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Editorial 
 

The Fourth Congress of the Romanian Society of Cataract and Refractive Surgery, connected with 
the Annual Conference of the Romanian Retina Society took place in the period 22-25 of June 2017, in 
Eforie Nord. 

The association of these two conferences, already a tradition, was again a great success, with an 
audience of more than five hundred ophthalmologists from Romania and from abroad. 

The event started on Thursday with an interesting symposium about the role of aflibercept in 
retinal pathology. Horia Stanca, MD, PhD, and Prof. Mihnea Munteanu, MD, PhD, shared their 
experience with this type of treatment. 

The Conference continued with three very interesting lectures: Assoc. Prof. Florian Balta talked 
about vitamin D and retina, Daniel Branisteanu, MD, PhD, presented an update about the surgical 
treatment in retinology and Horia Stanca, MD, PhD, approached a very difficult issue: education in 
ophthalmology, talking about his experience with the educational system for residents in the USA. 

The following day, the Congress of Romanian Society of Cataract and Refractive Surgery began. 
There were two days with a very dense schedule, very interesting topics being approached during the 
sessions: Ngenuity 3D Visualization System Platform, both for anterior and posterior pole surgery, 
new types of premium intraocular lenses, the role of vitreoretinal surgeon in managing ocular trauma, 
premium personalized intraocular lens and others. 

The session about nightmares in ophthalmology was very much appreciated, during which, 
experienced surgeons shared their experience with very complicated cases. 

The international participation was important, with interesting presentations of Prof. Usha 
Chakravarthy - Belfast – on OCT, Juergen Beierl on Refractive Corneal Topography and Prof. Sorcha Ni 
Dhunhgheill – Antwerp - on cataract surgery in children, bag in the lens technique. 

An important event that also took place during this Congress was the election for the Board of 
Romanian Society of Cataract and Refractive Surgery. Prof. Calin Tataru, MD, PhD, the leader of this 
Society the last four years, presented a scientific and financial audit. The overall conclusion was that 
this was a remarkable period, with many achievements: four Congresses of the Society, the joint with 
the Conference of Romanian Retina Society, the print of the Guide for Cataract Surgery and many 
others. 

The delegates appreciated very much the activity of the former President, so, after the voting, 
Prof. Calin Tataru, MD, PhD, remained President of Romanian Society of Cataract and Refractive 
Surgery for the next four years. He suggested and the delegates approved that the former Secretary 
and Treasurer would remain in duty. Musat Ovidiu, MD, PhD, and Madalina Serban, MD, PhD, were 
confirmed as Secretary and Treasurer by the delegates. 

Finally, a vote for two vice presidents established that Dorin Nicula, MD, PhD, and Mihail Zemba, 
MD, PhD, would join the Board of Romanian Society of Cataract and Refractive Surgery for the next 
four years.  

The Editorial Board of Romanian Journal of Ophthalmology wishes great success to all of them. 
 
           Editor-in-Chief 

         Mihail Zemba, MD, PhD 
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Abstract  
Citicoline is the generic name of cytidine-5’-diphosphocholine (CDP-choline), an 
endogenous compound that is able to increase the levels of neurotransmitters in the 
central nervous system by interacting with the synthesis of cellular membranes 
phospholipids, especially phosphatidylcholine. Exogenous Citicoline, administered by 
ingestion or injection, is hydrolyzed and dephosphorylated in order to form cytidine and 
choline, which resynthesize CDP-choline inside brain cells. It has proven neuroprotective 
effects in Alzheimer disease, stroke, and Parkinson’s disease, as well as in glaucoma and 
amblyopia. Citicoline acts as a neuroprotector for those patients with progressive 
glaucomatous disease in spite of well-controlled intraocular pressure. The purpose of 
this review was to outline the main features of Citicoline and the evidences of its effect in 
glaucoma. 
Keywords: Citicoline, neuroprotection, glaucoma 

 
 
Pharmacology and effects 

Cytidine-5’-diphosphocholine (CDP-
choline, CDPCho) or Citicoline is a 
pharmaceutical substance identical with the 
natural compound, and has an important role in 
the phospholipid synthesis. In 1050s, Kennedy 
and collaborators showed that Citicoline is a 
precursor of phosphatidylcholine (PC), one of 
the most important phospholipid of the cell 
membrane [1]. 

Phospholipids are major constituents of 
cell membrane, with a high turnover rate, thus 
the continuous synthesis of these substances 
ensure the optimal structure and function of the 
cell. 

CDP-Choline is a mononucleotide made of 
ribose, pyrophosphate, cytosine and choline, and 
its chemical structure is illustrated in Fig. 1 [2]. 

 
 
 
 

The CDP-choline pathway is the pathway of 
the novo synthesis of phosphatidylcholine and 
includes the enzymes cytidine kinase (CK), 
choline phosphate cytidilyltransferase (CCT) and 

Fig. 1 Chemical structure of Citicoline 
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CDP-choline:1,2-diacylglicerol choline 
phosphotransferase (CTP). In this pathway, 
choline is provided by PC turnover and transport 
into the cell (Fig. 2) [1]. 
 

 
 
 
 
 

The term “Citicoline” was first introduced 
in the 1970s when the substance was used as a 
drug. Manaka et al. from Japan administered 
Citicoline for the first time in 1974 for 
Parkinson’s disease. 

When administered (orally or 
parenterally), Citicoline is quickly metabolized 
(minutes) and transformed in pyrimidinergic 
and cholinergic catabolites. It is a safe molecule, 
with only few adverse effects, such as digestive 
intolerance after oral administration. The 
therapeutic dosage in humans is 500-2000 mg 
Citicoline daily (7-28 mg/ kg) [1]. 

The most important phospholipids are 
phosphatidylinositol, phosphatidylethanolamine, 
phosphatidylcholine, and sphingomyelin. They 
are part of cell membrane and ensure its 
function, like enzymatic processes of membrane, 
linking receptors and intracellular signals, and 
maintaining the cell homeostasis. The 
mechanism of some neurodegenerative diseases, 
such as vascular dementia, Alzheimer disease, 
and cognitive impairment involve specific 
changes in neuronal membrane and metabolism 
of structural phospholipids. The apoptotic 
cascade is triggered by phosphatidylcholine 
metabolism changes. CDP-choline is also linked 
to acetylcholine metabolism. Thus, exogenous 
Citicoline administration provides choline for 
acetylcholine synthesis [2]. 

 
Pharmacokinetics 

When administered orally or intravenous, 
Citicoline is converted to cytidine and choline, its 
main circulating metabolites. Plasmatic cytidine 
is then converted to uridine, and, this results in 

uridine phosphate inside the brain. At neuronal 
level, this is transformed to cytidine 
triphosphate. After administration, Citicoline 
rapidly diffuses to the tissues and is actively 
used. It can be found in liver, brain, and kidney. 
The excretion of CDP-choline is by urinary or 
fecal route and in expired CO2. 

Citicoline provides neuroprotection by few 
mechanisms such as the following: maintains 
sphingomyelin and cardiolipin levels 
(constituent of inner mitochondrial membrane), 
restores the phosphatidylcholine (PtdCho) 
levels, increases the activity of glutathione 
reductase activity and the glutathione synthesis, 
decreases lipid peroxidation, and restores the 
activity of Na+/K+ ATPase. It is also involved in 
acetylcholine synthesis, providing choline [3]. 

Cytidine and choline are the two parts of 
Citicoline connected by a diphosphate bridge. 
After being absorbed, cytidine and choline are 
re-phosphorylated, and Citicoline is recreated 
from choline monophosphate and cytidine 
triphosphate. 

In the course of PtdCho synthesis, choline 
monophosphate is added to PtdCho, releasing 
cytidine 5’-monophosphate (CMP). CMP can be 
used for DNA or RNA synthesis. The acetylation 
of choline part of Citicoline leads to 
acetylcholine. 

Studies have shown that Citicoline is almost 
completely absorbed when it is orally 
administered and only a small part of it is 
excreted. Citicoline metabolites reach the brain 
in about 30 minutes after administration, but the 
blood level has a slow increase, with a peak at 6 
hours after the oral intake. 

The choline is used by cholinergic neurons 
in two metabolic pathways: synthesis of PtdCho 
and the neurotransmitter acetylcholine. The two 
pathways compete for the available choline, 
which is used preferentially for acetylation. 
When choline is depleted, phospholipids 
(PtdCho) are hydrolyzed in order to restore 
choline levels. Acetylcholine synthesis is favored 
when the available amount of choline is limited. 
Therefore, Citicoline is a source of choline, 
avoiding PtdCho hydrolysis and cholinergic 
neurons death. 

Choline liberated from Citicoline can be 
metabolized to glutathione, one of the most 
important endogenous antioxidant defense 
systems in the brain. Glutathione has a 

Fig. 2 The CDP-choline pathway 
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neuroprotective role by decreasing lipid 
peroxidation. Citicoline has proven effects in 
cerebral edema reduction by restoring Na+/K+-
ATPase activity in traumatic brain injury and 
transient focal or global ischemia [3]. 

Having these properties, Citicoline has been 
studied as a promising therapeutic agent in brain 
ischemia, Parkinson’s disease, Alzheimer’s 
disease and ocular diseases such as glaucoma, 
non-arteritic ischemic neuropathy and 
amblyopia. 

  
Use of Citicoline in neurological diseases – 
evidence 

Many experimental studies have proven the 
protective effects of Citicoline in stroke models 
by reducing the infarct volume and brain edema, 
leading to improvement of neurological deficits. 
In these studies, Citicoline was used as a single 
therapy or in combination with others agents 
[4]. Moreover, the benefic role of Citicoline was 
reported in clinical stroke trials when 
administered soon after ischemia. 

In Alzheimer’s disease, Citicoline may 
inhibit the deposition of beta-amyloid, a 
neurotoxic protein involved in the 
pathophysiology of the disease [5]. It is believed 
to be an interaction between the formation of 
amyloid peptides and membrane phospholipids 
disintegration. 

Alvarez et al. [6] revealed in a study 
performed on 30 patients with Alzheimer’s 
disease that after 12 weeks of treatment with 
Citicoline, the cognitive performance increased, 
and this was more pronounced in patients with 
mild dementia. It was also an increase of 
cerebral blood flow velocity and of brain 
bioelectrical activity. 

The improvement in mental performance 
and brain electrical activity was also proven by 
Franco et al. [7] after one month of treatment 
with Citicoline in patients with an early onset of 
Alzheimer’s disease. 

Many authors have studied the role of 
Citicoline in Parkinson’s disease [8-10] and 
concluded that the basis of symptoms 
improvement is the stimulation of the 
dopaminergic system. 

Agnoli et al. [8] administered Citicoline to 
patients with Parkinson disease already treated 
with L-dopa + dopa decarboxylase inhibitor and 
revealed that Citicoline determined an important 

improvement of bradykinesia and rigidity. 
Citicoline could decrease the incidence of side 
effects and slow down the loss of efficacy of 
levodopa in the long-term treatment [9]. 

 
Use of Citicoline in Amblyopia and Non-
arteritic Ischemic Optic Neuropathy 

In amblyopia, Citicoline may improve the 
retinal and postretinal visual pathways by 
stimulating the dopaminergic system. It has been 
proven that it enhances contrast sensitivity, 
visual acuity, visual evoked responses and the 
effect of part-time occlusion. 

Campos et al. [11] treated children with 
amblyopia (anisometropic or strabismic 
amblyopia) with oral Citicoline in addition to 
patching. After 30 days of treatment, the 
conclusion was that Citicoline was not more 
effective than patching alone but was able to 
stabilize the effect obtained during the 
treatment. They maintained the same visual 
acuity after 90 days compared to those who had 
only patching and who showed a decrease of 
visual acuity [12,13]. 

Another study made by Porciatti et al. [14] 
also showed the benefic role of Citicoline in 
amblyopia. He treaded 10 amblyopic patients 
with intramuscular Citicoline for 15 days. The 
visual acuity improved in both eyes with 1.4-1.5 
lines and with 0.4 lines in the control group. The 
contrast sensitivity and the visual evoked 
potential also improved.  

In 2008, Parisi et al. [15] proved the 
positive role of Citicoline treatment on patients 
with non-arteritic ischemic optic neuropathy. He 
evaluated the visual function before and after a 
60 days treatment with oral Citicoline. There 
was an improvement of visual acuity, Pattern 
Electroretinogram (PERG), visual evoked 
potential (VEP) parameters, compared with pre-
treatment values. The results persisted after the 
wash out period, compared to baseline. 

 
Neuroprotective role of Citicoline in 
glaucoma – Current Evidence 

Physiopathology of glaucoma and 
neuroprotection 

Glaucoma is a group of optic neuropathies 
characterized by death of retinal ganglionar cells 
(RGC), which leads to structural and functional 
abnormalities of the optic nerve. It is the second 
cause of blindness in the world with 111.8 
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million people estimated to be affected in 2040. 
The most important factor is an elevated 
intraocular pressure (IOP), but hypotensive 
therapy alone is not sufficient in some cases to 
preserve the visual function, and the disease 
continues to progress despite a well-controlled 
IOP. It is currently recognized as a chronic 
neurodegenerative disease, which alters the 
whole visual pathways running from the eye to 
the visual cortex. This suggests that the 
pharmacological approach used in different 
degenerative brain disorders can also be useful 
in glaucoma.  

In 2006, Gupta first demonstrated the 
presence of degenerative changes in lateral 
geniculate nucleus and visual cortex in glaucoma 
patients. The eye could be part of the central 
nervous system and glaucoma could be a 
neurodegenerative disease. There are also 
common cell death mechanisms of glaucoma and 
neurological progressive diseases [16]. 

The death of RGC is the main 
pathophysiological event in glaucoma and 
neuroprotection has the aim to prevent, delay, or 
reduce the cell death by targeting the neurons. 

One of the mechanisms involved is the 
deprivation of neurotrophins. Acute or chronic 
IOP elevation can cause a blockade of the axonal 
transport of neurotrophins from the superior 
colliculus to the optic nerve head. Apoptosis can 
be the result of neurotrophic factors deprivation, 
such as brain derived neurotrophic factor 
(BDNF), which are important for cell survival 
and growth. Glutamate-mediated toxicity is 
another mechanism that has been investigated; 
blocking glutamate cascade could represent a 
neuroprotective strategy. 

Experimental studies 

In recent years, experimental studies have 
proven the protective role of Citicoline on RGCs. 

In 2002, Rejadak et al. [17] showed the 
impact of Citicoline on retinal catecholamine 
levels. He injected intraperitoneally adult male 
Albino rabbits and measured the concentration 
of catecholamines in the retina, showing a higher 
level of dopamine in the animal treated with 
Citicoline, a slightly higher adrenaline 
concentration, while noradrenaline was 
unmodified. 

Citicoline could also have an anti-apoptotic 
effect in the mitochondria-dependent cell death 
mechanism and could help the axon 
regeneration. Shuettauf et al. [18] studied the 
anti-apoptotic effect of Citicoline in adult rats by 
treating them with lithium, Citicoline or a 
mixture of lithium and Citicoline by 
intraperitoneal injections. The results indicated a 
higher density or RGC connected with the 
superior colliculus in those treated with 
Citicoline compared with the others. 

Some authors demonstrated the 
neuroprotective role of Citicoline in glutamate-
mediated cell death by using a model of Kainic 
acid (KA)-induced retinal damage in rats, which 
is an analogue of glutamate. They injected KA in 
the vitreous space and Citicoline 
intraperitoneally in some of the rats. Compared 
to the control group that received only KA, in 
which a reduction of retinal thickness was 
noticed gradually, the group treated with 
Citicoline showed an attenuated reduction (Fig. 
3) [19]. 
 

 
 
 
 
 
 
 
 
 
 
 

The neuroprotective effect of Citicoline on 
retinal nerve fibers in hyperglycemia conditions 
has also been proven by using Citicoline eye 
drops in a mouse model of diabetes [20]. 

Clinical studies 

Many studies have investigated the 
neurotrophic effect of Citicoline in glaucoma. The 

Fig. 3 Transverse sections in rat retina at 7 days 
after KA injection using H-E staining. In control 
retina, five, well organized retinal layers are seen 
(A). In the KA-injected group, the thickness of 
retina is markedly reduced due to loss of internal 
nuclear (INL) and internal plexiform layers (IPL) 
(B). Conserved retinal layers in KA-injected group 
treated with Citicoline (C) 
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effects of Citicoline treatment in glaucoma were 
analyzed by perimetry using Humphrey Field 
Analyzer and electrophysiological methods. The 
last can describe the structures that contribute 
to the visual function. The function or retinal 
ganglionar cells are analyzed by pattern 
electroretinogram (ERGp). Visual evoked 
potentials (VEP) describe the whole visual 
pathways. 

In 1999, Parisi et al. [21] investigated the 
effect of Citicoline by using electrofunctional 
tests (VEP and ERGp) in order to assess the 
retinal and cortical response in patients with 
glaucoma. The intramuscular dose of Citicoline 
or placebo was added to their hypotensive 
treatment, followed by a washout period. The 
Citicoline-treated group showed an 
improvement of VEP and ERGp parameters when 
compared to placebo that was treatment-
dependent. 

In 2005, Parisi et al. [22] evaluated the 
long-term treatment effect of Citicoline 
treatment in a 8 years study adding Citicoline to 
the hypotensive therapy followed by a washout 
period and repeated the protocol for the whole 
period. The results obtained at the end of each 
period were compared to baseline. Citicoline 
improved the VEP and ERGp parameters 
compared to pre-treatment conditions and to 
placebo patients. An increase in the visual field 
mean deviation was also observed at the end of 
the follow up, and this was linked to the 
electrofunctional results. This improvement 
could be determined by dopamine increase in 
the central nervous system.  

All the above studies refer to Citicoline 
administered by intramuscular injection. In 
2003, Rejadak et al. [23] made the first clinical 
study by using Citicoline tablets containing 500 
mg of active ingredient, given twice a day. VEP 
measurement showed an improvement of 
conduction along the visual pathways.  

In 2008, Parisi et al. [24] studied the effect 
of oral suspension of Citicoline versus the 
intramuscular administration over visual 
function in patients with moderate visual field 
defects. They noticed an improvement of VEP 
and ERGp parameters after both treatments, 
with no difference between the two 
administration routes. After washout, a partial 
regression was noticed (Fig. 4). 

Citicoline can also be administered as eye 
drops in order to increase the patient 
compliance and adherence. In an experimental 
study, Citicoline has been detected in the 
vitreous when administered topically [25]. In 
this study, five mice were treated with Citicoline 
eye drops 1% and 2%, two drops per day. The 
molecule was detected in vitreous at the end of 
the treatment. When 2% Citicoline was 
administered, a systemic absorption was also 
noted. This study had a clinical part too. The 
authors added Citicoline eye drops to the 
hypotensive therapy of glaucoma patients for 2 
months followed by one month of washout. After 
the first 2 months of treatment, an improvement 
in RGC function was noted on electrofunctional 
tests, but regressed after 30 days of washout. 
 

 
 
 
 
 
 
 
 
 

The positive effects of Citicoline on the 
retinal function and neural conduction in 
glaucoma patients was also reported by Parisi et 

Fig. 4 Electrophysiological examination at 
baseline, after 60 days of treatment with Citicoline 
and after the last washout period. Improvement of 
visual field and electrophysiological parameters 
after treatment followed by regression or 
stabilization after washout [24] 
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al. [26]. They treated a group of patients with 
beta-blocker monotherapy and Citicoline eye 
drops 3 times per day for 4 months followed by a 
2 months washout period, and the other group 
with beta-blocker monotherapy for the whole 
period. The electrofunctional measurements 
were done at the baseline, at four and six 
months. An improvement was noticed after the 4 
months of Citicoline treatment compared to 
baseline, and the increase of VEP P100 was 
correlated with the increase of ERGp parameters. 
The results went back to the baseline levels after 
washout period. The group treated with beta-
blockers only maintained the same 
electrophysiological level during the whole 
study. 

Conclusions and Future 
Perspectives 

There are 3 steps of neuroprotection in 
glaucoma: to protect unaffected axons and RGC, 
to save minimally damaged axons and RGC and 
to regenerate them. Citicoline may play a role in 
the second step, acting between the dysfunction 
and the apoptosis of RGC. In animal models, the 
steps of RGC death were demonstrated, which 
occur later in the disease course: a decrease in 
axonal transport, a split of axons and the death of 
RGC later [27]. The time between neuronal 
dysfunction and death could be used as a good 
moment to introduce therapies in order to 
increase the retinal function 
(neuroenhancement), and Citicoline may play a 
role in this process. 

The scientific literature regarding the 
Citicoline role in glaucoma is growing and the 
studies differ in terms of patients’ 
characteristics, outcomes measures, schedule of 
treatment (dosage, administration route, length). 
The conclusion of all the studies made so far is 
that Citicoline is a safe molecule with positive 
effects on the visual function. 

In the future, more clinical trials are needed 
with a larger population involved and more 
investigations need to be done (optical 
coherence tomography measurement of retinal 
nerve fiber layer, ganglion cell complex 
thickness) in order to obtain a dose-response 
relation and to sustain the clinical effect of 
Citicoline demonstrated until now. 
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Abstract  
Penetrating keratoplasty is a surgical intervention that despite the progress of surgical 
techniques and of postoperative treatment continues to have numerous complications. 
Many of them, such as graft rejection, significant astigmatism, cystoid macular edema, or 
cataract lead to important limitations of the visual function. Glaucoma is possibly the 
most dangerous complication following PK, leading to loss of the visual potential of the 
eye due to irreversible damage to the optic nerve. Identifying the risk factors permits an 
attentive follow-up and rapid treatment of the postoperative IOP rises. Maybe the most 
important is that preexisting glaucoma should be rightly diagnosed and controlled 
before PK, medically or, if necessary, surgically. 
Keywords: penetrating keratoplasty, high intraocular pressure, glaucoma post 
penetrating keratoplasty, antiglaucomatous therapy 
Abbreviations: PK = penetrating keratoplasty, IOP = intraocular pressure, PAS = 
peripheral anterior synechiae, TM = trabecular meshwork, DM = Descemet membrane, 
GAT = Goldmann applanation tonometry, MMC = mitomycin C, CAI = carbonic anhydrase 
inhibitors, 5-FU = 5-fluorouracil 

 
 
Introduction 

Penetrating keratoplasty (PK) is a surgical 
intervention that despite the progress of surgical 
techniques and of postoperative treatment 
continues to have numerous complications. 
Many of them, such as graft rejection, significant 
astigmatism, cystoid macular edema, or cataract 
lead to important limitations of the visual 
function. Glaucoma is possibly the most 
dangerous complication following PK, leading to 
loss of the visual potential of the eye due to 
irreversible damage to the optic nerve, contrary 

to other complications, in which visual recovery 
can be expected. 

