decade and very
few adults were since then eligible for this. Hence,
almost all persons in the age group recommended
to have ZVX in 2008 would not have received the
VV.
Accordingly, the 2018 ACIP recommendation

was that HZsu may be used in adults aged ≥50
years, irrespective of previously receiving varicella
vaccine or ZVX. Also screening for a history of
chickenpox (varicella) was not required and adults
previously affected by herpes zoster should also
receive the vaccine as the disease can recur.[10, 11]
The live attenuated vaccine (ZVX) Zostavax®

(Merck and Co.) is associated with protection
against shingles and PHN in half or more of
individuals over 60 years old. Such protection
however, wanes over time, starting as early
as the first year following immunization and
essentially disappearing after eight years. The use
of boosters is not recommended in the case of
Zostavax®. The safe use of Zostavax® is also
not guaranteed in immunocompromised persons
due to the higher risk of serious VZV infections.[1]
Injection site reactions such as pain, swelling, and
erythema occur in >45% of vaccinated people.
Headache and more serious adverse events,
including hypersensitivity reactions range from
uncommon to rare.[12]
In an attempt to find an alternative vaccine

offering better protection and ensuring the safety

of the immunocompromised patients, a new
vaccine, Shingrix, was developed (Glaxo Smith
Kline). This is a non-live “subunit” recombinant
vaccine (HZ/su), made of a truncated form of the
VZV glycoprotein E surface antigen, combined
with the AS01B Adjuvant System, which enhances
the immune response to VZV.[1, 3, 13] The vaccine
requires two doses, two to six months apart and
provides about 97% protection to healthy persons
up to the age of 70 when immunized. It also
provides protection against the difficult-to-treat
PHN.[1]

HZ/su offers 97% protection against HZ in
those aged 50 years or older, including 87%
efficacy in those 80 years or older, indicating that
the efficacy of HZ/su is not greatly affected by
the vaccinated individual’s age.[14] It is currently
being tested for safety and immunogenicity
in immunocompromised patients. The most
challenging aspect of Shingrix is that is associated
with a higher incidence of side effects for the first
few days after immunization, such as local skin
reactions at the injection site, fever, and malaise.
Serious adverse effects are relatively rare.[1]

Disadvantages and Benefits of Available
Vaccinations

Advantages and disadvantages of available
vaccination are summarized in Table 1. The live
attenuated zoster vaccine boosts VZV-specific cell-
mediated immunity in older vaccinated individuals,
thereby explaining the efficacy of the vaccine.
Despite this, efficacy against HZ is limited to 51%
in those vaccinated aged 60 years or older, and
decreases as the age at the time of vaccination
increases. In addition, the protection by ZVX
falls significantly 6–8 years after vaccination. The
magnitude and duration of protection have been
confirmed by effectiveness studies.[14]

ZOE-50 and ZOE-70 studies concluded that the
recombinant zoster vaccine reduced the incidence
of HZ by over 90% and PHN by at least 89%
in all studied age groups for at least four years
after vaccination. Local and systemic reactions
were of mild to moderate intensity and transient in
nature. The overall safety profile of the vaccine was
clinically acceptable.[3]

The public health impact of Shingrix vaccination
was assessed in a mathematical model, suggesting
that in the US, using this vaccine in those ≥50
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years of age could prevent 11 to 15 million cases
of herpes zoster and 1.6 to 2.1 million cases of
PHN. Overall, Shingrix recombinant vaccine has
a clinically acceptable safety profile and a high
efficacy against herpes zoster in adults 50 years of
age or older.[3]

Thirty percent of the unvaccinated adults
will develop HZ during their life; increasing to
50% in people ≥85 years old. Ophthalmologists
worldwide are well aware of the serious HZ-related
ophthalmic complications. However, as shown in a
large population cohort in Korea, HZ increases the
risk of stroke and myocardial infarction, especially
in those relatively young who are at less risk for
atherosclerosis.[13] Vaccination with Shingrix could
therefore reduce the incidence and associated
costs of herpes zoster and its complications.[3]

Another important aspect of Shingrix vaccine
that is of outmost significance during the pandemic
is that it has been postulated that Shingrix vaccine
may help body’s immune system against other
infections including 2019 coronavirus disease
(COVID-19).[15]

In view of the health challenges caused by
the COVID-19 pandemic and its resultant pressure
on healthcare systems worldwide and restriction
of movement even for elective health visits,
any benefit offered would be welcomed. This
synergistic and additive beneficial effect could
offer added value if possibly the HZ vaccine is
given before the COVID-19 vaccine so as to get the
maximum benefit.

Future Perspectives

Herpes zoster ophthalmicus is associated with
serious sequelae locally and systemically that
have severe effects on the patients’ quality
of life and even lifespan. HZO can lead to
complications ranging from periocular and
conjunctival involvement to the devastating results
of multiple ocular and extraocular manifestations
[Figure 2]. Visual compromise can occur in severe
and recurrent cases; and cases refractory to
treatment are not an uncommon encounter
to the anterior segment specialist.[16] Whether
vaccination can offer a viable solution to help limit
the extent of herpes zoster-related complications
needs further scientific evaluation so that to better
elucidate exactly what the role of vaccination
will be; even if this means that herpes zoster

ophthalmic disease could become an essentially
subspecialist condition requiring referral to tertiary
centers. In order to reach the desirable objective,
we feel that collaboration with other specialties,
such as otorhinolaryngology and neurology, while
dealing with the various HZ manifestations is very
desirable and could benefit our patients globally.
Recently, following the COVID-19 pandemic,

there was special interest shifted on the relation
between HZV and Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), and
their respective immunization methods. There
were reports that vaccination against COVID-
19 as well as the disease itself could lead to
reactivation of VZV and recurrence of HZV
disease in different dermatomes. This could
affect both immunocompetent individuals
without risk factors or comorbidity that would
contribute to the development of HZ disease and
immunocompromised patients with autoimmune
inflammatory diseases.[17] Similar observations
have been previously made in patients suffering
from COVID-19, with an increase in HZ cases
during the COVID-19 pandemic, which suggests an
association between these diseases.[18] Although
this correlation is not well-established, this is a
field which will definitely attract attention in the
future. Indeed, there are already studies underway
looking into the association and measuring the
effect of the Shingrix vaccine on the immune
system and whether that has any effect on the
ability to fight off other infections such as COVID-
19.[15] With the accumulation of further data, more
definite conclusions can be drawn, and strategies
can develop to reduce treatment burdens for
patients and the healthcare systems overall.
We are now developing the tools whichwill allow

us to take action in preventing the extent and
complications of this potentially debilitating, sight
threatening or even life threatening disease. The
efficacy of Shingrix has been shown to be higher
than the previously available vaccine, reaching
levels of 97.2% and 91.3% in adults 50 and 70
years, respectively, whereas the live attenuated
virus vaccine (Zostavax) has reached around 55%
of efficacy.[13]
In summary, pediatric/adolescent vaccination

against varicella zoster has not been described
although an increasing number of infections
have been described for both herpes simplex
as well as herpes zoster in adolescents and
young adults.[19, 20] Adult vaccinations prevent
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Table 1. Risks and benefits of zoster vaccination

