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Editorial

As in previous years, in the second half of May, ophthalmologists from all over the country gathered 
in Jassy to participate at the presentations of these two manifestations:  the 52nd edition of the Annual 
Reunion of Ophthalmologists and the 9th edition of the National Glaucoma Conference.

The union of these two events, which started last year, proved to be a great idea, and we hope it 
will be continued and possibly “borrowed” by the organizers of other such events. Taking into account 
the demanding nature of society and the increasing time crisis, it has become harder and harder to 
participate in all the scientific events you wish.

We outlined the edition of the fourth volume in a series of papers, entitled “Challenges in the 
diagnosis and treatment of glaucoma”, which the Romanian Glaucoma Society has generously provided 
the participants of the last four editions of the National Glaucoma Conference. Published under the 
coordination of Prof. Dorin Chiselita, MD, and having as authors, Romanian ophthalmogists famous for 
their preoccupations in the field of glaucoma, the four volumes cover all the aspects of the glaucomatous 
disease, starting with methods of diagnosis, including perimetry and all the new technologies, continuing 
with monitoring modalities, presentation of the various clinical types of glaucoma and different forms 
of treatment.

An important event that unfolded during the National Glaucoma Conference was the elections for 
the Board of the Romanian Society of Glaucoma. Prof. Dorin Chiselita, MD, who has professionally led this 
society since its foundation, presented its complete organizational, scientific, and financial audit. The 
overall conclusion was that this was a remarkable period, with impressive scientific accomplishments, 
that turned the Romanian Glaucoma Society into one of the most important affiliated societies of the 
Romanian Society of Ophthalmology.

The new elected president of the Romanian Glaucoma Society is As. Prof. Alina Popa Cherecheanu, 
MD, an ophthalmologist with long-standing concerns in this area of expertise, and also a part of the 
previous society’s managing board members were elected as treasurers. The members aiding her in the 
efforts to maintain the standards established by the former management will be As. Prof. Vasile Potop, 
MD, as vice president, Horia Stanca, MD, as secretary and Valeria Coviltir, MD, as treasurer. 

The Editorial Board of Romanian Journal of Ophthalmology wishes them great success, hoping 
the close collaboration will continue, being honored at the same time, to further publish papers on this 
dynamic topic.

  
                                                                                                                                                                Editor in chief
                                                     Mihail Zemba, MD
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Abstract 
Age related binocular vision disorders (age related strabismus) could include all types of 
spontaneous strabismus appearing along the lifetime, which are directly connected with 
the aging process. Neurological strabismus is excluded. Functional and structural changes 
related to the aging process can induce phoria decompensation, convergence insufficiency 
decompensation and new onset strabismus as distance esotropia or vertical strabismus 
induced by the sagging eye syndrome. MRI studies sustain the hypothesis of age related 
structural changes of extraocular muscles pulleys and their influence on the eye position 
and motility nominated as sagging eye. Age Related Distance Esotropia, Age Related 
Divergence Insufficiency Esotropia are probably different names for the same type of 
strabismus. All types of age related binocular disorders require treatment because of the 
accompanying diplopia. Prisms or/ and surgery can improve the patients’ life quality by 
eliminating diplopia in primary position and main gazes.
Keywords: age related binocularity disorders, phoria decompensation, sagging eye, 
diplopia, prisms, surgical treatment

Introduction

Aging was defined as the process of becoming 
older, the accumulation of all changes in a person 
over time. It seems that we have a “genetic” clock 
in our telomeres, which is responsible for all 
these multidimensional changes with age, with no 
exception (Wikipedia).

The aging process affects all the tissues and 
systems and, of course, the visual system and its 
components are affected too.

There are tight relationships between the 
age related binocular disorders and the aging of 
Muscular, Connective tissues, Nervous System and 
adaptation mechanisms.

Trying to bring different types of age 
correlated strabismus described in the literature 

under the same “umbrella”, this presentation will 
use the term “Age related strabismus” as a general 
term for all age related binocular disorders, 
meaning spontaneous adult strabismus directly 
connected with the aging process. 

Age Related Strabismus has functional and 
structural causes that cannot be realistically 
separated, but in order to simplify the arguments, 
this scheme will be used.

Functional and structural age relat-
ed changes

Functional changes
According to different studies, age brings 
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changes in the accommodative convergence and 
in vergence adaptation.

A study of Rosenfeld et al. performed in 
1995, highlighted that “Fast fusional response 
showed an age-related increase in latency and 
decreased in peak velocity and acceleration in 
the binocular stimulus condition but not in the 
accommodative vergence” and, in the meantime 
“Sustained vergence showed no age-related effect 
in the binocular condition, but there was an age-
related decrease in accommodative vergence 
steady-state velocity and an increase in latency” 
[1,2]. 

Another important issue was revealed 
in 2006 by Guyton, who talked about dynamic 
mechanisms involved in the regulation of the 
muscle length, which played a critical role in the 
long-term maintenance of ocular alignment [3].

In a large study, a Scandinavian research 
group (Bruenech et al.) demonstrated that the 
oculomotor system’s ability to stabilize gaze and 
keep the image of the visual world steady on the 
retina declines with age [4].

The functional changes cannot be separated 
by the structural changes especially when talking 
about dynamic structures such as the Extraocular 
Muscles (EOMs).

Structural Changes in EOMs and 
Connective Tissues related to aging

“Sarcopenia” is part of the aging process in 
the skeletal muscles due to denervation, anabolic 
hormones decrease followed by the incapacity 
of amino acid and protein incorporation; (…) 
an increase in catabolic agents as interleukin 
6 amplifies the rate of muscle waist [5]. The 
rational question coming from this is if the EOMs 
are affected by the similar structural changes. 
Certainly, the sarcomere number is affected also 
in the EOMs with age or different age related 
circumstances but probably less because of 
fusional vergence adaptive mechanisms [3], 
which remain in function as long as the visual 
acuity of both eyes is preserved. Different causes 
that affect visual acuity in one or both eyes 
modify the accommodative vergence amplitude 
and response, influencing in time the muscles 
structure and length. These changes produce 
binocular function disorders and affect the eyes 
position and movements.

Collagen and Elastin, the major body proteins 
suffer profound changes in their structure and 
biochemical functionality with consecutive 
significant changes [6,7].

 The Extraocular Muscles and Pulley’s 
changes related to aging process

In the last 15-20 years, imaging brought 
enormously valuable data in order to explain 
different types of strabismus. The age related 
strabismus is one of the items in which MRI 
studies of Demer and his co-workers gave new 
and essential data.

In 2002, Clark and Demer showed that “The 
horizontal rectus EOMs are displaced inferiorly 
in the elderly relative to the globe centre.(…) 
This may contribute to the observed impairment 
of elevation in older people and predispose 
them to a characteristic pattern of incomitant 
strabismus.“ [8]. Few years later (2007), another 
study done by Lerdlum brought new data using 
CT measurements as it follows: there is “...no 
statistically significant correlation between age, 
diameter of each EOM and the sum of all four 
muscles” [9]. So, it seems that the age related 
orbital changes, mostly pulleys changes play the 
most significant role in age related new strabismus 
onset in patients without previous binocular 
imbalance. In 2009, Rutar and Demer introduced 
a new term, the “sagging eye syndrome”, which 
defined the LR muscle “slippage” inferiorly due to 
age-related Lateral Rectus-Superior Rectus band 
degeneration [10], and later on, after years of 
research and multiple studies, in 2013, Chauduri 
and Demer concluded that “Connective Tissue 
Involution as a Cause of Horizontal and Vertical 
Strabismus in Older Patients” [11].

Fig. 1 Quasicoronal MRI images of the right orbit show-
ing fat (F) and lacrimal gland (LG) tissue migrating su-
perotemporal orbit under the degenerated LR-SR band 
with inferior displacement of the lateral rectus muscle. 
The lateral rectus muscle distracted from the globe [12

Sagging eye - clinical aspects 
According to Demer, “Patients with 

sagging eye exhibit blepharoptosis, superior 
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sulcus defect and inferolateral displacement of 
rectus pulleys with elongation of extraocular 
muscles that followed curved paths”. As a clinical 
manifestation, symmetrical LR pulley sag is 
associated with “divergence palsy esotropia”. The 
term was contested by Mittelman who published 
several studies that clinically recognized the Age-
Related Distance Esotropia (ARDE) as being the 
same thing but without explaining the causes 
[13]. Several other authors have been described 
the same type of strabismus on different names 
[14,15].

Finally, it seemed that “age related divergence 
palsy esotropia”, “age related distance esotropia”, 
“age related divergence insufficiency esotropia” 
and “age related divergence palsy esotropia” 
represent the same clinical manifestation of 
symmetrical sagging eye syndrome which 
develops distance esotropia.

A series of other unexplained age related 
non-neurological forms of strabismus were also 
explained by Demer as being associated with 
asymmetrical LRM sag larger than 1 mm and 
producing cyclovertical strabismus. In the mean 
time, the “Absence of strabismus in older people 
with mild symmetrical sagging eye shows at least 
limited compensatory mechanisms for age related 
degeneration” [16].

Age related binocular disorders-clinical 
aspects

In summary, few types of age related 
binocular disorders were certainly identified, 
which should be recognized and diagnosed 
because they produce invalidating diplopia.

It is well known that heterophoria 
decompensation (exophoria, decompensated 
Congenital SO Palsy) is common in elderly 
and it can spontaneously appear or it can be 
connected with long standing visual deprivation 
such as cataract or after refractive surgery. The 
consequence of decompensation is diplopia, 
which affects the patient’s life quality and very 
often is confounded with different neurological 
types of strabismus.

The Convergence Insufficiency 
decompensation is also common in old patients 
but it is easier to be identified because, usually, the 
patient has a known history. This decompensation 
is responsible for diplopia at near [17]. All these 
situations are mostly connected with age related 
changes in fusional accommodative response 

capacity.
The sagging eye can produce horizontal 

strabismus such as “Age Related Distance 
(Divergence) Esotropia” (ARDET) and/ or 
cyclovertical deviations. The main clinical 
manifestation is more prominent diplopia or only 
at distance.

Fig. 2 Sagging eye with Intermittent Esotropia. Normal 
Neurological Exam

According to Demer, even the delicate 
manipulation during cataract, refractive of eyelid 
surgery can produce the tenuous LR-SR band 
rupture having as a direct consequence new 
strabismus acute onset with diplopia [16].

Fig. 3 Left eye Restrictive Hypotropia with cyclotor-
sion after peribulbar anesthesia for    cataract surgery

The treatment is imperiously necessary in 
all these situations because fusion deterioration 
produces intermittent or permanent DIPLOPIA, 
which consecutively affects profoundly the old 
patients’ life quality. 

   
Diplopia diagnosis in old patients
Any diplopia in elderly should be carefully 

investigated. Phoria presence or convergence 
insufficiency diagnosis in the patient history can 
be a good clue for a quick diagnosis but strabismus 
history cannot exclude an acquired neurologic 
disorder. Decompensated strabismus or sagging 
eye can co-exist with paralytic strabismus.

In most of the situations, diplopia onset, type, 
and evolution impose a careful investigation of 



57Romanian Society of Ophthalmology
© 2016

Romanian Journal of Ophthalmology 2016;60(2): 54-58

binocular function and eye movement. Significant 
limitation of gazes and slow saccades are usually 
connected with paretic or paralytic strabismus. 
Slight movement limitations, unusual types of 
small cyclovertical deviations are most probably 
connected with non-neurological strabismus. 
Eye Fundus torsion should be examined because 
it can differentiate a decompensated congenital 
Superior Oblique Palsy from a cyclovertical 
strabismus produced by sagging eye in which the 
extorted eye is the hypotropia eye [16].

Imaging is helpful in identifying cerebral 
tumors, vascular or degenerative processes 
that can induce diplopia such as acquired VI 
or IV nerve palsy, acquired divergence palsy or 
acquired accommodation and convergence palsy. 
Imaging is also useful in identifying “sagging-eye” 
for a differential diagnosis.

Fig. 4 Identifying “sagging-eye” for a differential diag-
nosis

Treatment

The age related strabismus requests 
treatment in order to restore binocularity and to 
eliminate acquired diplopia, which creates huge 
problems to all patients. However, in this category 
of patients, diplopia can be a source of trauma risk 
more than in the other age groups.

Unfortunately, not all these patients refer 
to the strabismus specialist and probably many 
of them are misdiagnosed. Generally speaking, 
probably the age related strabismus is more 
or less under diagnosed because the general 
ophthalmologist suspects a neurological cause or 
prefers to recommend a patch considering that 

the patient is “too old” for prisms or surgery.
Hoping that these patients are always 

referred to the strabismologist, there are a few 
possibilities of treatment for diplopia.

Prisms can be successfully used with 
excellent results in small deviations <10 PD as 
prisms included in glasses. The prisms can restore 
binocular single vision in the primary position 
and enlarge the field of binocular single vision 
[18,19].

Fresnell Prisms foils can be used 
as a temporary or permanent solution in 
larger deviation but they have the following 
inconveniences: they are not always well 
tolerated, represent a temporary solution as long 
as the glasses are on, and can produce a visual 
impairment in patients with mild cataract, Age 
Related Macular Degeneration or other problems 
that affect visual acuity.

Surgical treatment is addressed to larger 
deviations, over 10 PD but can be used even in 
small deviations when prisms are not tolerated. 
Surgery under adjustable sutures is desirable but 
not absolutely necessary. Topical anesthesia is 
preferable but all types of anesthesia can be used, 
including general anesthesia, which can also be 
safely used in some cases after an appropriate 
investigation of the patient.

Heterophoria decompensation needs a 
conventional surgery. As far as the convergence 
insufficiency is concerned, if prisms or active 
therapy by fusional amplitude stimulation fails, 
small bilateral MR Resection can be used with a 
possible risk of consecutive diplopia at distance.

Sagging eye related binocular disorders can 
be surgically treated as it follows:                 

Age Related Distance Esotropia: Bilateral MR 
Recession (augmented) and Bilateral LR Resection 
– both effective in restoring binocularity. Different 
studies showed similar results using different 
techniques [20,21].

Demer suggested that recessions should be 
targeted from standard to twice the maximum 
distance esotropia measured in central or lateral 
gaze [16].

Yadav S et al. showed good results while 
using a single LR resection using nonadjustable 
sutures with excellent results [20].

Sagging eye cyclovertical diplopia can be 
successfully treated by partial vertical rectus 
tenotomy at the scleral insertion. Demer proposed 
40% tenotomy for 2PD to 80-90% for 6 PD [16].
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Horizontal Recti tenotomy can be also used 
according to the preoperatory incomitance and 
torsional aspect [13].

Conclusions

Age Related Diplopia can be successfully 
treated if an accurate diagnosis is provided.

If possible, Neurologic Disorders producing 
diplopia in aged people should be excluded by 
clinical meticulous approaches and imaging. 
Prisms are very helpful in small deviations in the 
sense that they acceptably restore binocularity. 
When needed, surgery is possible and can 
substantially improve the patient’s life. 
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Abstract
The term “chromovitrectomy” has been coined to define the use of vital dyes in vitreoretinal 
surgery. The basic concept for the application of vital dyes during vitreoretinal surgery 
is to assist in highlighting preretinal membranes and tissues which are very thin and 
semitransparent and thus difficult to detect. Various dyes are currently being used in routine 
clinical procedures, however, the ideal staining agent has not yet been found. The vital 
dyes indocyanine green, infracyanine green, and brilliant blue stain the internal limiting 
membrane, trypan blue and triamcinolone acetonide help to visualize the epiretinal and 
vitreous membranes. New dyes with a better safety profile than the synthetic ones are 
important for optimizing the outcome of modern ophthalmic surgery and natural dyes, 
such as lutein, offer a potentially safer and more efficient method of identifying intraocular 
structures such as vitreous and ILM. Any dye, which is intravitreally injected has the 
potential to become toxic.
Keywords: chromovitrectomy, internal limiting membrane, epiretinal membrane, 
triamcinolone acetonide, indocyanine green, infracyanine green, brilliant blue, lutein-
based dyes

Definition 

“Chromovitrectomy” is a term used for 
describing the vital dyes use during vitreoretinal 
surgery to assist in the identification of preretinal 
tissues and membranes.

Technique for applying the dye 
during vitrectomy

Various techniques for staining the vitreous 
cavity with vital dyes have been described. One is 

the so-called “dry technique” which is carried out 
with the eye full of air after removing the liquid 
from the vitreous cavity followed by a liquid-gas 
exchange before injecting the dye. The advantage 
of this procedure is a higher concentration of dye 
over the retina and avoiding contact with the lens, 
against the disadvantage of inducing possible 
retinal toxicity due to its high concentration.

The second procedure is the so-called “wet 
method”, carried out with the eye full of liquid 
while the dye is injected over the retinal surface. 
In these cases, the dye concentration is lower 
because it is diluted in the vitreous cavity fluid, the 
drawback being that the dye could disperse and 
stain other retinal areas or the posterior lens [1,2]. 
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Types of vital dyes

Vital staining refers to the coloration of 
living cells or tissues. Dyes are organic molecules 
containing chromophores. A chromophore is 
the part of a molecule responsible for its color. 
The ideal vital dyes should have a safety profile 
for intraocular use, the ability to reliably and 
selectively stain the intraocular membranes. Some 
of the other characteristics are rapid elimination 
from vitreous cavity and an adequate light 
absorption profile. However, the ideal staining 
agent has not yet been found and any dye, which is 
injected intravitreally, has the potential to become 
toxic.

Indocyanine green (ICG)

ICG is a hydrophilic dye used for angiography 
because of its properties as a fluorophore also 
acting as a chromophore, staining the ILM green 
because of its affinity to laminin and collagen 
type IV within the ILM [3]. Indocyanine green was 
first reported to stain the anterior capsule of the 
lens for the capsulorhexis and now it is the most 
potent and specific ILM stain used in macular hole 
surgery [4].

Fig. 1 Injection of ICG in low concentration and direct-
ed to the macular prevents the staining of the retina 
elsewhere, and minimizes the amount of dye left intra-
vitreous

Chromovitrectomy using ICG for dye 
assisted peeling of ILM gained acceptance for 
the management of macular holes [5,6]. Its use 

was later extended to improve the visualization 
of the glial ERM, proliferative membranes of 
proliferative diabetic retinopathy and proliferative 
vitreoretinopathy. Controversial reports on the 
toxic effects of ICG have been published. These 
included Muller cell, RPE and ganglion cell 
damage; visual field defects and optic atrophy [7].

Infracyanine Green (IfCG)

Good anatomic and visual results have 
been obtained after IfCG-assisted ILM peeling 
in macular holes and diabetic macular edema 
cases. IfGG seems to offer a safer profile for 
chromovitrectomy than IGC. In addition, it allows 
the identification if ILM at a concentration of 0.5 
mg/ ml with less toxic effects.

Triamcinolone Acetonide (TA)

Triamcinolone acetonide (TA) is a well-
tolerated corticosteroid used for the local 
treatment of several ocular diseases, such as 
ocular inflammation, macular edema and age 
related-macular degeneration. The white steroid 
suspension has been used for chromovitrectomy 
since 2003 to visualize the transparent vitreous 
gel and the posterior vitreous cortex [8]. The 
surgical technique for the TA application consists 
of a direct injection of the agent into the vitreous 
cavity where its particles adhere to the vitreous 
gel facilitating visualization and identification.

Fig. 2 Triamcinolone acetonide particles adhere to the 
vitreous gel making its visualization and identification 
easy
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Currently, this is the most widely used 
technique to visualize the posterior hyaloid.  A 
comparative study of fluorescein, ICG, TA and TB 
concluded that the vitreous was best highlighted 
by TA [9]. 

Trypan Blue (TB)

Trypan blue is a vital stain used in surgery 
for the removal of epiretinal membranes and for 
staining the anterior lens capsule during cataract 
surgery. Most studies observed the absence of 
toxicity for the retina and the RPE, although one 
case was reported in which the dye migrated to 
the sub-retinal space, producing changes in the 
RPE without visual repercussions [10].

Fig. 3 Intraoperative photograph of an epiretinal mem-
brane stained with trypan blue

Brilliant Blue G (BBG)

Brilliant Blue G provides selective staining 
of the ILM. It was approved in the European 
Union in 2007 as Brilliant peel (Fluoron/ Geuder, 
Heidelberg, Germany). After intravitreal BBG, no 
toxic effects of BBG, such as corneal edema, severe 
retinal edema, or endophthalmitis were observed 
by surgical microscopy over a period of two 
months. The normal structure of the retina was 
preserved in eyes injected with high doses of BBG 
(10mg/ ml) with no infiltration of inflammatory 
cells being observed.

Fig. 4 Intraoperative photograph of brilliant blue G 
staining of the internal limiting membrane in an eye 
with idiopathic macular hole

Lutein-based dyes

Lutein and zeaxanthin (L/ Z) are lipophilic 
pigments belonging to the group of carotenoids 
and have been identified as the major components 
of the macular pigment. In vivo and in vitro trials 
have been made to analyze the specific action 
of L/ Z alone or in combination with other vital 
dyes, to evaluate cytotoxic events and structural 
alterations [11]. The results   demonstrated that 
the natural dye solutions based on L/ Z have a safe 
profile in cell culture and animal models, and may 
be a useful tool for intraocular structure staining 
during phacoemulsification and vitreoretinal 
surgery. 

Fig. 5 Vitreous staining with 20% solution of lutein 
onto the retinal surface. Lutein crystals are deposited 
in the vitreous and induce a strong orange staining
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Other studies described the use of novel 
intraocular dyes, in which Lutein is the primary 
component in cataract and vitreoretinal surgeries 
[12,13]. These L/ Z-based dyes have shown 
efficacy in staining target membranes such as the 
anterior capsule, ILM, and the vitreous, as well 
as an excellent safety profile [12]. These results 
suggest a nonchemical bonding to the membrane 
and are in agreement with previous preclinical 
and clinical tests, which showed that this natural 
dye is safe to be used intraocularly [14,15]. 

In conclusion, this study demonstrates that 
lutein-based dyes can interact with different 
membrane models of structures present in the 
human eye. 

Advantages and disadvantages

Some of the advantages of using vital dyes 
include only a small amount of dye which is 
required, it is easy to inject and easy to remove, 
the dye needs to stay in the eye for only a short 
duration of time, there is minimal penetration of 
the dye into the retinal tissues and it can be placed 
selectively above the zone that will be peeled.

On the other hand, toxicity represents one 
of the possible disadvantages of using vital dyes. 
The toxic effects of any vital dye depends on its 
concentration, dye exposure time, the osmolarity 
of the solution, and illumination time. To avoid 
toxicity, a number of recommendations should 
be considered: lowest concentration that will 
achieve staining should be used and dilutions with 
physiological osmolarities must be rigorously 
attained. 

Conclusion

The intraoperative application of vital dyes 
for the visualization of intraocular membranes 
and tissues has facilitated surgical techniques and 
outcomes in recent years.

ICG has been the “pioneer dye” for ILM-
peeling, alternatives to ICG being IfCG and brilliant 
blue. For ERM removal, the current preference 
is trypan blue and triamcinolone acetonide is 
preferred for vitreous visualization.

New dyes with a better safety profile than 
synthetic dyes are important for optimizing the 
outcome of modern ophthalmic surgery and 
natural dyes such as lutein offer a potentially 
safer and more efficacious method of identifying 
intraocular structures such as anterior capsule 
and ILM.

The future goals of chromovitrectomy include 
choroidal neovascular membranes, prematurity 
retinopathy, proliferative vitreoretinopathy, and 
intra-ocular tumors.
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Abstract
In the last few years, structural and functional optical coherence tomography (OCT) 
technology has seen new and revolutionary developments. The most important of all 
is OCT angiography (Angio-OCT). Angio-OCT already plays an important role in clinical 
ophthalmology as a new, non invasive and dyeless diagnostic tool, which serves as an adjunct 
to, or even a replacement for fluorescein and indocyanine green (ICG) angiographies. 
Angio-OCT brings multiple technical and clinical improvements in the study of retinal 
diseases, glaucoma, and optic nerve disorders. It enables rapid, high-resolution, detailed 
images of large retinal vessels and capillary networks in seconds by using a strategy called 
“motion contrast”, as opposed to revealing detailed images of large retinal vessels and 
capillary networks in seconds by using a strategy called “motion contrast” as opposed to 
the minutes required in conventional fluorescein angiography. These images are uniquely 
three-dimensional and allow an isolated study of individual capillary beds at different 
depths of the retina.
Keywords: optical coherence tomograph angiography, angio-OCT, dyeless, choroidal 
neovascularization

Definition

OCT angiography (Angio-OCT) is an 
application of optical coherence tomography 
(OCT), which documents differences in reflectivity 
within tissues (retina). 