Glaucoma following PK has a relatively high 
frequency, it can appear early, as well as late in 
the evolution of the transplant, it is very hard to 
diagnose and also to follow-up and the medical 
or surgical treatment can interfere negatively 
with the evolution of the corneal graft [1]. 

Incidence 

In 1969, Irvine and Kaufman were the first 
to publish a study that emphasized the increased 
incidence of high intraocular pressure (IOP) after 
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PK. The maximum mean IOP in the first 
postoperative week was 24 mmHg in phakic 
eyes, 40 mmHg in aphakic eyes and 50 mmHg in 
eyes that underwent combined surgery - cataract 
and transplant [2]. Subsequently, different 
studies showed a variable incidence of glaucoma 
after PK, ranging from 9 to 31% early 
postoperatively and from 18 to 35% in the late 
postoperative period [3,4]. One of the reasons 
for this great variation of incidence is the 
different manner in which glaucoma after PK is 
defined in various studies [5]. 

Definition 

Glaucoma is defined as a chronic 
progressive optic neuropathy that has 
characteristic morphological changes of the optic 
nerve and of the retinal nerve fiber layer in the 
absence of other ocular diseases and congenital 
anomalies. Starting from this classical statement, 
defining glaucoma after PK implies numerous 
difficulties: difficulty in performing a 
preoperative examination of the optic nerve, 
visual field and even of the IOP (the cornea is 
usually opaque); the postoperative examination 
can also be troublesome (high astigmatism, 
reduced transparency of the cornea). 

Therefore, multiple studies define post-PK 
glaucoma as an elevation of IOP greater than 21 
mmHg, independent of the optic nerve or visual 
field modifications. The definition obviously has 
scientific deficiencies, but has an important 
practical component [3,6]. 

A problem appears in the cases with 
preexisting glaucoma. Some studies enclose all 
these cases in post-KP glaucoma, meanwhile 
others include only the cases that require 
additional antiglaucomatous therapy (i.e. 
medications, laser or surgical treatment) to 
maintain IOP at adequate values (escalation of 
glaucoma therapy). 

Risk factors 

Recognition of risk factors is important for 
the prevention, diagnosis, and early treatment of 
post-PK glaucoma. 

The most significant risk factors are 
preexisting glaucoma, lens status (i.e. aphakia, 

pseudophakia) and the disease for which PK is 
performed [7]. 

In a study from 2014, Hemanth et al. 
compared the incidence of glaucoma after PK in 
phakic, pseudophakic, and aphakic eyes. The 
aphakic group had the highest risk, followed by 
the pseudophakic and phakic group; there was 
no statistically significant difference between the 
last two groups [3]. 

Kirkness and Ficker published one of the 
greatest studies on the incidence and risk factors 
associated with post-PK glaucoma, that included 
1122 PKs, performed at Moorfields Eye Hospital, 
London. The incidence of post-PK glaucoma was 
14%. Corneal dystrophies and keratoconus had 
the lowest risk of glaucoma, contrary to bullous 
keratopathy, anterior segment trauma, 
iridocorneal endothelial syndrome and corneal 
perforations that had an increased risk [8,9]. In 
another study, Kirkness and Mashegov 
demonstrated an increased incidence of post-PK 
glaucoma after corneal perforations, especially 
those after bacterial ulcers, due to the formation 
of peripheral anterior synechiae (PAS). The 
longer the period between the perforation and 
the transplant, the higher the risk of glaucoma 
[10]. 

Pathogenesis 

The pathophysiology of post-PK glaucoma 
is multifactorial, including among the causes the 
compression of the angle’s anatomical elements 
with the trabecular meshwork’s (TM) collapse, 
incorrect suture of the graft, postoperative 
inflammation and prolonged use of 
corticosteroids in the postoperative treatment. 

Other causes are not specific to post-PK 
glaucoma, also appearing after other types of 
surgical interventions; they should be promptly 
recognized and treated: pupillary blockage, lens 
induced glaucoma, hyphaema and viscoelastic 
retention [5]. 

Zimmerman et al. demonstrated how the 
TM’s collapse, especially in aphakic eyes, is the 
main cause of glaucoma; they advocated that for 
an easy access through the anterior chamber 
angle to the trabecular meshwork, the 
trabeculum needs a posterior fixation, sustained 
by the ciliary body-lens complex and an anterior 
fixation at the level of Descemet membrane 
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(DM). In aphakic and pseudophakic eyes the 
posterior support is relaxed due to lens removal. 
On the other side, the incision through DM in PK 
relaxes the anterior support, the DM being 
capable of displacing towards the angle [11]. 

In 1975, using a mathematical model, Olson 
and Kaufman pointed out the factors that 
contribute to the distortion of the angle and so to 
the reduction of the outflow: tight sutures 
(widen the gap between the margins of the 
incision in the DM), lengthy sutures (compress 
even more the tissues), large grafts and thick 
peripheral corneas [12]. 

One of the causes of late glaucoma after PK 
is the formation of PAS. They can appear if the 
anterior chamber is shallow prior to the 
intervention (e.g. corneal perforation) or 
postoperatively (e.g. wound dehiscence or iris 
incarceration at the graft-host junction). 

Long-term use of corticosteroids, necessary 
for graft rejection prevention, can lead to IOP 
elevation. Corticosteroids that increase the IOP 
to a lower extent (e.g. fluorometholone) can be 
used, but these are less effective in rejection 
prophylaxis. 

Diagnosis 

Measuring the IOP, optic disc and visual 
field evaluation are in the most occasions 
difficult to perform preoperatively, because of 
the corneal disease, which makes it impossible to 
establish a starting point for the postoperative 
period. 

Changes in the corneal thickness, high 
astigmatism and other refractive errors, that also 
harden a proper evaluation, appear after PK. 

In the immediate postoperative period, the 
diagnosis is based principally on measuring the 
IOP; later, to the extent possible (transparency of 
the cornea and ocular media), the classical 
evaluation is approached [1]. 

High astigmatism, graft edema, thick 
fluorescein meniscus and inappropriate mires 
(especially for grafts smaller than 7.5 mm) make 
Goldmann applanation tonometry (GAT) 
practically impossible [1]. In cases of irregular 
surface, IOP can be measured with the Mackay-
Marg electronic tonometer, the 
pneumotonometer [13] or the Tono-Pen [14]. 
Comparing the iCare tonometer with the GAT, 

Salvetat et al. demonstrated that the values are 
comparable in cases of anterior and posterior 
lamellar keratoplasty, but are different in cases 
of PK, the iCare tonometer underestimating 
pressure compared to the GAT [15]. Epithelial 
and stromal edema lead to the under evaluation 
of IOP and the measurement on a scarred tissue 
can give false raised values. Dynamic contour 
tonometer was imagined for measuring IOP 
independent of the mechanical properties of the 
cornea, which theoretically makes it very useful 
in eyes with keratoplasty, in which these 
properties are profusely modified. A digital 
piezoelectric pressure transducer is directly 
coupled to the ocular surface contour and 
directly measures the IOP transcorneally. More 
studies showed that this tonometer’s 
measurements are closer to the true manometric 
measurements than the other ones are [5]. 
Comparing the dynamic contour tonometer and 
the GAT in cases with keratoplasty, Ceruti et al. 
proved that the tonometer was not influenced by 
thickness, curvature, and corneal astigmatism 
[16]. 

Treatment 

Prophylaxis 
Preexistent glaucoma should be well 

controlled prior to the surgical intervention. If 
the IOP is difficult to control with drugs or if the 
control imposes maximal therapy, the IOP can 
decompensate after keratoplasty. Therefore, it is 
recommended that in these cases, the glaucoma 
should be controlled surgically and afterwards 
the transplant should be performed [5], because 
multiple studies revealed a higher incidence of 
graft failure if the intervention for glaucoma was 
performed after keratoplasty [17]. Other authors 
recommend trabeculectomy with mitomycin C 
(MMC) application or artificial drainage systems 
concomitantly with PK [17-19]. 

In the case of PK, certain elements of the 
surgical technique can lower the risk of 
postoperative glaucoma. A graft 0.5 mm larger 
than the host opening is associated with a lower 
frequency of glaucoma after PK [20,21]. Deep 
sutures allow a better coalescence of the host 
and graft DM [11] and relatively short and equal 
sutures between graft and host compress the 
tissues to a lesser extent, both elements 
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attenuating the TM’s tendency to collapse. In 
case of PAS, goniosynechialysis can be 
performed. Viscoelastic substances should be 
removed as completely as possible at the end of 
the intervention. In case of atrophic iris or 
floppy-iris syndrome, iridoplasty can be 
performed to tension the iris and to remove it 
from the angle [22]. Graft suture should be tight, 
avoiding iris incarceration at the graft-host 
junction, as well as the dehiscence of the plague 
postoperatively. 

A frequent instillation of corticosteroids in 
the immediate postoperative period controls 
inflammation, reducing the risk of PAS. Dosage 
must be carefully monitored, because in the 
mean and long term, corticosteroid induced 
elevation of pressure can appear. Also, in the 
early postoperative period, mydriatics can also 
be used to prevent pupillary blockage. 

 
Medical treatment 

Medical treatment represents the first line 
of therapy in preventing glaucoma after PK. 
Fortunately, many classes of drugs are at our 
disposal as compared to 20 years ago: beta-
blockers, alpha-2 agonists, carbonic anhydrase 
inhibitors (CAI) and topical prostaglandin 
analogues, as well as systemic CAI. Miotics and 
adrenergic agents have historical value at the 
most, being no longer used. Therapy must be 
thought in such a manner that is efficient, but 
with the lowest rate of adverse effects on the 
graft and on the patient’s quality of life. 

Beta-blockers are effective in lowering IOP 
and the effect installs rapidly. This group of 
agents can be utilized for IOP spikes in the 
perioperative period, but also for long-term 
therapy. In prolonged use, the adverse effects are 
punctate epithelial keratopathy and corneal 
anesthesia that can affect the graft’s epithelium, 
compromising it [23]. 

Alpha-2 agents also act promptly, are 
efficient and have few systemic adverse effects. 
Approximately one quarter of patients have 
allergies that lead to discontinuation of 
treatment. 

Topical CAI are well tolerated, do not have 
the systemic adverse reactions of the systemic 
administration and can be combined with other 
topical antiglaucomatous drugs. However, 
carbonic anhydrase has a role in the pump 

function of the corneal endothelium. Some 
studies showed endothelial decompensation 
with corneal edema in cases of borderline 
endothelial function. For this reason, it is 
recommended to stop therapy when edema of 
the corneal graft appears [5]. 

Prostaglandin analogues efficacy is 
renowned, are administered once daily and have 
few systemic adverse effects. Because the effect 
installs relatively slow, these agents are suited 
for chronic forms of post-PK glaucoma. They 
should be avoided in PK for herpetic keratitis, 
because recurrence of herpetic keratitis has been 
reported and also the possibility of inducing 
cystoid macular edema should be taken into 
account [24,25]. 

Systemic CAI are very efficient, have the 
advantage of not having any direct toxic effect on 
the graft, but are difficult to utilize on the long 
term, 30-50% of the patients manifesting side-
effects such as: paraesthesia, tinnitus, fatigue, 
muscular weakness, nausea, depression and 
cutaneous allergies. They are very useful in the 
treatment of sudden IOP spikes in the immediate 
postoperative period. 

 
Laser treatment 

Nd:YAG laser iridotomy can be used in 
pupillary blockage, but in the majority of the 
cases cannot be performed properly, because the 
patient’s peripheral cornea is not sufficiently 
transparent. For the same reason, neither Argon 
laser iridoplasty can be performed, which is 
useful in peripheral iris retraction and obtaining 
an easier access to the trabeculum. 

Argon or selective laser trabeculoplasty can 
be used in selected cases, with transparent graft, 
open angle, moderate pressure (25-30 mmHg) 
with medical treatment at a few months after 
keratoplasty, that allow the application of the 
lens. Van Meter et al. reported IOP control with 
Argon laser trabeculoplasty in 10 out of 14 cases 
for 2 years [26]. Considering that the effect of 
Argon laser trabeculoplasty is limited in time, 
that it can lower IOP with a maximum of 8-10 
mmHg and that in the majority of cases, the angle 
of PK patients has PAS and a tendency for 
collapse of the TM, with difficult visibility, we 
consider that this option of therapy should be 
avoided in the treatment of glaucoma after PK. 
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Surgical treatment 
Trabeculectomy 
Standard trabeculectomy has a low rate of 

success due to extensive subconjunctival fibrosis 
(after prior interventions) and the presence of 
PAS that numerous times are extended towards 
the graft-host junction and make the functioning 
of the fistula difficult. A study performed on 35 
PK patients showed that 92% of them required 
medication after trabeculectomy and 53% 
necessitated further surgical interventions [27]. 

5-fluorouracil (5-FU) can be administered 
for many days postoperatively via 
subconjunctival injections. It has a toxic effect on 
the corneal epithelium and can compromise the 
graft. The incidence of epithelial toxicity can be 
as much as 50% of the cases [28]. 

Because of the corneal toxicity of 5-FU, 
most surgeons prefer MMC [7]. It is applied for 1 
to 4 minutes intraoperatively and does not 
appear to have toxicity on the corneal 
epithelium. In a retrospective study on patients 
with glaucoma after PK, trabeculectomy with 
MMC had a higher success rate concerning IOP 
control (73%) in comparison to standard 
trabeculectomy (25%) for a follow-up period of 
22 months [29]. Clarity of the graft was present 
in 69.2% of the cases from the lot with MMC and 
in 37.5% of the cases from the standard 
trabeculectomy lot. On the other side, the MMC 
group had a greater incidence of choroidal 
detachment, macular edema and fistula of the 
filtering bleb. 

All measures for preventing anterior 
chamber collapse intra- and postoperatively 
should be taken. Endothelial cell loss after 
trabeculectomy is of 7-12% in case of 
iridocorneal contact and of 40-50% in case of 
corneolenticular contact [30]. This loss of 
endothelial cells can compromise the graft. In 
order to assure a relatively deep postoperative 
chamber, an over-tight suturing of the scleral 
flap and subsequent laser lysis of these sutures 
can be considered. 

Another element that should be monitored 
after trabeculectomy in cases with a more 
prominent bleb is the dellen effect that can lead 
to epithelial defect and appearance of a corneal 
ulceration in the suture area. 

Artificial drainage devices 
From a theoretical standpoint, inserting an 

artificial drainage device has some advantages 
compared to trabeculectomy. The filtering bleb is 
located posteriorly, possibly avoiding perilimbal 
fibrosis. Overfiltration with postoperative 
hypotony and collapse of the anterior chamber 
can be avoided either by using devices with 
valves (i.e. Ahmed implant) or by provisory 
suturing of the tube (i.e. Molteno implant). The 
success rate in reducing IOP after PK is 60 to 
80% [31,32]. 

Artificial drainage devices have their 
disadvantages. They are more expensive, require 
a higher surgical experience and the most 
important, have a relatively higher risk of graft 
failure than trabeculectomy [31-33]. 

A mechanism of graft failure in eyes with 
artificial drainage devices could be 
immunological; the tube apparently allows the 
access of inflammatory cells from the 
subconjunctival space into the anterior chamber 
that could contribute to graft rejection [34]. The 
most important mechanism is the mechanic one, 
the tube being implanted in the anterior 
chamber and even though at the moment of 
implantation it is distant from the graft’s 
endothelium, it can displace afterwards. 

To avoid injuring the endothelium, the 
valve’s tube can be implanted at the level of the 
pars plana. The success rate in the control of IOP 
is similar, but there is a higher rate of retinal 
complications (e.g. cystoid macular edema, 
epiretinal membranes, retinal detachment, 
suprachoroidal hemorrhage) [35]. 

 
Cyclodestructive procedures 
Cyclocryotherapy has been used from the 

1950s in the treatment of refractory glaucoma. 
The success rate in the control of IOP is 
satisfying (60-90%), but is mainly replaced by 
cyclophotocoagulation, because of the great rate 
of serious complications [36,37]. 

Nd:YAG laser cyclophotocoagulation is a 
more predictable method, less painful and with a 
lower rate of complications [38,39]. The success 
rate in IOP control varied from 69 to 77% with a 
follow-up period of 2 years. However, a high rate 
of graft failure (23-46%) appears and also, other 
severe complications such as: hypotony, phthisis 
bulbi [38,39]. 
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Diode laser cyclophotocoagulation with a 
810 nm wavelength has some advantages: the 
laser is portable, easier to manipulate and as 
effective as the Nd:YAG laser. Okacoglu et al. 
showed a rate of success of 92% in IOP control at 
6 months and of 72% at 12 months in patients 
with post-PK glaucoma. 44% of the patients had 
to be retreated to obtain the control of the IOP, 
but no graft rejection was reported in the 32 
patients of this study [40]. 

It is difficult to assess which surgical 
treatment option - trabeculectomy with 
antimetabolites, implantation of an artificial 
drainage device or cyclophotocoagulation - is the 
most useful in the treatment of glaucoma after 
PK. As demonstrated, there are numerous 
studies on series of cases, generally 
retrospective, but there are no prospective, 
randomized studies that compare the treatment 
options. 

From our point of view, the future belongs 
to cyclophotocoagulation. Trabeculectomy with 
antimetabolites, as well as artificial drainage 
devices interfere with the anterior chamber and 
any intervention at this level increases the risk of 
graft failure. Probably a perfected variant of the 
existing cyclophotocoagulation lasers that would 
reduce the rate of complications related to 
hypotony, even if the intervention was 
periodically repeated, would theoretically have 
the highest chances of success. 

Conclusions 

Glaucoma is a complication of PK very 
difficult to treat. Identifying the risk factors 
allows an attentive follow-up and rapid 
treatment of the postoperative IOP rises. 
Possibly, the most important fact is that 
preexisting glaucoma should be rightly 
diagnosed and controlled before PK, medically 
or, if necessary, surgically. 

Certain technical details can reduce the 
incidence of TM’s collapse and implicitly the 
appearance of glaucoma after PK. 

Once the glaucoma has installed, the 
medical treatment can control the IOP in certain 
cases and antiglaucomatous surgical 
interventions also contribute to the control of 
IOP. 

Graft failure can appear relatively 
frequently after surgical interventions, especially 
in those in which important inflammation at the 
level of the anterior chamber or mechanical 
injury of the corneal endothelium develop. 
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Abstract 
Diplopia (seeing double) is an ophthalmologic complaint found mainly in elder patients. 
It can have both ocular and neurological causes. A careful history and clinical 
examination must detail the type of diplopia (monocular/ binocular), onset, and 
progression, associated and relieving factors. In case of monocular diplopia, refraction 
and biomicroscopic examination of the ocular media are mandatory. The cause of ocular 
misalignment for binocular diplopia must be determined and life-threatening conditions 
(such as posterior communicating artery aneurysm) must imply an immediate 
treatment. Management and treatment is always according to the specific cause of 
diplopia. 
Keywords: diplopia, binocular vision, strabismus 

 
 
Introduction 

Diplopia - simultaneous perception of two 
images of a single object or seeing double is a 
common symptom identified in 
ophthalmological and neurological patients. It 
has many underlying causes. An efficient 
management implies an accurate diagnosis that 
can be made with a detailed history and a careful 
clinical examination. The assessment of the 
patient’s perception of diplopia must exclude 
other symptoms that can be misunderstood by 
the patient, such as image distortion, vision field 
defects, after images, hemianopia. The first 
aspect that must be determined is whether the 
diplopia is monocular or binocular. The 
difference is made by covering one eye. If the 
diplopia persists after one eye occlusion, then 
the diplopia is monocular. If the diplopia 

disappears after the eye is occluded, then it is 
binocular and an extensive investigation must 
make the differential diagnosis between multiple 
etiologies that can cause the misalignment of the 
visual axes [1].  

Monocular diplopia 

Monocular diplopia is often caused by 
uncorrected refractive errors (astigmatism) and 
cataract. It is usually due to intraocular 
pathology that requires a detailed 
ophthalmological evaluation. Monocular diplopia 
or polyopia (> 2 images), unilateral or bilateral, 
are rarely of cerebral cause, determined by 
primary and secondary visual cortex lesions. 
Associated symptoms such as decreased visual 
acuity and haze can appear in diplopia caused by 
cataract. Macular disorders can associate 
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metamorphopsia (Amsler grid evaluation). Other 
causes of monocular diplopia include dry eye 
syndrome, wrong-fitting contact lens, irregular 
corneal surface, keratoconus, abnormalities of 
the iris (iridodialysis, polycoria, and large 
iridotomies), and vitreous opacities. The pinhole 
test will differentiate between an optical cause 
and other forms of monocular diplopia. The 
optical causes can then be treated with glasses, 
contact lenses, refractive or cataract surgery and 
artificial tears.  

Physiological diplopia is the phenomenon 
in which targets that are not in the area of focus, 
but in front or behind the point of fixation, are 
seen as double. It is more common in children; in 
adults, it is usually centrally suppressed. The test 
of looking at a distant object while fixation is 
directed to a near target must demonstrate the 
phenomenon and no other eye movement 
abnormalities or underlying neurological 
disorder must be reassured. 

Binocular diplopia 

History of binocular diplopia 
A detailed history of diplopia has a very 

important role in establishing the diagnosis. The 
assessment must include the onset, quality, 
direction, comitancy, variability or fatigability, 
associated symptoms or diseases. The onset of 
diplopia is most often sudden, but it can also be 
gradual, determined by trauma, or spontaneous. 
While the acute onset is more suggestive of a 
vascular event but is not very specific, the 
gradual progression or diplopia that has changed 
the pattern is more indicative of a compressive 
lesion. The direction of diplopia can be 
horizontal, vertical, and oblique. When right and 
left rectus muscles are affected either by 
impaired nervous control or by muscle function, 
the diplopia is horizontal. The most common 
causes of horizontal diplopia are VIth nerve 
palsy and internuclear ophthalmoplegia. 
Horizontal diplopia that appears only after a 
prolonged near vision is highly pointing towards 
a convergence insufficiency (most common in 
patients with Parkinson’s disease). Diplopia is 
worst (the patient has a maximal separation of 
images) in the region of action of the paralyzed 
muscle and the false image (the image that 
belongs to the eye with the impaired muscle) is 

always peripherally situated. Vertical diplopia 
can appear in thyroid eye disease (inferior rectus 
muscle is most commonly affected), orbital floor 
fracture, trochlear nerve palsy, supranuclear or 
infranuclear lesions. Oblique and torsional (tilted 
image) diplopia are seen in superior and inferior 
muscle impairment and lateral medullary 
syndrome. Comitant deviations will be equal in 
all directions. Usually, comitant deviations do not 
induce diplopia due to cortical suppression 
(patients with congenital strabismus). Variations 
of diplopia during the day, with an exacerbation 
in the second half, improvement after rest and 
associated ptosis that is also intermittent are 
suggestive of myasthenia gravis (autoimmune 
neuromuscular junction disease) [2].  