Attributes/Vaccine Adantages Disadvantages Risks/Side effects

ZOSTAVAX No boosters required

Protection against Herpes
Zoster and Post-Herpetic
Neuralgia

Efficacy against Herpes
Zoster limited to 51% in
vaccinees ≥60 years of age

Efficacy lower as the age at
the time of vaccination
increases

The protection provided by
Zoster Vaccine declines
significantly at 6–8 years
after vaccination

Injection site reactions

Erythema
Pain
Swelling
Pruritus
Warmth
Hematoma

Headache

Hypersensitivity reactions
(including anaphylactic
reactions, fever, rash, and
lymphadenopathy at the
injection site)

SHINGRIX Protection against Herpes
Zoster and Post-Herpetic
Neuralgia

Reduces incidence of
Herpes Zoster by over 90%
and post-herpetic neuralgia
by at least 89%

Efficacy was sustained over
at least 4 years after
vaccination

Two doses required Mild to moderate and
transient injection site and
systemic reactions

Fever

Malaise

Myalgia

Figure 1. Herpes zoster ophthalmicus with typical dermatomal distribution on the face along the first and second branch of the
trigeminal nerve.
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Figure 2. MRI scan depicting characteristic and rare Optic perineuritis resulting from orbital involvement in a patient with Herpes
zoster ophthalmicus. Enlargement of extraocular muscles is also obvious on the left side.

morbidity, disability and death and have favorable
cost-effectiveness profiles. Efforts to increase
the implementation of vaccination in adults
and addressing barriers to implementation are
needed.[5, 6]
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Abstract

Purpose: To illustrate the regression of a metastatic lesion through ophthalmic
imaging and correlating findings with standard chest imaging and treatment with
osimertinib, an oral chemotherapy agent specific to Epidermal Growth Factor
Receptor + Non-small Cell Lung Cancer (EGFR+ NSCLC).
Case Report: A 63-year-old Asian male presented to ophthalmology with a
complaint of left blurry vision. Initial ophthalmic exam revealed a choroidal
lesion and imaging results highlighted a spiculated lung mass with brain and
bony metastases. Osimertinib was chosen for its specificity and ability to cross
the blood–brain barrier. Follow-up ophthalmic and radiographic imaging were
repeated over the course of treatment.
Conclusion: After the initiation of osimertinib, ophthalmic and computed
tomography imaging highlighted the regression of the ocular metastatic disease
and primary malignancy, respectively.
Osimertinib is an effective first-line treatment of EGFR+ NSCLC and
corresponding metastatic sites. Additionally, ophthalmic imaging can be
used to monitor general response to chemotherapy agents when ocular
metastasis is identified.

Keywords: Carcinoma; Choroidal Neoplasm; Multimodal Imaging; Neoplasm Metastasis;
Non-small Cell Lung; Osimertinib
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INTRODUCTION

The choroidal vasculature underlying the retina is
the most common site for intraocular metastasis.[1]
Visual disturbances may sometimes be the first
presenting sign of metastatic disease to the eye.
The most common malignancies to metastasize to
the choroid are breast, lung, and gastrointestinal
tract.[1] Once malignancy is suspected in the eye,
prompt characterization is needed to determine
therapy targeting the primary lesion and its
dissemination. Osimertinib is an irreversible third-
generation Epidermal Growth Factor Receptor
Tyrosine Kinase Inhibitor (EGFR-TKI) that targets
EGFR-TKI sensitizing and T790M resistance
mutations and is the standard of care as first-line
treatment of Epidermal Growth Factor Receptor +
Non-small Cell Lung Cancer (EGFR+ NSCLC).[2–4]
We present a case of choroidal metastasis
from a primary pulmonary malignancy with full
characterization and follow-up using ophthalmic
imaging as a clinical endpoint for treatment
response to osimertinib.

CASE REPORT

A 63-year-old Asian male presented to
ophthalmology clinic with complaint of central
blurry vision of the left eye. Past medical history
revealed well-controlled type II diabetes mellitus
and no past ocular history. Best-corrected visual
acuity in both eyes was 20/20, however, the
patient reported blurry vision in the left eye.
Pupillary responses, confrontational visual field
testing, and intraocular pressure were normal.
Initial slit-lamp examination was unremarkable.

On detailed funduscopy of the left eye, a non-
pigmented choroidal lesion was noted superior
to the macula [Figure 1a] with subretinal fluid
extending from the tumor into the subfoveal space
[Figures 1b & 2a]. Fundus examination of the
right eye was normal. Autofluorescence imaging
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of the left eye showed hyperfluorescence with a
mixed or speckled pattern overlying the subretinal
lesion [Figure 1b]. Optical coherence tomography
(OCT) highlighted an abnormal foveal contour with
subretinal fluid in the affected eye [Figure 2a]. B-
scan ultrasound on the same visit demonstrated
a 6.6 × 6.1 × 2.1 mm lesion in the left eye with
heterogenous echogenicity [Figure 2b]. Screening
computed tomography of the chest, abdomen,
and pelvis highlighted a large 5.0 × 4.3 cm
spiculated mass with central necrosis encasing the
pulmonary vessels in the right upper lobe of the
lung [Figure 3b]. In addition to the mass, enlarged
lower paratracheal lymph nodes, lesions on the L4
spinous process, T1 vertebral body, and left adrenal
nodule were noted and suspect of metastases.
Histological examination from fine needle

aspiration of the lung mass and right lower
paratracheal lymph node highlighted atypical cells
and adenocarcinoma, respectively. Subsequent
positive immunohistochemical staining with
NapsinA, TTF- 1, BER-EP4, CK7, and Ki67 confirmed
a malignancy of pulmonary origin. Positron
emission tomography with Fluorodeoxyglucose
(PET-FDG) revealed a right upper lobe pulmonary
mass with extension into the right suprahilar region
[Figure 3a], right paratracheal and mediastinal
lymph node metastases, a 14-mm adrenal nodule,
as well as T1 vertebral body, posterior iliac, and
left acetabular bony metastases. MRI findings
demonstrated a 4-mm enhancement in the left
superior frontal gyrus suspect of brain metastases
without significant mass effect. Due to the patient’s
“never- smoking” status, chances of finding
a targetable driver mutation were high, and
therefore, initiation of chemotherapy was withheld
until sequencing was complete. Patient was then
started on denosumab 120 mg every four weeks.
Two months after presentation, further

ophthalmic work-up revealed gravitated subretinal
fluid and decreased acuity of the affected
eye (20/60). B-scan ultrasound highlighted an
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Figure 1. (a) Color fundus photography showing lateral boundaries (dotted lines) of tumor above fovea. White circles are the same
bifurcation of vessels in each image. (b) Autofluorescence showing speckled pattern and extent of subretinal fluid (dotted lines).

Figure 2. (a) Optical coherence tomography showing resolving subretinal fluid and flattening of retina. (b) Bscan ophthalmic
ultrasound showing regression of metastatic lesion.

enlarged growth at 10.5 × 9.4 × 2.8 mm, with
OCT showing worsening subfoveal fluid. Next-
generation sequencing of the malignancy showed
an EGFR pathogenic mutation variant. Patient
subsequently began osimertinib 80 mg daily and
denied targeted radiation therapy.