Angio OCT analyzes not only the intensity 
of the reflected signal but also the time changes 
in the reflection caused by the moving particles 
(erythrocytes) flowing through the vessels. 
These changes in the OCT signal, measured by 
repeatedly capturing OCT images (B-scans) at 
each point on the retina, allow the creation of an 

image contrast between the perfused vessels and 
the surrounding tissues, which does not display 
any time changes in the OCT signal due to the lack 
of movement [1].

Principles

Split-spectrum amplitude-decorrelation 
angiography, or SSADA, is an algorithm used to 
distinguish between static and non-static tissue. 
This algorithm identifies the blood flow by 
calculating the decorrelation of signal amplitude 
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from consecutive B-scans performed at the same 
retinal acquisition plane [2].

SSADA is capable of detecting the flow 
at both the optic nerve head and the macula, 
quantifying the data as both flow index and vessel 
density.

The allowable field of view (FOV) in the 

retina SSADA scans ranges from 2 × 2 mm to 12 
x 12 mm. A 3 × 3 mm FOV is the recommended 
default size for the visualization of the retinal 
capillaries. The 6 × 6 or 8 × 8 mm scans are the 
recommended scans for the performance of large 
area scans of the retina. The 12 x 12 mm scan is 
only available on research prototypes [3,4]. 

Fig. 1 OCT Angiogram (Angiovue) (A) Full-thickness (internal limiting membrane to Bruch’s membrane) 3 x 3 
mm. (B) Full-thickness 6 x 6 mm. (C) Full-thickness 8 x 8 mm. (D) Fluorescein angiography 8 x 8 mm. Less capil-
lary detail than A-C

Interpretation of Angio OCT

Most commonly, the OCTA image is displayed 
as an en face map of the vasculature, which offers 
the advantage of allowing the visualization of 
the vasculature over the entire region of the 
scan in one image and also corresponds to what 

ophthalmologists are used to seeing on retinal 
exams and on fluorescein angiography.

The en face vascular image can include all 
the vessels seen throughout the retina (Fig. 2A) 
or can be used to isolate the vessels in the inner 
retinal layers, the middle retina, and the outer 
retina.

Fig. 2 OCTA image, 3 mm x 3 
mm, of a normal eye. Full thick-
ness OCT angiogram and cor-
responding OCT B scan of the 
internal limiting membrane to 
Bruch’s membrane (A). OCTA 
of the inner retina (B), middle 
retina (C), outer retina (D), 
and choriocapillaris (E). OCTA 
at the optic nerve showing the 
radial peripapillary vascular 
network (F)



65Romanian Society of Ophthalmology
© 2016

Romanian Journal of Ophthalmology 2016;60(2): 63-67

These approaches are illustrated in Fig. 2B-
D, in which segmentation displays the inner retinal 
plexus in the superficial retina, the deep retinal 
plexus in the middle retina, and the outer retina, 
which is devoid of any retinal vasculature except for 
pathology, such as choroidal neovascularization. 
Sometimes, the different retinal vascular layers 
can be color-coded, allowing the display of the 3D 
information to be presented in a two-dimensional 
display format.

Further, superficial segmentation also 
allows the visualization of the radial peripapillary 
network of vessels in the peripapillary area (Fig. 
2F).

A deeper segmentation allows the 
visualization of the choriocapillaris. However, at 
this level, there may also be a loss of resolution 
because of the reduced penetration of the SD-OCT 
signal beyond the retinal pigment epithelium (Fig. 
2E).

Moreover, a longer wavelength swept source 
OCT may allow a better penetration past the RPE, 
therefore allowing a better visualization of the 
choriocapillaris and of the structures beneath the 
RPE [5].

Clinical Applications

OCT angiography produces 3D data that 
must be segmented into different slabs before it 
can be evaluated by clinicians. First, computer 
segmentation of OCT images provides a reference 
plane or surface. Appropriate tissue slabs are 
then defined based on these reference planes. 
The useful reference planes include the inner 
limiting membrane (ILM), outer boundary of 
the inner plexiform layer (IPL), outer boundary 

of the outer plexiform layer (OPL), and Bruch’s 
membrane (BM). In scans of healthy eyes, 
automated algorithms perform well in identifying 
these reference planes. However, in cases where 
the retina is deformed, manual correction or 
adjustments of slab boundaries may be required 
[5].

Cross-sectional OCT angiograms combine 
color-coded flow information superimposed on 
the gray-scale structural information. Therefore, 
both the blood flow and the retinal structural 
information are presented together. This is 
useful for the clinical evaluation on the depth 
of abnormalities such as retinal or choroidal 
neovascularization.

Since OCT angiography generates a data 
cube, segmentation and en face presentation of 
vascular perfusion at various layers of the retina 
can summarize the flow information at relevant 
anatomic layers or slabs. These images can be 
more easily interpreted by clinicians and aid in 
their ability to recognize abnormalities in the 
vascular patterns.

SSADA is capable of flow detection at both 
the optic nerve head and the macula and quantifies 
the data as both flow index and vessel density. 
The flow index is the average decorrelation 
value and contains information on capillary flow 
velocity. Decorrelation values increase with the 
flow velocity until a saturation point is reached 
in larger blood vessels. This means that the flow 
index contains information on vessel flow in 
addition to the vessel density. The vessel density 
is defined as the percentage area occupied by 
flow pixels. These parameters have been used to 
study pathology in AMD, glaucoma and diabetic 
retinopathy [2,4]. 

Diabetic Retinopathy

Fig. 3 Quantification of the 
inner retinal blood flow in 
nonproliferative diabetic 
retinopathy with macular 
edema. Fluorescein 
angiography (Left) shows 
defined foveal avascular 
zone (FAZ) as the area 
inside white dashed line, 
parafoveal region between 

white and blue dashed lines, and perifoveal zone between blue and green dashed lines. Enlargement of the FAZ is 
shown extending into parafoveal region (Middle). Scattered areas of macular nonperfusion are colored blue and 
presented on the 6x6 mm OCT angiogram (Right)
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Glaucoma

Fig. 4 Top row shows an example of a healthy eye and bottom row a glaucomatous eye. In comparison to the 
healthy eye (B), en face OCT angiogram of glaucomatous eye (F) shows a reduced density of the peripapillary mi-
crovasculature network. Patches of nonperfusion in glaucoma correlated well with the locations of retinal nerve 
fiber layer thickness maps deficits (G) and visual field loss (H)

Neovascular Age-Related Macular Degeneration

Fig. 5 The type I CNV is identified by OCT 
angiography (C), but it is not well defined 
by fundus photography (A) or fluoresce-
in angiography (B). The black square out-
lines the areas shown on the angiograms. 
The CNV area is shown on the en face col-
or-coded OCT angiogram (C). The dashed 
yellow line shows the location of the OCT 
cross section (D). The analysis of the yel-
low highlighted CNV flow reveals that CNV 
is predominantly under the retinal pigment 
epithelium
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Conclusion

Optical coherence tomography angiography 
is a promising new imaging modality that 
provides 3D depth resolved information on the 
retinal vasculature by using noninvasive imaging 
techniques. It has shown great promise in the 
imaging of chorioretinal pathology, both in the 
clinical use and in potentially enhancing our 
understanding of the pathogenesis and evolution 
of the retinal disease.

In the future, further enhancements, such 
as increased scanning speeds, better software 
processing, and the introduction of longer 
wavelength swept source technology, may 
enhance the abilities of OCTA.
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Abstract 
The aim of this paper was to reveal the latest clinical and research findings regarding 
the implications of MMP2 and MMP9 matrix metalloproteinases in retinoblastoma 
development. The targets were finding better options for the therapeutic approach, 
considering the etiopathogeny and biology of this tumor.
Keywords: retinoblastoma, gelatinases

Retinoblastoma is a frequent malignant 
tumor of childhood and is developed from 
immature cells of the retina. It is the most common 
cancer with an incidence rate of 1/ 15.000 -1/ 
28.000 [1] which decreases with age, becoming 
very rare in young children.

Retinoblastoma may be hereditary, in which 
case the disease afflicting both eyes but can also 
show other forms of pathogeny, in relation with 
the congenital mutations of a 13th chromosome 
gene (commonly unilateral forms). The tumor’s 
clinical size and number may vary. Trilateral 
retinoblastoma in which the pineal gland, 
suprasellar and parasellar region were involved, 
was also described.

Several studies demonstrated neoangiogenic 
capacity, correlated with local invasion and 
metastasis [2].

The vital prognostic was good in most 
children but with possible sacrifice of their vision, 
eye removal being sometimes necessary.

Matrix metalloproteinases are zinc-
dependent enzymes involved in the local invasion 
and migration of tumor malignant cells, through 

their properties to degrade protein components of 
the basal cell membrane and extracellular matrix. 
Gelatinases A and B degrade gelatin and type IV, 
V, VI, X collagens, factors with an important role 
in the adherence between cells and matrix [3,4].

Several studies proved the ability of 
retinoblastoma cells to generate gelatinases, a 
fact related to neovascularization, hyperplasia, 
and differentiation. Findings showed that the 
expression of MMP-2 and MMP-9 is higher in 
aggressive tumors with extraocular extension 
and optic nerve invasion (tumoral grade III and 
IV) [5,6]. Also, the prognosis of retinoblastoma is 
significantly related to the optic nerve invasion 
and clinical stage of the disease.

The biological behavior of MMP-2 and MMP-
9 allows the establishing of targets for cancer 
treatment by means of inhibiting their expression 
and blocking their activity [1]. 

A clinical study using a mouse model 
for retinoblastoma has focused on developing 
adjuvant therapies useful in controlling the local 
invasion and in reducing toxicity, if systemic 
chemotherapy was used. Due to the angiogenic 
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capacity of the tumor cells, the local invasion 
and metastasis was controlled by using vessel-
targeting drugs like antiangiogenic agents as 
anecortave acetate (AA) and glycolytic inhibitors 
such as 2-deoxy-D-glucose. The results proved 
that a single subconjunctival injection with AA 
inhibits the upregulation of MMP-2 and MMP-9 
in retinoblastoma cells in mice. The assessment 
of the angiogenesis process also showed that 
gelatinases degrade the extracellular matrix, 
allowing the release of angiogenic and other 
growth factors (components of cellular matrix). 
The angiogenic factors in turn, also increased the 
local accumulation of gelatinases and urokinase 
plasminogen activator (u-PA), which facilitated 
the destruction of the basal lamina and created 
gaps that allowed the neovessels development. 
The urokinase plasminogen activator leads to 
plasminogen mediated conversion of proMMPs 
(the inactive form of metalloproteinases) to 
active MMPs. The results of the study elicited 
that u-PA is indirectly inhibited by AA. Also, AA 
directly inhibits gelatinase transcription in mice 
retinoblastoma cells [7].

The assessment of 92 kDa type IV 
collagenase gene expression in retinoblastoma 
cells demonstrated a regulating mechanism of 
gene expression independent from the pathway 
triggered by inflammatory cytokines [8]. Binding 
proteins from retinoblastoma cells (Sp1 family 
proteins) can link specifically to and up-regulate 
the expression of MMPs, that can otherwise be 
regulated by cytokines and tumor promoters like 
TNFα, EGF, IL1, and TPA through binding the AP1 
site [9]. Findings showed that the transcription 
of MMP-9 promoter was stimulated by TNFα 
through its binding to NF-kB and sp1. The 
expression of v-Src also induces the synthesis 
of MMP-9, mediated by the alteration of binding 
factors such as AP-1 and GT-box (homologous to 
the retinoblastoma control element), showing 
a different pathway to induce the synthesis of 
MMP-9. 

The GT box can produce an anti-oncogene 
or a tumor suppressor gene product [10,11]. 
The retinoblastoma control element (RCE) 
regulates the transcription of c-fos, c-myc and 
TGFβ1 promoters. In conclusion, the alteration 
in the matrix protein synthesis/ metabolism 
plays an important role in tumor metastasis 
through the role of the GT box homologous to RCE 
(retinoblastoma control element), through the 

regulation of genes related to MMP-9 [8].
Hypoxia is one factor that determines the 

therapeutic response in retinoblastoma [12,13] 
and is related to the invasion of the choroid, optic 
nerve, orbit tissue and distant metastasis [14,15].

The hypoxic environment activates the 
overexpression of the NF-kb factor that contributes 
to tumor cells biological behavior changes (like 
adhesive and invasive abilities). The expression of 
MMP-2, MMP-9 and VEGF is significantly elevated 
by the oxidative stress stimulation and by the 
overexpression of NK-kB [16]. 

The clinical trials assess the therapy 
targeting numerous genes implicated into the 
etiology of retinoblastoma. The aim of one study 
was to define the impact of SUZ 12 (an important 
component of the polycomb group protein PcG) in 
the gene expression alteration. SUZ 12 regulates 
tumor phenotype, thus tissue cell proliferation, 
cell cycle and embryonic development process 
via the gene promoters control. According to this 
clinical evidence, SUZ can reduce MMP-2, MMP-9 
and VEGF activity [17].

In conclusion, the matrix metalloproteinases 
2 and 9, also known as type IV gelatinases, are key 
enzymes in the degradation of extracellular matrix, 
and are therefore associated with tumor growth, 
neoplastic cell invasion, and metastasis. Being 
intimately implicated in cancer mechanisms, they 
are a potential target for future therapy and may 
also be a prognostic marker, or a monitor for the 
tumor follow-up.

References

1. Long H, Zhou B, Jiang FG. Expression of MMP-2 and 
MMP-9 in retinoblastoma and their significance. Int J 
Ophthalmol. 2011; 4(5):489-91.

2. Wan WC et al. How expressions of Claudin-1 and Mmp-2 
in retinoblastoma correlate with histological differenti-
ation and optic nerve invasion. 

3. Ogata Y et al. Imbalance between matrix metallopro-
teinase 9 and tissue inhibitor of metalloproteinases 
1 expression by tumor cells implicated in liver metas-
tasis from colorectal carcinoma. Kurume Med J. 2001; 
48(3):211-8.

4. Zhang S et al. Imbalance between expression of matrix 
metalloproteinase-9 and tissue inhibitor of metallopro-
teinase-1 in invasiveness and metastasis of human gas-
tric carcinoma. World J Gastroenterol. 2003; 9(5):899-
904.

5. Kachra Z et al. Expression of matrix metalloproteinas-



70

Romanian Journal of Ophthalmology 2016;60(2): 68-70

Romanian Society of Ophthalmology
© 2016

es and their inhibitors in human brain tumors. Clin Exp 
Metastasis. 1999; 17(7):555-66.

6. Wang M et al. The expression of matrix metalloprotein-
ase-2 and -9 in human gliomas of different pathological 
grades. Brain Tumor Pathol. 2003; 20(2):65-72.

7. Bajenaru ML et al. Gelatinase expression in retinoblas-
toma: modulation of LH(BETA)T(AG) retinal tumor de-
velopment by anecortave acetate. Invest Ophthalmol Vis 
Sci. 2010; 51(6):2860-4.

8. Sato H, Kita M, Seiki M. v-Src activates the expression of 
92-kDa type IV collagenase gene through the AP-1 site 
and the GT box homologous to retinoblastoma control 
elements. A mechanism regulating gene expression in-
dependent of that by inflammatory cytokines. J Biol 
Chem. 1993; 268(31):23460-8.

9. Okada Y et al. Induction and stimulation of 92-kDa 
gelatinase/type IV collagenase production in osteo-
sarcoma and fibrosarcoma cell lines by tumor necro-
sis factor alpha. Biochem Biophys Res Commun. 1990; 
171(2):610-7.

10. Bookstein R et al. Suppression of tumorigenicity of hu-
man prostate carcinoma cells by replacing a mutated RB 
gene. Science. 1990; 247(4943):712-5.

11. Dayer JM, Beutler B, Cerami A. Cachectin/tumor necro-
sis factor stimulates collagenase and prostaglandin E2 
production by human synovial cells and dermal fibro-
blasts. J Exp Med. 1985; 162(6):2163-8.

12. Villegas VM et al. Retinoblastoma. 1531-7021.
13. Ravenna L et al. Distinct Phenotypes of Human Pros-

tate Cancer Cells Associate with Different Adaptation to 
Hypoxia and Pro-Inflammatory Gene Expression. PLoS 
ONE. 2014; 9(5):e96250.

14. Pitson G et al. Tumor size and oxygenation are indepen-
dent predictors of nodal diseases in patients with cervix 
cancer. Int J Radiat Oncol Biol Phys. 2001; 51(3):699-
703.

15. Deepa PR et al. Oxidative stress in retinoblastoma: cor-
relations with clinicopathologic features and tumor in-
vasiveness. Curr Eye Res. 2009; 34(12):1011-8.

16. Li P, Li Z. Effects of NF-κB and hypoxia on the biologi-
cal behavior of Y79 retinoblastoma cells. International 
Journal of Clinical and Experimental Pathology. 2015; 
8(2):1725-1730.

17. Zhou MIN et al. Suppressor of Zeste 12 homolog RNA 
interference inhibits retinoblastoma cell invasion. On-
cology Letters. 2014; 8(5):1933-1936.



71

Romanian Journal of Ophthalmology, Volume 60, Issue 2, April-June 2016. pp:71-78

GENERAL ARTICLE

Romanian Society of Ophthalmology
© 2016

Common causes of red eye presenting in northern Iran

Farokhfar Asadollah*, Ahmadzadeh Amiri Ahmad*, Heidari Gorji Mohammad Ali**, 
Sheikhrezaee Majidreza**
*Medicine Department, Mazandaran University of Medical Science, Sari, Iran
**Nursing Department, Mazandaran University of Medical Science, Sari, Iran

Correspondence to: Mohammad Ali Heidari Gorji, MD,
Nursing Department, Mazandaran University of Medical Science, Sari, Iran,
Phone: 00919113262964, E-mail: Gorjim29@yahoo.com 

Accepted: April 29, 2016

Abstract 
Aim. This study aimed to determine the causes of red eye disease among patients of 
Mazandaran-Northern Iran.
Methods. This cross sectional study included 840 patients who referred to eye clinics 
with ocular complaints. A detailed history of patients was recorded and their eyes were 
examined. Then, pre designed checklists were completed by the researcher. 
Results. The most common cause of red eye was conjunctivitis - 30% (252/ 840), foreign 
bodies 23.2%, trauma including penetrating or blunt 8.6%, respectively. There was a 
significant relationship between the red eye trauma, with acute onset and duration of less 
than a week (P=<0.0001). Diagnoses of red eye were conjunctivitis in 31.3% of the cases 
separately, viral causes (19.5%), allergic (7%) and bacterial (4%), foreign bodies 22.9%, 
pterygium 7%, and trauma 6.5%, respectively.
Conclusion. In the current study, the most common causes of red eyes were conjunctivitis, 
foreign bodies, and trauma respectively. Red eye was more common in males than in 
females. An appropriate and proper training of risky factors of red eyes in the future could 
reduce the risk of serious visual problems. 
Keywords: red eyes, conjunctivitis, diagnosis of red eye

Introduction

Eye redness is the result of the changes in 
the blood vessels of the eyes and can happen by 
a dilation of conjunctive vessels, sclera or around 
sclera (trauma, chemical burns, immunologic 
reactions), inflammation reactions (bacterial, 
viral, fungous) and can happen in one or both 
eyes [1,2]. Therefore, red eyes are benign in most 
cases, but sometimes they lead to risky vision 
abnormalities and even death [3]. 

To diagnose the causes of red eyes, exact 
details of the history of patients and a complete 
examination of the eyes are necessary and 

treatment should be based on the illness, 
according to the ophthalmologist’s advice. Some 
questions should be asked while getting the 
patients’ history details such as the involvement 
of one or both eyes, duration of the symptoms, 
kinds and amount of ocular secretion, vision 
changes, intensity of pain, photophobia, previous 
treatment, systematic diseases or allergic 
records, using contact lenses, trauma, seasonal or 
continuous occurrences (Allergic reactions, iris 
inflammation), using eye drops (glaucoma, eye 
dryness) [4].

The physical examination of red eyes is 
essential and includes: vision control, check of 
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the movements of external eye muscles, intra 
ocular pressure control, evaluation of the depth 
of anterior chamber, existence of cells or proteins 
in anterior chamber [5], pupil reaction to light, 
pupil forms, cornea examination with slit lamp 
for cornea edema, scratch or abrasion of cornea, 
eyelid evaluation and tear bag [3,4].

The benign cases of red eyes can be treated 
by general practitioners but more serious causes 
of red eyes must be diagnosed and treated by 
an ophthalmologist immediately [6]. In most 
cases, red eyes can be cured in primary stages 
of health care [7]. Appropriate and correct 
differential diagnoses of red eyes lead to suitable 
treatments and help in determining needed cases 
to refer [8]. It is significant to identify threatening 
factors of vision and those who need to visit the 
ophthalmologist [9]. 

When pains are not removed by 
topical painkillers, the patients must refer to 
ophthalmologist in cases of needs of topical 
steroid, vision reduction and weakness of 
patients, plenty of infectious secretion, cornea 
involvement, eye injuries after accidents, recent 
eye surgeries, pupil distortion, and continuous 
infection [4]. 

Since eye redness can be the symptom 
of many ocular diseases ranging from light 
conjunctivitis to infections and vision threatening 
diseases and trauma, and because of the 
significance of the ophthalmological health and 
the lack of efficient and enough studies in these 
fields, a research was conducted to determine the 
causes of red eye in Bu Ali Sina Hospital in Sari, to 
take effective steps in the treatment of this illness, 
promote the patient’s life style and prevent 
serious and risky causes and its effects. 

Materials & methods 

This study was descriptive, sectional, 
conducted on 840 patients formerly referring 
to the ophthalmological clinics of the central 
hospital. The criterion of selection was all the 
patients with red eyes with no specific limitation. 
Any patient unable to fill in the forms was 
excluded. The patient’s history details were 
obtained and the patients were completely 
examined by the ophthalmologists of the hospital 
ophthalmological clinic. 

The tools needed to perform the examination 

included the flashlights to examine the pupils, 
chart snellen to test the vision acuteness, 
ophthalmoscope, fluorescein paper and slit lamp.

The examination included the evaluation of 
all parts of both eyes, like eyelids and eyebrows, 
and red eye criterion was the eye color changes 
and the increase of conjunctive vessels that were 
determined by observation and examination with 
slit lamp. In addition, the patient’s eye movements 
and eyesight were investigated and studied. 

The probable causes of red eyes were studied 
in 8 groups, including conjunctivitis (allergic, 
bacterial or viral), degenerative conjunctivitis 
changes (pterygium and pinguecula), cornea 
inflammation (keratitis), sclera involvement 
(scleritis and episcleritis), iris involvement 
and angle involvement (glaucoma and Uveitis), 
traumatic causes (foreign bodies and objects, 
chemical burns and blunt trauma), eye lid 
diseases (blepharitis, hordeolum, chalazion, and 
eye lid deformation), tear system involvement 
(dacryocystitis and eye dryness).

Paying attention to the patients’ clinical 
symptoms was helpful to differentiate the types 
of conjunctivitis. Bacterial causes emerged 
as infectious secretion. Sudden attacks of 
periocular lymphadenopathy often showed viral 
conjunctivitis and allergic conjunctivitis could be 
diagnosed easily by scratching, watery, and sticky 
secretion and involved both eyes.

To diagnose glaucoma, an oculist measured 
the eye pressure. The most common tool to 
measure the eye pressure is the tonometer. The 
more the pressure inside the eyes, the more 
difficult the cornea leveling and concavity is. 
The normal pressure inside the eyes is of 10-20 
mmHg. More attention should be given so as not 
to press the eyeball hard with the hands while 
using the tonometer.

Data collecting tools included the patients’ 
demographic information (age, sex, job, living 
place) and factors concerning red eyes (exact 
red eye location, duration of eye redness from 
the symptom beginning to the diagnosis of the 
causes, manner of beginning, symptoms with red 
eyes, ocular clinical findings and causes leading 
to red eyes, background diseases (diabetes, 
hypertension, lipid disorders, thyroid disorder), 
previous records of red eyes and referring to 
the doctor, using medicine under the doctor’s 
supervision or optionally, initial diagnoses 
and final diagnosis which were recorded in 
data forms by interviews and comprehensive 
ophthalmological examinations. The form content 
validity was confirmed by ophthalmological 
professors. 