 
Evaluation for binocular diplopia 

The examination of binocular diplopia must 
assess the presence or absence of local findings 
(eyelid position, facial sensation, orbicularis 
oculi strength, and exophthalmos) and ocular 
motility. An important displacement of the 
ocular globe must be determined if resulting 
from exophthalmos or enophthalmos. 
Spontaneous (exophthalmos, congestion) or 
posttraumatic local findings must include 
tonometry, ultrasound, CT scan, MRI, neurologic 
and neuro-surgery examination in their 
evaluation. The alignment of the eyes starts with 
the observation of the eyes in primary position, 
upgaze, downgaze, lateral gaze, and cover-
uncover test. Cross-cover test will identify the 
presence of latent deviation (phoria). Hess test, 
Maddox rod and red glass testing are useful for 
the measurement of ocular deviation. Parks-
Bielschowsky test is used for the identification of 
the paretic muscle in vertical diplopia. Forced 
duction test can identify if the restricted 
movement of the eye is due to mechanical 
restriction (important to assess in blow out 
fractures) or agonist muscle weakness. The 
misalignment of visual axes is most often due to 
the dysfunction of extraocular muscles. 

Cranial nerve palsies 

Oculomotor nerve palsy 
Complete oculomotor nerve palsy is 

revealed when superior, inferior, medial recti, 
oblique inferior and superior levator palpebral 
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are affected giving a dysfunction that will 
generate ptosis and downgaze with lateral gaze 
position of the eye. Paralysis of ciliary muscle 
and pupillary sphincter will associate fixed 
dilated pupil. Describing the pupil as spared or 
involved is very important. Pupil sparing will 
show a normal size and reactivity to light, 
contrary to the pupillary involvement that 
indicates mydriasis and hyporesponsiveness to 
light and accommodation. In case of relative 
pupillary sparing, the pupil is affected, but more 
than 0.5 mm and up to 2 mm remains reactive to 
light. Due to the anatomical placement of the 
pupillary fiber along the superficial layer of the 
nerve, pupil involvement is present when there 
is external compression (especially posterior 
communicating artery aneurysm). In this case, 
emergency MRI or CT of the brain is required, 
followed by catheter angiography. Neuroimaging 
is not necessary in complete, pupil-sparing 
oculomotor palsies that appear in older patients 
over 50 with multiple vascular risk factors 
(diabetes, hypertension, and atherosclerosis). 
Moreover, the third nerve palsy is secondary to 
vascular microinfarction. If after 3 months from 
third nerve palsy onset, the recovery is not 
complete, or there are other cranial nerve 
involvements, neuroimaging must be indicated. 
If the pupil is dilated and unresponsive but there 
is no extraocular movement or eyelid 
impairment, the patient does not present with a 
third nerve palsy [3]. 

 
Trochlear nerve palsy 

Trochlear nerve palsy will impair the 
function of superior oblique muscle. It causes 
vertical, oblique, or torsional diplopia that is 
more pronounced in downgaze. These patients 
usually develop a contralateral head tilt as a 
reaction to counteract the vertical diplopia. If 
ipsilateral oculomotor nerve palsy is also 
present, testing the superior oblique muscle 
function can be difficult because the muscle acts 
as a depressor only if adduction is present. In 
this situation, if the eye can do intorsion on 
attempted downgaze, the muscle may have a 
normal function. Ocular motility testing will 
show ipsilateral hypertropia that is emphasized 
on ipsilateral head tilt and contralateral gaze. 
Thyroid eye disease and myasthenia gravis must 
be excluded for apparent trochlear nerve palsy. 
Besides microvascular disease, a frequent cause 

of trochlear nerve palsy is head trauma. 
Intermittent diplopia can appear in 
decompensated congenital trochlear nerve palsy 
(patients present with long-standing head tilt) or 
superior oblique myokymia that is a rare 
monocular disorder, in which high frequency 
burst will contract the muscle those last seconds 
and occurs multiple times per day. The fourth 
cranial nerve has a short course, and, in isolated 
palsies, is usually not affected by aneurysm, 
tumors or demyelinating processes [4]. 

 
Abducens nerve palsy 

The abducens nerve palsy (has the longest 
intracranial course) is the most common nerve 
palsy, followed by trochlear and oculomotor in 
second and third place. Due to its long path, it is 
sensitive to direct and indirect lesions. The sixth 
nerve palsy will generate lateral rectus muscle 
paresis (esotropia) and horizontal diplopia that 
is worse at distance. The causes of sixth nerve 
palsy may include microvascular ischemia that 
requires neuroimaging (MRI with gadolinium) if 
there is progression or absence of improvement, 
and raised intracranial pressure if the 
dysfunction is transient, frequently bilateral but 
asymmetric. Raised intracranial pressure 
requires neuroimaging and sometimes lumbar 
puncture. Myasthenia gravis and Duane 
retraction syndrome must be excluded in 
abducens nerve palsy thyroid eye disease [5]. 

Convergence insufficiency 

Convergence insufficiency is a sensory and 
neuromuscular disorder of the binocular visual 
system that causes horizontal diplopia after 
prolonged near vision. It is present in children 
and adults, and is of idiopathic cause or can be 
developed after head trauma. Moreover, 
convergence insufficiency is more common in 
Parkinson’s disease patients. Medication can also 
influence convergence disorders by exacerbating 
the symptoms, like antidepressants, through 
their anticholinergic action on accommodation. 
Patients usually present with diplopia, 
asthenopia, headache, letters that “mix together” 
after sustained near tasks (reading, writing, 
computer working) and making eye contact. 
Examination will reveal high exophoria at near. 
Symptoms cease after resting periods but return 



Romanian Journal of Ophthalmology 2017; 61(3): 166-170 
 

 
169 

Romanian Society of Ophthalmology 
© 2017 

with near activities. Treatment of convergence 
insufficiency aims to improve convergence 
thought exercises by pencil push-ups therapy, 
changing fixation from distance to near, 
stereograms or computer orthoptics. In addition, 
orthoptic training with prisms or even 
strabismus surgery is occasionally indicated [6]. 

Divergence insufficiency 

Divergence insufficiency is a disorder 
present in older adults that manifests itself by 
horizontal diplopia at distance. Examination will 
show esodeviation that is comitant in all gazes at 
distance but profoundly reduced or even 
presenting exophoria at near. High myopia with 
long anterior-posterior axis is associated with 
divergence insufficiency probably due to the 
anatomical insertion and modified angles of 
extraocular muscles. Patients usually present 
with gradual onset, variable horizontal diplopia 
at distance, asthenopia, and motion sickness. The 
pattern of sudden onset will redirect the 
diagnosis towards sixth nerve palsy. Moreover, 
papilledema and endpoint nystagmus are 
important in the differential diagnosis of 
divergence insufficiency pointing the clinician 
towards finding a neurological disorder. In these 
cases, neuroimaging should be considered. In 
many cases, divergence insufficiency will resolve 
spontaneously. Treatment options include base-
out prisms correction for distance that may 
cause diplopia if they are worn at near, orthoptic 
exercises and surgery if the misalignment is 
stable, long-standing and the patients do not 
tolerate prism glasses. 

Thyroid ophthalmopathy 

The most common muscle involved in 
thyroid-associated ophthalmopathy is the 
inferior rectus that causes vertical diplopia. This 
symptom is defined by a chin-up face position. 
Nevertheless, all the extraocular muscles may be 
affected in various degrees (in the following 
decreasing frequency: medial rectus, superior 
rectus and lateral rectus). For thyroid 
ophthalmopathy, diplopia is worse in the 
morning, unlike myasthenia gravis that 
characteristically has double vision in the second 
half of the day. 5% of Graves disease patients 

associate myasthenia gravis. In thyroid 
ophthalmopathy, exotropia is rare, and should 
determine the clinician to search for coexisting 
myasthenia gravis. Pseudo-abducens nerve palsy 
may be present in medial rectus involvement 
that will cause abduction restriction [7]. Forced 
duction test will assess the direction of 
restriction, while orbital imaging (echography, 
MRI or CT scan) will show enlargement of 
extraocular muscles. Thyroid function testing is 
usually normal (TSH, T3, and T4). Autoimmune 
markers for thyroid dysfunction include thyroid 
stimulating immunoglobulin (TSI), thyroglobulin 
antibody, and thyroid peroxidase antibody. 
Treatment includes thyroid dysfunction therapy, 
ocular occlusion for diplopia (prismatic lenses 
are more inconvenient because they require 
frequent changes), corticosteroid therapy (for 
acute and severe phases), surgery, radiotherapy. 
To stop smoking is also very important for 
therapeutic improvement [8]. 

Myasthenia gravis 

Myasthenia gravis is an autoimmune 
disease of the neuromuscular junction, mainly 
found in the older population. Patients complain 
of uni- or bilateral ptosis and diplopia along with 
other systemic manifestations (dysphagia, 
dysarthria, dysphonia, and dyspnea). Symptoms 
tend to get worse in the second half of the day 
and improve with rest. The pupil examination is 
normal and sensory symptoms and pain is 
usually not present. Myasthenia gravis can make 
a differential diagnosis with any oculomotor 
palsy. A simple clinical diagnostic test is the ice 
test that is highly sensitive and specific for 
myasthenia. The ice test implies an ice block that 
is applied on the eyelid for 5 minutes. The test is 
positive when improvement of ptosis is more 
than 2 mm. Edrophonium test remains the 
standard for myasthenia gravis diagnosis and 
therapy with pyridostigmine and 
immunosuppressive treatments are necessary 
[9]. 

Internuclear ophthalmoplegia 

Internuclear ophthalmoplegia is a 
conjugate lateral gaze disorder. The patients 
cannot adduct the eye when it looks at 
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contralateral gaze (relative to the affected eye). 
The unaffected eye abducts but with nystagmus. 
Symptoms include horizontal diplopia when the 
eyes are in divergence. This disorder is caused 
by medial longitudinal fasciculus dysfunction.  

Postoperative diplopia  

Some patients may develop diplopia after 
surgical procedures, such as cataract, glaucoma, 
strabismus, or retinal detachment surgery. For 
cataract surgery, the causes may be 
anisometropia more than 3-4 D (cover test 
indicates orthophoria), astigmatism, trauma of 
the extraocular muscles after peribulbar 
injections and myotoxicity induced by the 
anesthetic agent (that resolves usually in weeks 
or develops towards restrictive strabismus) and 
IOL malposition. Binocular diplopia may develop 
after glaucoma surgery that uses implants, 
especially Baerveldt implants (the 350 Baerveldt 
model has most cases) and much less frequent 
for Ahmed valve or trabeculectomy. The use of 
scleral buckle for retinal detachment may cause 
diplopia due to injury of the extraocular muscles. 
Diplopia can be present following strabismus 
surgery in patients who are overcorrected. 
Younger patients can suppress the deviated eye 
unlike adults or if the suppression was before 
surgery, they may not be able to shift it [10].  

Treatment of diplopia 

The management of diplopia must be 
according to the cause that determined it. 
Common sense will indicate the treatment of the 
pathology that caused it whenever this is 
possible. Symptomatic treatment is often used in 
patients with diplopia who have a significant 
morbidity rate associated with loss of 
orientation and confusion. The goal in these 
patients is to regain single binocular vision. 
Unilateral occlusion of the poorer eye may be 
used as treatment when other measures are not 
successful. In younger patients, the occlusion 
should be alternative because they have the risk 
of developing amblyopia. In this case, options 
include eye patch, frosting of eyeglass lens or 
semi-opaque tape and contact lens with opaque 
center. Temporary monocular occlusion is 
usually necessary in patients who have diplopia 

as a cause of ischemic cranial nerve palsies, until 
diplopia resolves by itself. Fresnel prisms for the 
realignment of visual axis may also be used in 
case of vertical and horizontal diplopia but not in 
torsional diplopia or in the resolving stages, 
when ocular misalignment may frequently 
change. Surgical treatment of strabismus is 
indicated in long-standing, unchanged 
misalignment for more than 12 months, when 
other therapies have not been successful. 
Another option includes botulinum injection in 
the antagonist of the paralyzed muscle with an 
effect of 3 to 6 months for a single dose [11]. 
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Abstract  
Retinal vessels are the only blood vessels that can be viewed directly, in vivo, repetitively 
and non-invasively. Retinal vessel caliber is influenced by physiological (age, sex, race, 
blood pressure, blood glucose, body mass index) and pathological (atherosclerosis, 
dyslipidemia, smoking) determinants. There are studies on large population groups that 
demonstrate the associations between retinal vasculature and subclinical or clinical 
changes in systemic diseases (hypertension, diabetes, stroke, renal or cardiac diseases). 
The assessment of retinal vessels can provide information about the pathophysiology of 
many diseases, but it also has a direct applicability in clinic, being used as a screening 
method that predicts the risk of their occurrence.  
Keywords: retinal vascular caliber, vessel diameter, hypertension, diabetes, optical 
coherence tomography, fundus photography 

 
 
Introduction  

The development of ophthalmoscopy in the 
19th century has allowed the in vivo, non-
invasive study of the retina and its 
microcirculation. Thus, numerous correlations 
have been made between changes in the 
appearance of retinal vessels and the various 
systemic diseases involving vascular alterations. 
The most frequent changes in retinal vasculature 
were observed in hypertensive patients, 
attempting to make a classification for 
hypertensive retinopathy. There are several such 
classifications, but the most well-known and 
used is that of Keith from 1974 [1]. 

Table 1. Keith-Wagner-Barker classification of 
hypertensive retinopathy 
Grade Retinal vessel morphology   
I Mild to moderate narrowing or sclerosis of 

the arterioles 
II Moderated to marked arteriolar sclerosis, 

arteriovenous nicking, generalized and/ or 
focal arteriolar narrowing  

III Marked arteriolar narrowing and focal 
constriction, retinal edema, cotton wool 
spots, hemorrhage 

IV Grade III plus papilledema 
 

The disadvantage of this method is the 
degree of subjectivity and variability among 
examiners, as well as the difficulty of an 
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objective assessment of incipient changes that 
may allow the early therapeutic interventions 
able to reduce the risk of long-term 
complications. 

The emergence of new retinal imaging 
methods, such as retinal photographs and optical 
coherence tomography, allowed a more objective 
and reproducible assessment of the vascular 
caliber. Hubbard and collaborators have 
developed computational formulas for CRAE 
(central retinal arteriolar equivalent) and CRVE 
(central retinal venular equivalent) through 
retinal photography [2]. Based on these 
coefficients, the AVR (arteriovenous ratio) used 
in many studies is calculated because its value is 
not dependent on the optical properties of the 
eye or the camera. But, this method also has 
limitations because it does not allow a direct 
measurement of the vascular caliber, it is based 
on a single image and does not provide 
information about the three-dimensional 
geometry of the vessel [3]. The appearance of 
OCT (optical coherence tomography) offers 
three-dimensional images of vessels, easy to 
obtain and independent of magnification. Thus, 
Goldenberg used a horizontal cube scan at the 
optic disc margin for retinal vessel diameter 
measurement with SD-OCT (spectral domain 
OCT) [4]. Moreover, Muraoka used a circular 
scan to detect the cross section image of the 
retinal vessel and the measured retinal vessel 
diameter, the lumen diameter and the wall 
thickness in zone A [5] and Zhu used a line scan 
perpendicular to the vessel to measure the 
vessel diameter and the lumen diameter in zone 
B [6]. 

There are new vascular parameters that 
began to be measured in relation to the 
cardiovascular changes. These are the branching 
angle of vessels, retinal vessel tortuosity, and 
fractal dimensions. Thus, the local topographic 
features of retinal vessels may provide 
information on the appearance of systemic and 
cerebral microcirculation. The development of 
new technologies will allow the dynamic and 
functional examination of the retinal vasculature 
by the flickering light response used by the 
Doppler flowmeter and the dynamic vessel 
analyzer [7,8]. There is still insufficient data on 
the information provided by these innovative 
methods. 

With all these methods available, studies 
have been conducted on large groups of 
individuals to find correlations between the 
retinal vessel diameter and the demographic 
characteristics and the associated systemic 
pathology of people. 

 
Determinants of retinal vascular caliber 
Age 

A first study on 20 newborns reported an 
average value of 85.5 μm retinal arterioles and a 
130 μm retinal diameter without gender 
differences [9]. In the first 6 years of life, when 
the body weight increases about 5-fold, the 
arteriolar and retinal caliber doubles [10]. By 
adulthood, the venular diameter remains 
constant, while the arteriolar caliber continues 
to increase [11]. Then, after the age of 45, both 
the arteriolar and the venular caliber begin to 
slowly decrease by 1.8-4.8 μm for each decade of 
age [12]. Therefore, by the age of 80 years, the 
vascular caliber is with 10-12 μm, smaller than 
at 55-60 years [13]. 
 
Sex 

In the Cardiovascular Health Study group 
and MESA (The Multi-Ethnic Study of 
Atherosclerosis), higher values of retinal 
arteriolar caliber and AVR were found in women 
compared to men, linking these values to the 
protective effect of estrogens on coronary 
circulation [14,15]. 
 
Race 

Both arteriolar and venular caliber have 
higher values in African-American and Hispanic 
races than in Caucasians and Chinese. These 
values may correlate with the differences in the 
distribution of cardiovascular risk factors among 
populations of different ethnicity, but the data 
are insufficient [15,16]. 
 
Birth weight 

Mitchell measured the retinal vascular 
diameter in a study on 1,369 children and 
estimated that the average arteriolar diameter 
was lower by 2 μm for every kilo in minus to the 
birth weight [10]. A twin study in Tasmania 
found a direct correlation between the birth 
weight and the retinal arteriolar caliber [17]. 
These changes may suggest a structural 
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adaptation of microcirculation to nutrition and 
growth restriction. Also, children with a small 
weight at birth are at a greater risk of developing 
a cardiovascular disease in adulthood. 
 
Genetics 

Data from the Beaver Dam Eye Study, based 
on genome analysis, demonstrates a genetic 
contribution to the variation of the retinal 
vasculature, with similar values for individuals in 
the same family [18]. In another large cohort 
study, four genes responsible for retinal 
vasculature variation (19q13, 6q24, 12q24, and 
5q14) were identified. In nearby regions, genes 
for essential hypertension, coronary heart 
disease, endothelial dysfunction, and 
angiogenesis are located [19]. These new data 
suggest the importance of studying retinal 
microcirculation to understand the pathogenesis 
of the cardiovascular disease. 
 
Modifiable factors that influence retinal 
vasculature 
 
Blood pressure (BP) 

There is a clear association between 
hypertension and peripheral arterial narrowing 
[20]. Initially, it was believed that the impaired 
sodium homeostasis is responsible for the fluid 
expansion that leads to cardiac overload and the 
BP increase with secondary structural changes 
on peripheral circulation [21]. New hypotheses 
consider the arterial changes responsible for 
arterial hypertension [22]. Studies on laboratory 
animals have shown decreases in retinal 
arteriolar diameters prior to arterial 
hypertension in rats [23] and studies in humans 
showed that people with a family history of 
hypertension have lower arteriolar diameters 
than those with no history [24]. 
Blood glucose  

Many studies have correlated the presence 
of hyperglycemia with a higher retinal vein 
diameter [25]. Hyperglycemia and secondary 
retinal ischemia increase blood flow, while 
altered glucose metabolism generates 
inflammatory cytokine and nitric oxide release, 
processes leading to endothelial dysfunction 
with secondary venular dilation [26].  
 

Body mass index (BMI) 
Studies such as MESA and ARIC (The 

Atherosclerosis Risk in Communities Study) have 
found an association between the increased 
retinal vein caliber and the obesity indicators 
(high body mass index and increased waist-hip 
ratio). The Blue Mountain Eye Study reports that 
an increased retinal diameter may predict the 
incidence of obesity in 5 years, suggesting that 
the microcirculation dysfunction is involved in 
the pathogenesis of obesity [27]. The Singapore 
Prospective Study Program also found a link 
between the lack of physical activity and the 
larger retinal venular caliber [28]. 
 
Dyslipidemia 

Both, MESA and ARIC have demonstrated a 
correlation between the increased retinal 
venular caliber and dyslipidemia defined as 
elevated plasma levels of triglycerides and LDL 
cholesterol and low HDL cholesterol [29,30]. 
 
Atherosclerosis  

A link between low AVR and the presence 
of carotid artery atheromatosis was 
demonstrated in the ARIC study [16]. Moreover, 
the Rotterdam study correlated the small AVR 
with the intima-mean thickness of the carotid 
artery wall as well as the increased stiffness of 
the arterial wall (marker of atherosclerosis) 
[29]. MESA related a retinal arterial narrowing 
with a concentric remodeling of the left ventricle 
and the myocardial blood flow, while the larger 
venous caliber is associated with the low index 
ankle arm [31,32]. 

In Beaver Dam Eye Study, the indicators of 
endothelial dysfunction (soluble intercellular 
adhesion molecule-1 and E-selectin serum) and 
the inflammatory markers (PCR and leukocyte 
counts) were associated with an increased 
retinal venous diameter [33]. Thus, 
atherosclerosis, inflammation, and endothelial 
dysfunction play an important role in 
demonstrating the link between the retinal 
venular dilatation and the systemic 
cardiovascular disease.  
 
Smoking 

The ARIC study demonstrated an 
association between low AVR and cigarette 
smoking in middle-aged individuals. In the 
Rotterdam study, higher values of arteriolar and 
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retinal venular caliber were correlated with 
smoking [16,29]. 
 
Alcohol 

Recent studies have linked alcohol 
consumption to the risk of cardiovascular 
disease, but few have also analyzed the 
relationship with retinal vasculature [16]. The 
ARIC study found lower AVR values for alcohol 
consumers and MESA narrower arteriolar 
caliber [14]. Longitudinal studies are required to 
establish the mechanism by which alcohol 
consumption influences the retinal vascular size. 
 