One month later, the patient’s pin-hole acuity
improved to 20/40, with color fundus photography
showing an amelanotic choroidal lesion with
subretinal fluid that had not grown, B-scan
ultrasound showed a smaller mass (8.2 × 8.1
× 1.1 mm), and OCT revealed a flat lesion with
decreasing subretinal fluid. A brain MRI highlighted
resolution of the left frontal enhancement, while
CT scans demonstrated interval decreases of
lesions in the right upper lobe of the lung and
some bony metastases, though Lesions in the
T4 vertebral body and left acetabulum were
unchanged.

Patient also exhibited a new8-mmenhancement
of the right hepatic lobe, not seen in earlier
imaging. Intravenous chemotherapy was withheld
as the interval change was markedly improved with
osimertinib therapy alone.

Approximately nine months after diagnosis and
daily treatment with oral osimertinib, patient
was seen with resolving visual symptoms.
Visual acuity of the left eye was correctable
to 20/30. Fundus examination and B-scan
ultrasound showed a grossly flat retina with
no detectable mass and resolved subretinal
fluid. OCT also demonstrated similar results.
Most recent CT scan showed improved
interval changes in the right lung mass and
paratracheal lymph nodes, as well as a sclerotic
appearance of the bony metastases and
hypoattenuation of the previously noted liver
enhancement.
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Figure 3. Positron emission and computed tomography showing primary epidermal growth factor receptor + non-small cell lung
carcinoma. Osimertinib initiated after two to three month time point.

DISCUSSION

Although ocular metastases are infrequent in
lung cancer patients, ocular metastasis of
pulmonary adenocarcinoma is less common,
as adenocarcinoma spreads to the liver and
adrenal glands more commonly.[5] Additionally, the
presence of choroidal metastasis may occur
in up to 8.4% of primary cases of EGFR +
NSCLC.[6] The mean age of diagnosing uveal
metastasis is 60 years and blurry or disturbed
visual acuity is the most common presenting
symptom.[1, 7, 8] In addition to blurry vision, the
patient did report mild fatigue and weight
loss. Past studies have shown that choroidal
metastasis (CM) has a yellow–white discoloration
and is highly associated with subretinal fluid.[1]
Furthermore, the association of subretinal
fluid and CM occurs in approximately 28.4%
of patients.[8] If these features are identified,
it should initiate prompt investigation for a
primary source. In the past, uveal metastasis
in lung cancer generally carried a poor prognosis
with mean time to death after discovery of
18.4 months in older patients (age 61–80).[7]
However, molecular profiling has recently led to
improved treatment regimens, where osimertinib
has shown increased median overall survival (38.6
months) compared to other EGFR-TKIs gefitinib
and erlotinib (31.8 months) in treatment naïve
NSCLC.[9] Combinations of both systemic and
external beam radiotherapies for CM previously
showed lower regrowth rates,[10, 11] but therapies
targeting driver mutations spare patients from
ophthalmic adverse reactions to therapy, including

radiation keratopathy, iris neovascularization and
glaucoma, accelerated cataract formation, and
optic neuropathy.[12]

Here, we present an informative depiction of the
regression of ocular metastasis, where biopsy and
next-generation sequencing directed the selection
of osimertinib treatment due to its efficacy with
EGFR-variant pulmonary adenocarcinoma and
ability to penetrate the blood–brain barrier.[3, 4]
This case adds to the growing body of evidence
highlighting the utilization of molecular profiling
to optimally treat choroidal metastasis of EGFR
+ NSCLC.[13–15] However, in comparison to the
some cases of ocular metastases treated with
osimertinib, first- or second-generation TKIs were
not attempted as first-line, as sequencing led
to a more advantageous treatment plan that
would spare adverse reactions to intravenous
chemotherapy and targeted radiation.[14, 15]
Additionally, we comprehensively correlate
ophthalmic and systemic radiographic imaging
over the time course of treatment to highlight
visual symptomatic improvement alongside mass
regression that was not described in earlier cases.
However, our case also confirms prior experience
in the field, where ophthalmic imaging offered a
real-time, low-cost, and noninvasive monitoring
of ocular metastasis and therapeutic response to
newer agents like osimertinib.[13–15]
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Abstract

Purpose: To present a case of linear scleroderma known as “en coup de sabre”
associated with Coats’- like response.
Case Report: A 12-year-old boy presented with subacute painless vision loss in the
ipsilateral side of the patient’s en coup de sabre lesion. Ocular examination revealed
vitreous hemorrhage with severe exudation of the posterior pole and telangiectatic
vessels. Fundus fluorescein angiography indicated multiple vascular beadings and
fusiform aneurysms with leakage which was consistent with a Coats’-like response. The
patient was subsequently treated with intravitreal bevacizumab and targeted retinal
photocoagulation. Twelve months’ follow-up showed marked resolution of macular
exudation with significant visual improvement.
Conclusion: Physicians should be aware of the possible ophthalmic disorders
accompanying en coup de sabre and careful ophthalmologic examinations should be
performed in these patients. As presented in the current case, treatment with intravitreal
anti-VEGF agents and laser photocoagulation may be a beneficial option for patients
with coats’-like response.

Keywords: Bevcizumab; Coat’s Disease; Craniofacial; En Coup de Sabre; Scleroderma
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INTRODUCTION

Linear scleroderma known as “en coup de sabre”
(ECDS) is a form of localized scleroderma.[1] The

Correspondence to:

Hassan Behboudi, MD. Eye Research Center,
Department of Eye, Amiralmomenin Hospital, 17
Shahrivar St., Rasht, Guilan 41396-37459, Iran.
E-mail: Behboudi@gums.ac.ir
Received 04-06-2020; Accepted 23-11-2021

Access this article online

Website: https://knepublishing.com/index.php/JOVR

DOI: 10.18502/jovr.v17i1.10179

disorder presents with localized facial atrophy of
the skin and the underlying tissue particularly in
the frontoparietal area.[1] En coup de sabre has
been associated with a number of periocular and
ocular manifestations. Periocular manifestations
include enophthalmos and extraocular muscles
and eyelids involvement. Ocular findings such as
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corneal alterations, cataract, iritis, and iris atrophy
have also been reported.[2, 3] We report a case
of ECDS presenting with decreased vision in the
ipsilateral eye diagnosed as a Coats’-like response.

CASE REPORT

A 12-year-old boy noticed painless vision loss
in his left eye several days before. There was
no history of visual disturbances and no family
history of significant ocular disorders. He did
not report any previous trauma and prior use
of any medication. On physical examination,
linear depressed scarring of the cutaneous and
subcutaneous tissue of the left frontoparietal area
was noted. This atrophic band of skin extended
from the left eyebrow to the frontoparietal scalp
[Figure 1]. His best-corrected visual acuity (BCVA)
was 20/20 in the right eye and 20/200 in the
left eye. The size of pupils was normal and there
was no afferent pupillary defect. Ocular motility
was within normal range. The intraocular pressure
by applanation tonometry was 14 mmHg in both
eyes. On slit lamp examination, the anterior
segment was normal in both eyes. Funduscopy
of the left eye showed vitreous hemorrhage
with severe exudation in the posterior pole and
telangiectatic vessels and saccular aneurysms in
the mid-peripheral and peripheral retina. The optic
disc was normal. The right fundus examination
was unremarkable. Para-clinical evaluations with
spectral-domain optical coherence tomography
(SD-OCT) and fundus fluorescein angiography
(FFA) were performed. SD-OCT of the left macula
revealed intraretinal fluid and marked exudates
[Figure 2]. FFA demonstrated vascular tortuosity
and multiple beading and fusiform aneurysms
with distinct leakage in the mid-peripheral and
peripheral regions. Areas of capillary nonperfusion
with no neovascularization were noted. The
fundus findings were compatible with Coats’-
like response. Corresponding rheumatologic
consultation diagnosed his atrophic skin lesion as
“en coup de sabre” (ECDS) a form of craniofacial
linear scleroderma. Further examinations did
not show any neurological signs or systemic
involvement of scleroderma. Laboratory tests for
antinuclear, anti-centromer, and Scl70 antibodies,
erythrocyte sedimentation rate, and blood
composition were normal.
The patient was scheduled for three monthly