The sample size was calculated in 575 people 
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after consulting with the statistical experts and 
using the statistical formula to get the accuracy of 
95% and illness prevalence regarding the previous 
studies (40%). However, because the patients 
were easily available, this research was made 
on 840 patients with red eyes, which increased 
our study accuracy. All the ethical points were 
considered and the patients were sure that their 
personal information would be kept secret. The 
study method was explained to the patients and 
there was no obligation. No money and charges 
were requested from the patients. The clinical 
activities had no risks for patients and there was 
no performance limitation. 

The software SPSS (version 20) and 
descriptive statistical tests were used to analyze 
the data.

Results

Of the 840 patients under study, 525 (62.5%) 
were male and 315 (37.5%) were female. 394 

patients (46.90%) were over 39 years old, 331 
(39.40%) between 15 and 39 years old and 115 
(13.69%) were under 15 years old. 

The causes of red eyes were the following: 
conjunctivitis (30.3%), foreign bodies (23.2%), 
trauma (8.6%), pterygium (7.2%), keratitis (6%), 
episcleritis (5.5%), glaucoma (2.5%), blepharitis 
(2.1%), dacryocystitis (2%), Uveitis (1.9%), 
vessel problems (1.3%), chemical burns (1.1%), 
touch the UV (0.9%), chalazion (0.5%), scleritis 
(0.3%), and other causes (5.8%).

Conjunctive causes, foreign bodies, 
pterygium, glaucoma, dacryocystitis and vessel 
problems had a meaningful and significant 
statistical relation to the patients age, respectively 
as P<0.0001, P<0.0001, P<0.0001, P<0.0001, 
P=0.021, P=0.003. 

Of the causes of red eyes, conjunctivitis was 
more often met in patients below 16 years old, 
foreign bodies in patients between 16 and 39 and 
trauma in patients over 39 (Table 1).

Table 1. The reasons of red eyes in patients with different age groups

P valueAbove 3916-39Below 16causes

<0.000190 (22.8%)92 (27.8%)173 (63.5%)Conjunctivitis

<0.000181 (20.6%)107 (32.3%)7 (6.1%)Foreign bodies

0.9835 (8.9%)28 (8.5%)10 (8.7%)Trauma

0.32429 (7.4%)17 (5.1%)5 (4.3%)Keratitis

<0.000141 (10.4%)20 (6%)0Pterygium

0.31423 (5.8%)15 (4.5%)9 (7.8%)Episcleritis

0.567 (1.8%)8 (2.4%)1 (0.9%)Uveitis

0.0555 (1.3%)12 (3.6%)1 (0.9%)Blepharitis

0.02313 (3.3%)2 (0.6%)2 (1.7%)Dacryocystitis

<0.4053 (0.8%)6 (1.8%)1 (0.9%)Chemical burns

0.3192 (0.5%)01 (0.9%)Scleritis

<0.000121 (5.3%)00Glaucoma

0.6463 (0.8%)173 (0.6%)0Chalazion

0.00311 (2.8%)00Vessel problems

0.1042 (0.5%)6 (1.8%)UV

0.32828 (7.1%)16 (4.8%)5 (4.3%)Others
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The causes of red eyes based on manner of outbreak (acute and gradual) and duration of the 
symptoms were also investigated (Table 2,3).

Table 2. The reasons for red eyes based on the outbreak manner

P valuecauses
gradualacute

0.143205 (31.5%)49 (25.9%)Conjunctivitis
0.001124 (20.6%)62 (32.8%)Foreign bodies
0.01448 (7.4%)25 (13.2%)Trauma
0.22943 (6.6%)8 (4.2%)Keratitis
0.01655 (8.4%)6 (3.2%)Pterygium
0.06741 (6.3%)5 (2.6%)Episcleritis
0.99812 (1.8%)4 (2.1%)Uveitis
0.09217 (2.6%)1 (0.5%)Blepharitis
0.01918 (2.8%)0Dacryocystitis
0.0515 (0.8%)5 (2.6%)Chemical burns
0.5943 (0.5%)0Scleritis
0.19119 (2.9%)2 (1.1%)Glaucoma
0.3575 (0.8%)0Chalazion
0.7027 (1.1%)3 (1.6%)Vessel problems
0.3895 (0.8%)3 (1.6%)UV
0.1133 (5.1%)16 (8.5%)Others

Table 3. The reasons for red eyes based on the symptom duration

P valueMore than 3 weeks1-3 weeksLess than 2 weeksCauses 
0.00524 (18.9%)59 (36.2%)171 (31.1%)Conjunctivitis

<0.00012 (1.6%)20 (12.3%)174 (31.6%)Foreign bodies

<0.00011 (0.8%)3 (1.8%)69 (12.5%)Trauma

0.00113 (10.2%)17 (10.4%)21 (3.8%)Keratitis

<0.000137 (29.1%)15 (9.2%)9 (1.6%)Pterygium

<0.00016 (4.7%)20 (12.3%)20 (3.6%)Episcleritis

0.1812 (1.6%)6 (3.7%)8 (1.5%)Uveitis

<0.00019 (7.1%)3 (1.8%)6 (1.1%)Blepharitis

<0.000111 (8.7%)4 (2.5%)3 (0.5%)Dacryocystitis

0.0690010 (1.8%)Chemical burns

0.4881 (0.8%)1 (0.6%)1 (0.2%)Scleritis

<0.000111 (8.7%)4 (2.5%)6 (1.1%)Glaucoma

0.4321 (0.8%)2 (1.2%)2 (0.4%)Chalazion

0.39502 (1.2%)8 (1.5%)Vessel problems

0.119008 (1.5%)UV

0.3929 (7.1%)6 (3.7%)34 (6.2%)Others
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The suggested diagnoses of red eyes were 
the following: foreign bodies (22.9%), Viral 
conjunctivitis (19.5%), Bacterial conjunctivitis 
(4%), Allergic conjunctivitis (7%), Pterygium 
(7%), Trauma (6.5%), Conjunctive bleeding 
(5.1%), Episcleritis (5%), Keratitis (3.3%), 
Glaucoma (2.9%), Herpes (2.6%), Blepharitis 
(2.5%), Corneal abrasion (2.3%), Uveitis (2.1%), 
Dacryocystitis (2.1%), Keratoconjunctivitis 
(0.7%), Myiasis (0.5%), Chemical burns (1.1%), 
Chalazion (0.9%), Trichiasis (0.5%) and Scleritis 
(0.3%). 

Most of the diagnoses of foreign bodies 
in people with red eyes were in male patients 
living in rural areas, but viral conjunctivitis was 
more often diagnosed in women living in urban 
areas. There was a significant statistical relation 
among the diagnoses of foreign bodies, viral 
conjunctivitis, Pterygium, Episcleritis, Corneal 
abrasion and glaucoma to sex (gender), which 
were the following: P<0.0001, P=0.003, P<0.0001, 
P=0.001, P=0.017, P=0.007.

There was a significant statistical 
relationship between the diagnoses of viral 
conjunctivitis, trauma and dacryocystitis to the 
place of living (P=0.018, P=0.003, P=0.018).

Among the suggested diagnoses, foreign 
bodies (P<0.0001), viral conjunctivitis 
(P<0.0001), allergic conjunctivitis (P<0.0001), 
Pterygium (P<0.0001) and conjunctive bleeding 
had a significant statistical relationship with 
age, so foreign bodies, allergic conjunctivitis, 
corneal abrasion, uveitis, Blepharitis, Myiasis, and 
Chemical burns were more prevalent in age the 
group of 16 to 39 years old. Viral conjunctivitis, 
bacterial conjunctivitis, pterygium, episcleritis, 
keratitis, trauma, herpes, conjunctiva bleeding, 
dacryocystitis, scleritis, keratoconjunctivitis, 
trichiasis, and chalazion were more prevalent 
among the people of 39 years old. 

Diagnoses of foreign bodies, viral 
conjunctivitis, allergic conjunctivitis, pterygium, 
episcleritis, corneal abrasion, keratoconjunctivitis, 
dacryocystitis, have been suggested to appear 
in spring and after winter. Keratitis trauma, 
conjunctive hemorrhage, blepharitis, glaucoma, 
trichiasis have been suggested to appear more in 
winter and after spring. 

Herpes has been suggested to appear more 
in summer and winter, uveitis more often in 
winter and after summer, myosis of eyes more 
often in spring and after summer and chalazion 

more often in spring and after summer and winter.

Discussion

In this study, the patients were divided into 
age groups of below 15 year old, 16 to 39 years old 
and over 39 years old. The age group of 39 years 
old included the largest frequency distribution 
of 46.9%. The age group divisions were similar 
to the ones in Besharati and col.’s study (2003), 
who investigated the causes and prevalence of red 
eyes among 400 patients with red eyes in Shahid 
Rahnemoon ocular clinic during the summer and 
winter of 2003, the largest age group (51.5%) 
being the patients of 15 to 39 years old [10].

In the present study, 840 patients were 
under study, 525 males (62.5%) and 315 females 
(37.5%). In Besharati and col.’ study (2003), 400 
patients were under study, 59% males and 41% 
females. In Qasemzadehs’ study (2010), that 
investigated red eyes among children in the ocular 
clinic of Kamkar Hospital, 60% of the patients 
were males [11]. In Lawan’s study (2009), the 
proportion of men to women was 2 to 1[12].  In 
this study, 55.7% of the patients lived in cities 
and 44% lived in villages. In Qasemzadeh’s study 
(2010), 98% of the children lived in the urban 
area and rest in the rural area [11]. 

In this study, the most prevalent cause of 
red eyes was conjunctivitis (30.3%) and had a 
significant statistical relationship with age, so it 
was more often met in patients of less than 16 
years old with a duration of less than three weeks. 
The results of Besharati and col.’s study (2003), 
showed that the most prevalent causes of red 
eyes were the following: conjunctivitis 35.8%, 
traumatic 22%, and conjunctive degenerative 
changes (pterygium and pinguecula) 15%. The 
most prevalent cause of red eyes in both males 
and females was conjunctivitis and had the largest 
frequency distribution in the age group under 
15 and no difference in red eye causes as far as 
seasons were concerned [10]. 

The results of Qasemzadeh and col.’s study 
(2010) showed that the largest causes of referring 
to the clinic were conjunctivitis, trauma, and 
congenital obstruction of tear meatus, infectious 
conjunctivitis being the most prevalent cause 
(56%). There was no significant relationship 
between gender and red eye causes. 

66% of the patients had the problem in 
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one eye. There was no significant statistical 
relationship between age and sex with the red 
eye causes [11]. In Lawan’s study (2009), the 
most prevalent causes of red eyes were allergic 
conjunctivitis (40%), microbial conjunctivitis 
(17%), corneal abrasion (11%) and inflamed 
pterygium (11%), respectively [12]. The results of 
Cronau’s study (2010) showed that conjunctivitis 
was the most prevalent cause of red eyes and one 
of the indications of taking antibiotics. 

The possible conjunctive causes were 
infectious (viral, bacterial and Chlamydia) or non-
infectious (allergies and stimulants). Most cases of 
viral and bacterial conjunctivitis were self-limited 
and had fewer serious effects. Since there was 
no specific diagnostic test to make a difference 
between viral conjunctivitis and the bacterial one, 
in most cases, they were treated by taking broad-
spectrum antibiotics. Other prevalent causes 
were the following: Blepharitis, corneal abrasion, 
foreign bodies, sub conjunctivitis hemorrhage, 
keratitis, iris inflammation, glaucoma, chemical 
burns, and sclera inflammation [4]. 

In the study undergone by Karki (2003) in 
Nepal in an ocular hospital during a hemorrhagic 
conjunctivitis epidemic, on 400 patients with 
acute conjunctivitis, the most prevalent cause was 
conjunctivitis - viral and bacterial which were 
more prevalent than the allergic types. Bilateral 
or mutual involvement in 73.5% of the patients, 
cornea involvement in 4.3% of the patients were 
observed [13]. At the same time, the results 
of Passaro’s study (2002) on 200 university 
students with red eyes showed that the diagnosis 
was conjunctivitis epidemic [14]. In Jorm’s study 
(1994) in a boarding school in Sydney, Australia, 
conjunctivitis was the most prevalent epidemic 
after diarrhea [15]. In the present study, there 
was no conjunctivitis epidemic and all the cases 
referred sporadically.

The second most prevalent cause of red eyes 
in our study was foreign bodies - 23.2%, more 
prevalent in ages 15 to 39. In addition, red eyes 
with foreign bodies with an acute onset was more 
prevalent and most of the cases had a duration of 
less than a week.

The third prevalent cause was trauma, either 
sharp (penetrating) or blunt, with a prevalence 
rate of 8.6%. In Besharati’s study (2003), the 
traumatic cause was the second prevalent cause of 
red eyes (22%). In his study, the traumatic causes 
were investigated in three groups: blunt trauma 

9%, chemical burns (2.8%) and foreign bodies 
(10.3%) (2010). In Laroches’ study (1998) of 222 
patients with eye trauma, 51% had red eyes due 
to blunt trauma, 28% due to penetrating trauma 
and 5% due to chemical burns and foreign bodies 
[16]. In the present study, the prevalence of blunt 
trauma was less than in Laroche’s study, probably 
because most of the patients with penetrating 
trauma referred to the emergency departments.

In Nirmalan’s study (2004) in India, trauma 
was the most traumatic cause of red eyes [17]. 
Blunt trauma had more prevalence than the 
other trauma types in different studies and its 
effects varied by study locations, job, lifestyle, and 
environment factors. 

In the present study, there was a significant 
statistical relationship among red eyes following 
trauma and the manner of acute onset and 
the duration of less than a week. In this study, 
pterygium had a prevalence of 7.2% and there 
was a significant statistical relationship between 
red eyes following pterygium and age, being 
more prevalent in the age group over 39 years. In 
addition, it started gradually and its duration was 
more than three weeks in most cases.

Pterygium is a prevalent external ocular 
disease met in the entire world, which involves 
people in tropical and sub-tropical communities. 
Working outside, the exposure to ultraviolet 
rays and environmental factors are important in 
the prevalence of pterygium. In Wuk’s study in 
China (2002), pterygium was of about 33.1% in 
patients with red eyes, being more prevalent in 
women than in men and, at the same time, the 
most prevalent cause of red eyes in people over 
50 years old [18]. In Besharatis’ study, red eyes 
were the result of pterygium and pinguecula in 
the nasal part (58.3%) and, like in our study, the 
people over 39 years old were the largest group 
suffering from pterygium, being observed more in 
female patients (17.7%) [10].

In Panchapak’s study in Australia (1998) 
on 3564 patients over 49 years old, 7.3% of them 
had pterygium, and 63.5% had pinguecula, being 
remarkably more prevalent in men than in women 
[19]. In the present study, keratitis (6%) was one 
of the causes of red eyes, having no significant 
statistical relationship with age but having 
a significant statistical relationship with the 
duration of the illness; the longest duration being 
over one week. Episcleritis (5.5%) was another 
cause of red eyes in the present study, having no 
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significant statistical relationship with age and 
manner of onset but having a relation with the 
disease duration, being observed between 1 to 3 
weeks. 

In the study of Jobs (2000) performed on 
134 patients with Scleritis and Episcleritis, ocular 
effects were observed in 13.5% of the patients as 
Episcleritis and in 58.8% of the patients as scleritis 
[20]. In present study, no investigation was made 
on the ocular effects. Moreover, glaucoma had a 
prevalence of 2.5% that had a significant statistical 
relationship with age and duration of symptoms 
and was largely observed in the age group of over 
39 years, having a duration of over 3 weeks.

Blepharitis was another cause of red eyes 
in this study, with a prevalence of 2.1%, having 
a significant statistical relationship with the 
duration of symptoms and a prevalence of over 
3 weeks. Uveitis had the prevalence of 1.9% and 
the blood vessel problems had a prevalence of 
1.3% in the study that had a significant statistical 
relationship with age, being more prevalent in 
people over 39 years old.

In the present study, dacryocystitis had a 
prevalence of 2% and also a significant statistical 
relationship with age, being more prevalent in 
patients over 39 years old. There were 2 cases of 
congenital dacryocystitis that had a significant 
statistical relationship with the manner of onset 
and the duration of the disease so, largely, its 
onset was gradual and its duration was over 3 
weeks. In Besharati’s study, there was no case 
of dacryocystitis in people under 15 years old 
[10]. In Qasemzadeh’s study, 16% of the ocular 
dacryocystitis were due to congenital obstruction 
of tear meatus [11].

In the present study, conjunctivitis diagnoses 
had the prevalence of 31.3%, being separated as 
it follows: Viral conjunctivitis (19.5%), allergic 
type (7%) and bacterial type (4%), in addition, 
there was a significant statistical relationship 
among viral conjunctivitis and gender and the 
living place. It was more prevalent in females 
and people living in urban regions, and all types 
of conjunctivitis were more prevalent in people 
under 15 years old, respectively viral, bacterial, 
and allergic types. 

Petricek and Coworkers (2004) made 
an investigation among ophthalmologists and 
general practitioners from 9 European and middle 
eastern countries. Their study results showed 
that allergic conjunctivitis was the most prevalent 

diagnosis (35%), then eye dryness (25%) and 
finally bacterial conjunctivitis (24%) [21]. 

In the present study, foreign bodies were on 
the second place, with a frequency distribution 
of 22.9% and having a significant statistical 
relationship with gender and age, being more 
prevalent in males and people between 16 and 39 
years old. Pterygium with frequency distribution 
of 7% was the third prevalent diagnosis in our 
study, having a significant statistical relationship 
with gender and age, and being more prevalent in 
females and in people over 39 years old. 

In this study, the diagnosis of trauma had 
a prevalence of 6.5% and a significant statistical 
relationship with the living place and being 
more prevalent in people living in rural places. 
Subconjunctivitis hemorrhage was another 
diagnosis of red eyes in this study, which was 
more prevalent in patients over 39 years old. In 
addition, in the present study, episcleritis had a 
frequency distribution of 5% and it was more 
prevalent in females than in males. In addition, 
keratitis had a frequency distribution of 3.3% and 
glaucoma of 2.9%. Glaucoma was more prevalent 
in females than in males and in patients over 39 
years old.

Red eyes following corneal abrasion were 
meaningfully more often met in males than in 
females, with a frequency distribution of 2.3%. 
Dacryocystitis had a frequency distribution of 
2.1% and it was significantly more prevalent in 
the rural inhabitants and also in patients over 39 
years old. 

Conclusion

Acute red eyes are the symptoms of a broad 
spectrum of benign diseases that are potentially 
ocular diseases, vision risks or systemic diseases 
[22]. 

The most prevalent causes of red eyes 
include conjunctive eye edema, foreign bodies, 
non-penetrating trauma and penetrating trauma, 
eye dryness, keratitis, iris inflammation, acute 
glaucoma, conjunctive hematoma, and corneal 
abrasion. The differential diagnoses of red 
eyes include painful red eyes (conjunctivitis, 
sclera inflammation and round sclera, keratitis 
and corneal abrasion, iris inflammation 
and intra ocular infection, acute or chronic 
glaucoma, traumatic conditions, sun conjunctive 
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hemorrhage, subconjunctival foreign bodies of 
cornea, corneal abrasion, cornea burns, chemical 
burns, penetrating and non penetrating traumas 
of the eyes, and other common causes (eye 
dryness and blepharitis). The most serious and 
dangerous causes happening with pain or trauma, 
chemical burns and penetrating strikes, must be 
referred to oculists immediately [2].

Patients with bacterial cornea infection, 
Uveitis, sclera inflammation or acute angle 
glaucoma need urgent reference to oculists. 
Also, most of the patients with red eyes, wearing 
contact lenses, people whose eyes are hit, people 
with vision changes, people with intensive pain, 
vomit, bad headaches, clear infectious discharge 
or secretion and people with cornea abnormalities 
or abnormalities in the anterior parts must be 
referred to oculists [23]. Before starting any 
treatment for the red eyes, an accurate, and 
careful differential diagnosis must be established. 
No topical steroid must be prescribed for doubtful 
keratitis. Moreover, topical anesthetic must not be 
prescribed at all because cornea may be poisoned 
[24]. It is recommended to perform some studies 
regarding the treatment of the patients with red 
eyes and to evaluate its efficiency.
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Abstract
Purpose. Photon-correlation spectroscopy (PCS) (quasi-elastic light scattering 
spectroscopy, dynamic light scattering spectroscopy) allows the non-invasively reveal 
of local dynamics and local heterogeneities of macromolecular systems. The capability 
of this technique to diagnose the retinal pathologies by in-vivo investigations of spatial 
anomalies of retinas displaying non-exudative senile macular degeneration was evaluated. 
Further, the potential use of the technique for the diagnosis of the macular degeneration 
was analyzed and displayed by the Receiver Operating Curve (ROC).  
Methods. The maculae and the peripheral retina of 73 normal eyes and of 26 eyes afflicted 
by an early stage of non-exudative senile macular degeneration were characterized 
by time-correlation functions and analyzed in terms of characteristic decay times and 
apparent size distributions. 
Results. The characteristics of the obtained time-correlation functions of the eyes afflicted 
with nonexudative macular degeneration and of normal eyes differed significantly, which 
could be referred to a significant change of the nano- and microstructure of the investigated 
pathologic maculas. 
Conclusions. Photon-correlation spectroscopy is able to assess the macromolecular and 
microstructural aberrations in the macula afflicted by non-exudative, senile macular 
degeneration. It has been demonstrated that macromolecules of this disease show a 
characteristic abnormal behavior in the macula.
Keywords: photon-correlation spectroscopy, quasi-elastic light scattering spectroscopy, 
dynamic light scattering spectroscopy, non-exudative (dry) age related macular 
degeneration

Introduction

Photon-correlation spectroscopy (PCS) has 

been known for more than 50 years. Today it 
has become a standard technique for detecting 
random thermal movements to reveal sizes and 
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shapes together with the diffusion constants of 
suspended particles, such as macromolecules in 
gels and in other complex liquid systems [1-7]. In 
ophthalmology, PCS has been performed in the 
cornea, the aqueous humour and the vitreous. 
Such examinations have been performed under 
physiologic as well as in pathologic conditions 
[8-13]. It has been shown that it is possible to 
determine the dimensions of such particles 
in the range of about 1-1000 nm. PCS seems 
to be very appropriate for the application in 
ophthalmology because it is non-invasive and 
it can make biochemical processes visible 
both at the microscopic, macromolecular and 
supramolecular level. Pathologic processes can 
be observed both directly, in real time and under 
optimal conditions in the living tissues. When 
we assume that most pathologic processes are 
already present as molecular or macromolecular 
alterations during a certain period before, the 
disease actually starts. Hence, it would be very 
advantageous to establish easy-accessible and 
non-invasive diagnostic tools, which are able 
to reliably detect such molecular preclinical 
pathology before the disease actually begins, 
perhaps at a time when therapy is more effective.

Subjects

PCS measurements were performed on 
73 eyes (of 84 normal patients) and 26 eyes (of 
26 patients suffering from non-exudative, senile 
macular degeneration [NESMD]) (see Table 1). 

Table 1. Demography of the normal and abnormal subjects tested

Normals Nonexudative 

age-related macular 

degeneration

Total number of eyes 73 20

Average age (years) 60.5 65.5

Average visual acuity 0.9 0.6

Worst visual acuity 0.9 0.3

Best visual acuity 1.1 0.8

Central fixation + +

Other pathology - -

Neovascular vessels by fluorescein angiography - -

 

The average age of the normal patients was 
60.5 years and for the abnormal patients 65.5 
years. The experiments were performed with 
the written consent of the subjects and under 
the oversight of the local ethics committee of the 
University of Dresden, Germany. The Declaration 
of Helsinki on human rights was complied with. 
Both the normals and the abnormals were 
scheduled for cataract surgery following the 
experiments. 

The average visual acuities for the normals 
were 0.8 (least: 0.5) and for the abnormals 0.7 
(least 0.4). A routined specialist with a Goldmann 
3-mirror contact lens studied the eyes; the only 
disease accepted being a non-exudative, dry, 
senile, macular degeneration. The criteria were 
soft or hard drusen [14,15]. 