Drug administration 

The Beaver Dam Eye Study reported an 
association between the topical beta blocking 
agents for the treatment of glaucoma and the 
narrow retinal arterioles and venules; Beta 
blockers administered orally do not have the 
same effect [34]. According to the Blue Mountain 
Eye Study, retinal vascular diameters remain 
constant over time, suggesting the protective 
effect of estrogens on the long term in women 
who receive substitution hormone therapy for 
more than 10 years [35]. This study also 
reported a possible association between the 
combined aspirin-antihypertensive therapy and 
the larger diameters of retinal arterioles, which 
confirms the anti-inflammatory effect of aspirin 
on microcirculation [36]. 
 
Associations between retinal vasculature and 
systemic diseases 
 
Hypertension 

It is well known that the narrowing of the 
retinal arteriolar caliber is an early sign of 
hypertension secondary to chronic exposure to 
high blood pressure. A meta-analysis that 
comprised 5 large studies with a total of 19,633 
patients reported that for every 10 mmHg of BP 
increase there was a decrease of 2.0-2.4 μm of 
the retinal arteriolar caliber [37]. The Rotterdam 
study reported a greater influence of BP on the 
retinal vascular size in younger and more 
prominent on arterioles than venules [22]. This 
hypothesis can be supported by the fact that, in 
the elderly, the stiffness and the arterial wall 
sclerosis prevent vascular adaptation to higher 
blood pressures. Thus, the narrow arteriolar 
caliber may be a marker for the assessment of 

the chronic effects of hypertension (aortic wall 
stiffness, hypertrophy and remodeling of the left 
ventricle) [38]. Beaver Dam, ARIC, Blue 
Mountains, and Rotterdam have found lower 
values of retinal arteriolar diameter and AVR in 
patients who subsequently developed 
hypertension in 3 years than in those with a 
normal blood pressure. These new data make the 
arteriolar caliber and AVR a pre-clinical marker 
of hypertension. A raised peripheral vascular 
resistance in small vessels, including retinal 
vessels, is the initial condition for the 
development of essential hypertension [22,39]. 
 
Diabetes Mellitus 

Microvascular pathology has an important 
role in the pathophysiology of diabetes mellitus  
[40]. Since the retinal vessels are the only small 
vessels that can be readily available, we can 
study the effect of hyperglycemia on the retinal 
vascular caliber [41]. Some studies (ARIC and 
Beaver Dam Eye) showed a link between the low 
AVR and the higher risk of developing Diabetes 
Mellitus independent of the cardiovascular risk 
factors [42]. In the Rotterdam Eye Study, the 
increased venular diameter was correlated with 
the impaired fasting glucose. In subsequent 
studies (MESA, Australian Diabetes, Obesity and 
Lifestyle and Blue Mountains Eye Study), an 
association was also reported between Diabetes 
and the increased retinal arteriolar caliber [43-
45]. In WESDR (Wisconsin Epidemiologic Study 
of Diabetic Retinopathy), in patients with type 1 
diabetes mellitus, a higher glycosylated 
hemoglobin was associated with a higher retinal 
vascular caliber, both venules and arterioles 
[46].   
 
Coronary heart disease 

Studies have found an association between 
the retinal microvascular morphology and the 
incidence of coronary pathology [47]. The ARIC 
study correlated a small AVR with the high risk 
of coronary artery disease in women, and CHS 
demonstrated that small AVR is generated by 
both, narrow arteriolar caliber and increased 
venular caliber [48]. The Blue Mountains Eye 
Study and the Beaver Dam Eye study correlated 
small AVR (due to larger venular caliber) with 
the double risk of coronary heart disease 
mortality in persons under 75 years old. For 
women, an additional 1.5-fold increase in risk is 
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associated with a narrow arteriolar caliber [49]. 
In his meta-analysis of 22,159 people, 
McGeechan revealed a correlation between the 
narrow arteries and the larger venules and the 
risk for coronary artery disease in women [50]. 
In WESDR, in patients with type I diabetes 
mellitus, the risk of cardiovascular mortality is 
higher in those with low AVR. In some studies, 
the smaller retinal arteriolar caliber was 
associated with signs of concentric remodeling of 
the left ventricle, seen on magnetic resonance 
imaging (MRI). Thus, the retinal microvascular 
changes may provide information on subclinical 
myocardial abnormalities, especially in middle-
aged women (49-75 years) [15,31,46]. 
 
Brain diseases 

It has been hypothesized that the impaired 
cerebral microcirculation is a major risk factor 
for stroke [51]. Since small cerebral vessels are 
quite similar in embryological origin, structure 
and function to retinal vessels, an attempt is 
being made to link the appearance of retinal 
vessels with brain pathologies [52]. 
Cardiovascular Health Study (CHS) and ARIC 
reported an association between an increased 
risk of ischemic stroke and low AVR; Rotterdam 
study demonstrated that people with a larger 
retinal venular caliber have a 12% higher risk of 
developing cerebral infarction [53]. McGeechan 
also concluded that the stroke risk is associated 
with an increased retinal venular diameter and 
there is no correlation with the arteriolar caliber 
[54]. There is only one study demonstrating the 
correlation between the increased venular 
caliber and the risk of intracerebral hemorrhage 
[55]. In WESDR, in patients with type II diabetes 
mellitus, both narrow arterioles and the dilated 
venules are correlated with a high mortality 
caused by stroke after 22 years [46]. Also, in 
ARIC, CHS and Rotterdam Study, subclinical 
changes in MRI (lacunar infarcts, white matter 
lesions and cortical atrophy) were found in 
healthy individuals with a larger venular caliber 
[56,57]. Patients without stroke retinal venular 
changes were associated with a poorer cognitive 
function and an increased risk of developing 
vascular dementia [58]. In conclusion, there are 
numerous links between the retinal 
microvascular changes and clinical cerebral 
pathologies, such as stroke, or sub-clinical, 
respectively, small vessels disease. 

Kidney diseases 
There are fewer studies on kidney diseases 

and vascular morphology, many of them on 
groups of patients with diabetes, in whom 
retinopathy and nephropathy are thought to 
have a common pathogenic pathway (endothelial 
dysfunction due to inflammation) [59,60]. 
WESDR demonstrated that in patients with type 
I Diabetes, the larger retinal venular diameter 
predicted proteinuria and renal impairment on 
the long run, and in those with type II diabetes, 
the venular retinal dilatation occurred before 
nephropathy [61]. ARIC revealed that low AVR 
was correlated with higher serum creatinine 
levels in both diabetic and non-diabetic patients 
[60]. In a study from 2017, Daien concluded that 
both CRAE and CRVE were negatively correlated 
with urinary albumin excretion and did not 
correlate with the estimated glomerular 
filtration rate [62]. Further, studies are needed 
to demonstrate correlations between retinal 
microvascular changes and renal dysfunctions. It 
is known that microvascular changes are 
important in the pathophysiology of diabetic 
nephropathy [60]. 
 
Ocular diseases 

In the pathophysiology of many ocular 
diseases, changes in retinal vessels are caused by 
cardiovascular pathologies.  
 
Diabetic retinopathy 

The MESA study, conducted on 
approximately 6,000 people of different 
ethnicities with normal blood sugar, 
hyperglycemia or diagnosed with Diabetes, 
evaluated retinal microcirculation. Thus, higher 
CRAE values were found in patients with 
Diabetes while CRVE was higher in those with 
impaired fasting glucose and those with 
Diabetes. Only large venous caliber was 
correlated with changes in glycemic and 
glycosylated hemoglobin, as well as the presence 
of diabetic retinopathy [44]. The combination of 
increased venular diameters with diabetes was 
also demonstrated by ARIC, Rotterdam and 
WESDR [63].  The WESDR study on patients with 
type II diabetes mellitus found an association 
between small CRAE and the increased risk of 
lower limb amputations and stroke mortality. 
Large CRVE was associated with an increased 
incidence of nephropathy and stroke mortality. 
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Also in WESDR, large venular caliber at the onset 
of diabetes was associated with a higher 
incidence of proliferative diabetic retinopathy on 
the long run [61]. According to the Diabetic 
Retinopathy Study, the increase in the retinal 
venular caliber is a predictor of a low visual 
acuity due to the progression of diabetic 
retinopathy. Arterial and venular changes may 
be caused by the presence of endothelial 
dysfunction due to the inflammation and retinal 
hypoxia caused by hyperglycemia [64,65].  
 
Age-related macular degeneration (AMD) 

Epidemiological studies have shown that 
both AMD and the cardiovascular disease have 
similar risk factors (smoking, high blood 
pressure, atherosclerosis), as well as an 
increased risk of stroke and myocardial 
infarction [66]. Due to these data, hypotheses 
were made that the pathological processes 
involved in the occurrence of AMD may lead to 
changes in the retinal vasculature. Longitudinal 
studies on Caucasians, Beaver Dam Eye Study, 
Blue Mountains Eye Study (BMES), and 
Rotterdam Study have found no association 
between the retinal vascular caliber and AMD 
[67]. A study on the Asian population, the 
Singapore Malay Eye Study, concluded that a 
higher retinal venular diameter is associated 
with retinal pigment abnormalities and early 
stage AMD. Although a smaller arterial diameter 
was associated with retinal pigmentation 
abnormalities, there is no significant correlation 
between arteriolar caliber and AMD occurrence 
[68]. In contrast, the Handan Eye Study showed 
that a narrow arteriolar diameter is associated 
with incipient forms of AMD, while the venular 
caliber is not [69].     
Primary Open-Angle Glaucoma (POAG) 

Glaucomatous optic neuropathy is defined 
by reduced retinal nerve fiber layer (RNFL) 
thickness, increased Cup Disc ratio and 
characteristic visual field defects [70]. There are 
many hypotheses regarding the correlations 
between the retinal arteriolar caliber reduction 
and RNFL loss. These hypotheses are supported 
by the fact that the loss of retinal ganglion cells 
decreases local metabolic and vascular 
requirements, leading to arteriolar 

vasoconstriction [71]. Various study hypotheses 
have been outlined. In a group of patients with 
asymmetric glaucoma, De Leon found lower 
values of CRAE and CRVE in the eye with severe 
glaucomatous impairment [72]. In BMES, lower 
arteriolar caliber values were found in POAG 
patients than in non-glaucoma patients [73]. The 
Singapore Malay Eye study found significant 
associations between the retinal vascular size 
and glaucoma prevalence as well as a larger cup 
disc ratio [74]. The Beijing Eye Study showed 
that POAG patients had a smaller retinal 
arteriolar caliber and a similar venular caliber 
compared to those without glaucoma [75]. In the 
Handan Eye Study, both POAG and PCAG 
(primary closed angle glaucoma) patients have a 
retinal arteriolar and a retinal venular caliber 
smaller than the non-glaucoma control group 
[76]. Hall found a significant correlation between 
the retinal arteriolar diameter and the visual 
field defects in POAG patients [77]. Both Beaver 
Dam Eye Study and Rotterdam Study have not 
found correlations between the retinal vascular 
caliber and glaucoma prevalence, increased Cup 
Disc ratio or high IOP. Further studies are 
needed to define the role of retinal vasculature in 
the pathogenesis of POAG. 
 
Retinal vein occlusion  

There was only one study in Korea, on 
10890 people, of which 0.8% were diagnosed 
with branch retinal vein occlusion, which 
measured CRAE and CRVE. The results showed 
that BRVO eyes had lower mean CRAE and CRVE 
values compared to normal eyes [78]. 

Conclusions 

In conclusion, there are links between 
retinal vasculature and the large number of 
physiological or pathological changes in the 
human body. Narrow retinal arteries and, 
possibly, a small AVR are found in elderly, 
hypertensive, with vascular atherosclerosis and 
alcohol-consuming patients. Moreover, patients 
with POAG have a small arteriolar caliber. There 
are cases of increased arteriolar diameter, such 
as females (possibly because of hormone 
replacement therapy), African-American or 
Hispanic race, smokers, or people who have 
antihypertensive and aspirin-associated 
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treatment. An increased retinal venular caliber is 
found in African-American and Hispanic patients, 
in those with a large BMI, dyslipidemia, 
atherosclerosis, who smoke, have an impaired 
fasting glucose, or diabetes and with 
cerebrovascular disease (stroke or vascular 
dementia). In patients with diabetes mellitus, a 
larger venous caliber suggests an increased risk 
of retinopathy and diabetic nephropathy. 
Combined large venular and narrow arteriolar 
caliber can predict an increased risk of coronary 
artery disease, especially in women, or may 
suggest a higher mortality caused by stroke in 
patients with Diabetes. 

Retina examination offers information 
about many systemic disorders. The fact that it 
can be explored directly, in vivo and 
noninvasively, makes eye examination a 
mandatory investigation in all patients. The new 
imaging techniques of the last decade allow an 
easy exploration of retinal circulation. Retinal 
vascular caliber is a quantitative assessment of 
microvascular structural changes that can be 
correlated with the cardiovascular risk factors or 
the glycemic profile. Numerous studies have 
demonstrated that the value of retinal vascular 
caliber can also be used as a noninvasive 
biomarker for the most important 21st century 
diseases (cardiovascular disease and diabetes). 
More and more rapid and easy examination 
methods of retinal vasculature will be developed 
and used in the coming years. 
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Abstract 
Nowadays, we live in a world in which we are daily bombed by hundreds of 
advertisements. Specialists have to discover other channels or embed attractive 
elements in the advertisements’ messages to cut through the clutter and catch the 
consumers’ attention. The evolution of the concept of service has changed from the 
commercial status to determining a lifestyle. 
Buying a service has led to a change in the consumer behavior. Consumers want to buy 
services that dazzle their senses, touch their hearts, and stimulate their minds, not as 
before, excellent or satisfying. 
Ophthalmology is the medical specialty that is the most oriented toward outpatient care, 
as hospitalization is required only in a small percentage of cases. 
The objective of this case study was to investigate the perception of Romanian adult 
consumers on ophthalmology services from an experiential marketing perspective, by 
using the Focus Group method. 
Ophthalmology requires a wide range of skills due to the diversity of consumers who 
demand specialized consultations. 
Experiential marketing is a valuable strategy that ophthalmologic organizations may use 
to target specific consumers. 
The purpose of this case study was to identify the perceptions of Romanian adults on 
experiential marketing campaigns and determine the degree to which these campaigns 
influenced their decisions of buying an ophthalmologic service. 
Using a snowball sampling technique we have sent a filter questionnaire to 40 people on 
the internet. The filter questionnaire consisted of questions about wearing eyeglasses, 
the period of wearing them, the last ophthalmologic consultation, the type of 
ophthalmologic clinic they were going to, age and education.  
The respondents revealed there is almost no visibility on promoting services even if 
there is an upsurge of organizations offering this type of health service in the Romanian 
ophthalmology sector. 
Keywords: perception, ophthalmology services, experiential marketing, snowball 
sampling technique, ophthalmology sector 
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1.Introduction 

Nowadays, we live in a world in which we 
are daily bombed by hundreds of 
advertisements. Moreover, as consumers found 
new methods of avoiding advertisements, the 
impact of sending the ad’s message on 
traditional channels has diminished. 
Consequently, specialists have to discover other 
channels or embed attractive elements in the 
advertisements’ messages to cut through the 
clutter and catch the consumers’ attention.  

Further, the evolution of the concept of 
service has changed from the commercial status 
to determining a lifestyle [1]. More exactly, 
buying a service has led to a change in the 
consumer behavior, as they became more 
educated, experienced, sophisticated, demanding 
and discerning in their purchasing process, 
which developed into greater requirements for 
the marketing experts. At the same time, 
consumers have started to consider the 
purchasing process a relationship established 
between them and the service itself [2]. In 
addition, consumers want to buy services that 
dazzle their senses, touch their hearts and 
stimulate their minds, not as before, excellent or 
satisfying [3]. This is where, more and more 
often, the interest of marketing experts to 
provide service experiences with a unique 
sensation has risen, rather than provide a list of 
features and benefits that remain engrained in 
the consumers’ minds for a long period of time, 
through experiential marketing.  

Health care is a service that most people 
need but do not want, in other words, it is an 
unwanted service. In addition, health care 
services are highly troublesome but critically 
important for a population’s wellbeing [4]. From 
a marketing perspective, it is the most 
customized service that the consumers can buy; 
however, its variability in solving health 
problems stands as proof that there is an 
undeniable difference between health care 
services and the other services. For instance, 
Berry and Beaudapudi (2007) [4] pinpointed 
that consumers are sick, relinquish privacy and 
are reluctant in disclosing their most intimate 
thoughts, perceiving a high risk in the service 
delivery, as it also happens in ophthalmology.  

Ophthalmology is the medical specialty that 
is the most oriented toward outpatient care, as 
hospitalization is required only in a small 
percentage of cases, when surgery is conducted. 
Further, many ophthalmologic patients have no 
disease, but require preventive check-ups and 
eyeglasses for benign refractive conditions, being 
self-referred or referred non-specifically by 
other physicians for a specialized consultation. 
Ophthalmologic practice is like primary care, 
with a large throughput of patients, many of 
whom are normal [5]. 

Since ophthalmology services are credence 
oriented and consumers are self-referred, 
marketing experts use an experience to attract a 
target audience with the intention of triggering 
an emotion or action at a cognitive level [4]. The 
experiential approach is the new currency of the 
modern marketing landscape, because 
experiences are life and people talk about life 
experiences day-by-day [6].  

The objective of this case study was to 
investigate the perception of Romanian adult 
consumers on ophthalmology services from an 
experiential marketing perspective, by using the 
Focus Group method.  

2.Ophthalmology specialty from a 
marketing perspective  

Ophthalmology requires a wide range of 
skills due to the diversity of consumers who 
demand specialized consultations. Thus, patients 
who need an ophthalmic consultation range from 
pediatric to geriatric segments. Patient care 
usually takes place on an outpatient basis on a 
long period of time, allowing the development of 
a true report. Moreover, surgeries are usually 
performed on a day care basis and under local 
anesthesia.  

According to Thomas (2010), many 
ophthalmologic consumers are different from 
other service consumers in some aspects. The 
main differences between the ophthalmologic 
consumers are highlighted in Table 1.  
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Table 1. Differences between ophthalmologic and other services consumers  
Ophthalmologic services Other services 
Seldom are the last decision makers Usually are the ultimate decision makers 
Often make decisions subjectively Usually make decisions objectively 
Seldom know the price Always know the price 
Seldom make decisions based on price Usually make decisions based on price 
Usually make nondiscretionary purchases Usually make discretionary purchases 
Usually require a professional referral Rarely require a professional referral 
Have limited knowledge of service attributes Have significant knowledge of service attributes 
Have limited ability to judge the quality of the service Are usually able to judge the quality of the service 
Have limited ability to evaluate the outcome Are usually able to evaluate the outcome 
Are not susceptible to standard marketing techniques Are susceptible to standard marketing techniques 

Source: adapted from Thomas RK. Marketing Health Care Services. 2010, Oxford, Oxford University Press, 157. 
 
3.Experiential marketing in 
ophthalmologic services  

Experiential marketing is a valuable 
strategy that ophthalmologic organizations may 
use to target specific consumers, which delivers 
a compelling service experience that is appealing 
to the wants and needs of its consumers. 
Moreover, experiential marketing connects with 
consumers through the participation and 
tangible nature of a personally relevant and 
memorable experience [7].  

The concept of experiential marketing was 
first introduced in 1999 by Bernd Schmitt, who 
defined it as the consumer’s process of 
recognition or intention to purchase a service 
only after they have had an experience with the 
organization, through which the value perceived 
by the consumer has increased. Nevertheless, 
experiential marketing does not refer to the 
quality, the benefits, and the functions of the 
service, but is rather emotionally oriented as it 
conveys to the consumer and the senses it 
activates.  

The core values of emotional marketing are 
the following [8]: 
1. Communicate by using the sense of touch 

and emotions more while helping consumers 
visualize the way the service will bring a 
benefit to their lives.  

2. Demonstrate the use and benefit by 
employing photography and other 
illustration techniques, showing the 
application, use and service benefits in an 
“aspirational” manner.  

3. Infuse emotional selling messages, as the 
consumers’ buying decisions are more 
emotionally oriented than logic.  

By relying on the strategic experiential 
model, Schmitt divided the types of marketing 
into 5 categories: Sense Experience, Feel 
Experience, Think Experience, Act Experience, 
and Relate Experience [9]. 
- Sense Experience refers to the experience 

consumers gain while using their senses 
such as sight, hear, touch, smell and taste. As 
such, through sensory experience, 
consumers will be able to develop 
experience logic and, subsequently, using the 
experience logic, they will form attitudes to 
differentiate services [10].  
In fact, Sense Experience appeals to the five 
basic human senses, as it follows [11]: 
a. Visual Experience. Sight is the most 

commonly used sense in marketing 
because it is the most stimulated by the 
environment. Due to this fact, the 
ophthalmologic organizations use many 
colors and forms to attract consumers, 
because they are memorized easier in 
the audience’ mind. Moreover, the colors 
of the surroundings, lights, materials, or 
layout are also important criteria to take 
into consideration in selling points.  

b. Auditory experience uses music or 
sounds to promote a message in order 
for the consumer to remember it easier.  

c. Tactile experience.  
d. Olfactory experience is connected to the 

emotions and ophthalmologic 
organizations use natural or artificial 
smells.  

- Feel Experience is referred to the 
consumer’s inner emotion, mood and feeling, 
which is derived from the consumption 
experience [12]. Feel experience can only 
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work if there is a deep understanding of 
which stimuli trigger certain emotions.  

- Think Experience refers to the stimulation 
of the consumer’s creativity on a cognitive 
level so that they engage in solving real 
problems. Moreover, think experience uses 
surprise, intrigue, and provocation to appeal 
to problem solving capabilities.  

- Act Experience involves the consumer’s 
activities related to changing a certain 
behavioral habit or lifestyle. These 
experiences sometimes occur in a private 
environment, but are most often the result of 
interactions between several persons. 
According to Schmitt, act experience enables 
consumers to develop experiences that deal 
with the consumer’s physical body, behavior 
and lifestyle and the experience gained from 

the social interaction with other people. 
Through the experience action, consumers 
develop a sense of sensation, influence, and 
relationship with the services offered.  

- Relate Experience refers to an experience 
that allows the consumer to establish ties 
with various entities and communities 
through the process of buying and 
consuming. Relate experience allows 
consumers to build their connection with the 
social communities and social entities 
through the process of purchasing and 
service consumption [13].   

The ultimate strategy of experiential 
marketing is to build holistic experiences with 
intense, broad, and interconnected experiences 
by using advertising. 

 

 
 
 
4. Research objectives  

The purpose of this case study was to 
identify the perceptions of Romanian adults on 
experiential marketing campaigns and 
determine the degree to which these campaigns 
influenced their decisions of buying an 
ophthalmologic service. The objectives of the 
research were the following: 

1. Determine the respondents’ degree of 
knowledge on the concept of experiential 
marketing.  

2. Determine the respondents’ degree of 
knowledge of the concept of experiential 
marketing applied in ophthalmologic 
services.  