intravitreal injections of 1.25 mg/0.05 ml

bevacizumab. On follow-up examinations,
there was a significant decrease in macular
exudation and vitreous hemorrhage. Targeted
laser photocoagulation was performed over the
abnormal retinal vasculature. Macular SD-OCT
demonstrated significant reduction of intraretinal
fluid and exudates [Figure 3]. At 12-month follow-
up examination, BCVA improved to 20/25 in the
left eye. Fundus examination and repeated FFA
showed moderate resolution of vascular beading
and tortuosity with no evidence of peripheral
neovascularization [Figure 4]. The patient was
scheduled for ophthalmic visits every three
months. After one year of follow-up, we noted a
loss of visual acuity (BCVA: 20/32) and moderate
recurrence of macular edema and exudation.
The patient was subsequently treated with one
session of intravitreal injection of 1.25 mg/0.05
ml bevacizumab. He is currently under routine
ophthalmic and rheumatologic observation.

DISCUSSION

Craniofacial linear scleroderma known as “en
coup de sabre” (ECDS) presents with contraction
and stiffness of the frontal or parieto-frontal area
forming a depressed lesion in the skin and
subcutaneous tissue.[1] Various etiologies including
trauma, radiotherapy, and autoimmunity have been
proposed.[4] En coup de sabre usually affects
children in the first decade and is predominantly
seen in females.[5] Ocular manifestations is not
common in localized scleroderma, however, it has
been reported to occur in 14% of the patients
with ECDS.[3] Eyelid and adnexal involvement are
the most common periocular abnormalities. Also,
anterior segment inflammation is reported as the
most frequent ocular manifestation.[3]

In the present case, a boy with ECDS presented
with ipsilateral vision loss. The specific clinical
picture and FFA were in favor of a Coats’-like
response which refers to a fundus with the
similar clinical appearance of Coats’ disease in the
setting of other ocular or systemic disorders. Coats
disease is defined as idiopathic retinal light bulb
telangiectasias with intraretinal and/or subretinal
exudation without appreciable retinal or vitreal
traction.[6] The pathogenesis is believed to be
related to the breakdown of blood–retinal barrier
due to changes at the endothelial level and the
presence of abnormal pericytes.[7]
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Figure 1. Photograph of the patient showing depressed left forehead skin lesion (en coup de sabre).

To the best of our knowledge, there have
been only five previous reports of this Coats’-like
response in patients with ECDS.[8–12] One of them
resulted in exudative retinal detachment and
severe vision loss in early childhood.[8] Unlike
previous reports, our patient regained nearly
normal vision following appropriate treatment.
We believe that treatment with intravitreal anti-
VEGF agents and/or laser photocoagulation
may be beneficial for patients with Coats’ like
response. This treatment may halt or at least delay
progression of the retinal abnormalities.
It is of value to mention progressive hemifacial

atrophy (Parry–Romberg syndrome) which is a
hemifacial atrophy mainly below the forehead

with an unknown etiology.[13] Overlapping features
of ECDS and ipsilateral hemifacial atrophy have
been described in literature and it is thought that
they may lie on the same spectrum.[13] Coats’-
like response has been reported in a number
of cases with progressive hemifacial atrophy.[14]
The exact cause of this association remains
undetermined; however, several theories have
been suggested regarding the pathogenesis of
scleroderma. The subclinical occlusive vasculitis
can be caused by an inflammatory process
with a probable autoimmune basis.[15] Vascular
abnormalities such as endothelial cells loss,
increased vascular permeability, and defective
angiogenesis have been recognized in linear
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Figure 2. Fundus fluorescein angiography. Vascular tortuosity and fusiform aneurysms with leakage and non-perfusion areas in
the mid-peripheral and peripheral regions.

Figure 3. Macular optical coherence tomography at baseline, 3-month, 8-month, and 12-month visits (from left to right).

scleroderma.[16] It is hypothesized that systemic
endothelial cell injury leads to the production
of IFNα and subsequent tissue hypoxia and
expression of VEGF.[15] Intracranial vascular
abnormalities have also been reported in patients
with linear scleroderma. Gunness et al described
an ipsilateral brain cavernoma in a patient with
localized scleroderma on the frontal side of
scalp.[17]

We presume that the vascular, inflammatory,
and immunological processes involved may
explain the vascular telangiectasia, dilatation,

and leakage observed in Coats’-like response.
Previous literature and the present case suggest
that eyes as well as brain can be affected by
linear scleroderma, which is commonly known
as a limited skin disorder. Accordingly, we
advise routine ophthalmologic examination
including dilated funduscopy every three to
four months in the first three years of presentation
in patients with ECDS. Also, those presenting
with visual complaints should be examined
promptly. Pediatricians, dermatologists, and
rheumatologists should be aware of the
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Figure 4. Fundus photograph at 12-month, showing reduced vascular tortuosity and beading.

possible ophthalmic disorders associated with
ECDS.
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Abstract

Purpose: To present the optical coherence tomography angiography (OCT-
A) findings of the radial peripapillary capillary (RPC) network in an individual
with severe bilateral methanol-induced toxic optic neuropathy (MTON) in
comparison to a normal subject and a patient with retinitis pigmentosa.
Case Report: A 35-year-old man with severe bilateral MTON was referred
to the neuro-ophthalmology clinic at the Labbafinejad Medical Center. The
Angio Vue OCT 3D set of 4.5 × 4.5 mm was used to measure the disc
and peripapillary vessel density. Two subjects were examined with the same
protocol as controls to determine the effect on the RPC vessel density in
multiple scenarios. One of the controls was a healthy individual with the
prerequisite matches of age and sex while the second one was a known
retinitis pigmentosa (RP) patient. RPC density was measured as 37.7 in the
patient with MTON, 46.9 in the RP patient, and 54.7 in the healthy control.
Conclusion: The reduction in the RPC vessel density in a patient with MTON
compared to that of a healthy individual and also a patient with RPmay be due
to the loss of capillaries secondary to the loss of nerve fibers and ganglion
cells. Moreover, MTON can be considered an optic neuropathy with direct
mitochondrial damage to the endothelial cells of the capillaries.