Method

The diagnostic laser beam was emitted 
from a HeNe laser, working at 632.8 nm, and was 
operated at 1.5 to 15 ϻW. These values were well 
below the safety limits (55 ϻW during 20 minutes) 
stipulated by the American National Standards 
Institute (ANSI) Z-136 for the safe use of lasers, 
New York. The pupils were dilated with Diopine 
10 and local anesthesia was induced by 0.4% 
Novesine. The focal spot was set at the macula by 
a hollow-beam aiming system [16] (Fig. 1a,1b). 

Fig. 1a Distribution of laser light intensity, which 
originally had a Gaussian shape and a maximum 
intensity Io. Ie is the maximum intensity of the beam 
that was used and Ti and w are the inside and outside 
radii, respectively, of the hollow beam
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Fig. 1b Square shape of the hollow beam at a plane 
perpendicular to the beam’s propagation

Hence, when the focus is anterior or 
posterior to the macula or retina, a ring occurs, 
but when the focus coincides with the macula, one 
spot is seen, as observed with the microscope of 
the instrument. The ellipsoid-shaped focal volume 
(640 µm3 in air) had the lateral dimensions of 
2.5x2.5 µm² and the axial dimension of 84 µm. 

During the operation, an auxiliary fixation 
spot is shown to the patient and three locations 
are determined: C1 (center), C2 (6° temporal) and 
C3 (12° temporal) (Fig. 2). 

Fig. 2 Optical section through a human retina. The 
figures are thicknesses of the retina and C1, C2 and C3 
are the test locations

One measurement of an intensity correlation 
function took on average about 10 seconds. One 
measurement cycle consisted of 5 measurements, 
which were average. The correlation functions 
were observed on-line on a monitor and, when 

abnormalities of the curves were seen, e.g. induced 
by eye movements during the measurements, the 
curves were discarded and the measurement 
repeated. The criterion for a “good” correlation 
curve is a stable plateau not disturbed by noise 
at the beginning, a steep decay and a flat final 
plateau at y=1.

In addition, the measurements were 
constantly verified by a computer program in 
respect to noise in the optical and electric system 
[17]. 

The intensity of the diagnostic stray light 
was measured by an avalanche diode (EG&G, 
SPCM-AQ-WX1-FZ, Vaudreil, Canada), which was 
correlated with a digital correlator AL-5000, 
5.0, ALV Germany). It contains a single photon 
counting diode (SPAD) fed by a stabilized high 
voltage supply. For the wavelength used (632.8 
nm), the quantum efficiency of our avalanche 
diode exceeded that of a photomultiplier by a 
factor of about 4 and was therefore well adapted 
for the weak stray light signals emitted by an eye 
[18]. The dead time of the electronics was 30 
ns and did not interfere with the measurements 
because the correlation time of one measurement 
was approximately 1 ms. 

The measurements were performed in 
the lower linear range of the photodetector, i.e., 
between 20 and 100 Hz. Here the correction for 
the dead time is between 0.99 and 1.01. At 20 Hz, 
the background corresponds to 1.7% and, at 100 
Hz, to 0.4% of the measured counting rate. The 
digital signal was correlated and symmetrically 
normalized by means of multiple schemes 
[19]. This kind of symmetrization optimizes 
the statistical accuracy for long delay times. It 
has to be noted, that only the intensity auto-
correlation function g(2)(τ) can be measured, 
which for comparative and quantitative analysis 
needs to be transformed into the electric field 
autocorrelation g(1)(τ) function by Eq. 7. Only the 
field auto-correlation will be discussed in the 
article, which for simplicity will be called auto-
correlation function only.

Results

The location of the center and the peripheral 
are defined as 0° and 12° temporal with respect to 
the macula (see C1 and C3 in Fig. 2). The auto-
correlation functions of the investigated eyes 
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usually showed a characteristic decay of around 
1 ms, whereas the decay time obtained for the 
macula (C1) in the absence of NESMD consistently 
showed a longer characteristic decay compared to 
both peripheral measurements (C2, C3).  Hence, a 
parameter ∆g was defined as the difference of the 
correlation functions at the relaxation time of 1 
ms. It was found that this definition of ∆g is very 
robust and can be reliably used to discern between 
pathological and normal eyes. Fig. 3 shows a 
typical set of auto-correlation curves obtained 
at the center (macula) and at the periphery of 
a normal 50-year-old subject. Fig. 4 compares 
typical auto-correlation functions of an eye with 
and without NESMD. The eye with NESMD has 
a ∆g of about zero, since the auto-correlation 
functions of the center typically coincide with 
the peripheral measurement. It should be noted 
that the peripheral auto-correlation functions are 
similar to those for the normal case. 

Fig. 3 Electric field correlation function g(1)
(τ) at the 

center and the periphery of a normal subject of 50 
years. ∆g is the difference of the correlation curves at a 
delay time τ of 1 ms

Fig. 4 Comparison of the electric field correlation 
functions at the degenerated macula C1; the normal 
macula -C1 and the normal periphery C3

Next to this rather fast analysis, in which 
the typical decays are compared, one can also 
analyze the most probable size distributions 
of the scatterers. These distributions can be 
obtained from the auto-correlation functions 
by regularization methods (see Appendix) and 
display the apparent sizes distribution as expected 
for spherical scatters in a homogeneous solution. 
In respect to the viscosity, local heterogeneities, 
local interactions, or shape will lead to an 
apparent broadening of the obtained distribution. 
Fig. 5 compares the apparent size distributions 
obtained by averaging over all the measurements 
taken at the macula of the normal and pathologic 
cases and by assuming a constant viscosity of η = 
1.16.  As expected, a shift to smaller sizes can be 
discovered.

Fig. 5 Change of distribution of apparent sizes of par-
ticles and diffusion coefficients in the normal and dis-
eased macula

Following this, a frequency distribution of 
the differences of the auto-correlation functions 
at the center and at the periphery was computed 
by averaging two measurements at each test 
location (Fig. 6).

Fig. 6 Distribution of relative frequencies of the differ-
ences of the electric field auto-correlation functions at 
the center vs. the periphery for the normal and an ab-
normal eye. The width of the intervals is 0.1
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The determinations of ∆g were performed 
at 1 ms and at the widths of the intervals was 0.1. 
Negative differences refer to the cases in which 
the auto-correlation curves taken at the center 
are below the peripheral auto-correlation curve. 
It was found that in 46% of the normal eyes, 
∆g is always greater than ∆g in the abnormal 
(NESMD) eye. In eyes with NESMD 45% of the 
∆g, differences were smaller than -0.1. In order to 
discriminate normals from abnormals a threshold 
value is required; i.e., when the differences are 
greater than this threshold, the eye is normal and 
the diagnosis is negative (no disease). When this 
is not the case, the diagnosis is positive; i.e., there 
is disease. At a threshold of 0.05, the values in 
the convergence table (Table 3) were obtained. 
From this table it results that the sensitivities at a 
threshold of 0.05 are 78%, whereas the selectivity 
is 72%. 

These data are displayed by a ROC curve 
(receiver operating curve) [20] in Fig. 7. The 
quality of a test is given by a large area below 
the ROC, which means that the curve stays close 
to x=0.0 for low values (highly selective) while 
quickly approaching y=1.0 (highly sensitive).

Table 2. Radii and diffusion constants (from Fig. 
5)

Radius (nm) Diffusion constant (m2/ s)
8 2.5 x 10-11

10 2.0 x 10-11

13 1.5 x 10-11

83 2.4 x 10-12

183 1.1 x 10-12

690 2.8 x 10-12

896 2.2 x 10-12

Table 3. Convergence table for the measurements 
performed, provided their differences between 
central and peripheral correlation function at τ = 
1 ms with ∆g > 0.05 being normal and those with 
∆g < 0.05 being abnormal

Retina 
condition

Diagnostic result

Positive            Negative

Total

AMD 0.78 0.22 1.0
no AMD 0.28 0.72 1.0

Fig. 7 ROC curve for the diagnosis of NESMD, realized 
by the differences of the auto-correlation curves g(1)

(τ), 
measured at the macula and the peripheral retina at  τ 
= 1. The values, computed with the help of Table 2, are 
displayed as black squares. The adjacent figures are 
the threshold values. The black line is the fit-function

It also follows that the more false diagnoses 
are accepted, the more the probability of a correct 
diagnosis rises. It is clear from the ROC curve that 
∆g =0.00 corresponds to the value in which one 
measurement deviates most from the correlation 
curve. However, since for each test location only 
two measurements were available, one can 
assume that a better averaging would approach 
the correlation curve better. The area under the 
ROC curve is the average of the selectivity of all 
the sensitivity values.

Discussion

Photon correlation spectroscopy is a non-
invasive optical method that is able to monitor 
the translational mobility of molecules or small 
mobile particles in colloidal solutions and ocular 
tissues. The investigations of this study at the 
retina showed that PCS has even the capability 
to differentiate in-vivo between normals as 
compared to those with NESMD. In polydispersed, 
biological tissues, such as in this case, it measures 
an assembly of various molecular identities. 
The identification is non-trivial, as for a more 
extensive analysis of the individual entities of the 
scatterers, the auto-correlation functions must 
eventually be inverted (Eq. 6), which leads to an 
ill-poised mathematical problem, the result being 
disturbed by noise. It is for this reason that the 
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determination of the microparticles displays 
some amount of noise interaction [19]. Despite 
such limitations, the size determinations have 
been shown to be possible [4-13]. 

This clinical study was performed on 73 
normal eyes and on 20 eyes afflicted with NESMD. 
The measurements (i.e., the determinations of the 
autocorrelation functions) were performed at the 
macula and at two selected extra-macular retinal 
sites. The temporal correlations of the fluctuations 
of the scattered light were then computed and 
the molecular sizes were derived from them. For 
this, the electrical field must be deduced from the 
intensity measurements of the stray light.  

Despite the individual differences of the 
correlations, the apparent size distributions of 
the particles at the various retinal locations could 
be measured and compared. In normal eyes, the 
autocorrelation functions obtained at the center 
and at various peripheral retinal sites differ. 
When the eyes with NESMD were compared, 
such differences vanished and the sizes of the 
scatterers in the macular region were shifted to 
lower values. This led to the conclusion that the 
differences between the fovea (macula) and the 
periphery are caused by an alteration of the stray 
light characteristics of the foveal cones. Since the 
strongly scattering properties of melanin also add 
to the measured signal, degenerative alterations 
of the pigment epithelium and perhaps its lack 
may also cause this abnormal stray light behavior. 

Both an abnormal stray light behavior of the 
receptors, of the pigment epithelium, and of other 
microparticles of the retina may work together. 
We have found macromolecular size distributions 
at about 15, 80, and 900 nm. 

However, if the diagnosis of a macular 
disease by simple means is aimed at, only one 
(repeated) measurement at the macula and 
one at a peripheral site would be required and 
an inversion of the correlation function is not 
necessary.

In summary, the differences of central versus 
peripheral stray light behavior were quantified 
and these were then analyzed by a ROC (receiver 
operating curve) function that was able to correctly 
diagnose this disease at a given probability, here 
at a sensitivity of 78% and a selectivity of 72%. 
An overlap of the difference values of the auto-
correlation functions of normals as compared 
to abnormal was found. The reason for this may 
be the fact that the leading bioindicator for the 

disease was an anatomical criterion, i.e., most of 
the time the criterion being “hard or soft drusen” 
[14,15]. While drusen are an important indicator 
for the NESMD, normally functioning areas may 
have still existed in these maculae, while in 
maculae, termed “normal” pathological areas may 
have existed already. It is important to know that 
the average sensitivity of all sensitivities is 0.85. It 
lies in a range where other diagnostic methods in 
medicine are also found [20]. 

Various approaches are available for an 
improvement of the accuracy of the photon 
correlation spectroscopy at the retina. These are 
methods related to data collection and analysis 
but also methods related to an improvement 
of the measuring system. The accuracy of the 
data collection procedure can be improved by 
increasing the number of measurements at one 
location, because at various retinal regions, 
the average values differ only slightly. The 
determination of the autocorrelation function 
could be increased by a suitable filter function. 
Here we have characterized the correlation 
functions via measurements of time. Perhaps the 
other parameters, such as the measurement of the 
area under the autocorrelation function (curve) 
may increase the accuracy. Most importantly: an 
optimization of the determination of the particle 
size distribution should be intensified. Here, also 
an introduction of dedicated filter functions, 
the development of a stray light model of the 
retina, the automatic detection of data, which are 
affected by eye motions, appear important. Just 
as important are the local determinations of the 
refractive indices and viscosities. This would lead 
to an optimization of the determination of the 
sizes of the particles. 

Also, a better understanding of these 
distribution functions would improve the 
sensitivity and the specificity of the inversion 
procedure. This could lead to a better 
understanding of the mechanism of the central 
and peripheral stray light behavior and this 
could increase the diagnostic power. Further, 
the measuring system could be improved and 
better adapted to the specific conditions of the 
retina. It should be noted that with the present 
apparatus, stray particles that are larger than 
the wavelength of the exiting laser beam could 
indeed be detected, but the detected radii are 
somewhat smaller than the true ones. When a 
source with a longer wavelength is used instead 
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of HeNe laser light (632.8 nm), the measurements 
of the particles would be improved. According to 
the spectral properties (absorption) of the eye, 
the wavelengths of 900 and 110 nm would be 
well suited. Here, another advantage would be to 
increase the maximal exposure duration/ energy 
(BGI 2003). This would result in an augmented 
signal/ noise ratio. This would be important 
when measuring cataract eyes, in which a laser 
power of 30 µW at a wavelength of 632.8 nm is 
often not enough. The measuring inaccuracy and 
the disturbing effect of eye movements could be 
partly or totally inhibited by measuring the central 
and peripheral retinal sites simultaneously.  

Appendix
Theory of photon correlation 

spectroscopy
When light interacts with material, 

scattering particles alter the direction of its 
propagation [21]. The angle distribution of the 
scattered light − with respect to the incoming 
light beam − depends thereby on the sizes 
and positions of the scatterers. Hence, the 
scattered light carries detailed information on 
the molecules or microstructures from which it 
is scattered. The information of the scatterers is 
encoded in temporal intensity fluctuations I(t) of 
the scattered laser light and can be analyzed by 
calculating the autocorrelation function of the 
detected light intensity g2(τ):
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+=              Eq. 1                                     

Thereby, intensity fluctuations mainly 
originate from the motions of the particles 
with respect to each other. Furthermore, the 
rotational movements of non-spherical particles 
or changes in the observed volume will also lead 
to fluctuations. 

The random movements of unbound 
particles can be described by the mathematical 
model of Brownian motion, which characterizes 
the motions by a translational diffusion coefficient 
D.  

This diffusion coefficient gives access to the 
sizes of the scatterers, since it inversely depends 
on the hydrodynamic radius (Rh) of the particle as 
given by the Stokes-Einstein equation:

where η corresponds to the viscosity of the 
surrounding solvent, T is the temperature, and kB 
is the Bolzmann constant.

Relatively small particles with large diffusion 
coefficients show fast molecular movements 
which lead to only briefly correlated fluctuations 
of the scattered light. 

To characterize the decay of the correlation 
function it is helpful to define a relaxation rate Γ 
(or decay constant τc) by

Dq
c

21
==Γ

τ                         
Eq. 3

which also accounts for the spatial 
distribution of the scattered intensity described 
by the scattering vector q:

( )2/sin4 θ
λ
πnq =

                  
  Eq. 4

for a scattering angle of θ
For monodisperse solutions, the relaxation 

rate is linked to the autocorrelation function g2(τ) 
by

{ }( )ττ Γ−+ = 2exp1)(g 0
(2) I

              Eq.5

In case of a polydispersed solution g(2)

(τ),  the determination of the distribution of 
G(Γ) becomes an ill-posed problem and has to 
be derived from the correlation function of the 
electric field, g(1)(τ) .

Provided there is no interaction by parasitic, 
static stray light and there is no particle-particle 
interactions, the electric field correlation function 
g(1)(τ)  and the measured intensity correlation 
function g(2)(τ) are related by Siegert’s relation:

g(2) (τ) = 1 + |g(1) (τ) | 2                                   Eq. 6
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The size distribution of the particles yields 
the intensity autocorrelation function g(2)(τ), 
which consists of superimposed exponential 
functions with decay times corresponding to the  
r distribution. Polynomial fit procedures have 
been described before [22].

( ) ΓΓ−Γ =  ∫
∞

dG
0

(1) exp)()( g ττ
                

Eq.7

G (Γ) must be analyzed by CONTIN 
regularization program [23].

Heterodyning
Two correlation functions should be 

discriminated, i.e. the correlation function of 
the light intensity g(2)(τ) and the correlation 
function which measures the electric field g(1)

(τ). One can measure light intensity but not the 
electric field. Hence, the two quantities must 
be correlated by means of Eq. 9. Principally 
speaking, two possibilities for such a correlation 
exist. The first is the homodyne method. Here the 
intensity of the scattered light is measured and its 
correlation function is determined. In the other, 
the heterodyne version, the diagnostic HeNe laser 
light is split into two. One of the beams is directed 
to the sample. The resulting backscattered light is 
then superimposed with the non-scattered light 
and directed to the detector. 

This same effect is seen when, under non-
ideal conditions, the heterodyne portion is 
superimposed upon the diagnostic (homodyne) 
beam. This is called partial heterodyning [24], 
falsifying the information in the autocorrelation 
function. This effect is observed in non-ideal 
conditions such as in-situ experiments in the 
eye. Here, unpleasant side effects may occur 
and one has to expect interferences of unknown 
amounts of parasitic stray light. Such stray light 
may be generated, for instance, at the surface 
of a contact lens but also, e.g. by collagenous 
fiber strands or membranes in proliferative, 
diabetic vitreo-retinopathy. The case of weak 
heterodyning is very problematic in the sense 
that merely a small decrease of the amplitude of 
the correlation function (= the coherence factor) 
is observed while the more important distortion 
of the correlation function may be lost from sight. 
For example, with a 45% local oscillator, the 

amplitude decreases by only 15% but the error 
in the estimation of the hydrodynamic radius of a 
particle is 40%.

For purely homodyne experiments, the 
Siegert relation is the following:

g (2) (τ) = 1 + β | g (1) (τ) |2                         Eq. 9

β is the coherence factor 0 < β <1. In 
monomode fibers, such as the ones used here, β 
is 1.  It decreases when parasitic stray light (e.g. 
an incoherent background light) intrudes into the 
measuring system, but also when e.g. dead-light 
or saturation effects of the detector are observed. 
This is what could happen (to a larger or smaller 
extent) in the eye. Such global noise effects can 
be detected e.g., by the program of Flammer and 
Ricka [22]. Due to heterodyning, Eq. 9 is no longer 
valid and the heterodyne parameter h must be 
introduced:

h = I l / Is                                                   Eq. 10

where I l is the homodyne (diagnostic) signal 
and Is the heterodyne (parasitic) light. Now Eq. 9 
must be corrected and replaced by:
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Eq. 11

where the parameter h can be obtained from 
Eq. 12:

We are now in the position to compute g(1)

(τ) from g(2)(τ) and can perform an analysis of our 
data.

Apparatus   
Because of space limitations due to the pupil 

size, the optical system used has the excitation 
beam (into the eye) and the beam carrying the 
scattered light (out of the eye) in common. This 
system has been used before [18] and is described 
elsewhere [18]. Hence, we shall restrict ourselves 
to some key elements.



87Romanian Society of Ophthalmology
© 2016

Romanian Journal of Ophthalmology 2016;60(2): 79-89

Radiation Source
The radiation source used for these 

experiments is a HeNe laser (Uniphase 1103P, 
California, USA) working at a power of 20 mW. The 
emitted wavelength is 638.2 nm, 20% of which is 
absorbed on its way to the retina. The wavelength 
used is also from a range that is least toxic for 
the receptors because, according to Planck’s 
law, photon energy decreases with wavelength 
increase. Therefore, the retinal metabolism is the 
least disturbed. A monomode optical fiber (TEM-
mode > 95%) is used for light conduction, being 
coupled into the system by a coupler. In contrast 
with multimode fibers, monomode fibers have 
the advantage that higher modes are suppressed 
and that the exciting beam has a Gaussian profile.

Optical Diagram
The Gaussian intensity distribution of the 

exciting beam is:

where w is the distance at which the 
maximum intensity at the xo has fallen to e-2 (= 
13.5%) of the maximum. A Haag-Streit slit-lamp 
(900BQ) is part of the apparatus. In addition, 
various optical supplementary parts were shown 
to be necessary for these experiments (Fig. 1b,8,9) 
and had to be supplemented. The laser beam was 
given a hollow intensity distribution (Fig. 8). In 
this, the excitation and diagnostic beams pass 
through the same optical elements (Fig. 8). In this 
optical system, the focal planes of the observation, 
diagnostic and excitation beams are the same. 
Hence, an exact localization of these beams during 
the experiment is possible. In Fig. 8, the principle 
ray paths during one measurement at the retina 
are shown. The red beam is the excitation beam 
and the blue one is the measurement, i.e. the 
scattered, diagnostic beam. Instead of using all 
possible scattering angles for computations, the 
scattering angle, an average scattering angle = 6° 
corresponds to an angle of 4.5° in water and to 
4.1° in the retina (n=1.35). The scattering angle 
is θ = 180° – αs. For this situation a correlation 
time τc = 0.31 ± 0.15 ms can be computed for latex 
spheres (100 nm diameter) for 100 nm = 0.3 ms 
when a constant scattering vector is used. For 
all the possible scattering vectors, a correction 

of only 0.1% would be required. From this, it 
follows that for high precision, a constant angle 
of θs suffices for a precise description of the light 
scattering.

Fig. 8 Schematic optical scheme. The hollow beam 
(red) is used for focusing. Blue part of the stray light 
beam reaching the detector

Intensity Distribution in the Focus and in 
the Scattering Volume

We are interested in the intensity 
distribution of the hollow beam and its focus (Fig. 
9), the focal depth and the scattering volume. 
Taking advantage of Huygen-Fresnel’s principle, 
the intensity distribution near the focus, as shown 
in Fig. 8, is obtained. The integrals to be computed 
were solved numerically by MATHEMATICA 4.0 
program. When the focus of the excitation beam 
is at the retina, it corresponds to a numerical 
aperture of 15 mm for a pupil diameter of 6 mm. 
Fig. 8 displays the intensity distribution along the 
optical axis and in the radial direction. The isoline 
used for both the excitation and the scattered 
volumes is the place intensity has decreased to 
50% of the maximal value.

Fig. 9 Intensity distribution perpendicular to the focal 
plane
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Scattering Beam 
The focal volume V of the exciting beam is 

stimulated by its electric field. This is given by an 
overlapping integral of the stimulating and the 
scattering beam.
                      V = ∫ dr Ie(r) Is(r)                                                                   Eq.14

In air, this volume amounts to 640 m3. The 
isoline at which the intensity has decreased to 
50% of the maximum is an ellipsoid having a 
width of 2.5 µm and a length of 84 µm in air. At the 
retina this amounts (n=1.35) to a width of 3.4 µm 
and to a length of 154 µm. The resulting resolution 
suffices to have at least 2 photoreceptors in the 
focal volume. The focal length of 154 µm also 
suffices to have both the receptor layer and the 
pigment epithelial in focus simultaneously.

Limitations of the Laser Power 
In order to avoid thermal and photochemical 

damage to the retina by high laser power, the 
excitation power of the laser beam is decreased 
by a thermal filter. Damage to the retina depends 
both on the duration and on the power of the 
laser beam. According to the specifications of 
ANSI Z 1361 (1993), a maximal laser power of 55 
µW (measured at the cornea) and an irradiation 
duration of 20 minutes avoids damage. The laser 
power was measured before each examination 
with a Silica detector. In addition, a maximum laser 
power was used in order to adjust the counting 
rate of the detector. In patients with reasonably 
clear lenses, an examination could usually be 
performed with 20 µW. When the opacity of the 
lens was considerable, not even 30 µW were able 
to generate a signal.