3. Identify the respondents’ perception of 
experiential marketing in ophthalmology. 

Experiential 
marketing 
advertising 

 

Sense 

Feel 

Think Act 

Relate 

Fig. 1 Experiential marketing advertising and the 5 senses 
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4. Examine the factors that made experiential 
marketing efficient in ophthalmologic 
services.  

5. Investigate whether the respondents would 
go to a consultation in an ophthalmologic 
clinic advertised with the help of experiential 
marketing messages.  

5. Research methodology  

The focus group method was used in order 
to assess the established objectives. The focus 
group is a method specifically used in 
exploratory research. Moreover, focus groups 
are small groups of people brought together with 
the aim of gaining information on a relevant 
topic, such as generating ideas, learning the 
respondents’ vocabulary when relating to a 
certain type of service, or gaining some insight 
into basic needs and attitudes [14]. On one hand, 
the main advantages of focus groups are that 
they generate fresh ideas, allow moderators to 
observe their respondents, may be directed 
towards understanding a wide variety of issues 
and allow a fairly easy access to special 
respondent groups, and, on the other hand, the 
major disadvantages of focus groups are that 
they are not representative samples, it is difficult 
to interpret the results of focus groups, as the 
moderator’s report is based on a subjective 
evaluation of what was said during the focus 
group, and the cost per participant is high [14].  

We decided that 25 people would give us 
enough insight to assess the objectives. Using a 
snowball sampling technique we have sent a 
filter questionnaire to 40 people on the internet. 
The filter questionnaire consisted of questions 
about wearing eyeglasses, the period of wearing 
them, the last ophthalmologic consultation, the 
type of ophthalmologic clinic they were going to, 
age and education. We selected only the persons 
who wore eyeglasses for a period longer than 5 
years, who went to a consultation not more than 
2 months before the research took place in a 
private clinic, were aged 25 to 35 years and 
graduated from university. The selected sample 
size consisted of 20 participants. Consequently, 
the participants received 2 invitations with 
dates, hours and the places where the focus 
groups took place. The location selected was in a 
room specially designed for these kinds of 

research methods, in a marketing research 
institution in Bucharest, which was rented for a 
couple of hours. The room also required a 
projector, because the experiential marketing 
technique consisted of an advertisement of an 
ophthalmologic clinic, which needed 
visualization on a screen. The advertisement can 
be found on the internet, at 
https://www.youtube.com/watch?v=bE4eiuoM
mAE. It embedded elements that covered all 5 
experiences described as being part of the 
experiential marketing, with a focus on the feel, 
think and act experiences.  

The focus groups took place during 2 
consecutive days and lasted not more than 2 
hours. Moreover, the answers were recorded 
with the help of a mobile phone. The first group 
consisted of 10 participants and, the second 
group, of only seven, because one respondent 
quit in the last minute, and others did not show 
up even if they confirmed their participation. 
Hence, 17 persons were included in the focus 
groups. A questionnaire was administered at the 
end of every focus group, in case there were 
respondents who did not have the chance to 
express themselves or were not very talkative. 
The recorded conversations were transcribed in 
a text format and a content analysis was 
conducted.  

6. Findings 

Both focus groups took place in a relaxed 
atmosphere and the 17 participants were 
friendly and brief on the provided answers, 
eager to share their knowledge and experiences. 
The demographic profile of the respondents 
revealed 4 males and 13 females, the mean 
period of wearing eyeglasses was of 8 years and 
the mean period since the respondents went to 
their last ophthalmologic consultation was of 
about 5 months.  

After watching the advertisement, the 
moderator presented the main objective of the 
research to the respondents, assured them that 
their answers will be confidential, that they were 
going to be recorded and if they felt embarrassed 
while answering a question they could avoid it.  

The first discussion subject approached 
was about the degree of knowledge of the 
respondents on experiential marketing. 4 
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participants answered that it was related to 
experience and others (10 persons) used words 
such as testing, trying and selling a service with 
the sense of experience. 3 respondents did not 
know what experiential marketing meant. 
Further, the moderator explained what 
experiential marketing was, as acknowledged in 
the scientific literature.  

The second subject approached was 
whether the participants had any knowledge 
about the application of experiential marketing 
in ophthalmologic services. All respondents 
replied they have not seen any advertisement on 
ophthalmologic services on Romanian TV or over 
the internet. However, 2 participants have seen 
an ad for ophthalmologic services during a 
dedicated event but they did not use experiential 
marketing elements. The vast majority of 
respondents (15 persons) agreed on the lack of 
advertising in health care services, and 
implicitly, on ophthalmologic services.   

The third subject covered the factors that 
would make experiential marketing efficient in 
ophthalmologic services. The vast majority of 
respondents took into consideration what the 
moderator explained about the significance of 
the concept of experiential marketing and 
pointed out the following particularities of 
experiential marketing advertising for 
ophthalmologic services: 
- All respondents agreed that the 

advertisement should be visually attractive 
and tell a story. 

- 13 respondents emphasized the 
importance of emotions in advertising, 
gaining more attention if used properly.  

- All respondents mentioned the word 
“empathy” in relation to the advertisement 
watched. What should be added is that 
empathy presupposes the relate experience, 
as part of experiential marketing. Moreover, 
consumers have to be engaged in the process 
decisions regarding their health and so, 
organizations have to empower them and 
offer a benefit to their experience with the 
provider.  

The fourth subject discussed focused on the 
respondents’ intention to go to a consultation of 
an ophthalmologic organization advertised and 
which used experiential marketing elements.  
The vast majority of respondents (13 persons) 
answered that they would go to a consultation if 

they could watch the advertisement on TV first. 
However, a few participants were rather 
skeptical on trusting the organization when 
making health care decisions and answered they 
would rather prefer a recommendation from 
family and peers, or even the general 
practitioner instead.  

7. Discussion 

It is acknowledged that marketers use 
experience to influence a target audience. 
Regardless of the field, there is always the 
intention to use an experience to distribute a 
message or content which trigger an emotion or 
action (a behavioral response) [4].  

Moreover, when developing a marketing 
plan, especially an experiential marketing plan, it 
is important for the organizations to focus on 
several factors such as the following [7]:  
- Choosing an appropriate location or venue 

where the ad would be distributed; 
- Targeting the appropriate audience 

(Consumer emotional attitudes vary 
depending on age, gender, culture, 
socioeconomic status); 

- Creating a fun and memorable experience by 
using multiple media platforms, visual and 
print ads; 

- Offering consumers what they want to see 
and hear.  

Health care is still a sensitive subject and, 
when advertising their services, most medical 
organizations concentrate on a description of 
indoor components of their building and 
equipment. Thus, most consumers would not 
consider this kind of advertisement interesting 
even if it uses some experiential marketing 
strategies. As our research findings suggested, 
the advertising message should enclose 
emotional elements and add value to the 
consumers’ experiences. If consumers were 
influenced by the emotional marketing 
advertisement they would recommend it to 
other peers, would build on loyalty and stimulate 
a purchasing behavior.  

The respondents revealed there is almost 
no visibility on promoting services even if there 
is an upsurge of organizations offering this type 
of health service in the Romanian ophthalmology 
sector. Moreover, organizations should conceive 
their advertisements around a story that the 
consumer could identify with.  
 



Romanian Journal of Ophthalmology 2017; 61(3): 181-187 
 

 
187 

Romanian Society of Ophthalmology 
© 2017 

References 

1. Owyang J. Disruptive technology—the new reality will 
be augmented. Consum Related Manag Mag. 2010; 
32(2):32-33. 

2. Caru A, Cova B. Consuming Experience, 2007, New 
York, Taylor and Francis Group. 

3. Pine J, Gilmore JH. The experience economy: work is 
theatre and every business a stage. 1999, Boston, 
Harvard Business School Press. 

4. Smith K, Hanover D. Experiential Marketing. 2016, 
United States, Wiley.  

5. Safir A. Ophthalmology’s characteristics as a specialty, 
from an information science viewpoint. 
Ophthalmology. 1981 Sep; 88(9):41A-45A. 

6. Smilansky S. Experiential marketing. A practical guide 
to interactive brand experiences. 2009, London, Kogan 
Publishing House. 

7. Adweek. Entrepreneur magazine, Emerald insight, 
2009, Proceedings of the 41st Hawaii International 
Conference on System Sciences. 

8. Nigam A. Experiential Marketing: Changing Paradigm 
for Marketers. International Journal of Computer 
Science and Management Studies. 2011; 11(2),200-
204. 

9. Schmitt B. Experiential Marketing: How to get 
customers to sense, feel, think, act, relate. 1999, New 
York, The Free Press. 

10. Vargo SL, Lusch RF. Evaluating to a new dominant 
logic for marketing. Journal of Marketing. 2004; 
68(1),1-17. 

11. Canneterre J, Mou N, Moul S, Bernadac M, Ghor A. 
International Conference of Scientific Paper, AFASES. 
In: How Do Companies Innovate and Attract 
Consumers through Experiential Marketing?, Brasov, 
2012.  

12. Yang ZY, He LY. Goal, customer experience and 
purchase intention in a retail context in China: An 
empirical study. African Journal of Business 
Management. 2011; 5(16),6738-6746. 

13. Chou HJ. The effect of experiential and relationship 
marketing on customer value: A case study of 
international American casual dining chains in Taiwan. 
Social Behavior and Personality. 2009; 37(7),998. 

14. Burns AC, Bush RF. Marketing Research, 5th Ed., 2010, 
New Jersey, Pearson Prentice Hall, Upper Saddle River. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Romanian Journal of Ophthalmology, Volume 61, Issue 3, July-September 2017. pp:188-191 
 

GENERAL ARTICLE 
 

 
188 Romanian Society of Ophthalmology 

© 2017  
doi:10.22336/rjo.2017.34 

 
 

Transnasal endoscopic assisted  
dacryocystorhinostomy 

 
Hainăroșie Răzvan* **, Ioniță Irina* **, Pietroșanu Cătălina* **, Pițuru Silviu*,  
Hainăroșie Mura* **, Zainea Viorel* ** 

*”Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania 
**“Prof. Dr. Dorin Hociotă” Institute of Phonoaudiology and Functional ENT surgery, Bucharest, Romania 
 
Correspondence to: Silviu Pițuru,  
 ”Carol Davila” University of Medicine and Pharmacy, Bucharest, 
8 Eroii Sanitari Blvd., Code 050474, District 5, Bucharest, Romania, 
Mobile phone: +40722 488 675, E-mail: piturus@yahoo.com 
 
Accepted: September 6th, 2017 
 
 

Abstract 
Transnasal endoscopic dacryocystorhinostomy is a good alternative for external DCR. It 
is considered a safe and efficient technique with successful results, comparable or even 
better than the external technique. Advanced knowledge of the endoscopic anatomy and 
the lacrimal system is necessary to perform the procedure safely, and to obtain good 
surgical outcomes. 
The aim of the paper is to analyze the changes of the endoscopic technique and to 
improve it. The transnasal endoscopic dacryocystorhinostomy surgical technique is 
described in a “step by step” manner. Also the surgical technologies that can be used for 
this intervention are presented, focusing on the cold instruments. 
Keywords: endoscopic, transnasal, dacryocystorhinostomy 

 
 
Introduction 

In the last 20 years, an avalanche of 
developments, mainly in the endoscopic field, 
has taken place in ENT. Endoscopic sinus surgery 
developments were outstanding. Optical 
technologies and video chip advancements 
offered a perfect view of the endoscopic surgical 
field. Surgeons can perform more complex 
operations, safely and minimally invasive.  

Dacryocystorhinostomy (DCR) is the 
procedure that aims to create a direct drainage 
of the tears, opening the lacrimal sac directly 
into the nasal cavity in cases of nasolacrimal duct 
(NLD) blockage. 

The procedure is over 100 years old, and it 
was described in the first century by Celsus. He 
created a new passage for the tears using a 

cautery at the level of the lacrimal bone. In the 
second century, Galen described the same 
procedure.  

In the eighteenth century, Woolhouse 
imagined a technique to open the lacrimal sac 
into the maxillary sinus. That method is 
somehow similar to the modern DCR. He 
removed the lacrimal sac and placed a stent of 
gold or silver. Some of the authors reported 
success in almost 70-85% of the cases. 

The first modern description of an external 
DCR was published in 1904, while the modified 
version of Dupuy-Dutemps and Bourguet remain 
the gold standard for the treatment of NLD 
obstruction [1]. 

In 1893, Caldwell described for the first 
time the endonasal approach of an endoscopic 
DCR [2]. In 1989, Meiring and Mc Donogh 
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described the modern DCR. In our days, 
transnasal endoscopic DCR is the primary 
treatment for lacrimal obstruction or revision 
surgery before external DCR. 

Indications of transnasal endoscopic DCR 
include patients with NLD demonstrated 
obstruction in cases of facial trauma, failed 
external DCR, adolescents with anatomical 
variations or congenital disorders of the lacrimal 
pathway. The scar or adhesions can be removed 
in cases of previous failure of the endoscopic 
DCR. 

Relative contraindications of endoscopic 
DCR are acute dacryocystitis and anticoagulant 
treatment that cannot be stopped. 

Absolute contraindications are tumors of 
the lacrimal sac. 

The aim of the paper was to analyze the 
modifications of the endoscopic technique and to 
improve it. 

Material and method 

The transnasal endoscopic 
dacryocystorhinostomy was performed under 
general anesthesia with transoral intubation.  

Cotton pads moisturized in adrenalin 
solution were placed at the level of the medial 
meatus and inferior turbinate, under endoscopic 
control. 

Septoplasty is performed if a septal 
deviation blocks the access to the medial meatus. 

The middle meatus was localized by using a 
0-degree rigid endoscope. Moreover, the middle 
turbinate was gently medialized. 

The following endoscopic landmarks have 
to be identified: middle turbinate, lacrimal crest, 
uncinate process, bulla ethmoidalis. 

Some authors recommend the head of the 
middle turbinate as a landmark, but, in our 
opinion, it is not a safe landmark due to the high 
variability of this structure. 

The uncinate process was located to 
identify the lacrimal sac region and the anterior 
of the lacrimal crest was defined. 

Many techniques were described by using 
multiple mucoperichondrial flaps from the nasal 
mucosa. After multiple tryouts, only one flap is 
currently used.  

 
 
 
 
 
 

A vertical incision was performed at the 
level of the anterior limit of the lacrimal crest, 
starting at the level of the middle turbinate 
insertion and downwards to the superior part of 
the inferior turbinate. 

 

 
 
 
 
 

Fig. 1 Endoscopic landmarks; MT- middle 
turbinate; UP - uncinate process; LC -lacrimal 
crest; IT - inferior turbinate 
 

Fig. 2 Incision on the lacrimal crest and anterior 
flap design; MT - middle turbinate; UP - uncinate 
process; LC - lacrimal crest 
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Two parallel horizontal incisions were 
made at the extremities of the vertical incisions 
from the anterior up to the posterior part of the 
lacrimal crest. 

The mucoperiosteal flap was elevated 
anteriorly and the lacrimal bone was exposed. 

The bone removed was represented by the 
maxillary branch and lacrimal bone. In cases of 
agger nasi rich pneumatization, some anterior 
ethmoidal cells can be removed as well. 
 

 
 
 
 

A high-speed drill was used to remove the 
bone. Some authors recommend the use of 
piezotome, a device that removes only bone and 
does not harm the soft tissue, with minimal 
thermal effect. 

We removed as much bone as we could 
vertically. 

A Bowman cannula was inserted into the 
inferior canaliculus to identify the medial wall of 
the lacrimal sac.  
 

 
 
 
 
 

The medial wall of the lacrimal sac was 
incised with the endoscopic knife in an “H” 
shape. 

The two vertical flaps from the lacrimal sac 
were exposed until the posterior flap came in 
close contact with the nasal mucosa located at 
the posterior limit of the lacrimal crest. 
 

 
 
 
 
 
 

The nasal mucosal anterior flap was 
shortened with the shaver until it reached the 
anterior flap from the lacrimal sac.  

A piece of Gelaspone was placed to stabilize 
the flaps.  

No stenting was performed. 
No nasal packing was necessary. 
Postoperative care was done by using 

saline solution and oil drops to clean the nose. 
 The first visit was at 14 days, then at one 

month and two months. 

Results and discussions 

Our success rate in 37 patients was 91.89% 
after the first surgery and 97.3% after the second 
surgery. No external DCR was performed. 

First, it was believed that the external DCR 
would obtain better results than the endoscopic 
DCR, but recent studies showed that the results 
are comparable, maybe better in endoscopic DCR 
[3]. 

The advantages in endoscopic DCR include 
the fact that it does not disturb the lacrimal 
pump system [4]. Also, all surrounding 
structures were visualized. 

Fig. 3 Drilling the lacrimal bone 
 

Fig. 4 Bowman cannula insertion will better 
identify the projection of the lacrimal sac. An 
incision can be performed safely 
 

Fig. 5 Wide opening of the lacrimal sac, no 
stenting required 
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Better esthetic results are obtained without 
a skin incision. 

Less operative bleeding was reported 
together with no scar to the external canthus 
area and orbicularis muscle. 

A disadvantage of the endoscopic DCRS is 
that a lacrimal neoplasia cannot be excluded; if a 
suspicion is raised, a biopsy must be performed 
[5]. 

LASER or radiofrequency assisted DCR was 
described, but we do not recommend that 
technique because of the thermal damage 
produced to the tissue and the additional cost of 
the procedure. We recommend using “cold” 
instruments. 

Taking into account that endoscopic and 
external DCR have comparable results, from an 
ethical point of view, the surgeon has to present 
both options (with advantages, disadvantages, 
risks, benefits, possible complications) to the 
patient. The esthetic result of the procedure 
must be addressed, and the patient can choose 
the most convenient procedure. The informed 
consent is obtained before surgery.  

Also, the surgeon has to be aware of the 
limits imposed by his/ her medical specialty, and 
always have in mind an improvement of the 
patients’ health as a result of the treatment. 

Conclusion 

Transnasal endoscopic 
dacryocystorhinostomy is a safe and efficient 
technique with a success result comparable or 
even better than external DCR.  

Advanced knowledge of endoscopic 
anatomy and lacrimal system is necessary to 
perform the procedure safely. In case of failure, 
the procedures can be repeated, or external DCR 
can be conducted.  

In our opinion, “cold” instruments are the 
best choice to perform the surgery.  

Further studies must be made concerning 
the use of piezoelectric surgery in lacrimal bone 
removal. That technology offers a “cold” removal 
of the bone without damaging the soft tissue, 
reducing scar formation, but the operation will 
take longer since the speed is low with that type 
of technology. 
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Abstract 
Transnasal endoscopic orbital decompression is a viable alternative for external orbital 
decompression. Today, it can be performed due to the great development of endoscopic 
technology and specific endoscopic surgical instruments. It requires strong anatomic 
knowledge and skilled hands. 
We present our experience with endoscopic orbital decompression focusing on the 
surgical technique used in our department. The surgical maneuvers must be firm and 
gentle protecting the local risk elements and respecting the orbital content. 
Keywords: orbit, decompression, endoscopy 

 
 
Introduction 

Orbital decompression was first reported 
in 1911 by Dollinger, a lateral decompression 
technique being proposed. Naffziger proposed an 
orbital roof decompression in 1931. This type of 
approach was used when managing bilateral 
disease, and when neurosurgical assistance 
needed it. Still, the orbit communication with the 
intracranial content leads to pulsating proptosis. 
Sewall described the medial decompression of 
the orbit in 1936. He described the entire 
removal of the medial wall of the orbit. The 
orbital content prolabated into the ethmoid 
cavity. In 1950, Hirsch used the technique 
described by Lewkowitz and performed an 
inferior orbitotomy using the transantral 
Caldwell-Luc approach, removing the inferior 
orbital wall. The orbital content prolabated into 
the maxillary sinus. Using a transantral Caldwell-
Luc approach, Walsh and Ogura decompressed 

both the medial and the inferior wall of the orbit 
in the same surgery. 

Using the endoscope, Kennedy imagined 
the endoscopic approach of the medial wall of 
the orbit. Michel popularized the technique later 
in 2001. 

The development of the optical technology 
used in rigid endoscopes and the advancement in 
optical video chip will provide the surgeon with 
the right tools to perform the orbital 
decompression under endoscopic guidance.  

Levine proposed special instruments 
designed for orbital decompression. 

The indications for orbital decompression 
are the following [1,2]:  

- ethmoiditis with orbital complications 
- ethmoidal mucoceles 
- orbital hematoma - trauma or endoscopic 

sinus surgery 
- Graves orbitopathy 
- exophthalmos 
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- exposure keratopathy 
- diplopia 
- optic neuropathy 
- tumors located medial to the optic nerve 
- sinonasal or skull base tumors with 

orbital compartment extension 
From an ethical point of view, there are two 

ways to obtain the informed consent depending 
on the patients’ general health status. When 
dealing with a scheduled surgery, the patient 
needs to be thoroughly presented the surgical 
plan with its advantages, disadvantages, risks, 
benefits, possible complications and prognostic, 
and afterwards the informed consent can be 
obtained. When facing an emergency situation, 
the informed consent is not a priority, the 
surgical and medical gestures have to be 
performed to save the patient’s life or prevent 
permanent damages. After the surgery, an 
emergency report will be written to justify the 
absence of the informed consent.   

Materials and method 

We analyzed the cases that underwent 
endoscopic orbital decompression in the IIIrd 
ENT and Head and Neck Surgery Department of 
“Prof. Dr. Dorin Hociota” Institute of 
Phonoaudiology and Functional ENT Surgery in 
the period 2007-2010. The patients who 
underwent purely endoscopic orbital 
decompression were included in the study. In 
one case, inferior wall orbital decompression 
was associated to the medial decompression of 
the orbit. 
 
Table 1. Endoscopic orbital decompression 

Orbital decompression Number of patients 
Ethmoiditis with orbital 
complications 

19 

Ethmoidal mucoceles 14 
Orbital hematoma - 
trauma/ endoscopic sinus 
surgery 

5/ 12 

Optic neuropathy 4 
Graves orbitopathy 3 
Tumors located medial to 
the optic nerve 

2 

Sinonasal tumors with 
orbital compartment 
extension 

27 

 

The technique used was performed under 
general anesthesia with orotracheal intubation. 
Pieces of cotton moisturized in adrenaline 
solution were mounted along the inferior 
turbinate and into the medial meatus. 