Keywords: Methanol-induced Toxic Optic Neuropathy; Optical Coherence
Tomography Angiography; Radial Peripapillary Capillary Network
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INTRODUCTION

Methanol poisoning could be caused by drinking
homemade alcoholic beverages.[1] Patients who
survive this life-threatening condition may also
suffer other morbidities including methanol-
induced toxic optic neuropathy (MTON).[2] Formic
Acid, a metabolite of methanol can result in acute
retinal ganglion cells injury and edema of the
optic nerve. The presence of the intraretinal fluid
revealed in the optical coherence tomography
(OCT) reports could present an argument for the
role of vessel injury as one of the plausible culprits
in the pathophysiology of the disease, MTON.
Nurieva et al showed a progressive and chronic
loss of those axons that survived after methanol
poisoning which supports the aforementioned
hypothesis.[3] Due to the rarity of these cases,
studies are scarce and the exact mechanism
behind the progressive axonal loss remains
unknown.
To examine retinal vascularity in MTON,

fluorescein angiography (FA) is not always feasible
because of the concurrent poor general status
and high prevalence of renal insufficiency in
these patients. Optical coherence tomography
angiography (OCT-A) as a noninvasive novel
technique for visualization of vascular flow is
viable and provides high-resolution images of
both retinal and radial peripapillary capillaries.[4] In
this report, we present the OCT-A findings of the
radial peripapillary capillary (RPC) network in an
individual with severe bilateral MTON.

CASE REPORT

A 35-year-old man with the chief complaint of
bilateral decreased visual acuity following the
ingestion of a homemade alcoholic beverage
two weeks prior was referred to us. He had
been in a coma for two days and had undergone
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hemodialysis twice during the acute phase. He
had previously received the protocol suggested by
the author (MP) that included erythropoietin and
intravenous steroid.[2, 6] Visual loss was detected
after the improvement of consciousness. When we
first saw him, visual acuity was counting fingers at
30 cm in the right eye and no light perception (NLP)
in the left eye. Trace afferent pupillary defect was
detected in the left eye. The anterior segment slit-
lamp biomicroscopy and Goldmann applanation
tonometry results were normal. In the funduscopy,
the optic nerves were mildly swollen. Macula and
retinal periphery tests were normal bilaterally. The
perimetry test was not possible to execute.
The OCT-A was performed using XR Avanti

Angio Vue OCTA (Optovue Inc., Fermont, CA,
USA). The Angio Vue OCT 3D set of 4.5× 4.5
mm was used to measure disc and peripapillary
vessel density. For vessel analysis, a slab between
the outer limit of the retinal nerve fiber layer
(RNFL) and the internal limiting membrane was
made. Two regions of interest (ROI) were defined
for measuring vessel density within the area
occupied by the vessels. Two elliptical contour
lines were used first for defining the disc area
which was determined manually and second for
corresponding to a peripapillary area with a width
of 0.75mm from the first elliptical line. Two subjects
were examined with the same protocol as controls.
One of the controls was a healthy individual with
thematching prerequisites of age and sexwhile the
second one was a known patient with a history of
retinitis pigmentosa (RP), which started from early
adulthood and visual acuity of counting fingers at 4
m in both eyes. In examination of the RP patient,
it was revealed that he had optic pallor in both
eyes as well as arterial narrowing, diffuse retinal
degeneration, and peripheral bone spicules.
Capillary peripapillary vessel density was 37.7%

in the MTON patient, 46.9% in the RP patient, and
54.7% in the healthy control. Figure 1 shows the
OCT-A images of all three cases. In theMTON case,
measurements of the OCT-A Angio Vue vessel
analysis were all lower, as compared to that of the
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Table 1. Peripapillary OCT-A parameter in MTON, RP, and healthy control

Variables MTON vessel density (%) RP vessel density (%) Healthy control vessel
density (%)

Capillaries All Capillaries All Capillaries All

Whole image OD 38.4 45.5 45.7 49.5 50.1 56.5

OS 37.1 43.6 44.7 48 49.9 56.6

Inside disc OD 39.4 51 39.7 50 45.2 54.7

OS 34.6 44.5 44.4 53.2 47.0 57.8

Peripapillary OD 37.7 44.9 46.9 50.2 54.7 60.6

OS 36 43.3 42.3 45.1 54.1 60.5

Superior
hemifield

OD 36.5 44.2 46.9 50.2 54.8 60.9

OS 39.1 46 39.7 41.9 53.5 61.2

Inferior
hemifield

OD 39 45.5 47 50.1 54.5 60.2

OS 32.7 41.3 45.1 48.5 54.8 59.7

Nasal OD 34 47 52

OS 32 47 63

Temporal OD 51 52 54

OS 27 41 47

MTON, methanol-induced toxic optic neuropathy; RP, retinitis pigmentosa

controls [Table 1]. Peripapillary OCT in the patient
with MTON revealed an average RNFL thickness of
148 microns in the right eye and 140 microns in the
left eye.

DISCUSSION

In this case report, we described the findings of
the peripapillary OCT-A in a case of MTON. We
discovered the reduction in the RPC vessel density
two weeks after the MTON situation was compared
to a healthy individual and also to a patient
with optic pallor secondary to RP. The possible
mechanism explaining the reduced vascular
density may be the loss of capillaries secondary to
the loss of nerve fibers and ganglion cells.[5] Loss
of RNFL and the ganglion cell layer (GCL) happens
as a result of two separate mechanisms. Formic
acid which is a toxic metabolite produced after
methanol ingestion directly enters the ganglion
cells and causes severe structural and functional
damage. Ganglion cell damage then results in
nerve fiber loss. Moreover, the edema subsequent
to RNFL damage may cause a compartment
syndrome.[6]

Various studies investigating OCT-A in different
optic neuropathies reported a reduction of
peripapillary vessel density, for example, in
non-arteritic anterior ischemic optic neuropathy
(NAION),[7] optic neuritis,[8] optic atrophy secondary
to retinal dystrophies,[9] thyroid eye disease,[10]
vitamin deficiency,[11] or Leber hereditary optic
neuropathy (LHON).[12] Two possible mechanisms
may explain peripapillary vessel density reduction
in different optic neuropathies. First, any diseases
causing axonal loss leads to reduced metabolic
need in the RNFL layer and consequently reduces
capillaries through autoregulatory mechanisms.[5]
The next mechanism is the direct injury of the
capillaries by the acquired disease. While the
former is thought to be more prominent in vessel
dropouts, the latter can also be highlighted in optic
neuropathies with mitochondrial damages such as
with LHON which can also have a direct adverse
impact on vascular endothelial and vascular
smooth muscle cells viability.[13]

Examining both eyes of the patient, the eye
with more severe visual loss showed lower vessel
density in all four quadrants. RNFL thickness
cannot be a reliable measure in the acute phase,
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Figure 1. Peripapillary OCT-A images in MTON compared to RP and a healthy individual. From left to right, SLO images, En-face
OCT-A (ILM-NFL), corresponding B-scan, vessel density map in MTON, RP patient, and a healthy control. Vessel density analysis
has been done between two slabs shown in B-scans.