Detector and correlator
The intensity of the stray light was measured 

with a single–photon counting module (SPAD), 
having a high voltage, voltage-stabilized supply. 
The quantum efficiency for the wavelength is 
better than 4 times that of a photomultipler and 
is therefore ideally suited for registering the 
weak stray light signals of the retina. Because 
the autocorrelation time of the retina has an 
order of magnitude of 1 ms, the dead time of 1µs 
therefore suffices to measure the decay constant. 
The measurements were performed in the lower 
range of the photon detector, i.e. between 20 
kHz and 100 kHz. In this case, the correction for 
the dead time is of 0.99 and 1.01. The amount 
of the background radiation corresponds, at a 

frequency of 20 kHz, to 1.7% and, at 100 kHz, to 
0.4% of the counting rate. The digital measuring 
signals were correlated by means of a Tau scheme 
[19] and were symmetrically normalized. This 
kind of symmetrization optimizes the statistical 
accuracy, particularly for measurements with 
large delay times. Two monitor channels, one 
for the direct and one for the delayed counting 
rates, were used. The product of the average 
values of the direct and the retarded channels 
[19] is used for normalization. By a display of the 
autocorrelation curves during the measurements 
on the screens, these could be evaluated already 
during the measurements and hence could be 
repeated, if necessary. The criterion of a “good” 
autocorrelation curve is when a stable initial 
plateau, undisturbed by noise, contains a steep 
slope and a final plateau at y=1.    

Eye movements
Three types of involuntary eye movements 

exist: (i) drifts, (ii) microsaccades, (iii) 
microtremor. Drifts are the slowest movements, 
having amplitudes of 2.5 angular minutes and 
a speed of 2 to 8 angular minutes per second. 
Microsaccades have amplitudes of 3 to 50 
angular minutes and a linear maximal velocity 
that depends on the amplitude of the motion. 
Microtremor, which is a kind of correcting 
movement, has an amplitude of less than 12 
angular minutes, a velocity of 10 angular minutes 
per second, and a frequency of about 30 Hz. 

The diffusion constant of spherical particles 
is indirectly proportional to its hydrodynamic 
radius. Hence, in order to assess the influence of 
involuntary eye movements, the moved retina can 
be treated as a static particle for which diffusion 
constants and the hydrodynamic radii can be 
computed. Consequently, the above-mentioned 
drifts can be compared with the apparent 
movements of the static particles that lie between 
1x10-11 m/ second and 5x10-11 m/ second. 
The apparent movements of the static particles 
are therefore 1 to 2 orders of magnitude higher 
than the diffusion constant of a 100 nm diameter 
particle. According to the Stokes-Einstein 
relationship, the apparent diffusion constants 
of the eye drifts correspond to hydrodynamic 
radii between 5 and 20 nm. As a result, the static 
particles that are apparently moved by eye drifts 
would be assigned hydrodynamic radii of 5 to 20 
nm and microsaccades and microtremors would 
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yield values of 5 nm and 20 nm, respectively. 
Hence, disturbances due to involuntary eye 
movements are negligible. However, slow 
movements due to voluntary movements can be 
highly disturbing and should be suppressed as far 
as possible. The Goldmann contact lens is helpful 
in this respect, because it inhibits eye movements. 
Negative suction contact lenses would inhibit eye 
motions altogether. 
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Abstract
Objective. To evaluate the safety and efficacy of intravitreal Bevacizumab in treatment of 
non-ischemic macular edema secondary to retinal vein obstruction (RVO).
Materials and Methods. A 2-year-retrospective study was performed on 26 patients 
hospitalized for non-ischemic macular edema secondary to RVO. All the patients underwent 
a complete ophthalmologic exam, with best corrected visual acuity (BCVA) testing, fundus 
photography, fluorescein angiography (FA) and macular thickness measurement by optical 
coherence tomography (OCT). Reevaluation was performed monthly for VA, OCT, and 
ophthalmoscopy and, at every 3 months, by FA. A standard protocol of 0.05 ml intravitreal 
Bevacizumab injection was applied. Further administrations were performed according to 
clinical evolution. 
Results. The medium follow–up period was of 9,7 months (6-20 months). There were no 
significant complications following the procedure. The number of intravitreal Bevacizumab 
injections varied from 2-5/ patient. All the patients experienced an improvement in 
VA and a significant regression of macular edema. The smallest number of intravitreal 
Bevacizumab injections and the best visual prognosis were observed in cases with branch 
retinal vein obstruction (BRVO) and early presentation (p<0.05). 
Conclusions. As a pathogenic therapy, intravitreal Bevacizumab is a safe, repeatable 
procedure and it may be considered an effective and lasting treatment for non-ischemic 
macular edema secondary to RVO. Intravitreal Bevacizumab should be included in the 
therapeutic protocol of RVO, both for early and delayed presentations.
Keywords: intravitreal, Bevacizumab, retinal vein obstruction, macular edema
Abbreviations: RVO = retinal vein obstruction, BRVO = branch retinal vein obstruction, 
CRVO = central retinal branch obstruction, BCVA = best corrected visual acuity, FA = 
fluorescein angiography, OCT = optical coherence tomography

Introduction

Retinal vein obstruction (RVO) is a major 
cause of visual impairment in patients over 50 
years old and secondary macular edema is a 

frequent associated condition with an immediate 
impact upon the visual acuity. Until the past years, 
grid laser photocoagulation has been the standard 
of care for treatment in RVO. However, poor vision 
persists despite the photocoagulation treatment 
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in many patients, and its use is not recommended 
until 3 months after the development of RVO [1]. 
The pathogenesis of this condition is thought 
to involve both the retinal vein compression 
and the damage to the vessel wall, possibly 
leading to thrombus formation at sites in which 
retinal arterioles cross retinal veins. As elevated 
intraocular levels of VEGF have been demonstrated 
in patients with retinal vein occlusions, there is 
a strong basis for the hypothesis that anti-VEGF 
agents may be benefic [2,3].

Purpose 

The present study aims to evaluate the 
safety and efficacy of “off label” use of intravitreal 
Bevacizumab in the treatment of non-ischemic 
macular edema secondary to RVO.

Materials and methods 

A 2-year-retrospective study was performed 
on 26 patients admitted for retinal vein obstruction 
and treated with intravitreal Bevacizumab. All the 
patients underwent a complete ophthalmologic 
exam, best corrected visual acuity (BCVA) testing, 
fundus photography, fluorescein angiography (FA, 
VisuCam Zeiss) and central macular thickness 
measurement (Cirrus HD-OCT, Zeiss). A standard 
protocol of 0.05 ml intravitreal Bevacizumab 
injection was applied, using topical anesthesia, 
under strict antiseptic rules in the Operation 
Room. Further administrations were performed 
according to the clinical evolution, but not earlier 
than one month after the previous injection. The 
efficacy of the treatment was assessed in terms of 
VA, central macular thickness measured by OCT 
and decreased leakage in angiofluorography (FA).

Results

The medium follow–up period was of 9,7 
months (6-20 months). The mean age was of 62,3 
years, with limits between 42 and 78 years. Most 
of the patients presented associated risk factors 
for vein thrombosis, such as: arterial hypertension 
(18 cases), ischemic coronary disease (13 cases), 
diabetes (6) and antiphospholipid syndrome 

(2 cases). Only 2 out of the 26 patients had no 
associated pathology. Out of the 26 patients, 9 
presented with central retinal vein obstruction 
(CRVO) and 17 with branch retinal vein obstruction 
(BRVO). The therapy was well accepted by 
the patients and no significant complications 
following the procedure were reported. The 
number of intravitreal Bevacizumab injections 
varied from 2-5/ patient. 

According to the time elapsed from the acute 
event to the initiation of the anti-VEGF therapy, 2 
groups were described: 

- Group A: early presentation (up to 3 
months): 11 patients (4 with CRVO and 7 with 
BRVO)

- Group B: delayed presentation (> 3 
months): 15 patients (5 with CRVO and 10 with 
BRVO)

The evolution of BCVA, macular thickness 
measured by OCT and leakage (FA) before and 
after treatment were analyzed separately for the 
2 groups. The comparative results are presented 
in Table 1: 

Table 1. Initial and final BCVA, central macular 
thickness and FA aspects in patients with early 
presentation (group A) vs. delayed presentation 
(group B)

Initial BVCA Final 
BVCA 

Macular thickness 
(OCT)  

FA/ Observations 

Group A 
Early 
presentation 

0.25 
(0.5-0.025) 

0.52 
(0.12-1) 

Initial: 486 +/ -123 
μm 
Final: 295 ± 136 μm 

 diminished exudation
and retinal edema

 no retinal neovessels
or secondary glaucoma
during follow-up period

Group B 
Delayed 
presentation 

0.09 
(light 
perception-
0.1) 

0.12 
(0.02-
0.25) 

Initial: 687 +/ - 215 
μm 
Final: 423+/ -143 
μm 

 decreased retinal
neovascularization
and macular leakage

 no angle neovessels or
neovascular glaucoma
during follow-up period

In order to assess the anti-VEGF therapeutic 
efficacy, the results underwent statistical analysis 
(Wilcoxon signed-rank test, t-test, SPSS).

One of the parameters investigated in the 
present study was BCVA. The main goal in retinal 
vein thrombosis is the restoration of a good visual 
acuity, which allows the patients to continue 
a normal daily life. The patient immediately 
perceives any change, thus it is a good subjective 
evaluation of the therapeutic efficacy. In Group A, 
BCVA increased from 0.25 to 0.52 after treatment. 
The statistical analysis proved that there was a 
significant improvement of BCVA after the anti 
VEGF therapy (Z=-2,940, p =0,003).
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Table 2. Wilcoxon Signed Ranks Test applied to pre 
and post-therapeutic BCVA in group A

For group B, BVCA increased from 0.09 
before treatment to 0.12. The improvement was 
also statistically significant (Z=-2,789, p=0,005). 
However, BCVA remained below 0.1 in the 
majority of the cases.

 The statistical analysis showed significant 
differences between the 2 groups in terms of 
recovery of the BCVA. The vision was much better 
improved in patients with early presentation 
(U=6, p=0,001, Z=-3,976). This observation can be 
explained by the fact that after chronic ischemic 
alterations and neovessels appears, the anti VEGF 
therapy increases BCVA, but the restoration of a 
useful vision is less probable. 

Table 3. Wilcoxon Signed Ranks Test applied to 
compare the visual improvement between group A and 
group B after intravitreal Bevacizumab therapy

N Mean 
Standard 
deviation Minimum Maximum 

Post-therapy BCVA 26 .2850 .21971 .00 .68 
Moment of presentation (<3 
months=1; after 3 months=2) 

26 1.58 .504 1 2 

Ranks 
Moment of 
presentation 
(<3 months=1; 
after 3 
months=2) N Mean Rank Sum of Ranks 

Post-therapy BCVA 1 11 21.00 231.00 
2 15 8.00 120.00 
Total 26 

Statistical Testb 
Post-therapy BCVA 

Mann-Whitney U .000 
Wilcoxon W 120.000 
Z -4.286
Asymp. Sig. (2-tailed) .000 
Exact Sig. [2*(1-tailed Sig.)] .000a 
a. Not corrected for ties.
b. Grouping Variable: Moment of presentation (<3 months=1; after 3 months=2)

N Medium 
 Standard 
deviation Minimum Maximum 

Initial BCVA 11 .2500 .07759 .11 .39 
Post therapy BVCA 11 .5200 .09644 .38 .68 

N Mean Rank Sum of Ranks 
Post therapy BVCA - 
Initial BCVA 

Negative Ranks 0a .00 .00 
Positive Ranks 11b 6.00 66.00 
Ties 0c 
Total 11 

a. Post therapy BCVA < Initial BCVA
b. Post therapy BCVA > Initial BCVA 
c. Post therapy BCVA = Initial BCVA

Statistical testb 
Post therapy BCVA - Initial BCVA 

Z -2.940a

Asymp. Sig. (2-
tailed) 

.003 

a. Based on negative ranks.
b. Wilcoxon Signed Ranks Test 
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The final BCVA was better for patients with 
BRVO as opposed to CRVO (p<0.05) inside every 
group. 

Central retinal thickness measured by OCT 
was a non-invazive repeatable test that proved 
to be very important in long-term follow-up of 
the patient with retinal thrombosis. It correlated 
well with visual acuity but also with pathogenic 
processes that developed locally in the ischemic 
retina and led to leakage and microvascularization 
abnormalities. Clinical studies showed a direct 
relation between the levels of VEGF-A in vitreous 
fluids and SD-OCT aspects in patients with RVO 
[2].

Fig. 1 Central macular thickness (Stratus - OCT Zeiss) 
before and after anti-VEGF therapy

A statistically significant decrease of the 
central macular thickness was noticed (p<0.05) 
in both study groups. What should also be 
mentioned is that in group A the value was close 
to normal, a slight retinal atrophy being observed 
in some cases after the remission of the edema. 
Moreover, some degrees of macular edema usually 
persisted and could be well correlated with areas 
of vascular abnormalities and leakage observed 
on FA, in group B.

Fig. 2 Supramacular retinal branch vein obstruction; 
OCT Macular change analysis: significant diminished 
macular edema after treatment

Fundus photography and FA were important 
tools both for diagnosis and for follow-up. FA 
differentiated between the ischemic and non-
ischemic form of retinal vein thrombosis and 
showed the extension of the affected territory, 
leakage, and vessel abnormalities (arterio-venous 
shunts, microaneurysms, duplications, and 
intraretinal neovessels). The pathologic features 
on initial and final FA are presented in Table 4.

Table 4. FA aspects in Group A and Group B

Group A Group B 

Pre treatment Post 
treatment 

Pre 
treatment 

Post 
treatment 

Retinal edema +++ + + +/- 
Exudates, 
hemorrhages 

+++ + + - 

Neovessels _ - + +/- 

Secondary 
neovascular 
glaucoma 

- - - - 

Anti VEGF therapy proved to be associated 
with decreased leakage and neovascularization, 
thus reducing macular edema and preventing a 
severe complication of retinal vein thrombosis: 
secondary neovascular glaucoma (Fig. 3 (a,b,c), 
Fig. 4 (a,b,c,d).

Fig. 3 a) early presentation of BRVO with important 
macular edema, retinal hemorrhage and hard exudates; 
b) FA aspect at admission: leakage, microaneurysms 
and arterio-venous shunts; hypofluorescence areas due 
to mask effect of retinal hemorrhages; c) aspect after 
intravitreal Bevacizumab injection, with significant 
decreased macular edema
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Fig. 4 Partial decrease of leakage and abnormal 
vessel formation in a case of BRVO with delayed 
presentation after intravitreal Bevacizumab: a) initial 
aspect at FA; b) initial aspect at fundus photography 
c) FA after 3 intravitreal Bevacizumab injections; d) 
fundus photography after 3 intravitreal Bevacizumab 
injections

Discussions

 Secondary macular edema related to 
RVO is associated with significant impairment in 
vision-related quality of life. The main directions 
of therapy are laser photocoagulation, anti-
VeGF agents, and intravitreal corticosteroids 
administration, but there is no consensus 
regarding the standard protocol to be used in the 
therapeutic management of this condition.

Bevacizumab is a very effective anti-
VEGF and intravitreal administration, perfectly 
justified as a pathogenic therapy in cases with 
RVO [1-4]. The early treatment with intravitreal 
Bevacizumab was associated with a greater 
improvement in the visual acuity compared with 
the delayed treatment [5]. The effect proved more 
important than of grid laser photocoagulation 
and longer lasting and associated with fewer 
side effects than intravitreal corticosteroids [5-
7]. Russo et al. found a change of +15.5 letters 
in Bevacizumab treated patients with BCVA 
and +10 letters in grid laser photocoagulation 
(p<0.05), achieved by a mean number of 1.7 
intravitreal injections of Bevacizumab and 1.5 
grid applications [8].

Intravitreal agents have replaced the 
observation in macular edema in central (CRVO) 
and grid laser photocoagulation in branch retinal 
vein occlusion (BRVO). No significant differences 
were found between the Bevacizumab and 
ranibizumab therapeutic effect [9-11]. Epstein 
and colleagues found that CRVO patients treated 
with 1.25 mg Bevacizumab at every 6 weeks 
from baseline gained +16.1 letters, compared 
to +4.6 letters in those treated with sham 

injections followed by Bevacizumab (p<0.05). 
The percentage of BCVA gain of more than 15 
letters was 60% (Bevacizumab) vs. 33.3% (sham/ 
Bevacizumab), respectively (p<0.05) [9,12].

The present study showed that intravitreal 
Bevacizumab was a good treatment option for 
non-ischemic macular edema secondary to 
RVO. The early presentation and BRVO were 
associated with the best visual prognosis, and the 
therapeutic effect was statistically significant in 
all cases. However, the limited number of patients 
and the follow-up period could not allow the 
drawing of conclusions regarding the frequency 
of re-treating and the final visual outcome. 
Further studies, on a long-term follow-up and a 
large number of cases are still needed. Most of 
the patients (24 out of 26), also had associated 
risk factors for thrombosis (diabetes, cardio-
vascular diseases). It is reasonable to think that 
the outcome and the probability of repeating 
the thrombotic event depended on the adequate 
treatment of the associated general pathology.

In a review of literature, the most important 
complications associated with intravitreal 
Bevacizumab were endophthalmitis and systemic 
vascular adverse effects, like cerebral infarction, 
elevated systolic blood pressure, facial skin 
redness, itchy diffuse rash [13-15].  In the present 
study, 2 side effects were reported: a skin rash, 
which resolved spontaneously in less than 24 
hours and one patient who developed a transient 
cerebral accident 4 weeks after the intravitreal 
injection. However, the role of intravitreal 
Bevacizumab in the incidence of adverse events 
remains unclear, taking into account the pre-
existing risk factors encountered in patients with 
RVO. 

Conclusions

As a pathogenic therapy, intravitreal 
Bevacizumab is a safe, repeatable procedure 
and it may be considered an effective and lasting 
treatment for macular edema, due to the leakage 
after retinal vein occlusion. It also proved to be 
useful both for preventing and for treating retinal 
neovascularization in a short and medium term 
follow-up. Factors associated with good recovery 
of VA were the following: early presentation, 
branch retinal vein obstruction, non-ischemic 
macular edema. Though the treatment was most 



95Romanian Society of Ophthalmology
© 2016

Romanian Journal of Ophthalmology 2016;60(2): 90-95

effective in the early presentation, patients with 
delayed presentation also experienced a favorable 
evolution and the regression of neovessels was a 
strong argument for the prevention of secondary 
neovascular glaucoma in these cases. 

Intravitreal Bevacizumab should be 
included in the therapeutic protocol of retinal 
vein obstruction, both for early and delayed 
presentations. Further studies are still necessary 
for long-term evolution.

Disclosure 
None.
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Abstract
The aim of the report is to evaluate the short-term efficacy and safety of aflibercept (EYLEA 
®) in patients with choroidal neovascularization (CNV) transformed into refractory during 
treatment with bevacizumab (AVASTIN ®).
Methods: Clinical, morphological, and functional changes were retrospectively evaluated 
in cases with refractory CNVs to monthly 1.25 mg bevacizumab intravitreal injections 
(AVASTIN ®) and switched to 3 monthly 2.0 mg intravitreal injections of aflibercept 
(EYLEA ®). 
Results: In this pilot evaluation, 8 cases of CNVs that become refractory to intravitreal 
treatment with 1.25 mg intravitreal bevacizumab (AVASTIN ®), were switched to 2.0 
mg intravitreal aflibercept (EYLEA ®) and evaluated. The mean age of patients was 67.6 
years (54-74 years). In 7 cases, CNV was associated to age related macular degeneration 
and in 1 case to angioid streaks. The mean number of previous intravitreal bevacizumab 
(AVASTIN®) administrations was 9.32 (7–12). In all cases, the last 3 intravitreal injections 
of bevacizumab were performed at an interval of maximum 6 weeks. The refractory status 
was confirmed by the lack of improvement or worsening of the clinical features as revealed 
by SD-OCT. A slowly anatomical improvement was noticed in 5 out of 8 cases (62.5%) 
since the first aflibercept administration. The anatomical improvement was stable after 
3 monthly administrations. During the treatment, only 3 out of 5 cases (60%) showing 
anatomical improvement had a minor visual benefit (one line of VA gain). In 3 cases, the 
treatment change was unremarkable. No side effects were noticed.      
Conclusions: The anatomical improvement confirms previous reports regarding the efficacy 
and safety of aflibercept (EYLEA®) in some cases of CNV that became refractory during 
conventional anti-VEGF therapy. The improvement can be, at least partially, explained by 
the more complex features of aflibercept. Unfortunately, a minor visual benefit was noticed 
in a limited number of cases.
Keywords: Aflibercept, Refractory Choroidal Neovascularization

Introduction

Choroidal neovascularization (CNV) is a 

common but severe complication encountered 
in several chorioretinal diseases, most frequent 
in age related macular degeneration (AMD) [1]. 
AMD is a leading cause of blindness in elderly 
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people [2]. The worldwide prevalence for both 
the early and the late onset AMD is greater than 
8%, with an estimated number of 196 million 
people affected in 2020 [3]. 

The cornerstones of pathogenesis in CNVs 
are angiogenesis and inflammation, which will 
lead to the development of new blood vessels 
capable of proliferation and invasion of both the 
retinal pigment epithelium (RPE) and the outer 
retina [1]. 

The proliferative angiogenic response, 
resulting in the development of CNV in the 
wet form of AMD, has a complex pathogenesis. 
The immune system, the complement pathway 
and inflammation are all involved, leading to 
RPE damage, blood-retinal barrier breakdown, 
and accumulation of immune cell infiltration 
that will stimulate the proliferative angiogenic 
response and the vascular endothelial growth 
factor (VEGF) synthesis. Therefore, an abnormal 
vascular network associated with fluid leakage 
will result [4].

The current standard of care in CNVs has 
shifted in the latest years from laser treatment and/ 
or photodynamic therapy towards a more targeted 
blocking of vascular proliferation, thus limiting 
the further extension of the lesions and stopping 
the leakage. One of the most potent proliferative 
factors is the VEGF family with its isoforms. 
Therefore, there is a series of immune therapies 
aimed at suppressing this factor. Bevacizumab 
is a full-length recombinant monoclonal specific 
antibody that targets all isoforms of VEGF-A [5]. 
Ranibizumab is a smaller monoclonal antibody, 
derivative from bevacizumab and with a similar 
mechanism of action as bevacizumab, approved 
since 2007 in both USA and Europe for treatment 
of CNVs secondary to AMD. Due to the affordable 
price, favorable safety profile, and comparable 
efficacy, bevacizumab is still widely used as an off 
label treatment of macular diseases that involve 
subretinal neovascularization [1].

Some patients with CNVs are either primary 
non-responders or become refractory in time to 
bevacizumab therapy. Lux et al. found that 45% 
of the patients with CNVs due to AMD were non-
responders to conventional therapy, and the 
predictor of treatment failure was the extent of 
lesions, significantly larger in the non-responders 
group [6]. A possible explanation for the 
decreasing response to treatment in time can be 
related to monthly bevacizumab administration. 

This might decrease the bioefficacy of the drug, 
phenomenon known as tachyphylaxis [7]. 

As increasing the dose or reducing the 
interval between administrations failed to 
overcome tachyphylaxis, one of the newest 
strategies in refractory CNV is to switch to another 
anti-VEGF drug [8,9]. 

Bakall et al. reported the potential beneficial 
impact of aflibercept in AMD patients with CNVs 
refractory to bevacizumab or ranibizumab [10]. 
Aflibercept is the newest approved anti-VEGF 
drug, a powerful recombinant fusion protein 
that binds to all isoforms of VEGF-A, VEGF-B, and 
placenta growth factor (PGF). Aflibercept has the 
highest affinity for VEGF-A as compared to all 
other anti-VEGF [11] and proved higher anatomic 
efficacy than bevacizumab or ranibizumab [12]. 
Apart from inhibiting angiogenesis, anti VEGF 
drugs reduce vascular leakage and edema leading 
to subsequent reduction of the macular thickness 
[13].

The aim of this report was to evaluate the 
short-term morphological and functional changes 
when bevacizumab was switched to aflibercept in 
cases transformed into refractory CNVs. 

Material and Methods

 A series of 8 cases with refractory CNVs 
during treatment with 1.25 mg intravitreal 
bevacizumab were switched to 3 monthly 
injections of 2.0 mg aflibercept, in order to 
evaluate the efficacy and safety of aflibercept as 
a “rescue” therapy in refractory CNVs. The CNVs 
were associated with neovascular AMD in 7 out of 
8 cases, and to angioid streaks in 1 case. All cases 
benefited from a complete monthly ophthalmic 
evaluation, including best-corrected visual acuity 
(BCVA) and spectral domain optical coherence 
tomography (SD-OCT). 