If a major septal deviation was 
encountered, septoplasty was performed to 
achieve a good exposure of the ethmoidal bulla.  

After 5 minutes, we gently medialized the 
medial turbinate. The uncinate process and the 
bulla ethmoidalis were exposed. Inferior 
uncinectomy was performed. The surgeon had to 
assess the insertion of the uncinate process 
preoperatively to avoid harming the orbital 
contents when uncinectomy was performed.  
 

 
 
 
 
 
 

Medial meatotomy was performed; if 
needed meatotomy orifice could be enlarged, 
and inferior wall decompression could be 
conducted. 

Anterior ethmoidectomy was done by 
removing the ethmoidal cells until the lamina 
papyracea was reached. Lamina papyracea 
represents the insertion of the medial turbinate 
on the lateral wall of the nasal cavity. It separates 
the anterior ethmoid from the posterior one.  

Posterior ethmoidectomy was continued 
until the skull base was reached. The procedure 
can be completed when sphenoidotomy is 

Fig. 1 Inspecting the middle meatus. UP – 
uncinate process; BE – bulla ethmoidalis; MT – 
middle turbinate 
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needed, in addition, a total 
sphenoethmoidectomy was achieved.  

 

 
 
 
 
 
 
 

The medial wall of the orbital cavity was 
exposed widely. The medial wall of the orbit was 
penetrated with a particular pyramidal tip 
instrument. The lamina papyracea was removed 
by using special dissectors with aspiration.  
 

 
 
 
 
 

 
 
 
 
 

 
The periorbit was exposed and two or 

three horizontal incision lines were performed 
with a blunt tip endoscopic knife. One or two 
sliding of fascia had to be preserved in patients 
without optic neuropathy to protect the medial 
rectus muscle to minimize postoperative 
diplopia. 
 

 
 
 
 
 
 
 

Fig. 2 Ethmoidal cavity inspection after 
anteroposterior ethmoidectomy; LP – lamina 
papyracea; SB - skull-base 
 

 
Fig. 3 Exposing the medial orbital wall 

 

Fig. 4 Elevating the bone of the medial orbital 
wall; LP - lamina papyracea; PO -periorbit 
 

 
Fig. 5 Incising the periorbit with OF (orbital fat) 
protruding into the ethmoidal cavity 
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Result and discussion 

Medial orbital decompression was 
performed successfully. Still, in Graves 
orbitopathy, we considered that a 360-degree 
decompression is the gold standard [6,7]. 

The orbit is a cone-shaped compartment 
made up of bony walls circumferentially and the 
orbital septum anteriorly. The intact orbital 
septum can manage pressures up to 50 mmHg. 
The term “orbital compartment syndrome” was 
presented in 1990 by Kratky. Increased pressure 
in the intraorbital compartment may 
compromise the vascularisation of the optic 
nerve that will lead to irreversible blindness 
[3,4].  

If the blood flow in the posterior ciliary 
arteries, central retinal artery, or vasa nervorum 
of the optic nerve is obstructed, optic 
neuropathy may appear due to ischemia. In 
orbital abscesses or orbital hematoma, the orbit 
must be decompressed in the first 8 hours [5].  

Conclusions  

Endoscopic medial orbital decompression 
is a safe and reliable technique. Advanced 
anatomic knowledge is necessary to perform the 
decompression safely. If needed, it can 
completed with inferior decompression, which 
can also be performed endoscopically.  

The procedure must be performed by 
surgeons who can also perform medial 
canthotomy or decompress the orbit externally. 
The endoscopic approach offers an excellent 
visualization and control of the skull base area 
and orbital apex. 
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Abstract 
Aim. To study the outcome of cataract surgery in eyes with pseudoexfoliation without 
signs of glaucoma. 
Methods. This prospective study was done over nine months on patients with 
pseudoexfoliation undergoing small incision cataract surgery. Only patients with normal 
intraocular pressure (Central Corneal Thickness Corrected), normal cup disc ratio and 
open angles were included.  
Patients on anti-glaucoma medication were excluded. Patients underwent surgery 
performed by a single senior surgeon. Intraoperative and postoperative day (POD) 1 
findings were noted. 
Results. The mean age of the patients was 61.60 years +/ - 10.21 years. Males were 46% 
(n=16). Right eye was operated upon in 60% of the cases (n=21). The mean pupil 
dilation was 5.1 mm +/ - 1.47 mm. The postoperative day 1 visual acuity of the patients 
was logMar 1.02 +/- 0.64 and the mean POD 1 intraocular pressure was noted to be 
26.23 mmHg +/ - 11.40 mmHg. 
Five cases had a zonular dialysis intraoperatively due to weak zonules. 11 cases had high 
anterior chamber reaction of 2+ or more. Four cases had unavoidable sphincter tears 
and two cases had iridodialysis superiorly during nucleus delivery. 
Conclusions. Intraoperative complications should be anticipated in patients with 
pseudoexfoliation even without glaucomatous changes due to poor pupillary dilation and 
zonular weakness. First postoperative day visual acuity in pseudoexfoliation patients 
undergoing cataract surgery was found to be low due to severe anterior chamber 
inflammation causing elevated intraocular pressure and corneal edema. 
Keywords: corneal edema, exfoliation, intraocular pressure, glaucoma, visual acuity 
Abbreviations. POD = Postoperative day, PEX = Pseudoexfoliation syndrome, LOXL 1 = 
Lysyl oxidase-like 1, IOP = Intraocular pressure, AC = Anterior chamber, IOL = 
Intraocular lens 
 
 

Introduction 

The Pseudoexfoliation syndrome (PEX) was 
first described by Lindberg in 1917 in Finnish 
patients. The histological studies done by 
Davork-Theobald differentiated between the 

exfoliation seen in glass blowers and senile 
exfoliation. Senile exfoliation was then termed as 
Pseudoexfoliation [1]. 

Pseudoexfoliation is characterized by 
production and deposition of abnormal fibrillar 
extracellular material in the ocular adnexa, Iris 
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and Lens Capsule and has also been observed in 
other tissues such as blood vessels, skin, 
gallbladder, kidneys, lungs, and heart. It has been 
linked to dysregulation of lysyl oxidase-like 1 
(LOXL1) gene in PEX tissues [2].  

Nordic countries tend to have a higher rate 
of pseudoexfoliation with up to 22.4% in Finland, 
above 60 years of age [3,4]. Rates in most other 
populations around the world are less but have 
been found to be as high as in American Navajo 
Indians (38.0%), to the very low rate in ethnic 
Chinese of Singapore (0.7%) [5,6].  

Due to its manifestations, 
pseudoexfoliation can have a deleterious effect 
intraoperatively and significant effects on visual 
prognosis, postoperatively. Pseudoexfoliation 
Patients undergoing cataract surgery have been 
associated with various intraoperative cataract 
surgery complications such as zonular weakness, 
non-dilating pupil, Iris atrophy, and corneal 
edema [7]. Studies of unilateral exfoliation 
syndrome have found about a 5% decrease in the 
number of endothelial cells in the affected eye 
and about a 14% decrease in endothelial counts 
when compared to normal eyes [8-10]. Mild 
increase in polymegathism and pleomorphism of 
endothelial cells has also been noted [8,9].  

PEX is the commonest identifiable cause of 
secondary glaucoma and most of these 
complications are thought to be secondary to 
glaucoma and associated to raised intraocular 
pressure rather than pseudoexfoliation itself [7].  

In this first of a kind study, the effect of 
pseudoexfoliation without glaucomatous 
changes on the outcome of cataract surgeries has 
been studied. We aimed to find a correlation 
between postoperative visual acuity and 
pseudoexfoliation and try to understand the 
ocular manifestations of pseudoexfoliation and 
its resulting clinical and surgical complications. 

Material and Methods 

The study was done over nine months in a 
tertiary hospital in south India. Over 900 
patients attended for cataract surgery during 
this period but only 35 met the inclusion and 
exclusion criteria and were taken for the study. 
All the patients with pseudoexfoliative material 
seen on slit lamp examination on Iris/ Corneal 
endothelium/ pupillary ruff/ Lens Capsule along 
with lens opacities were included but if 

associated glaucomatous changes such as raised 
intraocular pressure and Glaucomatous Optic 
Disc were found, those patients were rejected. 
All the patients with history of secondary 
glaucoma, post refractive surgery were also 
excluded and so were the patients with obvious 
zonular weakness and phacodonesis or 
iridodonesis. A written informed consent was 
obtained for participation in the study from all 
the cases, according to Helsinki Declaration of 
1975, as revised in 2000 and 2008. 

A complete ophthalmic evaluation was 
done, including the recording of relevant ocular 
history; best corrected visual acuity with 
Snellen’s chart, examination of the pupillary 
reaction, and slit lamp evaluation of the anterior 
segment with a careful search for 
pseudoexfoliative deposits. Intraocular pressure 
(IOP) was recorded by Goldman’s applanation 
tonometry along with Gonioscopy by using a 
Goniolens in complete sterile condition in sitting 
position by a single fellow (blinded for patient 
details). Only subjects with open angles were 
included. Lens changes were graded by using 
Lens Opacities Classification System III (LOCS III) 
system and presence of subluxation of lens/ 
Phacodonesis was noted. 

For easy reference, authors used a clinical 
grading system for classification, which was the 
following: 

M1-MILD-Those with Pseudoexfoliative 
deposits on pupillary margin and anterior 
capsule. 

M2-MODERATE-Those with M1 Iris 
changes (such as Iris atrophy). 

M3-SEVERE-Those with M1/ M2 + 
Pseudoexfoliative deposits on endothelium and 
angle or other anterior segment structures. 

Detailed stereoscopic evaluation of the 
fundus and the optic disc with the indirect 
ophthalmoscope and the +90 D lens was 
performed. Patients with dense cataracts, with 
no fundus view, underwent fundus examination 
postoperatively and if found to have a 
glaucomatous optic disc then were excluded 
from the study. 

Glaucomatous optic nerve damage was 
considered as one or more of the following 
features: 

(i) Vertical cup-disc ratio of 0.5 or more 
(physiological cups were excluded); 

(ii) Vertical cup-disc asymmetry of 0.2 or 
more between the two eyes; 

(iii) Characteristic glaucomatous 
excavation of the neuroretinal rim. 
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Cataract surgery by phacoemulsification 
was performed for all the patients by a single 
senior consultant trained in the surgery. All the 
patients were prescribed topical ketorolac 0.3% 
for one day preoperatively to decrease the 
intraoperative miosis. Topical Tropicacyl Plus 
eye drops (Tropicamide 0.8% w/ v+ 
Phenylephrine 5% w/ v) was used the same 
morning to achieve mydriasis. Maximum pupil 
dilation pre-operative was noted.  

During surgery, intracameral adrenaline 
along with copious amounts of viscoelastic 
material was used to achieve mydriasis in cases 
with inadequate mydriasis. Few cases required 
Iris hooks (8 mm* 0.8mm BD Visitec™ micro iris 
hooks) to achieve sufficient mydriasis. 
Phacoemulsification within the bag placement of 
foldable intraocular lens (Hydrophobic Acrylic 
Sensar® IOL) was done. In five cases an in the 
bag placement was not possible due to zonular 
dialysis and thus the lens was placed in the 
sulcus in three cases, whereas scleral fixation of 
the lens was done in the remaining two cases. 

Intraoperative and first day postoperative 
complications along with best-corrected visual 
acuity were noted. IOP measurement was done 
on postoperative day 1 by Goldmann 
Applanation tonometry in complete sterile 
condition in sitting position by a single fellow 
(blinded for patient details). A detailed 
assessment of the anterior segment including the 
anterior chamber reaction, corneal edema, IOL 
position, iris tissue, as well as detailed fundus 
examination was done. Statistical tools used 
were regression analysis and paired t test. A P 
value less than or equal to 0.05 was considered 
significant. Microsoft Excel 2013 was used for 
data collection, tabulation, and chart 
preparation. 

Results 

The prospective study was done over nine 
months, in which 35 patients with 
pseudoexfoliation underwent 
phacoemulsification by a single surgeon trained 
in the same. The mean age of the patients was 
61.60 years +/ - 10.21 years with the maximum 
number of patients being in the 61-70 years age 
group (n=14) as depicted in Table 1.  

 

Table 1. Age groups of patients 
AGE GROUPS No. of Patients (%) 
31-40 2 (5.71%) 
41-50 3 (8.57%) 
51-60 11 (31.43%) 
61-70 14 (40%) 
71-80 4 (11.43%) 
81-90 1 (2.86%) 

 
Males represented 46% (n=16). Right eye 

was operated upon in 60% of the cases (n=21). 
19 cases (54.29%) were immature cataract while 
16 (45.71%) were mature cataract. Different 
types of cataract grading are depicted in Table 2. 

 
Table 2. Grades of cataract 

Cataract Grading No. of Patients (%) 
Grade II Nuclear Sclerosis 6 (17.14%) 
Grade III Nuclear Sclerosis 4 (11.43%) 
Grade IV Nuclear Sclerosis 6 (17.14%) 
Mature cataract 11 (31.43%) 
Hypermature cataract 5 (14.29%) 
Intumescent cataract 1 (2.86%) 
Posterior subcapsular cataract 2 (5.71%) 

 
Eighteen patients (51.43%) had mild 

pseudoexfoliation (M1), while five (14.29%) had 
moderate (M2) and twelve patients (34.29%) 
had severe pseudoexfoliation (M3). 

Fig. 1 demonstrates the different amounts 
of pupil dilation observed. The mean pupil 
dilation was 5.1 mm +/ - 1.47 mm with 86% of 
the patients (n=30) having a maximum dilation 
of less than 6 mm as depicted in Table 3. 

 

 
 
 
 
 
 
 
 

Fig. 1a Normal Pupil dilation, Fig. 1b Poor 
Mydriasis on the day of surgery, Fig. 1c Moderate 
Mydriasis on the day of surgery with 
pseudoexfoliative material visible on pupillary 
margin, Fig. 1d Good Mydriasis on the day of 
surgery 
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Table 3. Preoperative pupil dilation 
Pupil Dilation No. of patients 
Poor (<4 mm) 14 (40%) 
Moderate (5-6 mm) 16 (45.71%) 
Good (>6 mm) 5 (14.29%) 

 
The postoperative day 1 visual acuity of 

the patients was logMar 1.02 +/ - 0.64 roughly 
being equivalent to 20/ 210 on Snellen’s chart. 
The mean postoperative day 1 intraocular 
pressure was noted to be 26.23 mmHg +/ - 11.40 
mmHg with ten patients (28.57%) having more 
than 35 mmHg as depicted in Table 4 and 
required antiglaucoma medications. 

 
Table 4. Postoperative day-1 intraocular pressure 
Postoperative Day-1 Intraocular 
Pressure (mmHg) 

No. of 
Patients 

<20 11 (31.43%) 
21-25 11 (31.43%) 
25-30 1 (2.86%) 
30-35 2 (5.71%) 
35-40 4 (11.43%) 
>40 6 (17.14%) 

 
The postoperative day 1 visual acuity was 

found to be directly associated with the severity 
of pseudoexfoliation (p=0.001), Anterior 
chamber (AC) reaction (p<0.001), postoperative 
day 1 IOP (p=0.005) and pupil dilation (p=0.01), 
whereas no relationship was found with the type 
and density of cataract (p = 0.985). 

Furthermore, postoperative IOP was itself 
found to be directly associated with the severity 
of pseudoexfoliation (p = 0.05) and anterior 
chamber reaction (p = 0.032). Corneal edema 
was also found to be more in patients with 
increasing levels of pseudoexfoliation (p = 0.026) 
and so was the anterior chamber reaction, which 
was found to be higher with higher grades of 
pseudoexfoliation (p=0.038). 

Five cases had a zonular dialysis 
intraoperatively due to weak zonules noticed on 
the table. Two cases required scleral fixation, 
while in the other three, the lens was kept in the 
sulcus, while in the remaining 30 cases, foldable 
intraocular lens was placed in the bag. 11 cases 
had an AC reaction of 2+ or more, while four 
cases had unavoidable sphincter tears and two 
cases had a superior iridodialysis due to poor 
mydriasis as depicted in Table 5. 

Table 5. Intraoperative complications 
Complications No. of Patients 
Iridodialysis 2 (5.71%) 
Zonular Dialysis 5 (14.29%) 
Scleral Fixated Intraocular lens 3 (8.57%) 
Sulcus Implantation  2 (5.71%) 
Sphincter tears 4 (11.43%) 
Exudative membrane 2 (5.71%) 

Discussion 

PEX syndrome is an age as well as 
genetically determined generalized fibrotic 
matrix process of worldwide significance. It not 
only causes severe chronic open-angle glaucoma 
but also a spectrum of other serious spontaneous 
and surgical intraocular complications. Previous 
epidemiological studies of PEX have shown that 
it is more common in patients older than 60 
years and prevalence that further increases with 
age, similar to the mean age of the patients 
(61.60 years) in our study [10]. Reports 
regarding sex predilection in PEX are conflicting. 
Some previous studies have shown male 
preponderance, while in 2003, Aravind et al. 
showed no sex predilection [11]. Avramides, 
Sakkias and Traindis reported a female 
preponderance [12]. Our study also showed no 
sex predilection as males constituted 46% of the 
cases. 

In their study on 6046 patients, French et 
al. found that over 50% of the patients with 
pseudoexfoliation suffer from pseudoexfoliative 
glaucoma [13]. Such patients have higher 
chances of intraoperative as well as 
postoperative complications and thus were 
excluded from our study to determine the pure 
effect of pseudoexfoliation on cataract surgery.  

Ideally, a complete mydriasis of eight to 
nine mm is required for a good cataract surgery, 
however, none of the patients achieved the same 
and, in fact, most of the patients (60%, n=21) had 
a maximum dilation of less than six mm in spite 
of the use of mydriatics, as well as well as 
Nonsteroidal anti-inflammatory drugs (nsaids) 
like Ketorolac 0.3%.  

Previous studies, like that by Kuchle M et al. 
[14], of 436 patients, have found a statistically 
significant increase in intraoperative and 
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postoperative complications in cataract 
extraction in eyes with  pseudoexfoliation 
syndrome. The mean IOP on POD1 was found to 
be 26.23 mmHg (+/ - 11.40 mmHg), which is 
quite higher than 19.3±7.1 mmHg as observed by 
Kim et al. [15] and a 4.6 mmHg increase from the 
study by Rainer et al. done in a normal 
population [16]. Furthermore, we found that 12 
patients had IOP of more than 30 mmHg and six 
had more than 40 mmHg on postoperative day 1, 
requiring administration of hyperosmotic agents 
such as glycerol syrup. 

The postoperative day 1 vision was found 
to be logMar 1.02 (+/ - 0.64) or 20/ 210 on 
Snellen’s visual acuity chart, which is much less 
than the expected postoperative day 1 vision of 
20/ 40 in non pseudoexfoliative eyes in today’s 
era [17]. Furthermore, the AC reaction was also 
found to be associated with postoperative IOP 
(p=0.032) and pseudoexfoliation (p=0.038). In 
their study, Shastri et al. [18] also observed an 
increased flare postoperatively, similar to our 
study, in which 11 cases (31.42%) had a flare of 
2+ or more. Corneal edema, which is a common 
cause of decreased postoperative vision, was 
also found to be directly associated with 
pseudoexfoliation (p=0.026), as shown in Fig. 2. 

 

 
 
 
 
 
 
 
 
 
 

Scorolli et al. [19] did an extensive research 
on 1052 patients and found that patients with 
PEX have five times a greater risk of 
intraoperative complications in cataract surgery 
compared to normal cases. He further stated that 
the recognition of this condition is very 
important before starting surgery on such 
patients. In our study, five cases had zonular 
dialysis requiring Intraocular lens (IOL) to be 
placed in the sulcus in two cases and scleral 
fixated IOL to be implanted in three cases and 
was possible due to high anticipation of 
complications in such cases. Furthermore, 
superior iridodialysis occurred in two cases and 
four cases had unavoidable sphincter tears due 
to small pupils.  

In this improved surgical expertise era, all 
the patients expect a good postoperative result 
and demand an excellent vision on the first 
postoperative day itself. Intraoperative 
complications should be anticipated in patients 
with pseudoexfoliation even without 
glaucomatous changes probably due to poor 
pupil dilation and zonular weakness. 
Furthermore, these patients usually have a 
higher postoperative AC reaction attributed to 
the increased handling of tissues and pupil 
stretching leading to decreased POD 1 vision. In 
our study, increased intraocular pressure and 
corneal edema on the first postoperative day 
caused a further decrease in the first 
postoperative day visual acuity. Thus, we 
recommend that all the patients with 
pseudoexfoliation should be offered a detailed 
counseling about cataract surgery with its 
possible outcomes and warn them regarding an 
adverse outcome of resultant visual acuity on the 
first postoperative day, which may or may not 
improve. 

This study is the first one that relates 
pseudoexfoliation with the outcome of cataract 
surgery without the component of preoperative 
glaucoma and increased intraocular pressure. 
Future studies involving a larger population size 
are needed to have a better outlook on 
pseudoexfoliation and its effect on cataract 
surgery, as the small sample size was the 
limitation of this study. 
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Fig. 2a Preoperative eye with pseudoexfoliation 
seen on anterior capsule, Fig. 2b Postoperative 
same eye showing corneal edema and sphincter 
tear, Fig. 2c Preoperative eye with 
pseudoexfoliation on anterior lens capsule and 
corneal endothelium marked with arrow, Fig. 2d 
Postoperative day 1 of eye depicted in 1c showing 
Lid edema, corneal edema and increased AC 
reaction 
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Abstract 
Purpose. Analysis of functional outcome and complications reported in patients 
diagnosed with phacomorphic glaucoma, in which phacoemulsification or extracapsular 
extraction of the lens was performed. 
Methods. The retrospective study included 38 eyes diagnosed with phacomorphic 
glaucoma. In 25 cases, group 1, the lens was removed by phacoemulsification and in 13 
cases, group 2, by extracapsular extraction. Intraocular pressure, visual acuity, and 
anterior chamber depth were evaluated preoperative and postoperative. The incidence 
of intra and postoperative complications was analyzed. The minimum follow-up period 
was 12 months. 
Results. The mean IOP decreased from the preoperative value of 38.4 +/ - 11.3 mmHg to 
13.5 +/ - 3.4 mmHg in group 1 and 11.5 +/ - 3.2 mmHg in group 2. Persistent corneal 
edema was observed in 32% patients from group 1 and 23% of the patients from group 
2. The inflammatory reaction of anterior chamber prevailed in patients from group 2 
(46.1%). ACD modified from the preoperative mean of 1.3 +/- 0.5 mm to 2.3 +/- 0.2 mm 
in both groups. At the end of follow-up in both groups, the average BCVA was 0.6. 
18.42% of the cases required long-term topical hypotensive therapy.  
Conclusions. Both phacoemulsification and extracapsular extraction were safe and 
effective procedures in the treatment of phacomorphic glaucoma, ensuring a rapid 
functional recovery and a satisfactory long-term IOP control. Although the rate of 
immediate postoperative complications and the final functional outcome were better in 
patients treated with phacoemulsification, not all the cases could be subjected to this 
type of surgery.  
Keywords: cataract surgery, phacomorphic, glaucoma 

 
 

In 2013, the estimated number of people 
with eyesight deficiencies worldwide was 285 
million people, out of which 39 million were 
blind. 65% of the patients diagnosed with 
eyesight deficiencies are over 50 years old and 
the cataract alone constitutes 51% of the causes 
that lead to blindness [1]. 