however, the thickness was slightly higher in
the right eye (148 and 140 in the right and left
eyes, respectively). Previous reports confirmed the
accordance of peripapillary vessel dropout and
RNFL loss in different acute and chronic optic
neuropathies including glaucoma and non-arteritic

ischemic optic neuropathy (NAION),[8, 14] so lower
temporal vessel density can indicate higher axonal
damage in this important area.
In MTON, formate toxicity inhibits the

mitochondrial function through inhibition of
the cytochrome oxidase system. Production of
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reactive oxygen species and toxic aldehydes
exacerbate mitochondrial damage.[15] Therefore,
MTON can be considered an optic neuropathy with
both direct mitochondrial damage of endothelial
cells of capillaries and secondary autoregulatory
reduction of peripapillary vessels. Another striking
finding in our patient was the lower vessel density
in the temporal quadrant of the NLP eye; this
finding could strengthen the hypothesis of direct
mitochondrial damage of the vessels in the event of
methanol poisoning. RNFLs of the papillomacular
bundle which is directly responsible for central
visual acuity contain more vulnerable and smaller
fibers. Previous studies confirmed the order
of RNFL involvement in Leber hereditary optic
neuropathy (LHON), a disease of mitochondrial
involvement, first affects the temporal quadrant
and lastly the nasal quadrant.[16]

In RP, vascular damage is the early event
and optic neuropathy can be considered as a
secondary event resulting from peripapillary vessel
attenuation and photoreceptor degeneration.[9] In
our RP patient, optic pallor was obvious, yet
the vessel density was higher in all quadrants
as compared to the MTON patient. Although
the lower RP vessel density compares to the
MTON in only one case which might not be
conclusive, it could imply that bothmechanisms are
connected in MTON. In other words, RNFL, GCL,
and vascular endothelial cell destruction together
accentuate the damage of vessels and these could
explain why RPC vessel dropout is more severe in
MTON.
OCT-A is a safe and fast method to evaluate

retinal vessels in survivors of methanol poisoning
in whom FA may be contradicted. Spaide et
al comparing FA and OCT-A in 12 patients
with different optic neuropathies concluded
OCT-A outperforms FA in the visualization
of the precapillary network.[17] Moreover, the
quantitative measurement of ONH vessels
is possible with OCT-A rather than FA.
Nevertheless, many patients with NLP cannot
be evaluated by OCT-A as a result of poor
fixation.
In conclusion, MTON as a rare and devastating

optic neuropathy can be further evaluated by OCT-
A. Our report demonstrated a reduction in RPC
vessel density for the first time. Future studies
are needed to confirm our findings in a series of
patients.
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Abstract

Purpose: Osteomyelitis of the orbital bones presenting as an orbital cellulitis is a
rare form of extrapulmonary tuberculosis (TB). We report a rare case of tubercular
osteomyelitis of the orbital bones presenting as a periorbital cellulitis.
Case Report: A seven-year-old female child presented to our tertiary eye care center
with swelling involving the right eyelids and the right cheek for two months. She had
been provisionally diagnosed elsewhere as pre-septal cellulitis and had been given oral
antibiotics.We clinically diagnosed her as orbital cellulitis, but her non-responsiveness to
intravenous antibiotics prompted us to get a contrast enhanced computed tomography
(CECT) of the orbit and paranasal sinuses, which was suggestive of tubercular etiology.
However, the patient had no foci for TB elsewhere. We used a relatively new, but
rapid test, called Cartridge-based Nucleic Acid Amplification Test (CBNAAT) on the pus
aspirate which was positive for TB. Thereafter, the patient was started on anti-tubercular
treatment to which she responded wonderfully.
Conclusion: A high index of suspicion should be kept for TB infection in cases of orbital
cellulitis with unusual clinical behavior in an endemic region such as India.

Keywords: Orbital Tuberculosis; Periorbital Cellulitis; Tubercular Osteomyelitis

J Ophthalmic Vis Res 2022; 17 (1): 146–149

INTRODUCTION

Tuberculosis (TB) is a major cause of morbidity and
mortality in developing nations. It is a multisystem
infectious disease caused by Mycobacterium
TB. TB may be pulmonary or extrapulmonary
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depending on whether lungs are the primary site of
infection or not.
Ocular tuberculosis (OTB) is a manifestation of

extrapulmonary TB. It is considered rare even in
endemic areas. OTB may be primary or secondary.
When the eye is the initial portal of entry of the
bacteria, it is considered a primary ocular TB.
In secondary ocular TB, the involvement of the
eye is due to spread from hematogenous route or
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from adjacent structures.[1] Ocular TB may have
myriad presentations depending upon the site of
infection as well as the severity. However, uveal
involvement is more common because of its high
blood supply.[2, 3]

Orbital TB is more commonly seen in children
with a female predisposition. It is insidious in
onset and is usually unilateral.[4] It may present
as unilateral proptosis/draining sinus tract/orbital
swelling/lid swelling/radiographic features of bony
destruction.
We present a rare case of tubercular

osteomyelitis of the orbital bones masquerading
as periorbital cellulitis.

CASE REPORT

A seven-year-old female child presented to our
tertiary eye care center with tender swelling
involving the right eye and the right cheek for two
months. This was not associated with decrease in
vision, discharge, photophobia, or fever.
On examination, the swelling involved the right

upper and lower eyelid along with the right
upper cheek; it was firm in consistency, tender
and warm to touch, erythematous, with negative
fluctuation tests, and no pus points or discharging
sinuses (as shown in Figures 1A & 1B). Visual
acuity was 6/6 in both eyes. Anterior as well
as posterior segment examination of the eye
were unremarkable. Despite the extensive edema,
extraocular movements were full and free. Direct
and consensual light reflexes were normal. A note
was made of the enlarged submandibular lymph
nodes. These were 2 × 2 cm, non-tender, non-
conglomerated, firm in consistency, not fixed to the
overlying skin. The overlying skin was not red and
non-tender. The child was otherwise afebrile and
had no other systemic complaints.
Furthermore, the patient was being treated with

oral antibiotics (no records brought) at a peripheral
center for the past one month before presentation
to our center, with a steady increase in the size of
the swelling. History elicited from the attendants
showed their noncompliance with the prescribed
treatment. Thereafter, the child was admitted
for a course of intravenous antibiotics, with the
provisional diagnosis being orbital cellulitis.
However, poor response to intravenous antibiotics
even after one week prompted us to investigate
further. A contrast enhanced computerized

tomography of the orbit and the paranasal sinuses
(PNS) was ordered which showed a peripherally
enhancing collection in the anterolateral aspect
of the right maxillary sinus and zygomatic arch,
extending superiorly along the lateral aspect of
right orbit, showing lytic erosive changes, along
with periosteal thickening and bony sequestration
in the zygoma (axial scan shown in Figure 3A &
3B). These radiographic features were suggestive
of TB.
The child had no history of fever, night sweats,

no previous history of TB, and no history of contact
with TB. In addition, the swelling was not like
a typical tubercular cold abscess and the lymph
nodes were not matted nor fixed to the skin. But
in view of high endemicity of TB in our country, it
was still kept on top of our differentials.
Except for a raised erythrocyte sedimentation

rate (ESR), the complete blood count and liver
function tests were unremarkable. The tuberculin
sensitivity test (TST) showed 20 mm after 48
hr - however this is nonspecific. Fine needle
aspiration cytology (FNAC) was done from the
swollen submandibular lymph nodes – it showed
necrotic changes but no granuloma or acid fast
bacilli (AFB). Sputum as well as gastric aspirate
microscopy for AFB showed no evidence of AFB.
Antigravity aspirate of the swelling was done

with a 26-gauge needle, under local anesthesia.
Around 1 ml of the watery yellowish aspirate was
then sent for gram stain, bacterial and fungal
cultures, and a relatively new test – the Cartridge-
based Nucleic Acid Amplification Test (CBNAAT),
also known as the Genexpert test. CBNAAT
turned out to be positive, thus confirming the
diagnosis of primary tubercular osteomyelitis of
the right maxilla; the bacterial and gram stain
reports were negative, thus ruling out secondary
superinfection. The child was put on a four-
drug anti-tubercular treatment (isoniazid [10 mg/kg]
rifampicin [15 mg/kg], ethambutol [20 mg/kg], and
pyrazinamide [35 mg/kg]) and responded well
to the treatment, by complete shrinkage of the
swelling within six weeks [Figures 2A & 2B].