Most of the patients included in this 
case series were old, with a mean age of 67.6 
years (54-74 years). Each patient was initially 
successfully treated with repeated doses of 1.25 
mg bevacizumab, the mean number of intravitreal 
administrations of bevacizumab before switching 
to aflibercept was 9.32 (7–12). In all cases, the 
last 3 intravitreal injections of bevacizumab, 
performed at a maximum 6 weeks interval, were 
ineffective proving the refractory status of CNVs. 
The lack of improvement or even worsening of 
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the clinical features was also documented by the 
SD-OCT evaluation.  

Results

A total of 5 out of 8 cases (62.5%) showed 
an anatomical improvement after switching 
to 2.0mg aflibercept intravitreal injection. The 
anatomical recovery paralleled all the 3 monthly 
administrations. In particular, SD-OCT proved 
as main monitoring tool, providing the finest 
evaluation of RPE configuration and subretinal 
fluid and intraretinal abnormalities evolution 
[14,15]. A brief description of these cases is 
presented below, along with the OCT scans.

Case 1
A 65-year-old male patient who successfully 

underwent 6 previous administrations of 1.25 mg 
bevacizumab for subfoveal CNV due to neovascular 
AMD, showed worsening of both BCVA and clinical 
aspect during the last 3 injections with persistent 
subretinal fluid (Fig. 1). 

Fig. 1 Case 1: Worsening of anatomical condition 
during the last 3 bevacizumab injections

After the first injection of aflibercept, a mild 
anaAfter the first injection of aflibercept, a mild 
anatomical improvement was noticed, which 
continued throughout the treatment (Fig. 2). The 

anatomical improvement was not paralleled by 
the BCVA improvement.

Fig. 2 Case 1 after the 1st and 3rd aflibercept injection 
– continuous reducing in both RPE elevation and sub-
retinal fluid but no visual gain

Case 2
A 73-year-old male patient with neovascular 

AMD, received a total of 6 injections of intravitreal 
bevacizumab, with a lack of improvement during 
the last 3 injections (Fig. 3).

Fig. 3 Case 2: no anatomical improvement during last 3 
injections of bevacizumab 
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After switching to aflibercept, the anatomical 
aspect significantly improved immediately 
after the first injection. After the 3rd injection 
of aflibercept, the PED disappeared but a large 
intraretinal degenerative cyst was still present 
(Fig. 4). No BCVA improvement was noticed.

Fig. 4 Case 2: anatomical improvement after the 1st  
and 3rd aflibercept injections: PED disappearance but 
intraretinal degenerative cyst persistence

Case 3
 A 54-year-old male patient received a 

total of 5 bevacizumab injections for juxtafoveal 
CNV due to angioid streaks. During last 3 
administrations of bevacizumab, the OCT 
examination showed a further thickening of the 
macula and increase of the cystoid spaces (Fig. 5). 

Fig. 5 Case 3: CNV due to angioid streaks worsening 
during the last 3 intravitreal bevacizumab 
administrations

The aflibercept therapy in this case greatly 
improved both the macular architecture and 
the BCVA. The OCT cross section after the 3rd 
aflibercept injection revealed the disappearance 
of cystoid spaces and the reduction of macular 
thickness (Fig. 6).

Fig. 6 Case 3: improved macular scan after 3 aflibercept 
injections

Case 4
A 69-year-old female patient underwent 9 

previous bevacizumab intravitreal injections for 
CNV, due to neovascular AMD. After a significant 
clinical improvement, a large new unresponsive 
PED developed despite the additional treatment 
(Fig. 7).
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Fig. 7 Case 4: The OCT scans and the SLO fundus 
images show a significant worsening of the macular 
lesions despite the 3 monthly bevacizumab intravitreal 
injections

After switching to aflibercept, a slow 
progressive anatomical improvement was noticed 
in both reduction of PED height and extension 
(Fig. 8). Unfortunately, only a mild improvement 
in BCVA was noticed.

Fig. 8 Case 4: progressive PED reduction after the 1st 
and 3rd aflibercept injections

Case 5
This case was somehow particular because 

of the patients’ outstanding improvement 
after switching the anti-VEGF therapy from 
bevacizumab to aflibercept. The 71-year-
old male patient, with a large area of serous 
retinal detachment due to neovascular AMD, 
proved quickly unresponsive after 2 intravitreal 
injections of 1.25mg bevacizumab. A total 

remission of subretinal fluid was obtained with 
only 2 intravitreal injections of 2mg aflibercept 
(Fig. 9). A mild improvement in BCVA was also 
noticed.

Fig. 9 Case 5: Total remission of subretinal fluid after 2 
aflibercept intravitreal injections

Discussions

The retrospective analysis of our 8 cases 
with CNVs refractory to 1.25 mg intravitreal 
bevacizumab switched to 2.0 mg intravitreal 
aflibercept revealed that 5 out of 6 cases (62.5%) 
had a clinical and anatomical improvement 
confirmed by the SD-OCT findings. The other 3 
cases rather showed a clinical stabilization during 
the aflibercept treatment with no additional BCVA 
loss. 

Only 3 out of 5 improved cases (60%) also 
had a visual benefit, recovering a mean of one line 
of visual acuity. The other 2 patients might still 
have a chance for visual improvement in time, 
as BCVA does not always immediately parallel 
anatomical amelioration. On the other hand, 
Wickremasinghe et al. stressed that during the 
anti-VEGF therapy, BCVA could decrease in the 
absence of fluid on the OCT scans. However, when 
present, intra-retinal fluid is associated with 
poorer visual acuity [16].

Many studies have already suggested the 
positive effect of aflibercept therapy in patients 
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with neovascular AMD and CNVs resistant to 
either bevacizumab or ranibizumab [10,11,17-
22].

In a retrospective analysis recently 
published in Retina, Kumar et al. reported 
that eyes with neovascular AMD resistant 
to intravitreal ranibizumab or bevacizumab 
improved under intravitreal aflibercept therapy.  
The anatomical improvement was confirmed 
by the reduction of subretinal fluid, intraretinal 
fluid, and subfoveal PED on OCT images. However, 
as it was also noticed in our series, regarding the 
visual function, Kumar et al. pointed out that 
there was no significant improvement of BCVA 
after 3 consecutive aflibercept administrations, 
and that after additional aflibercept injections 
there was a statistical significant but minor visual 
improvement [17].

In such cases of refractory CNVs, most 
authors agreed that the visual acuity rather 
stabilizes and rarely improves [17-22].

Hsia et al. recently reported that in a smaller 
number of cases, an anatomical improvement 
in all 5 refractory cases switched to aflibercept, 
and an increase of BCVA in 4 out of 5 eyes [11]. 
Of course, these results are limited to a small 
number of cases. 

Aflibercept intravitreal injections were well 
tolerated. In our study, no ocular or systemic 
complications were noted during and after the 
intravitreal injection of standard dosage. 

The limitations of this study are related to 
the retrospective design but mostly to the small 
number of cases evaluated. As already suggested, 
the OCT proved as a quick non-invasive, safe, and 
very effective tool to monitor the response to anti-
VEGF intravitreal therapy [23]. 

Conclusions

The data collected from the presented case 
series suggest that most of the patients with 
refractory CNV to intravitreal bevacizumab may 
benefit from the therapeutic change to intravitreal 
aflibercept. Unfortunately, the anatomical 
improvement, spectacular in at least 2 of our 
cases, was not always paralleled by a significant 
increase in BCVA.   

In our experience, aflibercept proved to be 
an effective rescue therapy in such cases, with 
good efficacy and safety. These results can be, at 
least partially, explained by the more complex 
bio-chemical interactions of aflibercept. 

A larger number of patients and further 

studies are necessary to assess this new 
therapeutic indication, the long-term efficacy and 
safety in such cases.
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Abstract 
Aim. To highlight the needs for socio-professional orientation of patients with visual 
impairment. 
Material and methods. Prospective observational study on 69 patients (47 boys and 22 
girls), with a mean age of 15,99±3,4235 years, evaluated in the Ophthalmology Clinic of 
“Sf. Spiridon” Hospital Iaşi, in order to obtain a medical certificate. Clinical parameters: slit 
lamp examination, fundoscopy, visual acuity, intraocular pressure, orthoptic exam, ocular 
ultrasound, or corneal pachymetry (in selected cases). A questionnaire for the age group 
of 12-18 years was applied. Data were statistically analyzed by using the Student’s t-test. 
Results. Sixteen patients had ocular prosthesis or visual acuity 0 in one eye and 31 patients 
had a low vision. Patient’s diagnosis: anterior segment diseases (23,18%), posterior 
segment diseases (52,17%), other diagnoses (24,63%). The pathology was congenital in 
60,86% of the cases. 13,04% of the patients (3 school children and 6 students) asked for 
the integration into normal school/ university. Frequent answers: lack of special means 
of assistance in schools/ universities, need for additional schooling, people’s reluctance 
which led to situations of ridicule, dependence on others to perform daily activities, need 
for professional help. 
Conclusions. Children with eye deficiencies can be scholarized in normal an educational 
system, according to the level of intelligence. Adolescents with eye disorders may attend 
University courses if proper aids are provided. Socio-professional orientation should be 
performed as early as possible to increase the quality of life in sighted patients. Aids for 
low-vision patients are insufficiently used in Romania. 
Keywords: visual impairment, children, normal school, quality of life

Introduction

According to the International Classification 
of Diseases, there are four levels of visual function: 
normal vision, moderate visual impairment, 
severe visual impairment, and blindness. 

Combined with severe visual impairment, 
moderate visual impairment is grouped under the 
term “low vision”: low vision taken together with 
blindness representing all visual impairment 
[1]. The classification of low vision outnumbers 
that of blindness by 10 to 1 in Europe [2]. WHO 



104

Romanian Journal of Ophthalmology 2016;60(2): 103-108

Romanian Society of Ophthalmology
© 2016

estimated that in 2010 there were 285 million 
visually impaired people, of whom 39 million 
were blind [3]. Also, it was estimated that 19 
million children are visually impaired. Of these, 
12 million children are visually impaired due to 
refractive errors [4]. 

A large number of people with visual 
impairment was reported even in some developed 
countries. In Finland, out of a population of 5,4 
million in 2012, roughly 80,000 were considered 
visually-handicapped (according to the Finnish 
National Institute of Health & Welfare), with 
approximately 50,000 visually impaired people 
in the age group of over 65 alone [5]. A National 
Health and Nutrition Examination Survey 
(NHANES) study has found that 93,6% of the 
individuals in USA, aged 12 years or older have 
a good presenting visual acuity (20/ 40 or better 
in the better-seeing eye). Of the remaining, 6,4% 
(approximately 14 million) of the persons with 
visual impairment, 83% (more than 11 million) 
could achieve good visual acuity after a refractive 
correction [6].

Material and Methods

The study was a prospective observational 
one, on 69 patients, selected from 135 patients 
who required medical certificates between 
January 2013 and March 2015 for the Medical 
Expertise Commission or for registering in normal 
schools, in the Department of Ophthalmology of 
“Sf. Spiridon” Hospital in Iași. Selected patients 
had a mean age of 15,99±3,4235 years (limits    
12-27 years). From these cases, 12 teenagers 
completed a questionnaire regarding the 
difficulties encountered during schooling. We 
were particularly interested in the professional 
integration of these patients. In the selected cases, 
the majority of patients (68,12%) were male. 
63,76% were from rural areas, which highlighted 
the late addressability of patients for a specialized 
examination.

In all selected cases, the following 
investigations were made: visual acuity, objective 
refraction, examination of anterior segment of 
the eye, intraocular pressure, and fundoscopy. 
The orthoptic exam, ocular echography, corneal 
pachymetry, and ocular axial length were 
determined according to the need and with the 
patient’s collaboration. Data were statistically 

analyzed by using the Student’s t-test (statistically 
significant at p≤0,05).

Results

The mean visual acuity (VA) of the right eye 
(RE) was 0,33±0,38 (limits between uncertain 
light perception - 0,00001 and 1,2). For the left 
eye (LE), the mean VA was 0,21± 0,29, with the 
same limits as the RE. The p-value was <0,019936 
(statistically significant). Approximately 64,70% 
of the total patients had a visual impairment in 
the RE and 77,94% in the LE. The visual acuity 
was 0 in about 9% of the patients in the RE and 
of 13% in the LE (Table 1). From the 138 eyes 
(69 selected patients), 66 eyes had low-vision 
(47,83%), 5 eyes (3,62%) had ocular prosthesis for 
anophthalmia (visual acuity 0), 11 eyes (7,97%) 
were blind, 38 eyes had normal and near normal 
vision and one patient had undetermined visual 
impairment (p=0,339509). Most patients fell into 
low vision, with a severe decrease of vision and 
complete blindness. Bilateral visual impairment 
was present in 57,97% of the cases, unilateral 
visual impairment in 26,08% and 14,49% had no 
visual impairment (with 1,44% undetermined 
visual impairment) (Table 1).

Table 1. Stages of visual impairment

Regarding the optical correction, it was 
necessary in 44,92% of the cases for the RE and 
in 47,82% of cases for the LE. The refractive 
errors (in spherical equivalent) for the RE had 
limits between -16 diopters (D) and +14,00 D, 
with a mean value of -1,77±5,592 D (Fig. 1). In the 
LE, the refractive error (in spherical equivalent) 
ranged between -18,5 D and +13 D, with a mean 
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value of -1,96±6,166 D (Fig. 2).

Fig. 1 Refractive errors in RE

Fig. 2 Refractive errors in LE

Out of the 69 patients, 40,57% had changes 
of the posterior pole in the RE and 60,86% had a 
change of the anterior pole at the same eye. The 
LE had changes in 37,68% of the posterior pole 
and in 60,86% in the anterior one. Fundoscopy 
could not be performed in 13,04% of the cases in 
the RE and in 14,04% in the LE; one patient was 
not able to undergo the examination because of 
the associated pathologies and 7,24% of the cases 
had ocular prosthesis in the LE.

The mean intraocular pressure (IOP) was 
13,44±3,53372 mm Hg (in 39,13% cases) in 
the RE and 14,09±3,62959 mm Hg in the LE (in 
33,33% of the cases). 4,34% of the cases had 
ocular hypotony in the RE and 5,79% in the LE. 
At the orthoptic exam, 34,78% of the patients 
had strabismus, ocular motility disorders and 
binocular vision changes. In 20,28% of the cases 
ocular modifications at the ocular echography in A 
and B mode were presented. Corneal pachymetry 

was performed in 5,79% of the cases, with a 
mean value of 600,5 microns in the RE and 593,5 
microns in the LE. The mean value of ocular axial 
length was of 26,08 in the RE and of 25,95 in the 
LE, for 5,79% of the cases.

The main causes for the decreased visual 
acuity found in this study were the following: 
refractive or strabic amblyopia (16 eyes – 
11,59%), congenital diseases (81 eyes – 58,69%), 
acquired diseases (27 eyes – 19,56%) and ocular 
trauma (6 eyes – 4,34%) (Fig. 3).

Fig. 3 Causes of decreased visual acuity

The main causes for the decrease in the visual 
acuity regarding refractive/ strabic amblyopia 
are astigmatism (6,15%), esotropia (3,07%) 
and hyperopia (2,17%). Among the congenital 
diseases, the most important are degenerative 
myopia (18,11%), operated congenital cataract 
(5,79%), Stargardt disease (5,79%), congenital 
optic nerve anomaly (4,34%) and congenital 
nystagmus (4,34%). The most common acquired 
diseases are retinopathy of prematurity (6,52%) 
and ocular toxoplasmosis sequelae (5,07%). From 
our selected patients (69 cases), only 21 cases 
(30,43%) requested the integration in normal 
school or university (Fig. 4).

Fig. 4 Options for school education

From the 69 selected patients (52 had 
an age under 18 years), 12 cases (17,39%) 
completed our questionnaire. Of these, 42% 
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of the patients followed a normal school, 25% 
followed a normal school because parents refused 
the special school for visually impaired, 25% 
followed a special educational system since the 
1st grade and 8% since the 9th grade. All those 
who followed a special school were referred to 
it as it was considered that they could not keep 
up with their colleagues. It was also revealed 
that teachers were not trained and the school 
did not have the means to educate children with 
visual impairment. The mean VA for patients in a 
normal school was 0,48±0,50399 in the RE and 
0,07±0,06653 in the LE (of whom 3 patients had 
a visual acuity of 0), with a p-value of 0,431044. 
Children in the special school had a mean visual 
acuity of 0,05±0,05249 in the RE (1 case with a 
visual acuity of 0) and of 0,06±0,09697 in the LE 
(p=0,018593). Four children following a normal 
school had unilateral visual impairment and four 
had bilateral visual impairment. All students who 
attended the special school had bilateral visual 
impairment. In all cases, students following a 
special school would have liked to study at a school 
with a normal profile. Educational achievement 
and the desire to continue their education were 
lower in patients following a normal school. This 
raised the question whether school results and 
the desire to continue studies were influenced 
by the absence of the means of assistance in the 
educational institutions (Table 2).

Table 2. Patients’ school education

Almost all the students had a difficulty in 
both the social and the educational terms. Half 
of the children following a normal school could 
move without help (33,33%) and half needed it 
(33,33%). For students following a special school 
1/ 4 (8,33%) did not experience this issue, the 
rest needing help in this direction (25%). Of the 

eight children who attended the normal school, 
two (16,66%) encountered social difficulties 
from colleagues and from the 4 following a special 
school, one child (8,33%) mentioned the same 
difficulties.

Social difficulties mentioned by 12 
students who completed the questionnaires 
were the following: they felt different because 
they wore glasses or other optical devices; they 
felt embarrassed because they bumped into 
or dropped objects; they did not feel included 
because they could not participate in all the 
social activities; dependence on others to 
perform daily activities; people’s reluctance 
which led to situations of ridicule; the absence of 
permanent contact with the community; the need 
for professional help (psychologist). From the 
professional point of view, the following issues 
were reported: impossibility to look at the video 
projector; difficulty in discerning the writing on 
boards; the need for additional schooling; learning 
through other methods (course registration, 
learning with peers who read the course to them); 
lack of methods which could be helpful (in normal 
schools) ex. zoom video devices, telescopic and 
hypercorrection systems, zoom PC monitor 
systems, Braille, etc.

Discussion

According to WHO, in 2004, the prevalence 
of low vision in Europe (visual acuity between 
<6/ 18 and ≥3/ 60), was of 27,9 millions and for 
blindness (with visual acuity <3/ 60), 2,3 million. 
Based on the average global severity weight for 
both sexes and all ages, and in accordance with 
the Global Burden of Disease: 2004 update, low 
vision disability was listed in class III (severity 
weight of 0,12-0,24) and blindness in class VI 
(severity weight of 0,50-0,70) [7]. 

 The leading causes of decrease in the 
visual acuity were congenital diseases (58,69%) 
followed by acquired diseases (19,56%). The 
main causes for visual impairment were acquired 
diseases (55,3% for low vision and 50,2% for 
blind) and congenital diseases (14,9% for low 
vision and 30,9% for blind) [8]. In our study, 
the main causes of visual decreased acuity 
were: refractive or strabic amblyopia (16 eyes – 
11,59%), congenital diseases (81 eyes – 58,69%), 
acquired diseases (27 eyes – 19,56%) and ocular 
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trauma (6 eyes – 4,34%).
The ability to perform activities is 

important in an individual’s life, to the extent 
that those activities are necessary or desirable 
to the individual [9]. The presence of a visual 
impairment can affect the ability to read, watch 
television, drive, walk, learn, perform simple 
activities of daily living, and, in many cases, to 
maintain independence in a safe manner [10]. 
There are a number of studies that follow the 
patient’s wellbeing and state of mind. Visually 
impaired people were more likely to report 
difficulties in performing activities of daily 
living, rated their health as poor, had low levels 
of physical activity, and lived in areas of higher 
deprivation [11]. For mobility tasks, most persons 
were not disabled until they had a significant 
visual acuity loss (logMAR visual acuity >1,0 or 
<20/ 200) and for heavily visually intensive tasks, 
like reading, visual acuity worse than 0,2 logMAR 
(20/ 30) was disabling [12]. The Blue Mountains 
Eye Study showed that unilateral non-correctable 
impairment affects “role limitation due to physical 
problems” (15% lower than people with no visual 
impairment), “social functioning” (7% lower), 
“role limitation due to emotional problems” (13% 
lower), and in the mental component score, with 
a greater effect on the mental domain than the 
physical domain [13]. 

Students with low vision may have 
difficulties with reading and writing activities, 
even when they use optical aids (that magnify 
the image) and non-optical resources (material 
adaptation and changes in the environment) [14]. 
Those students can benefit from the combined 
use of these resources with information 
technology, such as screen enlargers (systems 
that magnify the characters on a computer) and 
speech synthesizers (specific adaptations with 
voice output, which convert screen content to 
speech) [15]. In addition, in the modern learning 
environment, students are expected to download 
course materials from dedicated course web 
sites, access course-management systems (such 
as WebCT and Blackboard), make presentations 
using PowerPoint. Students need to be proactive 
in managing their own learning experiences 
[16].  Almost all the students from our study had 
difficulties both in social and educational terms. 
Half of the children following a normal school can 
move without help (33,33%) and half need help 
(33,33%). Our study highlighted the lack of such 

means in schools from Romania, thus making it 
harder or impossible for children with visual 
impairment to properly learn in normal schools. 
In order to support these patients, professionals 
and educators need to be rehabilitated in order 
to identify and assess which training they should 
provide to students regarding the use of computer 
technologies and should fill any gaps, especially 
those identified by the students themselves [16].

Conclusions

The child with eye deficiency can be 
schooled in a normal educational system and not 
only in schools for the blind, according to the level 
of intelligence. Adolescents with eye disorders 
may attend university courses if proper aids are 
provided. Socio-professional orientation should 
be performed as early as possible to increase the 
quality of life in sighted patients. Aids for low-
vision patients are insufficiently used in Romania.
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Abstract
Purpose. To study the endothelial cell morphology and corneal thickness changes after 
phacoemulsification by using the OZil torsional and longitudinal ultrasound techniques 
(Infiniti Vision System, Alcon Laboratories).
Setting. Department of Ophthalmology, Clinical Center, University of Debrecen, Debrecen, 
Hungary.
Methods. 52 patients with cataract were randomly assigned to longitudinal ultrasound 
and torsional mode group. All surgeries were performed through a 2.2 mm clear corneal 
incision, the method employed being divide and conquer. The endothelial morphometry 
such as cell density (ECD), mean cell area, coefficient of variation of cell area, and 
central corneal thickness were examined with specular microscopy (EM-1000, Tomey) 
preoperatively and 4, 8 weeks postoperatively.
Results. ECD values decreased significantly in both surgical groups (P < .001, repeated-
mesures ANOVA), the postoperative endothelial cell loss was higher in the longitudinal 
ultrasound mode group (3.5% and 6.5%, at 4 and 8 weeks after surgery) than in the 
torsional group (3.3% and 5.5%, at 4 and 8 weeks after surgery), the difference not being 
significant between the two groups (P = .164 and P = .479, at 4 and 8 weeks after surgery, 
Mann-Whitney test). There was no statistically significant difference in any of the assessed 
parameters between the two surgical groups (P > .05). No significant correlation was 
found between the endothelial cell loss and the nucleus density. 
Conclusions. Both phacoemulsification techniques were safe and effective. The torsional 
handpiece performs oscillatory movements and delivers less energy into the eye than the 
longitudinal ultrasound technique, therefore providing more favorable energy and thermal 
safety profile.
Keywords: phacoemulsification, endothelial cell morphology, torsional and longitudinal 
ultrasound techniques, OZil torsional handpiece

Introduction

In recent years, many surgical techniques 

have been developed to improve the efficacy 
and safety of cataract extraction. During 
phacoemulsification, lens material is fractured 
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into tiny fragments and can be removed by 
aspiration. Intraoperatively, several factors 
lead to endothelial cell damage such as corneal 
incision, ultrasound time, dissipated ultrasound 
energy, heat generation, and oxidative stress by 
the irrigating solution, direct injury by the divided 
nucleus fragments and the phacoemulsification 
method [1-13]. 

The OZil torsional handpiece for the 
InfinitiTM Vision System (Alcon Laboratories, 
Inc., Fort Worth, TX, USA) employs a unique 
cutting effect due to the oscillatory movements of 
the phaco tip. This side-to-side motion provides 
an effective shearing of the lens without pushing 
away the lenticular fragments from the tip. The 
OZil handpiece operates at a frequency of 32 kHz 
and offers a safer thermal profile in contrast to 
the traditional US mode (40 kHz). 