Phacomorphic glaucoma is defined as 
secondary angle-closure glaucoma due to lens 
thickness increase, which is obstructing the 
drainage angle. It is characterized by a sudden 
rise in the intraocular pressure (IOP), which 
compromises the function of the optic nerve and 
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may lead to irreversible visual loss, if not treated 
in time [2].  

The mechanism of phacomorphic glaucoma 
is usually multifactorial. The rapidity of onset 
and the anatomical predisposition are among the 
distinguishing features between primary angle 
closure and phacomorphic angle closure. The 
onset in phacomorphic glaucoma is sudden and 
it is due to marked lens intumescence as a result 
of cataract formation and development of 
pupillary block in an eye that is otherwise not 
anatomically predisposed to closure [3]. 

The purpose of our study consisted in the 
analysis of the functional outcome and 
complications reported in cases of phacomorphic 
glaucoma, which underwent extracapsular 
extraction (ECCE) or phacoemulsification of the 
lens. 

Material and methods 

The retrospective study included 38 eyes 
diagnosed with phacomorphic glaucoma by 
subjective complaints of acute pain and redness 
associated with objective signs such as presence 
of corneal edema, shallow anterior chamber, an 
intumescent cataractous lens, and IOP above 21 
mmHg. 

The preoperative assessments included 
slit-lamp examination, applanation tonometry, 
bilateral gonioscopy (when possible) in order to 
exclude PACG and B-scan ultrasonography to 
exclude posterior segment pathology. 
Intraocular pressure, best-corrected visual 
acuity at distance (BCVA) and anterior chamber 
depth (ACD) were evaluated preoperative and 
postoperative. ACD was measured by type A or B 
immersion ultrasonic biometry. 

All the patients were treated with topical 
beta-blockers, carbonic anhydrase inhibitors, or 
a combination of the two drugs and oral 
acetazolamide. In cases in which IOP was higher 
than 35 mmHg, intravenous mannitol was given. 
Preoperative intravenous mannitol 20% (1-2 g/ 
Kg body weight) was administered in all the 
patients. 

The lens extraction was carried out in all 
the cases. In 25 cases representing group 1, 
phacoemulsification of the lens nucleus was 
performed and 13 cases representing group 2 
were solved by ECCE. A secondary implantation 

of an artificial intraocular lens was practiced in 
20% (5) of the cases from group 1 and in 30,7% 
(4) of the cases from group 2. Per primam 
implantation was performed in all the other 
cases. Postoperative, patients were treated with 
topical antibiotic and steroid treatment for 3 to 5 
weeks. 

The incidence of intraoperative 
complications and of the complications 
registered in the immediate postoperative 
period was analyzed. The minimum follow up 
period was of 12 months. 

Results  

A total of 38 patients with a mean age of 
67,9 years, diagnosed with phacomorphic 
glaucoma, were included in this study and 
followed for a period of one year. The 
preoperative best-corrected visual acuity (BCVA) 
and the duration of symptoms are summarized 
in Table 1 and Table 2. 
 
Table 1. Preoperative best-corrected visual acuity 
(BCVA) 
BCVA  Number of patients  

Light perception  7  

Hand motion  16  

Counting fingers  12  

>0,1  3  

 
Table 2. Duration of symptoms 
 
Duration of symptoms 
(days)  

 
Number of patients (%)  

0-10  31 (81,57%)  

10-20  5 (13,15%)  

>21  2 (5,26%)  

 
Mean preoperative IOP was 38,4 +/ - 11,3 

mmHg (range 30 to 60 mmHg). 
Gonioscopy showed the presence of angle 

closure by anterior synechiae in 26,31% of  the 
cases (10 patients). 
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The extraction of the lens was carried out 
after lowering the IOP under 21 mmHg, between 
2 and 5 days after presentation.  

In 25 cases representing group 1, 
phacoemulsification of the lens nucleus was 
performed by using higher quantities of 
viscoelastics in a “soft shell” technique, in order 
to deepen the anterior chamber. The nucleus 
was fragmented by using “stop and chop” 
technique and a single- piece hydrophobic 
foldable IOL was injected into the capsular bag 
or ciliary sulcus in 80% of the cases. 

In 13 cases representing group 2, 
phacoemulsification could not be performed. In 
these cases, extracapsular cataract extraction 
was successfully carried out. IOL was injected in 
sulcus in 70% of the cases. In 20% of the cases (5 
eyes) of group 1 and in 30% of the cases (4 eyes) 

of group 2, secondary implantation of an IOL was 
performed. 

The most important intraoperative 
challenges were: miosis - 11 eyes (28,94%), 
fluctuation of the anterior chamber depth - 20 
eyes (52,63%), posterior capsular rupture - 3 
eyes (7,89%), zonular dehiscence – 4 eyes 
(10,52%), anterior synechiae > 180º - 10 eyes 
(26,31%), posterior positive pressure - 2 eyes 
(5,26%). 

In the first postoperative day, severe to 
moderate corneal edema was present in 8 (32%) 
patients from group 1 and 3 (23%) patients from 
group 2. Also, 6 patients (46%) from group 1 and 
2 patients (8%) from group 2 presented with 
severe iritis and a fibrinous pupillary membrane. 
Two cases from group 2 had mild hyphema 
(Table 3). The complications were solved by 
administering topical medication.  

 
Table 3. Early postoperative complications in Group 1 and 2 

 
Late postoperative complications observed 

were opacification of the posterior capsule in 
one eye from group 1 and cystoid macular 
edema in 3 eyes from group 2. Also, 7 eyes, 2 

from group 1 and 5 from group 2 developed 
glaucomatous optic neuropathy (Table 4). 
 

 
Table 4. Late postoperative complications in Group 1 and 2 

No.  Late postoperative complications  Group 1  
(%of patients) 

Group 2  
(%of patients) 

1  Opacification of the posterior                  
capsule  

4% (1 eye) -  

2  Cystoid macular edema  23% (3 eyes)  44% (11 eyes) 

3 Glaucomatous optic neuropathy 8% (2 eyes) 38,4% (5 eyes) 

 
BCVA status was improved during the first 

week postoperative. At 3 months after surgery, 
the mean BCVA in group 1 was 0,4, while that of 
group 2 was 0,2. At the end of the follow-up in 
group 1, the average BCVA was 0,6 and 0,55 in 

group 2. The mean postoperative BCVA values 
are summarized in Fig. 1. 
 
 
 
 

No.  Early postoperative complications  Group 1  
(%of patients)  

Group 2  
(%of patients) 

1  Severe to moderate corneal edema  32% (8 cases)  23% (3 cases)  
2  Severe iritis with fibrin membrane  8% (2 cases)  46,1% (6 cases)  

3  Hyphema -  15,3% (2 cases)  
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The mean preoperative anterior chamber 
depth (ACD) was 1,3+/ -0,5 mm. ACD after 
surgery in both groups had a mean value of 2,3+/ 
- 0,2 mm, measured by type A or B immersion 
ultrasonic  biometry. The mean postoperative 
IOP in group 1 was 13,5 +/ - 3,4 mmHg and in 
group 2, a value of 11,5+/ - 3,2 mmHg was 
registered. 18,42% of the cases (7 patients) 
required postoperative topical hypotensive long-
term therapy, but none of the cases required 
glaucoma surgery. 

Discussions 

Phacomorphic glaucoma is a type of 
secondary angle-closure glaucoma, due to a 
mature and intumescent cataract [4]. 
Historically, this entity has been called 
phacomorphic glaucoma, but Tham and colab. 
have pointed out that the use of the word 
“glaucoma” implies an optic neuropathy and, 
since the majority of these patients do not have a 
glaucomatous optic neuropathy, the disease is 
currently called phacomorphic angle closure [5]. 

The risk factors for phacomorphic angle 
closure are: age > 60 years, axial length ≤ 23,7 
mm, shallow anterior chamber [6,7]. 

Control of the high IOP is the first line 
treatment in a phacomorphic angle closure case, 
followed by the reduction of corneal edema and 
cataract surgery. Initial antiglaucomatous 
medication usually includes beta-blockers, alpha 
agonists, and carbonic anhydrase inhibitors.   
Prostaglandin analogues use in such cases has 
not been reported on a large scale, most likely to 
avoid their pro-inflammatory effect [8]. Many 
cases require iv mannitol 20% and oral 
acetazolamide in order to lower the IOP and 
safely extract the cataractous lens. 

Phacoemulsification was attempted in all 
the eyes included in this study and it has been 
successfully completed in 25 eyes – group 1. 20 
eyes included in group 1 benefited from per 
primam implantation of the IOL in the capsular 
bag or the sulcus. Due to the hard nucleus and 
intraoperative difficulties, we decided to convert 
the surgery to extracapsular extraction in 13 
eyes, included in group 2. 9 of these eyes 
benefited from per primam implantation of the 
IOL.  

Corneal edema and AC inflammation with 
fibrinous reaction during the first few days after 
surgery are complications frequently found in 
the early postoperative period [9]. In our study, 
moderate to severe postoperative corneal edema 
was observed in 32% of the patients from group 
1 and in 23% of the patients form group 2, 
severe iritis with fibrous membrane in 8% of the 
patients from group 1 and in 46,6% of the 
patients from group 2, but were successfully 
treated with topical treatment.  

Studies showed there was a statistically 
significant association between the duration of 
the symptoms and the final visual prognosis. A 
delay higher than 5-10 days from onset to 
surgery is an important risk factor for an 
unsatisfactory final VA [10]. 

In our study, 85,57% of the patients 
reporting a duration of the symptoms of less 
than 10 days presented a mean BCVA of 0,3, at 
one month postoperative. In 13,15% of the 
patients, who reported a duration of the 
symptoms of 10-20 days, the mean BCVA was 
0,15. The worst functional result was registered 
in the cases in which the delay between the onset 
and the treatment was more than 20 days. The 
mean BCVA in this group was 0,05. 

Literature data also reported that a 
duration of symptoms from the onset of more 
than 10 days is linked with alterations of C/ D 
ratio [5]. At 3 months postoperative, 7 patients 
included in our study showed an enlargement of 
the C/ D ratio. 2 of these patients were 
diagnosed between 10 to 20 days from the onset 
and 5 after more than 20 days. All these cases 
required chronic topical hypotensive treatment. 
This result confirms that a delay of more than 10 
days from the diagnosis is a significant risk 
factor for the development of glaucomatous optic 
neuropathy. 

The final visual prognosis was influenced 
by late postoperative complications. In 12 cases, 
the mean final BCVA was less than 0,05 due to 
opacification of the posterior capsule requiring 

Fig. 1 Mean postoperative BCVA values 
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YAG capsulotomy (1 eye), glaucomatous optic 
neuropathy (7 eyes), cystoid macular edema (4 
eyes). 

Data provides postoperative normal 
reference range values for IOP in both groups 
analyzed in our study. At the end of the study, 
the IOP in more than 80% of the cases was 
maintained under control without needing long-
term therapy. Literature data shows that there is 
a statistically significant difference between the 
IOP at the first visit and the IOP at the last visit, 
without any correlations between the IOP at the 
first visit and the final VA [10].   

Conclusions 

Lens removal through phacoemulsification 
or ECCE is a safe and effective procedure in the 
treatment of phacomorphic glaucoma, ensuring a 
rapid functional recovery and a satisfactory         
long-term IOP control. Although the rate of 
immediate postoperative complications and the 
final functional outcome were better in patients 
treated by phacoemulsification, not all the cases 
could be subjected to this type of surgery due to 
intraoperative difficulties linked to the angle 
closure. 

The final visual outcome is influenced by 
the delay between the onset of symptoms and 
the establishment of the diagnosis and by the 
presence of late postoperative complications, but 
over 80% of the patients are expected to have a 
favorable visual outcome. The development of 
glaucomatous optic neuropathy depends on how 
soon the treatment is initialized, after the onset 
of the phacomorphic angle closure. 
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Abstract 
Purpose. The assessment of the incidence of ocular hypertension over a period of 1 year 
in patients treated with multiple intravitreal injections of anti-VEGF agents for 
neovascular AMD. 
Methods. The study comprised 58 eyes diagnosed with neovascular age-related macular 
degeneration and receiving PRN intravitreal treatment with anti-VEGF agents 
(bevacizumab or aflibercept). The follow-up period was 1 year. Intraocular pressure was 
measured by using the Goldmann applanation tonometry before the intravitreal 
injection, at 24 hours after the administration of the anti-VEGF agent and at 1 and 4 
weeks. Patients diagnosed with glaucoma or who underwent ophthalmic surgery were 
excluded. 
Results. The patients received an average of 7.54 intravitreal injections. The mean 
baseline intraocular pressure was 15.3 mm Hg; 19.8 mm Hg at 24 hours; 17,4 mmHg at 1 
week and 14.8 mmHg at 4 weeks after the administration of the anti-VEGF agent. 4 
patients required long-term topical hypotensive treatment. Raised intraocular pressure 
was related to increased frequency of treatment. At 1 year follow up, an average 
difference of 2.1 mmHg compared to baseline was registered in the cases that have 
received more than 6 intravitreal injections. By comparison, in the cases treated with a 
reduced number of doses of intravitreal anti VEGF agent, the difference from baseline 
was 0,9 mmHg. There were no significant differences in mean IOP depending on the anti 
VEGF (bevacizumab or aflibercept) agent used. 
Conclusions. Intravitreal treatment with anti VEGF agents produces a transient increase 
in intraocular pressure, predominantly immediately following administration, without 
causing long-term increased values. 
Keywords: intraocular pressure, intravitreal injection, neovascular AMD, anti-VEGF 

 
 

Intravitreal anti-vascular endothelial 
growth factor (VEGF) agents usage is widely 
spread as primary treatment of many 
vitreoretinal diseases such as neovascular age-
related macular degeneration, diabetic macular 
edema, macular edema secondary to retinal vein 

occlusion and other macular edemas [1]. The 
introduction of additional fluid into the vitreous 
cavity by intravitreal therapy could cause an 
immediate rise in intraocular pressure (IOP). 
This transient, short-term IOP elevation (lasting 
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up to 30 minutes) after intravitreal anti-VEGF 
therapy has been  studied by many authors [2]. 

Bevacizumab (Avastin), a monoclonal 
antibody targeting vascular endothelial growth 
factor (VEGF), was approved by the Food and 
Drug Administration (FDA) for systemic 
administration in patients with metastatic colon 
cancer. Bevacizumab was first injected 
intravenously to treat age-related macular 
degeneration (AMD). The use of intravitreal 
bevacizumab in treating ocular diseases was first 
reported in 2005 for choroidal 
neovascularization (CNV) caused by AMD. One of 
the side effects is related to the rise of 
intraocular pressure (IOP), which can be 
transient or permanent [3].  

Aflibercept (Eylea) is a fully human fusion 
protein consisting of portions of VEGF receptors 
1 and 2, which binds all forms of VEGF-A, along 
with the related placental growth factor, which 
the drug blocks. FDA approved aflibercept for 
the treatment of neovascular (“wet”) age-related 
macular degeneration (AMD) in 2011 [4]. 

In all cases, an effective therapy with anti-
VEGF antibodies can only be achieved by 
repeated intravitreal anti-VEGF injections. In 
general practice, three intravitreal injections of 
anti-VEGF antibodies are given at every 4 weeks 
in the initial upload phase, followed by further 
intravitreal injections of anti-VEGF antibodies if 
the lesion persists or increases. Therefore, a 
monthly ophthalmologic checkup is needed to 
ensure a correct treatment interval with anti-
VEGF antibodies [5]. The recommended dose for 
Aflibercept administered by intravitreal injection 
is once at every 4 weeks for the first 3 months, 
followed by intravitreal injection once at every 8 
weeks [6]. 

Material and methods 

58 eyes diagnosed with neovascular age-
related macular degeneration and receiving „Pro 
Re Nata” (PRN) intravitreal treatment with anti-
VEGF agents (bevacizumab or aflibercept) were 

included in this study. The follow-up period was 
1 year.  

Inclusion criteria consisted in age between 
65 and 85 years, initial IOP < 21 mmHg, ability to 
understand and sign the consent form, and 
ability to follow the scheduled visit protocol. The 
exclusion criteria consisted in: open-angle or 
angle-closure glaucoma, suspected glaucoma 
(IOP > 21 mmhg and/ or cup to disc ratio > 0.5), 
currently receiving a systemic beta blocker, 
previously receiving intravitreal injection of any 
medication (steroid, ganciclovir, and anti-VEGF 
agent), current use of steroid eye drops, and any 
ocular surface disease precluding a reliable IOP 
measurement. 

The follow-up protocol of patients with 
exudative AMD treated with anti-VEGF required 
strict monthly follow-up visits with complete 
ocular examinations, including IOP 
measurements. 

Intraocular pressure was measured by 
using the Goldmann applanation tonometry 
before the intravitreal injection, at 24 hours after 
the administration of anti-VEGF agent at 1 and 4 
weeks. Ocular hypertension was defined as 
intraocular pressure over 21 mmHg. Patients 
diagnosed with glaucoma or who underwent 
ophthalmic surgery were excluded. All the 
patients received a loading dose, which consisted 
of one monthly-administered injection, for three 
months. 

The patients were divided into two groups 
according to the injection type: 
• 50 (86%) patients received bevacizumab  
 36 (72%) patients received the injection 

at an interval of less than 8 weeks (range 
4-7 weeks) after the initial loading dose 

 14 (28%) patients received the injection 
at an interval of more than 8 weeks 
(range 8-12 weeks) after the initial 
loading dose  

• 8 (14%) patients received aflibercept (once 
at every 2 months after the initial loading 
dose). 

Results 

58 eyes of 58 patients diagnosed with 
neovascular age related macular degeneration 
were analyzed in the present study. The mean 
age was 69 years (ranging from 65–85 years of 
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age) and most of the patients were women. The 
study included 36 phakic eyes (62%) and 22 
pseudophakic eyes (38%). 

Most patients received intravitreal 
bevacizumab injection (86%) and the rest were 
treated with intravitreal aflibercept (14%). All 
the patients were treated with the standard dose 
of Avastin or Eylea administered intravitreally. 
Most patients, 72%, received the bevacizumab 
injection at an interval of less than 8 weeks after 
the initial loading dose. The patients receiving 
aflibercept were treated according to the 
recommended protocol (once at every two 
months after the initial loading dose) (Fig. 1). 

The patients received an average of 7.54 
intravitreal injections during the study period, 
with limits between 3 and 10 injections. The only 
complications seen post injection were discreet 
corneal edema, conjunctival congestion, 
subconjunctival hemorrhage. 

 

 
 
 
 
 
 

IOP was monitored for all patients prior to 
treatment and at all follow-up visits. Sustained 
IOP elevation was defined as an IOP of 21 mmHg 
or greater, combined with a rise of 6 mmHg or 
more lasting for 30 days or more, compared to 
baseline. The average IOP rose from 15.3 mmHg 
(range 8-15 mmHg) before the initiation of 
injections to 19.8 mmHg (range 16-28 mmHg) 
after the treatment. 

No significant differences were found in 
IOP elevations between the two groups 
depending on the anti VEGF agent used 
(bevacizumab or aflibercept) (Fig. 2), although 
bevacizumab seemed to induce a slightly higher 
IOP level than aflibercept.   

 
 
 
 

 
The raised intraocular pressure was related 

to an increased frequency of treatment. 
Increased levels of the IOP were observed in 
patients who received more than six injections 
and those in whom the frequency of the 
treatment was of less than eight weeks. The 
interval between injections was the most 
remarkable risk factor for the IOP elevation 
identified in this study. The IOP elevation was 
greater when the average interval between the 
injections was of less than eight weeks compared 
to the average intervals of eight weeks or more. 

 
 
 
 
 
 
 

Fig. 1 Frequency of treatment after the 
administration of the initial loading dose of 
bevacizumab/ aflibercept 
 

Fig. 2 Variation of mean IOP values after the 
intravitreal injection 
 

Fig. 3 Number of patients in relation with the 
number of intravitreal injections of bevacizumab/ 
aflibercept received 
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At 1 year follow up, an average difference 
of 2.1 mmHg compared to baseline was 
registered in the cases that have received more 
than 6 intravitreal injections. By comparison, in 
the cases treated with a reduced number of 
doses of intravitreal anti VEGF agent, the 
difference from baseline was 0,9 mmHg. 

None of the patients had to undergo 
glaucoma surgery or discontinue the 
participation in the study following uncontrolled 
IOP. Four patients needed topical hypotensive 
treatment during the follow up period due to the 
maintenance of IOP at levels higher than 
25mmHg. 

Discussions 

The intravitreal injection of anti-angiogenic 
agents has assumed an important leading role in 
the treatment of a growing number of 
ophthalmologic conditions since 2005, when the 
intravitreal use of bevacizumab was first 
reported [7].  

Evidence collected in recent years has 
demonstrated that intravitreal injections may 
produce short- and/ or long-term elevations in 
IOP. The possible mechanisms for a sustained 
IOP elevation after the intravitreal injection of 
anti-VEGF agents are not very well understood. 
Anti-VEGF agents may directly damage the 
trabecular meshwork, so one possible 
mechanism of IOP elevation is inflammation, 
such as drug-induced trabeculitis or uveitis [8]. 

Another mechanism of anti-VEGF-induced 
IOP elevation is considered an underlying 
inflammatory mechanism or an immunological 
reaction that damages the aqueous humor 
outflow pathways. Besides that, a traumatic 
mechanism after frequent injections may lead to 
a disruption of the anterior hyaloid or zonules 
and allow access for high molecular weight 
proteins to enter the anterior chamber, resulting 
in increased IOP [9]. 