DISCUSSION

Tuberculosis (TB) is a major health problem in
developing countries. However, even in endemic
areas, orbital TB is a rare entity. Orbital TB
can be diagnosed using the following criteria: (1)
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clinical/radiological or histological evidence of TB
from the orbital lesion associated with evidence
of TB elsewhere, (2) demonstration of AFB in
the orbital lesion, (3) isolation of mycobacteria in
culture from biopsied tissue, and (4) demonstration
of mycobacterial infection by doing a PCR on the
biopsied tissue.[5]

Orbital TB has been clinically classified into
five categories: classical periostitis, orbital
tuberculoma with no bony destruction, orbital
TB with evidence of bony destruction (not
classified as classical periostitis), orbital TB as
a result of spread from paranasal sinuses and
dacryoadenitis. Patients with classical periostitis
present with chronic ulceration or discharging
sinus in the periorbital region. There may or may
not be evidence of bony erosion or sclerosis
radiographically. Orbital tuberculoma presents
with palpable mass, proptosis, or diplopia. When
radiologic evidence of bony destruction, osteolytic
changes, or erosion is seen, it is classified as
orbital TB with bony destruction. Maxillary sinus
is the most commonly involved sinus from which
TB can spread to orbit. Such patients usually
present with proptosis and dystopia of the globe.
Patients with tubercular dacryoadenitis present
with a mass in the lacrimal region and regional
lymphadenopathy.[5, 6] Osteomyelitis of tubercular
origin involving the orbital bones is rare. Mandible
is the most common craniofacial bone affected
by TB.[7] This condition is usually secondary to
a primary tubercular lesion elsewhere, such as
the lungs and the abdomen. However, primary
involvement of these bones have also been
reported.
Our patient presented with swelling involving

the right periorbital region extending up to the
right cheek. She was given a course of antibiotics
to which no response was seen and the patient
was investigated for other etiologies including TB.
Our differentials at this time were local cellulitis,
neoplasia, pseudotumor, easophillic granuloma,
and TB, and she was investigated for all of these
diagnoses.
Incision and drainage of the swelling was not

done because an incision and drainage (I&D) would
lead to a persistently discharging sinus in case it
was tubercular in etiology.
There was no histopathology evidence of TB

but radiologically the lesion was suggestive of TB
which was done a week later after no response

to intravenous antibiotics. We waited for a week
before imaging was done because the history of
treatment given to her was very uncompliant and
no intravenous antibiotics were given before the
patient presented to us.
We did keep in mind other conditions causing

lytic changes in the orbit such as neoplastic,
inflammatory, and rare causes like eosinophilic
granulomas. Our diagnosis of TB was confirmed by
CBNAAT test done on the sample from the orbital
lesion. Thereafter, the patient was started on anti-
tubercular drugs.
We should keep a high index of suspicion

for orbital TB in cases like ours especially in
endemic areas such as India. The patient should be
investigated for the same. However, the diagnosis
is often challenging in cases of extrapulmonary
TB as the number of TB bacilli is often low in
these sites.[8] Although the demonstration of AFB
in culture is considered the gold standard for
diagnosis, it may take up to six to eight weeks, thus
delaying the treatment.[9]

Molecular diagnostics such as nucleic acid
amplification test play an important role in cases of
extrapulmonary TB. A new breakthrough has been
the CBNAAT, also known as the Genexpert test.
This test not only detects Mycobacterium DNA but
also reveals whether it is sensitive to rifampicin
or not, thereby identifying multidrug-resistant TB
cases. The main advantage of CBNAAT is the
speed and accuracywithwhich it works. It has been
shown to have comparable results with culture
(which may take up to six to eight weeks). However,
it has its own set of flaws such as high cost,
need for a stable electricity supply, replenishment
of the cartridges every 18 months, and a stable
temperature ceiling.[10]

Interferon gamma release assays can also be
used as an aid to diagnosis. These tests are based
on the production of interferon gamma by T cells
specific to antigens of tubercular bacilli. However,
they are less sensitive for detection of latent TB
infection.[1]

Radiological features of orbital TB include
destruction of bone, most commonly the frontal
and sphenoidal bones. There may or may not be
associated bony sclerosis, inflammation, abscess
formation which may extend to infratemporal fossa.
Lacrimal gland involvement may also be seen.
Involvement of lateral wall is usually suggestive of
hematogenous route of infectionwhile involvement
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of medial wall is indicative of spread from adjoining
paranasal sinuses. There may be associated pre-
septal thickening.[11]

Treatment of tubercular osteomyelitis is mainly
done using anti-tubercular drugs. Surgery is
indicated in cases with extensive destruction,
presence of secondary infection, and intracranial
involvement. Our patient was managed medically
by anti-tubercular treatment.
To conclude, although orbital TB is rare, it should

still be kept in mind while seeing patients with
orbital lesions in an endemic country, and new
tests such as CBNAAT should be used more
frequently because of increased sensitivity and
rapid diagnosis.
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PRESENTATION

A 55-year-old woman with high myopia (spherical
equivalent –8.25 right eye [OD], –8.50 left
eye [OS]) and known history of Sjogren
syndrome presented for routine asymptomatic
hydroxychloroquine screening. No other relevant
past ocular, medical, or family history was noted.
Visual acuity was found to be 20/20 in both eyes
(OU). Dilated fundus examination (DFE) without
indentation was performed using tropicamide
and phenylephrine, and ancillary testing was
performed. No signs of hydroxychloroquine
toxicity, Weiss ring, retinal tears, or peripheral
retinal pathology were noted OU. Incidentally,
the screening spectral domain optical coherence
tomography (SD-OCT) revealed tenuous vitreous
attachment to the optic disc OS [Figure 1A].
Two hours after the screening outpatient

examination, the patient experienced a new
floater OS for which she subsequently presented
to the ophthalmology emergency. The on-call
ophthalmologist noted a Weiss ring OS without
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retinal tears or detachments OU. A subsequent SD-
OCT scan in the left eye demonstrated a complete
posterior vitreous detachment (PVD) [Figure 1B].
The patient was reassured, counselled about the
warning symptoms of retinal detachment, and
scheduled for a repeat DFE in one week.