The purpose of this comparative, randomized 
study was to evaluate the corneal endothelial 
morphology and central thickness alterations 
after torsional mode phacoemulsification in 
comparison with conventional longitudinal 
ultrasound mode cataract extraction. 

Patients and methods

Patients
The study involved fifty-two eyes of 52 

patients who underwent cataract surgery. Their 
mean age was 66.83 ± 10.04 years. Preoperatively 
the patients were randomly assigned to 
conventional US mode group (26 eyes of 26 
patients with a mean age of 64.36 ± 8.86 years) 
or torsional mode group (26 eyes of 26 patients 
with a mean age of 69 ± 10.77 years). A complete 
ophthalmological examination was performed 
on each patient preoperatively. Nuclear hardness 
was graded by the surgeon using the LOCS III 
system [14,15]. The exclusion criteria were any 
other present or previous eye disorder than 
cataract, age less than 50 years, high refractive 
errors (> 4D), low endothelial cell count (< 1500 
cell/ mm2), pupillary dilation problem, history 
of any ocular surgery or trauma, and any intra- 
or postoperative complication. The study was 
conducted in accordance with the tenets of the 
Declaration of Helsinki and informed consent was 
obtained from all the patients.

Surgical procedures
All the operations were performed by the 

same surgeon (L.M.), who was experienced in 
both torsional and longitudinal ultrasound mode 
phacoemulsification techniques. 

All the surgeries were performed under 
topical anesthesia. 2.2 mm clear corneal incision 
was made at the steepest meridian of the cornea 
in all cases. The anterior chamber was filled 
with ophthalmic viscosurgical device (OVD) 
and one paracentesis was made in the area of 
70 to 90 degree left side to the clear corneal 
incision. After capsulorhexis, hydrodissection 
and hydrodelineation were performed. The 
equipment used for the phacoemulsification was 
the same in both groups (InfinitiTM Vision System, 
Alcon Laboratories). 

In the longitudinal US mode group, 
traditional ultrasound was used to remove the 
nucleus using the bimanual divide and conquer 
technique [with the straight Mini-Flared ABS 
tip (Alcon Laboratories)]. In all cases, the 
same irrigating solution (BSS PlusTM, Alcon 
Laboratories) and OVD (Amvisc PlusTM, Bausch 
and Lomb Incorporated, Rochester, NY, USA) 
were used. Flow conditions and vacuum settings 
were standardized for all eyes. The removal of the 
nucleus was followed by irrigation/ aspiration 
of the cortex and capsular polishing in both 
groups. After filling the capsular bag with OVD, 
the single-piece hydrophobic acrylic intraocular 
posterior chamber lens (AcrysofTM SA60AT, Alcon 
Laboratories) was implanted in the bag by using an 
injector. The OVD was aspirated and the anterior 
chamber reformed with BSS PlusTM. The clear 
corneal incision was left sutureless. The corneal 
wound and the side port were hydrated with 
BSS PlusTM, intracameral cefuroxime (XorimTM, 

Sandoz Gmbh., Kundl, Austria) and tobramycine 
(BrulamycinTM, Biogal, Debrecen, Hungary) were 
administrated. All procedures were uneventful. 

For the torsional mode group, the OZil 
handpiece with the 0.9 mm 45° angled Kelman 
Mini-Flared ABS tip (Alcon Laboratories) was 
used, otherwise all steps of the procedure were 
the same.

Postoperatively, patients received 
tobramycine + dexamethasone eyedrops 
(TobraDexTM, Alcon Laboratories) 5 times for 
4 weeks. The patients were examined on the 
first postoperative day, when the best corrected 
distance visual acuity (BCDVA) (using ETDRS 
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chart with constant illumination), intraocular 
pressure and slit lamp findings were recorded. 
A complete ophthalmological examination was 
performed (including BCDVA, anterior segment 
biomicroscopy, binocular fundus examination, 
specular endothelial microscopy, and intraocular 
pressure measurements) 4 and 8 weeks after the 
surgery. 

Examination strategies
Endothelial cell density (ECD), endothelial 

cell area, coefficient of variation (CV) of cell 
area and central corneal thickness (CCT) values 
were recorded preoperatively, 4 and 8 weeks 
postoperatively with a contact speular microscopy 
(EM-1000, Tomey, Tennenlohe, Germany) in all 
cases. Three photographs were captured from 
the center of the cornea and the images (at least 
75 endothelial cells counted) were analyzed 
by the instrument-based software (EM-1100, 
Version 1.2.2) [16,17]. The endothelial cell loss 
(preoperative ECD - postoperative ECD; in cells/ 
mm2) and the proportional loss of endothelial 
cells [(endothelial cell loss/ preoperative ECD) × 
100; in %] were calculated. 

Statistical analysis 
The statistical analysis was performed 

with SPSS 13.0 for Windows and MedCalc 
10.4 statistical softwares. Repeated-measures 
analysis of variance (ANOVA) was carried out to 

compare the corneal morphologic parameters 
obtained before and after surgery. The difference 
between the two phacoemulsification groups was 
determined by using the Mann-Whitney unpaired 
test. Spearman’s rank correlation coefficient (r) 
was calculated for the correlation analysis. A P 
value less than .05 was considered statistically 
significant. 

Results

The nucleus density (LOCS III) was similar 
(P = .183) in the two groups (2.57 ± 0.94 in the 
longitudinal US mode group; 3.06 ± 0.77 in the 
torsional mode group). 

The endothelial cell density and 
morphometry values as well as the central 
corneal thickness measurements assessed 
preoperatively and at 4, 8 weeks after the surgery 
are summarized in a table (Table 1). The statistical 
analysis did not disclose a significant difference 
in any of the assessed parameters between the 
traditional US and the torsional mode group. In 
the torsional mode group, the analysis of variance 
found statistically significant differences in all of 
the measured variables (P < .05); the test detected 
a significant difference only in ECD (P < .001) and 
the cell area values (P = .038) evaluated in the 
longitudinal US mode group.

Table 1. Endothelial cell density, morphology parameters and pachymetry measurements in the tra-
ditional US mode group and the torsional mode group

Longitudinal US mode 
group† Torsional mode group† P value*

Endothelial cell density, cells/ mm² 
preoperative 2244±198 (2164-2324) 2252±165 (2185-2319) .519
4 weeks postoperative 2165±204 (2083-2248) 2177±204 (2095-2259) .164
8 weeks postoperative 2098±218 (2010- 2186) 2129±219 (2040-2217) .479
P value** < .001 < .001

Coefficient of variation 
preoperative 0.48±0.09 (0.41-0.54) 0.42±0.07 (0.38-0.47) .803
4 weeks postoperative 0.48±0.06 (0.44-0.52) 0.55±0.07 (0.50-0.60) .056
8 weeks postoperative 0.52±0.07 (0.47-0.56) 0.51±0.08 (0.46-0.57) .854
P value** .074 < .001

Mean cell area, µm² 
preoperative 455±53 (419-491) 454±43 (425-483) .547
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4 weeks postoperative 471±54 (435-508) 482±51 (448-516) .190
8 weeks postoperative 502±82 (448-557) 507±55 (471-544) .424
P value** .038 < .001

Central corneal thickness, µm 
preoperative 537±46 (506-568) 515±44 (486-545) .467
4 weeks postoperative 554±60 (514-595) 554±42 (525-582) .618
8 weeks postoperative 539±45 (509-569) 539±47 (507-571) .927
P value** .194 .006

 

† Mean±standard deviation (95% confidence interval)
* Mann-Whitney U test
** Repeated-measures ANOVA

At 4 and 8 weeks after surgery, postoperative 
endothelial cell loss was 79 cells/ mm2 and 146 
cells/ mm2 (proportional loss of cells was 3.5% 
and 6.5%) in the traditional US mode group (P < 
.001), and slightly lower, 75 cells/ mm2 and 123 
cells/ mm2 (proportional loss of cells was 3.3% 
and 5.5%) in the torsional mode group (P < .001) 
(Fig. 1,2). The postoperative corneal thickness 
seemed to be greater in the torsional group (P = 
.008, at 4 weeks; P = .68, at 8 weeks) compared 
to the conventional US mode group (P = .442, at 4 
weeks; P = .574 at 8 weeks) (Fig. 3).

Fig. 1 Box and whisker plots displaying the endothelial 
cell density (ECD) changes in the conventional US 
mode group (A) (P < .001) and the torsional mode 
group (B) (P < .001). The horizontal line in boxes 
represents the median; the box height indicates the 
interquartile range; whiskers represent the range of 
the assessed values preop = preoperative, postop4 = 4 
weeks postoperative, postop8 = 8 weeks postoperative

Fig. 2 Proportional loss of endothelial cells at 4 and 8 
weeks postoperatively obtained in the longitudinal US 
and torsional mode group

The statistical anlaysis did not disclose any 
significant correlations between the postoperative 
ECD values and the nucleus density (longitudinal 
US group: r = -0.39, P = .170, at 4 weeks; r = -0.47, 
P = .090, at 8 weeks; torsional group: r = -0.48, P 
= .086, at 4 weeks; r = -0.53, P = .052, at 8 weeks).

Fig. 3 Central corneal thickness (µm) measured in the 
longitudinal US and torsional mode group preop = pre-
operative, postop4 = 4 weeks postoperative, postop8 = 
8 weeks postoperative



113Romanian Society of Ophthalmology
© 2016

Romanian Journal of Ophthalmology 2016;60(2): 109-115

Discussion

In the present study, the endothelial function 
was evaluated after phacoemulsification by using 
the OZil torsional handpiece in comparison with 
the traditional longitudinal US technique. A 
significant decrease in the endothelial cell density 
was observed both after the conventional US mode 
and after the torsional mode phacoemulsification 
procedures (3.3 - 6.5%), however, no statistically 
significant difference was found between the two 
surgical groups in the endothelial morphometry 
either preoperatively or postoperatively. Most 
of the previous papers reported a higher degree 
of endothelial cell loss after cataract extraction 
(4.43 - 22% between 1 day and 3 months 
postoperatively) [3,4,6-8,12,13,18-24], although 
the surgical methods performed by the operators 
and the follow-up periods were not homogeneous. 
Similar to our study, Storr-Paulsen et al. [18] 
demonstrated a cell loss of 5.0% 3 months after 
the surgery when using the divide and conquer 
technique. Two articles investigated the torsional 
mode phacoemulsification and noticed significant 
differences in the endothelial cell loss between 
the traditional US and the torsional procedure. 
Both studies detected a larger decrease in the ECD 
values at 30 days after surgery (-485 cells/ mm2, 
US mode group; -308 cells/ mm2, torsional mode 
group) [6] (-259 cells/ mm2, torsional combined 
with US mode group; -255 cells/ mm2, torsional 
mode group; -329 cells/ mm2, US mode group) 
[7] when compared to our results, and reported a 
statistically significant difference between the US 
and the torsional group. The CV of the cell area and 
the mean cell area increased significantly before 
and after surgery in both of our study groups. 
The decreased cell density and morphologic 
changes reflect the endothelial impairment due 
to intraocular surgical procedures, whereas the 
increased variation in cell area indicates the 
healing of the corneal endothelial injury [25,26]. 
Neither in the cell morphology nor in the central 
corneal thickness results were statistically 
significant, a difference between the traditional 
US and the torsional mode groups.

Several previous studies investigated the 
association between the ultrasound parameters 
and the endothelial cell reduction. Pereira et al. 
[27] and Crema et al. [8] reported no significant 
correlation between the US time and the 
endothelial cell decrease. In contrast, the other 

authors emphasized a strong influence of a longer 
phaco time on the postoperative cell loss [1,13,28-
30]. Phacoemulsification energy and its effect on 
the endothelial alterations were also examined in 
a few studies. Lee et al. [1] and Baradaran-Rafii 
et al. [12] demonstrated an association between 
the US energy and the cell loss, Walkow et al. [29] 
observed a strong correlation between these two 
parameters only in the lateral quadrant of the 
corneal endothelium. In our study, the nucleus 
density was not found to be correlated with the 
endothelial cell loss either in the traditional US 
or in the torsional mode phaco group, however, 
Hayashi et al. [30] suggested that the nucleus 
density might be the main risk factor for decrease 
of ECD. 

Contrary to the conventional longitudinal 
mode phacoemulsification, in the torsional mode, 
the OZil phaco tip moves from side to side, therefore 
less or no chatter or repulsion of the lens material 
occurs [31]. Lenticular fragments stay in contact 
with the tip resulting in an improved followability, 
and accordingly, fewer tiny nuclear particles move 
into the anterior chamber with reduced risk for 
endothelial damage [2]. The continuous contact 
between the tip and the nuclear fragments and 
the better followability allow the use of a lower 
vacuum level and a reduced flow rate during the 
surgery. The optimal fluidics parameters provide 
a more stable anterior chamber and a more 
efficient and safer cataract removal. The lack of 
backward movements results in better cutting 
efficiency in 100% of the time with reduced 
heat generation. In addition, the OZil handpiece 
delivers 20% less energy into the eye compared 
to the traditional US mode, therefore provides 
more preferable energy and thermal safety 
profile [32-34]. The OZil technology is capable of 
performing horizontal and vertical movements 
at the same time. The torsional mode, combined 
with the traditional longitudinal actions, has been 
shown to be an effective way in the extraction of 
very dense cataracts [7]. The 45° angled Kelman 
Mini-Flared tip and its oscillatory movement 
enable the surgeon a safer lens removal through 
a clear corneal 2.2 mm incision, which can 
reduce surgically induced astigmatism, the risk 
of postoperative infections, offer better visual 
outcomes and a rapid recovery [35].

 We concluded that both 
phacoemulsification techniques are safe and 
effective; however, the torsional mode procedure 
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has several advantages over the traditional 
ultrasound mode phacoemulsification. The 
postoperative endothelial cell loss was lower 
in the torsional group, although a statistically 
significant difference was not disclosed. The 
learning curve of the torsional handpiece was 
short and easy. The OZil technology uses a lower 
amount of energy with less heat generation, 
and achives more suitable and constant power 
distribution during the surgery. It provides a 
more stable anterior chamber with a reduced 
turbulence of the irrigation fluid, therefore 
protecting the corneal endothelium from thermal 
and mechanical injury.
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Abstract
Several studies have shown a tight connection between several ocular pathologies and 
an increased risk of hip fractures due to falling, especially among elderly patients. The 
total replacement of the hip joint is a major surgical intervention that aims to restore 
the function of the affected hip by various factors, such as arthritis, injures, and others. 
A corkscrew-like femoral stem was designed in order to preserve the bone stock and to 
prevent the occurrence of iatrogenic fractures during the hammering of the implant. In 
this paper, the finite element analysis for the proposed design was applied, considering 
different loads and three types of materials. A finite element analysis is a powerful tool to 
simulate, optimize, design, and select suitable materials for new medical implants.
The results showed that the best scenario was for Ti6Al4V alloy, although Ti and 316L 
stainless steel had a reasonable high safety factor.
Keywords: ocular pathologies, risk of hip fractures, medical implant, new design, finite 
element analysis, Ti, Ti6Al4V, 316L stainless steel

Introduction

Even if it is obvious that ophthalmology and 
orthopedics are two different medical specialties, 
a large number of studies conducted in the past 
35 years have shown a tight connection between 
several ocular pathologies and an increased risk 
of hip fractures due to falling, especially among 
elderly patients. If the orthopedist observes 
one or more ocular relating problems in an old 
patient, he has to suggest the patient to see an 
ophthalmologist, in order to prevent the fall-
related hip fractures [1].

  No matter the hip fractures are related 

or not to ocular pathologies, the orthopedist 
has to solve the problem. For a successful 
revision surgery, after the initial replacement 
intervention, the tissues should be affected as 
little as possible and the bone stock should be as 
high as possible. The current tendency is to use a 
minimally invasive approach and a short femoral 
stem. The short femoral stem is recommended 
for the total hip replacement in young patients 
of 20 to 40 years old. For patients over 60 years 
old, the intervention is often done on the bone 
tissue affected by osteoporosis. In this case, the 
hammering of the implant into the femoral neck 
has a high risk of fracturing the bone. The lifetime 
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of the prosthesis is of approximately 10 years, and 
since the prosthesis loosens beyond this period a 
replacement is needed.

The total replacement of the hip joint 
is a major surgical intervention that aims to 
restore the function of the damaged hip. The 
typical patient is aged between 60 and 80 years. 
This procedure is also appropriate and can be 
performed on patients over 100 years old, if their 
general health allows it. During the last decades, 
the increase in the average life expectancy has led 
to an increase of the age at which this procedure 
can be performed. It is also possible to undergo 
one or several hip revision surgeries. The total 
number of primary and revision hip replacement 
surgeries showed an increase from ~140,000 (in 
2000) to ~300,000 (in 2010) in USA [2] and from 
3316 (in 2001) to 8828 (in 2011) in Romania [3].

Our proposed solution, which presupposes 
preserving the bone stock and preventing the 
occurrence of iatrogenic fractures during the 
hammering, is to design the corkscrew-like 
femoral stem (Fig. 1). The short femoral stem hip 
replacement surgery can be applied to all patients, 
including those affected by osteoporosis. 

The design includes built-in distribution 
holes that ensure the cementing of the stem after 
it has been screwed in the bone. This leads to a 
better fixation in the osteoporotic bone of the 
femoral neck. 

Fig. 1 Corkscrew-like femoral stem design

The prosthesis’ stem is inserted without 
the use of a press-fit by a screwing motion. 
The disadvantage of the press-fit is that 
when hammering the prosthesis, the femoral 

neck can fracture. The technical solution we 
proposed consisted in designing a short femoral 
stem prosthesis. It implied a resection at the 
cervicocephalic junction level. This allowed the 
retaining of the coxofemoral joint anatomy and 
function. It also preserved a maximum bone stock 
in the implantation area.

The proposed prosthesis had a cylindrical 
metallic body, with an exterior thread, continued 
with a truncated sleeve, and ended with a junction 
neck (Fig. 1). There was a hexagonal hole for the 
insertion of a torque screwdriver (not shown) 
inside the implant, necessary for the assembling 
with the acetabular head.

The orthopedic cement was inserted 
with a syringe through the hexagonal axial hole 
and passed through the distribution holes in 
the femoral neck. Through this procedure, the 
prosthesis was fixed with a high stability. An 
accelerated rehabilitation was anticipated: when 
using this type of prosthesis, the patient recovery 
time was significantly reduced.  The surgical 
procedure was done by minimally invasive 
techniques, without muscle sacrifice and with a 
minimum bleeding.

 For a quick assessment of the design, 
the results of a simple static simulation under 
compression forces using the finite element 
analysis was presented in this paper.

Materials and Methods

CAD design and materials properties
The 3D geometry of the femur was 

visualized by computer tomography (CT). Based 
on the CT data, the implant was designed in 
SolidWorks. The finite element analysis was 
performed with Autodesk Simulation Mechanical 
2017 (educational license). The selected 
materials for simulations were annealed 316L 
stainless steel [4], titanium (Ti) and Ti6Al4V 
(usual materials used for metallic implants). All 
materials are considered isotropic and linearly 
elastic. Materials properties were selected from 
the materials library of Autodesk Simulation, and 
Autodesk Inventor Professional 2017 software 
(Table 1 [5,6]).
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Table 1. Mechanical properties of materials used in the simulation of the prosthesis

Material Density 
[g/cm3]

Young’s 
Modulus 

[GPa]

Poisson’s 
ratio

Shear 
Modulus 

[GPa]

Yield 
strength 

[MPa]

Ultimate 
strength 

[MPa]

Ti 4.5 116 0.34 44 140 220
Ti6Al4V 4.38 114 0.35 44 882 1034
AISI 316L 8.0 193 0.285 82 205 515

Mesh Settings
A tetrahedron type element was chosen for 

meshing. The element’s average size was set to 1 
mm, the transition rate of tetrahedral to 1.2, and 
its quality to 100. The total number of the resulted 
elements was 12,516.

Boundary and Loading Conditions
The implant was considered fixed on its 

stem, thread, and under the supporting disk. 
Two load magnitudes were analyzed: low (1000 
N, ~100 kgf), and high (6000 N, ~600 kgf). The 
bare implant scenario was studied, without 
taking into consideration the implant/ cement or 
implant/cement/bone interactions or the forces 
of muscles.

A static compression loading was applied on 
the implant and distributed on the upper surface 

of the disk. The simulation was considered a 
static one. The safety factor was checked against 
the yield strength.

Results and Discussion

The static simulation results are shown 
in Table 2 and Fig. 2-4 (for 6000 N, the extreme 
scenario). The highest safety factor was for 
Ti6Al4V, but the stainless steel was also in the 
acceptable range. Ti showed the lowest safety 
factor for high loads. A suitable combination 
between the optimized geometry and the 
biocompatible materials could assure the 
functionality of the implant. 

Table 2. Displacements, Von Mises Stress and the safety factor for two different loads

Materials Displacement

[max, µm]

Von Mises Stress [max, 
MPa]

Safety factor

[min, ul]
1 kN 6 kN 1 kN 6 kN 1 kN 6 kN

Ti 0.17 1.05 7.09 42.58 19.99 3.33
Ti6Al4V 0.17 1.06 7.03 42.19 127.13 21.18
AISI 316L 0.11 0.6 7.42 44.55 32.16 5.36

Fig. 2 (Ti, 6000 N) a. Displacement 
magnitude of the hip implant b. Von 
Mises Stress with high values in the 
conjunction area of the disk with stem 
c. Low local safety factor identified
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a                                                                 b                                                                     c
Fig. 3 (Ti6Al4V, 6000 N) a. Displacement magnitude of the hip implant b. Von Mises Stress with high values in the 
conjunction area of the disk with stem c. High overall safety factor identified

a                                                                 b                                                              c
Fig. 4 (AISI 316L, 6000 N) a. Displacement magnitude of the hip implant b. Von Mises Stress with high values in 
the conjunction area of the disk with stem c. Low local safety factor identified

The critical area (where the stress was 
maximal) was at the conjunction of the disk with 
the stem, and such a situation was the consequence 
of the geometrical aspects. In our simulation 
scenarios, the implant was exposed to a uniaxial 
force, normal to the disk upper surface, but in real 
life scenarios, the torsion and the fatigue must be 
taken into consideration as well. For the design 
with a Ti6Al4V alloy, the safety factor is excellent, 
but it is quite low, still acceptable, for titanium 
under a high load of 6000 N.

Conclusions

A new short hip implant was designed 
and a preliminary simple mechanical computer 
simulation based on finite element analysis 
was performed. The results showed that the 
design can be improved and a better balance 
between geometry and material should be found. 
Furthermore, considering that real situations 
are more complex, an implant+cement+bone 

combined with torsion or momentum should 
also be included in future simulations. Fatigue 
failure is another aspect that must be taken into 
consideration.
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Abstract
Purpose. To report the case of a 48-year-old man with unilateral central retinal vein 
occlusion.
Methods. The clinical, hematologic and hypercoagulability evaluations of the patient were 
thoroughly and specifically carried out.
Results. The central retinal vein occlusion was of nonischemic type and was associated 
with polyglobulia, hyperleukocytosis, hypercholesterolemia, multiple dental foci, and 
pulmonary sequelae of tuberculosis.
Conclusions. When a patient less than 50 years of age experiences central retinal vein 
occlusion, other mechanisms, such as the hyperviscosity syndrome or the inflammatory 
condition (inflammation of the central retinal vein) should be specifically considered and 
accounted for.
Keywords: central retinal vein occlusion, young adult, intravitreal bevacizumab, 
hyperviscosity syndrome, focal phlebitis

Introduction

Central retinal vein occlusion (CRVO) is a 
significant cause of vision impairment and can 
occur at any age [1]. However, 90% of the CRVO 
patients are older than 50 years at the disease 
occurrence and only 10% of them are younger 
than 40 years [2]. The etiology can be quite 
varied, but age can be helpful in determining 
the differential diagnosis. Patients older than 50 
years usually have common systemic vascular 
conditions such as hypertension and diabetes. 
However, when a CRVO occurs in a patient of less 
than 50 years old, other mechanisms should be 
specifically considered and accounted for.

Herein, we present a case of central retinal 
vein occlusion in a young adult, given the issues 
that may arise from the establishment of the 
positive, differential and etiopathogenic diagnose 
of the disease.