DISCUSSION

To the best of our knowledge, this is the first report
of completion of an impending PVD following
cycloplegic DFE. Accommodation-induced ciliary
body contraction, anterior displacement of the
lens–iris diaphragm, and axial elongation of
the vitreous cavity may be more pronounced in
myopic patients.[1] There is a known anatomical
relationship between ciliary body contraction
and anterior movement of anterior vitreous body
and zonules.[2, 3] Anterior zonule movement
results in adjacent anterior movement of the
vitreous parallel to the sclera at the ora serrata.[4]
While it is unclear if this force would translate
to posterior vitreous movement, there is an
interesting case report of vitreo-macular traction
(VMT) following pilocarpine-induced miosis
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Figure 1. (A) Two optical coherence tomography (OCT) images at the initial visit for a dilated eye exam showed posterior vitreous
still attached at the disc margin. (B)Two OCT images at the follow-up visit with new floaters due to posterior vitreous detachment
(PVD) 2 hr following the initial exam.

after mydriasis.[5] In a computer animation-based
model of accommodation, it was found that
during accommodation the vitreous base is pulled
forward and the posterior vitreous is pushed
backward.[6] Axially, it is during the relaxation of
accommodation that the posterior lens capsule
moves anteriorly followed by subsequent anterior
movement of posterior vitreous causing shearing
at the retinal vitreous attachments.[6] Although
our report illustrates temporal association of
completion of impending PVD following DFE,
the precise changes in the posterior hyaloid in
response to DFE are still unclear.
Further work could be done to elucidate

the relationship between accommodative
state and PVD. Wide-field OCT may expand
our understanding of peripheral vitreoretinal
physiology.
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PRESENTATION

We present the ophthalmic findings of a 57-year-
old female with pseudoxanthoma elasticum who
was initially diagnosed in her 20s after a biopsy
of abnormal neck lesions. She began to develop
visual problems decades later, but currently has
no other related medical problems, including any
evidence of coronary artery disease. Our patient
complained of bilateral metamorphopsia but with
preserved visual acuity of 20/25 in both eyes.
In addition to the angioid streaks, the patient
also had evidence of pigmentary changes at the
posterior pole [Figures 1A–1B]. Optical coherence
tomography imaging [Figures 1C–1F] revealed the
presence of bilateral subretinal fluid, shaggy
photoreceptors, and intraretinal hyperreflective
material concentrated within the outer retina that
was stable for five years [Figures 1 E & 1F].

DISCUSSION

Angioid streaks are breaks within a weakened
Bruch’s membrane. They are deep to the
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neurosensory retina and typically bilateral,
irregular, and emanate from the optic disc.
Causes include Ehler–Danlos syndrome, Paget’s
disease, sickle cell, and other hemoglobinopathies,
idiopathic, and pseudoxanthoma elasticum.[1]
Vision is typically not affected by angioid
streaks unless patients develop choroidal
neovascularization with resultant macular edema
and retinal hemorrhages.[2] Following our patient
for 10 years (5 years with spectral domain OCT),
she has never had any evidence of a choroidal
neovascular complex on fluorescein angiography
and thus it was concluded that the subretinal fluid
was the result of malfunctioning retinal pigment
epithelium due to the pigmentary changes at the
posterior pole, a rare finding first described by
Zweifel and colleagues in 2011, who concluded
the fluid was due to a similar pathophysiology as
pattern dystrophy.[3] Clinicians should be aware of
the ophthalmic manifestations of pseudoxanthoma
elasticum which include angioid streaks which can
lead to choroidal neovascularization and severe
vision loss but also pigmentary changes at the
posterior pole that can lead to chronic subretinal
fluid and a milder effect on visual acuity.
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Figure 1. Fundus images (A) with bilateral hyperpigmented lines emanating from the discs, consistent with angioid streaks (white
arrows). On FAF (B), the angioid streaks are easily appreciated (white arrows). Also seen are punctate areas of hyper- and hypo-
FAF surrounding the disc and within the fovea (asterisks). The hyper-FAF lesions are felt to be accumulations of photoreceptor
lipofuscin while the hypo-FAF lesions are thought to be related to subretinal drusenoid deposits. On OCT (C-F), there is evidence
of bilateral subretinal fluid (red arrows) consistent with chronic RPE damage that are stable over five years (C & D images taken
five years before E & F images).
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Over the last three decades, several noninfectious
postoperative inflammatory syndromes have
been described: toxic anterior segment syndrome
(TASS),[1] fibrin syndrome, sterile endophthalmitis,
and toxic posterior segment syndrome (TPSS).[2, 3]
All have a common toxic origin but none describe
all the clinical forms in which toxicity can occur
and there are cases of toxicity that do not fit into
any of these syndromes. This descriptive limitation
can lead to confusion and delay a diagnosis that is
essential in the prevention of new cases of ocular
toxicity.
The toxic intraocular syndrome (TIOS) that

we describe encompasses all forms of toxicity
described, referring to any postoperative
intraocular inflammation, due to a noninfectious
substance, which can occur after any type of
intraocular surgery, resulting in toxic damage to
any segment of the eye.
Postoperative intraocular toxicity is an

underdiagnosed and underreported entity, with a
reported frequency ranging from 0.2%[4] to 2.0%,[6]
higher than that of infectious endophthalmitis.
The most frequent clinical manifestation of TIOS

consists of an early and painless postoperative
decrease in vision. The operated segment is
usually themost affected, however, there aremixed
forms with involvement of both segments,[6, 7] as
well as paradoxical forms with inflammatory
involvement of the segment opposite to the
intervened segment.[8–10] When the anterior
segment (AS) is affected, the predominant sign
is limbus-to-limbus corneal edema to a variable
degree, which may be accompanied by iritis,
fibrin bands, hypopyon, and/or pupillary paresis.
TASS is a form of TIOS in which the signs and
surgery are limited to the AS. When the posterior
segment (PS) is involved, the signs are more
polymorphic, the vitreous may be clear or with

the signs of vitritis, the retina may be intact
or be associated with hemorrhages, vasculitis,
pigment epithelium lesions, and macular edema.
Occasionally, early papillary pallor with optic
atrophy may appear. TPSS is a form of TIOS in
which after PS surgery the findings are limited to
this segment.
Every substance involved in the surgical process

has been reported as a cause of operative toxicity.
Those related to the cleaning of microcannulated
instruments, enzymatic soaps, endotoxins,
intraocular dissolutions, denatured viscoelastic,
perfluorocarbons, silicone, are among many
others.
The most important differential diagnosis is

infectious endophthalmitis from which TIOS tends
to be differentiated by presenting as a cold and
early postoperative inflammation, with decreased
vision and no other symptoms. The absence of
initial pain, hyperemia, lid edema, or swelling
may help to differentiate TIOS from infectious
endophthalmitis. Cultures, if taken, will always be
negative. The prognosis of TIOS will depend on
the type of toxin, its concentration, and time of
exposure, ranging from complete spontaneous
resolution to irreversible loss of vision or loss of the
eyeball.
There is no specific treatment for TIOS with

prevention being the best current treatment.
Suspecting toxicity, as a possible origin of any
postoperative inflammation, is essential in the
prevention of new cases given the frequent
presentation of TIOS in the form of an outbreak in
the following surgical sessions.
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Erratum

Erratum: Side Effects of Brolucizumab

J Ophthalmic Vis Res 2022; 17 (1): 157–157

In the article titled “Side Effects of Brolucizumab,” published on pages 670–675, Issue 4, Volume 16 of
Journal of Ophthalmic and Vision Research,[1] the name of the second author is written incorrectly as
“Saeed Mohammadi” instead of “S. Saeed Mohammadi.”
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