Case presentation

A 48-year-old man presented to the clinic 
with complaints of decreased and blurred vision 
as well as photopsias in his right eye over the 
previous 3 months. The patient’s medical history 
revealed primary pulmonary tuberculosis 
characterized by the primary complex in the 
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chest, 13 years before, which had been treated 
for 8 months with full recovery. No other systemic 
disease has been reported. Additionally, the 
patient presented multiple dental foci. His best-
corrected visual acuity on presentation was 20/ 
100. Anterior segment and intraocular tension 
were normal. Dilated ocular fundus examination 
found dotted and flame-shaped intraretinal 
hemorrhages throughout the fundus, often 
along the nerve fiber layer in all 4 quadrants, 
engorgement and tortuosity of the major retinal 
veins, papilloretinal edema, telangiectatic 
capillary bed, and small cotton wool spots 
located in the area of the optic nerve head and 
alongside the temporal vessels (Fig. 1). The visual 
field using the Goldmann perimeter was normal 
and the Humphrey static achromatic automatic 
perimetry (central 30-2 threshold test) exhibited 
a significant enlargement of the blind spot (the 
big blind spot syndrome [BBSS]) (Fig. 2). The 
macular optical coherence tomography (Stratus 
OCT, Carl Zeiss Meditec, Dublin, CA) revealed 
subretinal fluid with serous detachment of the 
macula, thickening of retina up to 400 microns, 
and small cystic changes within the neurosensory 
retina (Fig. 3). The ocular ecography showed that 
the optic nerve head area was elevated with 1.5 
mm (Fig. 4). 

Fig. 1 A 48-year-old man with nonischemic retinal vein 
occlusion in his right eye. Dilated fundus examination 
revealed flame-shaped hemorrhages in all 4 quadrants, 
papilloretinal edema, and small cotton wool spots

Fig. 2 The Humphrey static automatic achromatic pe-
rimetry (central 30-2 threshold test) showing a signifi-
cant enlargement of the blind spot (the BBSS)

Fig. 3 The Stratus OCT of the macula exhibiting subret-
inal fluid, serous detachment of the macula, thickening 
of retina up to 400 microns, and small cystic changes 
within neurosensory retina
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Fig. 4 The ocular ultrasonography revealing a 1.5mm 
elevation of the optic nerve head area

The pneumo-phtisiological examination 
included tuberculin intradermal reaction that 
identified pulmonary sequelae of tuberculosis 
(calcified primary complex) with no signs of 
disease reactivation. Results of the serologic 
testing revealed polyglobulia (6,2 million of red 
blood cells; 52% hematocrit), hyperleukocytosis 
(12,360 white blood cells) with neutrophilia 
(94%) and lymphomonocitopenia (4.9% and 0.7%, 
respectively), and hypercholesterolemia (183.8 
mg/ dL low-density lipoprotein cholesterol). The 
rest of the hematologic evaluations were normal 
(antithrombin III, macroglobulins, paraproteins, 
total proteins and serum protein electrophoresis, 
cryoglobulins, plasma homocysteine, factor V 
[proaccelerin], factor V Leiden, antiphospholipid 
antibodies [anticardiolipin antibodies and 
lupus anticoagulant], cytomegalovirus, Lyme 
titer, C and S anticoagulant proteins, activated  
protein C resistance, antinuclear antibody test, 
syphilis serology [VDRL], and test for the human 
immunodeficiency virus). 

Taking into account all the clinical, 
hematologic and hypercoagulability assessments 
performed, the diagnoses of unilateral 

nonischemic central retinal vein occlusion in a 
young adult; polyglobulia; hyperleukocytosis; 
hypercholesterolemia; multiple dental foci; 
and pulmonary sequels  of  tuberculosis, were 
established. 

The treatment consisted of 4 consecutive 
intravitreal injections of bevacizumab (Avastin; 
Genentech Inc., South San Francisco, CA, USA) 
administered off-label at a dose of 2.5 mg (0.1 
ml) per injection [3], with each injection spaced 
approximately 45 days apart. Steroids as well 
as hyperosmotic agents and carboanhydrase 
inhibitors were systemically applied. After 4 
months of treatment, visual acuity improved to 20/ 
40 and then to 20/ 20 after 1 year of observation. 
No recurrence of the disease occurred.

Discussion
CRVO (central retinal vein occlusion) was 

labeled as being of nonischemic type [4], due to 
the following findings: visual acuity with mild 
impairment of 20/ 100 at presentation, which 
improved  to  20/ 20 at the end of the follow-
up; mild tortuosity and engorgement of the 
retinal vessels; absence of the relative afferent 
pupillary defect, which was a marker of extended 
retinal ischemia; milder degrees of intraretinal 
hemorrhages in all 4 quadrants; moderate 
papilloretinal edema; normal peripheral visual 
field without central scotoma; presence of the 
BBSS; small number of cotton wool spots.

The differential diagnosis of our case had to 
be done with other diseases that cause intraretinal 
hemorrhages and disc swelling (Table 1). The 
differentiation was quite easy taking into account 
the age as well the clinical, hematologic and 
hypercoagulability evaluations of our reported 
case.

Table 1. Conditions that were differentiated from our reported case

 Diabetic retinopathy                                   Inflammatory optic neuropathy
 Hypertensive retinopathy                          Behcet’s disease
 CRVO in patients older than 50 years      Sarcoidosis
 Eales disease                                                               Systemic lupus erythematosus 
 Sickle cell disease                                                      Tuberculosis  
 Ischemic optic neuropathy                        Syphilis
 Optic disc swelling                                                    Lyme disease
 Papillary drusen                                                        Purtscher retinopathy     
 Antiphospholipid antibody syndrome     Dysproteinemias
 Hyperhomocysteinemia                             Acquired immunodeficiency syndrome
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We believe that the CRVO pathogenesis in our 
reported case was a multifactorial process. There 

was an aggregate of elements that contributed to 
the destabilization of a preexisting hemodynamic 
balance (Table 2). 

Table 2. Factors that could be involved in the pathogenesis of central retinal vein in our reported case

 Predisposing factors:
    - Natural constriction of central retinal vein at the site of the lamina cribrosa;
    - Lamina cribrosa rigidity;
    - Focal phlebitis/ periphlebitis.
  Destabilizing and precipitating factors:
    - Blood hyperviscosity (polyglobulia, hyperleukocytosis, and hypercholesterolemia);
    - Slowing the blood flow down with subsequent arterial perfusion insufficiency;
    - Turbulence of the hemodynamics;
    - Changes in the local fibrinolysis and coagulation;
  Mechanical factors:
    - Shear stresses due to hyperviscosity causing damage and proliferation of the vascular endothelial 
cells;
    - Leukostasis;
    - Throttle mechanism by thrombus

For the venous occlusion picture to become 
manifest in humans there must exist a narrowing 
of venous lumen while it passes through the optic 
nerve head [5]. This narrowing is always localized 
beyond the visible portion of central retinal vein 
or behind the lamina cribrosa. Predisposing 
factors responsible for this localized narrowing of 
the vein are manifold, e.g. natural constriction of 
central retinal vein at the site of the lamina cribrosa 
[6]; lamina cribrosa rigidity; focal phlebitis and 
periphlebitis. This venous inflammation in our 
case could be due to a nonspecific hyperergic 
reaction triggered by the pulmonary sequelae 
of tuberculosis and/ or by the multiple dental 
foci. A series of destabilizing and precipitating 
factors came to add to those mentioned above. 
They were represented by hemorheological 
anomalies i.e., slowing the blood flow down 
with subsequent arterial perfusion insufficiency, 
blood hyperviscosity (due to polyglobulia, 
hyperleukocytosis, and hypercholesterolemia), 
and changes in the local fibrinolysis and 
coagulation. Additionally, mechanical factors 
involved were shear stresses due to hyperviscosity 
causing damage and proliferation of the vascular 
endothelial cells, leukostasis, and eventually a 
throttle mechanism [7] in the central retinal vein 

in the region of the lamina cribrosa perhaps by 
thrombus formation.

Conclusions

When a patient less than 50 years old 
experiences a central retinal vein occlusion, 
other mechanisms, such as a hyperviscosity 
syndrome or an inflammatory condition should 
be specifically considered and accounted for.
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Abstract
Purpose: To report the case of a 60-year-old man with a pseudophakia-related secondary 
open-angle pigmentary glaucoma without individual hereditary steroid susceptibility. 
Methods: The clinical and functional evaluations of the patient were thoroughly and 
specifically carried out.
Results: The unilateral pseudophakic open-angle pigmentary glaucoma occurred in 
the context of rubbing of the haptics and optic of a posterior chamber intraocular lens 
implanted in the sulcus, against the posterior surface of the iris, with resultant pigment 
dispersion, trabecular inflammation, and aqueous outflow obstruction. 
Conclusions: Although the clinical picture of our case was very similar to that of pigmentary 
glaucoma, the distinction between the two conditions was still quite easy, considering that 
pigmentary glaucoma is a bilateral disorder predominantly affecting young myopic men 
with Krukenberg spindle and increased incidence of steroid responsiveness.
Keywords: pseudophakia, secondary open-angle pigmentary glaucoma, ciliary injection, 
intraocular lens implantation, steroid responsiveness

Introduction

The implantation of an intraocular lens 
after phacoemulsification may determine the 
appearance of some additional mechanisms for 
secondary glaucoma such as pupillary block, 
inflammation, haemorrhage, and pigment 
dispersion [1]. The pseudophakic glaucoma may 
occur immediately after the implantation or later 
during the postoperative course, including both 
the open-angle and angle-closure glaucoma.

The article presents a case of unilateral 
open-angle pigmentary glaucoma secondary to 
pseudophakia, taking into account the issues 

that may emerge from the establishment of the 
differential and etiopathogenic diagnoses of the 
disease.

Case presentation

A 60-year-old man presented to the clinic 
with complaints of subacute decreased and blurred 
vision as well as ocular congestion and moderate 
pain in his right eye over the previous 3 days. The 
patient also reported haloes around lights. In the 
last year, the patient had three similar episodes 
but with milder symptoms, which spontaneously 
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receded. The patient’s past medical history 
revealed a retinal detachment in his left eye, 
which had been surgically treated 20 years before 
with full recovery. Moreover, in the last 4 years, 
the patient experienced phacoemulsification with 
implantation in sulcus of the intraocular lens in 
both eyes. No other systemic disease has been 
reported. The family history was noncontributory. 
His best-corrected visual acuity at the initial 
presentation was 20/ 32 in the right eye and 20/ 
20 in his left eye. Intraocular pressure (IOP) was 
34 mmHg in the right eye and 14 mmHg in the left 
eye. There was a compound myopic astigmatism 
in both eyes. Regarding the anterior segment, 
the following findings were revealed at the initial 
presentation: diffuse conjunctival congestion, 
ciliary injection with a violaceous hue (Fig. 1 
shows the anterior segment picture after 3 days 
of treatment); increased corneal thickness and 
variable decrease in transparency due to edema of 
the corneal parenchyma, with pigment deposition 
on the corneal endothelium, predominantly in the 
central and lower areas; iris pigment epithelial 
atrophy due to the shedding of the pigment from 
the mid-periphery giving rise to radial slit-like 
transillumination defects and a dispersion of 
the melanin pigment on the iris surface and into 
the aqueous humor; moderate aqueous flare; 
the intraocular lens was correctly centered and 
positioned in the sulcus. 

Fig. 1 Anterior segment of a 60-year-old man with 
pseudophakic open-angle pigmentary glaucoma in his 
right eye after 3 days of treatment showing mild ciliary 
injection, capsulorhexis, and intraocular lens implant-
ed in sulcus

The ocular fundus examination could not be 
performed at presentation in the right eye due to 
corneal edema. The left eye fundus showed a cup/ 
disc ratio of 0.3 with an atrophic conus localized 
parapapillary temporal (Fig. 2) and scattered 
pigmented chorioretinal scars after surgical 
treatment of the retinal detachment in the supero-
temporal sector of the mid-retina periphery (Fig. 
3) corresponding to a quadrant scotoma in the 
infero-nasal visual field sector (Fig. 4).

Fig. 2 Left eye ocular fundus of a 60-year-old man with 
pseudophakic open-angle pigmentary glaucoma in his 
right eye exhibiting a cup/ disc ratio of 0.3 with an 
atrophic conus localized parapapillary temporal

Fig. 3 Left eye ocular fundus of a 60-year-old man with 
pseudophakic open-angle pigmentary glaucoma in his 
right eye revealing scattered pigmented chorioretinal 
scars in the spro-temporal sector of the mid-retina 
periphery
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Fig. 4 The Humphrey static achromatic automatic 
perimetry (central 30-2 threshold test) of the left 
eye of a 60-year-old man with pseudophakic open-
angle pigmentary glaucoma in his right eye showing 
a quadrant scotoma in the infero-nasal sector of the 
visual field

The patient was locally treated with 
steroids and a fixed combination of timolol 
0.5% and dorzolamide 2% (FCTD) (Cosopt; 
Merck and Co, Inc., Whitehouse Station, NJ, USA) 
and systemically with hyperosmotic agents 
and carboanhydrase inhibitors. After 3 days of 
treatment, inflammatory phenomena resolved 
and the IOP decreased to 16 mm Hg so that the 
ocular additional examinations could be carried 
on. Thus, the right fundus showed a uniformly 
enlarged round cup with no localized thinning 
of the neuroretinal rim. There was a temporal 
chorioretinal atrophy consisting of two zones, 
that being an inner “beta” zone, bordering the disc 
margin, which was concentrically surrounded by 
an outer “alpha” zone (Fig. 5). The cup to disc 
horizontal/ vertical ratio was 0.87/ 0.79 and the 
disc diameter was 1.75 mm (Fig. 6). Retinal nerve 
fiber layer (3,4) was pathologically deteriorated 
(P < 5%) in 90% of the optic disc (Fig. 7). The 
Humphrey static achromatic automatic perimetry 
(central 30-2 threshold test) (Fig. 8) exhibited 
extensive visual field loss (MD > - 16.24 dB) that 
attested the severe glaucomatous damage. The 
symbols of the gonioscopic configuration were 
“D 35 degrees q” [2], that meaning the insertion 
of the iris root was into the ciliary body in an 
anterior position (D), with a width of 35 degrees 

of the angle approach, and posteriorly bowed 
shape of the peripheral iris profile (q). Pigment 
was dispersed on the trabecular meshwork (most 
marked over the posterior trabecular with a 
homogeneous appearance and forming a dense 
band involving the entire circumference of the 
angle uniformly) and Schwalbe’s line.

Fig. 5 Ocular fundus of a 60-year-old man with 
pseudophakic open-angle pigmentary glaucoma in his 
right eye exhibiting a uniformly enlarged round cup 
with no localized thinning of the neuroretinal rim and 
with a temporal chorioretinal atrophy consisting of 2 
zones (an inner “beta” zone and an outer “alpha” zone)

Fig. 6 Ocular fundus of a 60-year-old man with 
pseudophakic open-angle pigmentary glaucoma in his 
right eye exhibiting a cup to disc horizontal/ vertical 
ratio of 0.87/ 0.79 and a disc diameter of 1.75 mm
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Fig. 7 The Stratus optical coherence tomography of a 
60-year-old man with pseudophakic open-angle pig-
mentary glaucoma in his right eye showing that retinal 
nerve fiber layer (3,4) was pathologically deteriorated 
(P < 5%) in 90% of the optic disc

Fig. 8 The Humphrey static achromatic automatic pe-
rimetry (central 30-2 threshold test) of the right eye 
of a 60-year-old man with pseudophakic open-angle 
pigmentary glaucoma in his right eye exhibited exten-
sive visual field loss (MD > – 16.24 dB) attesting severe 
glaucomatous damage

Taking into account all the clinical and 
functional evaluations performed, we established 
the diagnoses of unilateral subacute open-angle 
pigmentary glaucoma secondary to pseudophakia 

with severe glaucomatous damages; compound 
myopic astigmatism and pseudophakia 
(pseudophakia in sulcus) in both eyes. Continuous 
local treatment with steroids and FCTD succeeded 
in maintaining the IOP around 16 mmHg with 
no acute/ subacute attack of increased IOP and 
associated inflammatory alterations within a 
1-year follow-up period.

Discussion

The positive diagnosis of the disease 
was initially hindered by the presence of 
inflammatory phenomena associated with 
increased IOP, which raised the issue of closure-
angle glaucoma. However, the “D 35 degrees q” 
configuration of the angle [2], which was non-
occludable, excluded this speculation from the 
beginning. The differential diagnosis of our case 
had to be carried out with all the forms of open-
angle glaucoma, which occurred in the presence 
of an open angle in which all the angle structures 
(i.e., trabecular meshwork, scleral spur, and 
ciliary band) were gonioscopically visible. This 
fact did not necessarily imply that the angle was 
free of obstructive elements. The forms of open-
angle glaucoma included primary and secondary 
glaucoma as well as the glaucoma conditioned by 
development changes (Table 1) [1]. 

Table 1. Open-angle glaucoma forms

  A. Primary glaucoma;    

       B. Secondary glaucoma:

           1. Pretrabecular forms (membrane formation)

           2. Trabecular forms:

                a. Accumulation of extracellular material 
(trabecular clogging)

                b. Structural changes

           3. Posttrabecular forms

       C. Glaucoma conditioned by development chan-
ges:

            1. Primary congenital glaucoma

            2. Glaucoma conditioned by development 
changes associated with other anomalies
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The primary glaucoma and those associated 
with developmental disorders were easy to 
be differentiated taking into account the past 
medical history and the results of the clinical 
and functional evaluations. All the forms of the 
secondary open-glaucoma i.e., the pretrabecular 
(Table 2), trabecular (Table 3), and posttrabecular 
(Table 4) glaucoma [1,3] had to be considered and 
accounted for.

Table 2. Pathogenesis of the pretrabecular forms of he 
secondary open-angle glaucoma

1. Fibrovascular membrane (neovascular glaucoma)

       2. Descemet-like membrane lined by an endo-
thelium

                  a. Iridocorneal endothelial syndrome

                  b. Posterior polymorphous corneal dystro-
phy

                  c. Penetrating and blunt trauma

       3. Intraocular lens implantation in sulcus

       4. Epithelial downgrowth

       5. Fibrous ingrowth 

       6. Inflammatory membrane:

              a. Fuchs’ heterochromic iridocyclitis           

                  b. Luetic interstitial keratitis

Table 3. Pathogenesis of the trabecular forms of the 
secondary open-angle glaucoma

Trabecular clogging                   Trabecular alterations 
A. Red blood cells: A. Edema:

1. Hemorrhagic glaucoma 1. Uveitis
2. Ghost cell glaucoma 2. Scleritis and episcleritis

B. Macrophages: 3. Alkali ocular burns
1. Hemolytic glaucoma B. Trauma (angle recession)
2. Phacolytic glaucoma C. Intraocular foreign bodies 
3. Melanomalytic glaucoma (hemosiderosis, chalcosis)

C. Neoplastic cells: D. Steroid-induced glaucoma
1. Malignant tumors
2. Neurofibromatosis
3. Nevus of Ota
4. Juvenile xanthogranuloma

D. Pigment granules and exfoliation material:
1. Pigmentary glaucoma
2. Glaucoma capsulare
3. Uveitis
4. Malignant melanoma

E. Protein:
1. Uveitis
2. Lens-induced glaucoma

F. Alpha-chymotrypsin-induced glaucoma
G. Vitreous in anterior chamber
H. Silicone oil in anterior chamber

Table 4. Pathogenesis of the posttrabecular forms 
of the secondary open-angle glaucoma
(increase of the episcleral veous pressure)

 Carotid-cavernous fistula
        Cavernous sinus thrombosis
        Retrobulbar tumors
        Thyrotrophic exophthalmos
        Superior vena cava obstruction
        Mediastinal tumors
        Sturge-Weber syndrome
        Familial episcleral venous pressure elevation
        Chemical ocular burns
        Radiation damage of the episcleral veins

The analysis of the pathogenesis of our 
case showed that this glaucoma may be included 
among the pretrabecular and trabecular forms 
(Table 2,3) [1,3] of the secondary open-angle 
glaucoma. From the multiple causes implicated 
in the pathogenesis of the pretrabecular (Table 
2) and trabecular (Table 3) forms [1,3], three of 
them, i.e., implantation in sulcus of a posterior 
chamber intraocular lens, subsequently occurring 
inflammation of the trabecular meshwork, and the 
trabecular clogging by pigment and inflammatory 
cells (macrophages), were implied in the 
obstruction of the aqueous outflow. The haptic 
part of the intraocular lens placed in the sulcus 
amplified the back and forth mechanical rubbing 
of the posterior peripheral iris surface against the 
packets of lens zonules as a result of excessive 
posterior bowing of the mid-peripheral portion 
of the iris (“q” configuration of the peripheral iris 
profile in our case [2]). These facts favored the 
liberation and shedding of the melanin granules 
[4,5] from the pigmented epithelium of the iris, 
particularly in the mid-peripheral region into 
the aqueous humour, its dispersion by aqueous 
currents and deposition on all the anterior segment 
structures, including the trabecular meshwork. 
The elevation of IOP appeared to be caused by the 
accumulation of pigment in the aqueous outflow 
system with an obstruction of the intertrabecular 
spaces and damage to the trabecular secondary to 
denudation, collapse, and sclerosis. Additionally, 
inflammatory cells (macrophages), arisen from 
the associated edema and inflammation of the 
trabecular meshwork, contributed to increased 
resistance of the aqueous outflow by trabecular 
clogging.
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Conclusions

Although the clinical picture of our case was 
very similar to that of pigmentary glaucoma, a 
distinction between the two conditions was still 
quite easy, considering that pigmentary glaucoma 
is a bilateral disorder predominantly affecting 
young myopic men with Krukenberg spindle and 
increased incidence of steroid responsiveness.
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OPHTHALMIC PATHOLOGY GUIDE. Eyelid and Conjuctival Disorders (edition in Romanian) 
published by ȘTIINȚA Publishing House of the Academy of Sciences of the Republic of Moldova and 
GUIDE DE PATHOLOGIE OPHTALMOLOGIQUE. Affections des paupières et de la conjonctive 
(edition in French) published by UNIVERSA Publishing in Belgium are books which are the result of 
the cooperation between ophthalmologists and anatomical pathologists. 

 Two of the authors are part of the teaching staff of the prestigious “Gr. T. Popa” University of 
Medicine and Pharmacy of Iași: Anca Sava is Professor, Medical Doctor and PhD of Medicine at the 
Morphofunctional Sciences Department, head of the Anatomy and Embryology Discipline, whereas 
Claudia Florida Costea is Assistant Professor, Medical Doctor and PhD of Medicine at the 
Ophthalmology Discipline. They are practising doctors in “Prof. Dr. N. Oblu” Clinical Emergency 
Hospital of Iaşi, together with the third author, Gabriela Florența Dumitrescu, senior anatomical 
pathologist, PhD in Medicine, head of the Anatomical Pathology Laboratory and Morgue of the same 
hospital. 

The contribution of these books is significant since they are among the few publications in 
both national and international literature with a marked interdisciplinary nature, since their 
drafting required input from anatomical pathologists, ophthalmologist and many other specialists. 
The drafting of this eyelid and conjunctiva pathology guide was aimed at gathering and correlating 
a certain amount of knowledge, indispensable to ophthalmologists, anatomical pathologists, 
dermatologists, general surgeons, plastic surgeons, oncologists, neurosurgeons, paediatricians and 
even endocrinologists. 

Given its size and the issues tackled in it, this book may be considered a treaty, which includes 
five main sections in its over 400 pages and which an exhaustive description of the pathological 
processes impairing the eyelids and conjunctiva. In order to provide a thorough description of the 
lesions dealt with in this guide, the authors associated their anatomical pathology information with 
epidemiological, etiopathogenetic, clinical and therapeutic data. 

This Ophthalmological Pathology Guide is remarkable especially through the original colour 
photos of cases diagnosed and treated by the authors and their collaborators, since visual images 
are the best way to acquire and deal in depth with such topics. Our illustrations include clinical 
aspects, macroscopic images of surgical specimens, microphotos of histological and cytological 
sections, bacterial culture aspects in cases of infections, as well as drawings and designs which 
clarify particular anatomical or histological aspects. 

    
              Anca Sava  

Claudia Florida Costea 
Florența Gabriela Dumitrescu 
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