The IOP spike that occurs after the 
intravitreal injection of anti-VEGF agents is 
usually transient, with IOP returning to a safer 
range (< 25–30 mmHg) within 1 hour, without 
topical hypotensive medications, in most 
patients [10]. 

A prolonged elevation was found in 4 out of 
58 patients treated with recurrent intravitreal 

Eylea or Avastin who needed topical hypotensive 
treatment during the follow up period. None of 
the patients who suffered from IOP elevations 
had a history of glaucoma or ocular 
hypertension.  

Some authors reported an increased risk of 
IOP elevation in patients receiving >29 injections 
compared to patients with <12 injections [11]. 
Moreover, an increased risk of IOP elevation was 
also found in the groups with a higher number of 
injections. 

Initial IOP elevation varied from 1 hour, 1 
week, and 3 months after treatment. In 3 eyes, 
the IOP returned to baseline levels after 1 month, 
even when receiving monthly injections. A 
possible explanation for the low rate of sustained 
IOP elevation could be that 64% of the patients 
in our study did not receive monthly injections, 
but rather, received an extended treatment 
regimen. It is possible that the increase of the 
interval between injections will allow the anti-
VEGF medication to be cleared from the eye [12]. 

The type of injected drug (Avastin versus 
Eylea) did not have a statistically remarkable 
influence on the difference in IOP, but a slightly 
higher IOP was found in eyes receiving 
bevacizumab. The limitations of this study 
include its retrospective nature and a short 
follow-up period, which implied a limited 
number of injections.  

Conclusion 

In conclusion, most eyes in our study 
achieved a normalization of IOP within 24 hours 
without the need for any immediate 
intervention.  

A close monitoring of IOP is required in 
patients undergoing intravitreal Avastin 
injections, especially in those patients receiving 
frequent injections, to prevent further ocular 
damage, in addition to the underlying retinal 
disease. A prompt diagnosis and treatment can 
prevent the potential loss of vision. 
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Abstract 
Automated perimetry still represents the gold standard in long term glaucoma 
monitoring. On a daily practice basis, glaucoma progression analysis could be difficult 
due to the long time needed to detect, confirm, and quantify the progression rate. 
Moreover, “trend” and “event” analysis require a good theoretical basis to perform and 
interpret. 
Aim of study was to present an alternative method to conventional Glaucoma 
Progression Analysis (Humphrey Visual Field Analyzer, Carl Zeiss® Inc.) applied for the 
early detection of glaucoma progression. Such an “event” analysis orients the clinician in 
a fast manner on the progression profile in glaucoma patients and might adapt the follow 
up visits accordingly. 
Method and material: 41 eyes from 41 patients with open angle glaucoma were studied 
in a longitudinal manner, over a 24 months’ time interval from diagnosis.  
Results: in the GPA analysis, a positive “event” (progression) was detected in 11/ 41 
eyes (26.82%). Non-parametric analysis confirmed progression in all GPA cases, and 
additionally found 8 more eyes with positive progression (46.34% studied eyes). Mc 
Nemar concordance analysis between tests was good and relevant (kappa index k=0.596, 
p=0.000), with positive correlation (r=0.652, p=0.008).  
In conclusion, NPA tends to overestimate the number of progression cases in a cohort, 
but it can easily orient the clinician on the profile of the followed patients. In the first 
years, the GPA analysis can be highly inaccurate, but there is a great need to detect which 
patients are at significant risk for vision loss (fast progressors). Yet, combining the two 
methods of detection of glaucoma progression, the practitioners might direct their 
selected interest and attention towards observing a larger than expected number of 
patients who are at risk for vision loss over time due to glaucoma, but not necessarily in 
a fast manner. 
Keywords: glaucoma, progression, non-parametric analysis 

 
 
Introduction  

Standard automated perimetry (SAP) 
remains the “gold standard” method to assess 
functional glaucomatous damage and 

progressive disease. Recent improvements in the 
Swedish interactive thresholding algorithm 
(SITA) strategy and the guided progression 
analysis (GPA) have further settled it as the 
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preferred method for diagnosis and follow-up of 
glaucomatous functional loss [1]. 

On a daily practice basis, glaucoma 
progression analysis could be difficult due to the 
long time needed to detect, confirm, and quantify 
the progression rate. Moreover, “trend” and 
“event” analysis require a good theoretical basis 
to “integrate into the clinical context” and 
interpret the information. As such, clinical 
decisions are based on more aspects than a 
visual field output. In this respect, more and 
more research is directed towards adjunctive 
methods of visual function assessment and 
progression detection (such as the non-
parametric tests) in eyes with visual field loss. 
These types of alternative analysis could earlier 
direct the attention towards a selected category 
of patients with higher progression risk and 
could also enable a faster profiling for 
progression in some cases or “modulate” clinical 
decisions for the doctors in terms of good clinical 
practice.  

“Event” analysis detects progression and it 
is developed from all the re-test values measured 
in the follow up visual field (VF) examinations, in 
locations with a given baseline value. Because 
patients included in a clinical trial are usually 
highly variable in response, significant deviation 
from the baseline is often met. Applying the non-
parametric tests helps ensuring that progression 
is not flagged because of deviant values in highly 
variable individuals, improving the overall 
specificity [2].  

The aim of the study was to present an 
alternative method to conventional Glaucoma 
Progression Analysis (Humphrey Visual Field 
Analyzer, Carl Zeiss® Inc.) applied for the early 
detection of glaucoma progression. Such an 
“event” algorithm (NPA) applied to the mean 
deviation (MD) orients the clinician in a fast 
manner on the progression profile in glaucoma 
patients and might adapt the follow up visits 
accordingly. 

Study design: longitudinal prospective 
study on 41 eyes from 41 patients with primary 
open angle glaucoma. Subjects were enrolled 
over a period of 2 years (2012-2014), and then 
followed for the next 2 years (2014-2016) in our 
Glaucoma Unit at “Sf. Spiridon” University 
Hospital, Iasi, Romania. 

Ethics: our study was performed in respect 
with the Declaration of Helsinki. The Ethical 

Review Board of “Gr. T. Popa” University of 
Medicine and Pharmacy approved the study and 
each patient signed an informed consent.  

Material and method 

We included only patients newly diagnosed 
with primary open angle glaucoma (POAG), 
according to EGS criteria European Glaucoma 
Society [3]. POAG was defined in the presence of 
open anterior chamber angle on gonioscopy, 
glaucomatous optic disc damage on clinical 
examination (focal or diffuse neuroretinal rim 
thinning, localized notching, or nerve fiber layer 
defect) and corresponding visual field (VF) 
defects. Glaucoma severity was graded according 
to Hodapp criteria [4]. 

In Standard Automated Perimetry (24-2 
SITA Standard SAP, Humphrey Field Analyzer II, 
Carl Zeiss Meditec Inc., Dublin, CA, USA), VF 
changes for glaucoma were defined if at least 
two of the three Anderson’s criteria were 
fulfilled (three or more non-edged points in a 
cluster depressed to P<5% and one of which 
depressed to P<1%, Glaucoma Hemifield Test 
outside normal limits and pattern standard 
deviation depressed to P<5%). Reliability of tests 
was assessed. Tests with fixation losses, false-
positive or false-negative rates >20% were 
considered unreliable and excluded from the 
analysis. A minimum number of 5 valid VF tests 
were required for each patient in our study. 

All reliable VF tests were analyzed for 
progression by Glaucoma Progression Analysis 
(GPA) software, which provides both an event-
based and a trend-based progression analysis. 
Both analyses took the first two reliable VF tests 
as baseline landmark. For GPA, visual field 
progression was based on glaucoma change 
probability maps [5]. In glaucoma change 
probability maps, the threshold value of each 
test point location in every follow-up field is 
compared with a mean of the values from the 
same test point in 2 baseline fields. Points that 
have changed more than might be expected from 
random variability at P<0.05 are flagged as 
significantly changing. To limit the effect of 
increasing media opacities, GPA uses pattern 
deviation probability plots [6]. Likely 
progression is reached when 3 or more test 
point locations at any location in the field, not 
necessarily contiguous, show a significant 
deterioration in 3 consecutive tests. Possible 
progression occurs when 3 or more such 
locations have been identified in 2 consecutive 
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tests [7,8]. Nonparametric progression analysis 
(NPA) is based on an algorithm ranking MD 

values during the follow up interval (see 
algorithm in the table below).  

 
Table 1. Criteria for “suspected”, “possible” and “likely” progression (adapted after WGA Consensus, 2011) 

 “Suspected” progression “Possible” progression “Likely” progression 
GPA >/ = 3 empty triangles 

(white)* 
>/ = 3 half empty triangles >/ = 3 full triangles (black) 

NPA 1 VF for follow up with MD 
lower than lowest MD of 
baseline fields  

2 consecutive VF for follow up 
with MD lower than lowest MD 
of baseline fields 

3 consecutive VF for follow up 
with MD lower than lowest 
MD of baseline fields 

*>/ = 3 open triangles are quite common by chance and thus hardly indicative for progression; therefore 
“possible progression” requires confirmation in a shorter interval with GPA [2] 
 

During the follow up, if one MD value 
appeared to be better than baseline in NPA 
analysis, the analysis up to that point was 
declared null (“stationary” patient) and a new 
baseline needed to be settled. If 5 valid VF did 
not remain after this “new baseline” settlement, 
patient was excluded from the study. 

NPA can be performed directly from the 
printouts, without additional software. 
Classifications by GPA and by NPA were 
compared at the end of the follow-up period. 

Quantitative assessment of VF decay over 
time was made by linear regression (Trend) 
analysis of the mean deviation (MD) changes 
over time; slopes of progression (decibels/ year) 
based on threshold maps and its level of 
significance (p-values) were calculated.  

Patients were followed at every 4 months, 
when identical tests were performed. We 
excluded non-compliant patients or those with 
significant lens opacities, ocular comorbidities, 
refractive errors > 5D spherical and > 3D 
cylinder. 

If both eyes were eligible, only one was 
chosen based on the worse MD level at baseline. 
At baseline, clinical parameters were collected 
from the charts and included in our study: age, 
gender, best corrected visual acuity (BCVA) by 
ETDRS chart, intraocular pressure (IOP) by 
Goldmann tonometer, central corneal thickness 
(CCT) by ultrasonic pachymeter (DGH-550, DGH 
Technology Inc., Exton, PA, USA), C/ D ratio (Volk 
78D lens), number of topical medications, VF test 
parameters. VA, IOP, and VF tests were repeated 
at each follow up visit. 

The majority of the patients required 
topical therapy, but no surgical intervention 
(laser or incisional procedure-trabeculectomy) 
was performed during the follow up period. 

During monitoring, treatment was modified if 
the IOP was not efficiently controlled; IOP level 
was individually set, according to glaucoma 
severity, risk factors and life span.  
 
Statistical analysis 

A SPSS 18.0 statistical software (SPSS Inc. 
Chicago, IL, USA) was used to process the data. 
Descriptive statistics analyzed demographics, 
follow up time, MD, PSD and IOP values. The MD 
slopes and corresponding residuals (a measure 
of inter-test variability within a subject) were 
calculated by using linear regression analysis. 
The proportion of eyes that “likely” progressed 
by GPA or NPA was compared. Agreement 
between analyses was assessed (McNemar test, 
agreement coefficient “κ”). Continuous variables 
were compared by using t test and proportions 
using χ2 statistic. Statistical significance was 
defined at the p <0.05 level. Sensitivity is the 
ability of a test to correctly classify an individual 
as “diseased”, likely progressors in our case, 
whereas the ability of a test to correctly classify 
an individual as disease- free is called the test’s 
specificity. Sensitivity and specificity were 
calculated according to standard statistical 
definitions [9]. Also we calculated the NPA 
capacity to detect real progression by using 
positive predictive value (PPV), that can tell if 
the results obtained by NPA analysis could be as 
reliable as the GPA analysis (“gold standard”). 

Results 

The mean age in our group was 64.46 +/ -
8.5 years, with a clear female sex predominance 
85.37% females (37 eyes) to 14.63% males (6 
eyes). Calculated spherical equivalent was 
slightly hyperopic +0.70+/ -1.55D. A better 
description of the studied population can be 
followed in the table below (Table 2).  



Romanian Journal of Ophthalmology 2017; 61(3): 212-218 
 

 
215 

Romanian Society of Ophthalmology 
© 2017 

Table 2. Baseline parameters in the study 
Parameters (baseline)  POAG 
VA (decimal)  0.82+/ -0.21 
IOP baseline (mmHg)  16.69+/ -4.58 
No. medications  1.68+/ -1.19 
CCT (µm)  537.73+/ -27.20 
C/ D ratio (clinical 
assessment) 

0.66+/ -0.17 

OCT examination  
C/ D ratio (vertical)  0.7+/ -0.13 
Disk area (mm2)  2.02+/ -0.38 
Neural rim area (mm2)  0.93+/ -0.26 
RNFL thickness (µm)  78.88+/ -12.94 
CGL thickness (µm)  74.44+/ -10.20 
VF examination   
MD (db)  -2.37+/ -3.24 
PSD (db)  2.56+/ -1.83 

 
Later evolution of parameters and 

comparison between baseline and final values 
can be followed in Table 3. 
 
Table 3. Baseline vs. final parameters in the study 

Parameter  Initial Final p (test t) 
VA 
(decimal)  

0.82+/ -0.21 0.73+/ -0.24 0.000 

IOP 
(mmHg)  

16.69+/ -4.58 14.04+/ -3.70 0.000 

No. 
medications  

1.68+/ -1.19 2.26+/ -1.28 0.001 

MD (dB)  -2.37+/ -3.24 -3.96+/ -4.04 0.013 
PSD (dB)  2.56+/ -1.83 3.65+/ -2.63 0.007 

 
The overall visual field decay calculated 

after 24 months of follow up was -0.63 +/ - 1.12 
dB/ year. The histogram of all MD values for the 
41 eyes included in the study is represented in 
Fig. 1. MD slopes are depicted in Fig. 2 for all 
followed eyes.  

 
 
 

 
 
 
 

A simple calculation of VF decline does not 
also reflect the degree of clinical and statistical 
significance. Therefore, we evaluated the 
presence of “likely” glaucoma progression 
(“event” analysis), through two different 
methods, independently and saw the agreement 
between them. For this, we followed the 
algorithm described in the “Material and 
Method” section above (Table 1). Applying the 
above-mentioned criteria, we found in our study 
that there was a considerable higher proportion 
of likely progressive cases by NPA analysis than 
GPA analysis (see Fig. 3-4). 

 

 
 
 
 

Fig. 1 Histogram of MD values in the studied 
POAG patients 

Fig. 2 MD slopes in all 41 eyes in the study 

Fig. 3 “Likely” progression flagged by NPA 
analysis 
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11 eyes were flagged as “likely progressive” 
by GPA analysis (26.8% eyes), whereas 19 eyes 
were found as “likely progressive” glaucoma 
damage by NPA analysis (46.34% eyes); 
percentages were statistically different, p<0.01. 
9 eyes with a “likely” progression by GPA 
analysis were flagged similarly by NPA analysis, 
whereas 2 cases were not confirmed by NPA. A 
better understanding of the “likely progression” 
cases may be followed in the Venn diagrams 
below (Fig. 5). 
 

 
 
 
 
 

The mean MD slope for the 11 progressive 
cases by GPA was -1.74+/ -1.87 dB/ year, 
compared to -1.83+/ -1.96 dB/ year with a 
positive progression by NPA analysis. The 

difference was not statistically significant, 
p>0.05. 

Kappa agreement index between the two 
methods (GPA/ NPA) was k=0.596, p=0.000 (Mc 
Nemar test), with positive medium-strong 
correlation (Pearson test): r=0.652, p=0.008. 

 Since for detecting progression SAP 
remains the “gold standard”, we calculated the 
sensitivity and specificity of NPA in relation to 
this. For the present study, we found that in the 
first two years of follow up, GPA sensitivity was 
84.61% and specificity was 66.66% in our 
glaucoma patients. In a similar manner, we 
calculated the NPA sensitivity= 65.09% and NPA 
specificity= 90%. Positive predictive value (PPV) 
for GPA was 52.38%, compared to 90.47% NPA. 

Discussions 

In this study, we prospectively observed 41 
eyes of 41 patients with POAG who were 
followed up by using SAP. We compared a 
nonparametric ranking method applied to the 
MD (NPA) with GPA. Most eyes flagged as 
showing likely progression by GPA were 
detected by NPA as well. In addition, some eyes 
were flagged as showing progression by NPA but 
not by GPA. Because of its design, GPA is 
insensitive to a general decrease in sensitivity. 
The development of cataract is presumably a 
common cause of a general decrease in 
sensitivity. Insensitivity to cataract is obviously 
an advantage in a glaucoma trial. However, in a 
clinical setting, patients may benefit from the 
fact that a clinician has to evaluate the lens 
before he or she can interpret perimetry results. 
Yet, glaucoma deficit might include diffuse loss in 
addition to localized deterioration, case in which 
GPA will not detect the changes. As such, NPA 
detects what GPA cannot. Some eyes were 
flagged by GPA without being flagged by NPA. 
This is not an unexpected finding because 
agreement between different progression 
detection algorithms has been shown to be less 
than perfect [12-16]. The agreement in this 
study is in line with previously published values 
(k=0.37 for the EMGT vs. subjective assessment 
[13] and k=0.40 for the Advanced Glaucoma 
Intervention Study vs. glaucoma change 
probability [15]. 

Fig. 4 “Likely” progression flagged by GPA 
analysis 

Fig. 5 “Likely” progression analyzed by NPA and 
GPA methods in the study 
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Other drawbacks of GPA are that additional 
software is needed, all visual fields involved 
must be stored in a single perimeter (which is 
often challenging), and it is only available for 
more recent versions of the Humphrey field 
analyzer (Carl Zeiss Meditec Inc). For these 
reasons, a subjective evaluation of a series of 
fields is still the most widely used approach 
today. However, inter-observer agreement for 
this approach is moderate at best [10,11]. 
Therefore, a new approach that is simple to use 
and understand, objective, not dependent on 
software, applicable for all (static-automated) 
perimeters, and applicable at all disease stages, 
was introduced herein. This method applies 
nonparametric ranking to the global index mean 
deviation (MD) - “nonparametric progression 
analysis” (NPA).  

The mean rate of progression in our study 
was -0.63 +/ - 1.12 db/ year, which is in good 
agreement with the rate of progression in other 
studies [17-20]. This rate of progression was 
reached with a mean intraocular pressure of 15 
mm Hg during our follow-up period, similar to 
the intraocular pressure values in the treated 
arm of the EMGT study. Neither GPA nor NPA 
provides information regarding the speed of 
deterioration. Hence, after progression was 
diagnosed by using either technique, the amount 
of deterioration and its localization (toward 
fixation or not) should be evaluated. The 
algorithms warn the clinician that something is 
going wrong rather than telling the whole story.  

In clinical practice, we advice combining 
the two methods discussed above in order to 
increase both sensitivity and specificity. In the 
current study, the “gold standard” in perimetric 
progression – GPA is more sensitive in detecting 
an event similar to progression than specific 
enough to eliminate the “false alarms”. A false 
positive is essentially a false alarm, which could 
lead to subjects being incorrectly referred, 
causing them unnecessary anxiety and wasting 
clinical time and resources, or worse still, in 
other pathologies, potentially having to undergo 
unnecessary treatment if the correct diagnosis is 
not made in the clinic. A false negative can have 
equally dire consequences; if a patient has the 
pathology but is not diagnosed, then this would 
lead to him being falsely reassured that all is well 
and not receiving appropriate treatment at the 
earliest stage of his disease [21]. 

In this respect, for the current study, an 
easy manual method – NPA might help improve 
this aspect and increase the specificity in 
detection glaucoma progression. 

Conclusions 

NPA tends to overestimate the progressive 
number in a cohort, but its purpose is to alert 
and orient the clinician towards the possibility of 
progression in the followed population. As 
shown in this study, NPA is an easy tool for 
screening likely progression in glaucoma; it can 
be used with any perimeter at any disease stage, 
without the need for additional software. NPA 
cannot substitute the GPA methods, but GPA 
analysis can be highly inaccurate, especially in 
the first two years due to marked learning effects 
and high variability in responses during tests. As 
such, authors suggest combining the two 
methods for a better glaucoma management. 
Since nonparametric progression analysis seems 
to flag more eyes as showing progression than 
GPA, clinicians should carefully consider their 
decisions before any decisions and obtain 
confirmations through the same method and also 
additional ones.  
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Abstract 
Introduction. The importance of experience in marketing grew, as the concept itself is 
very personal and difficult to measure. Experience turns out to be complicated but once 
placed in a context it gets significant features. As the health care competitive 
environment increases, marketers are looking for new and effective methods of engaging 
consumers by using experiential marketing strategies. Moreover, little is known about 
the consumers’ perceptions related to ophthalmologic services.  
Aim. The objective of this paper was to measure the consumer’s perception of 
experiential marketing in the Romanian private ophthalmologic services by using 
structural equation modeling.  
Materials and Methods. The Experiential Marketing model consisted of the following 
components: Sense Experience, Feel Experience, Think Experience, Act Experience and 
Relate Experience as well as the consequences of applying Experiential Marketing in the 
form of willingness to purchase a service, generating word-of-mouth communication and 
building consumer loyalty.  
The sampling method was non-probabilistic, using the snowball technique and the 
sample was made up of 190 people who wore eyeglasses for more than 3 years.  
The instrument for data collection was a self-administered questionnaire, which 
consisted of 2 parts: the first section contained several demographic questions and the 
second section encompassed closed end questions related to the perception of private 
ophthalmologic services from an experiential marketing perspective. All the second 
section questions were measured on a 5-point Likert scale ranging from 1 with Strongly 
Disagree to 5 to Strongly Agree. The data analysis was conducted in SPSS and the 
structural equation modeling was performed in WarpPLS version 6.0.  
Findings. There were 71.05% respondents, who appreciated the application of 
experiential marketing in private ophthalmologic services, followed by 18.95%, who 
were confused. The demographic profile of respondents encompassed the following 
features: females with the ages between 36 and 45, from the rural area and with a 
middle level of education, their private ophthalmologic consultation frequency was at 
every 3 months and they also declared having a stable physician.  
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 Going further with the analysis, 89.63% of the respondents admitted they were willing 
to buy a private ophthalmologic service based on the experiential marketing application 
strategies.  
The design of a model containing both the constituent elements of the experimental 
marketing and its consequences in ophthalmologic services was conducted by modeling 
with structural equations in WarpPLS version 6.0 software. Thus, the validity of the 
model was assessed with the Cronbach’s alpha coefficients, Composite reliability values, 
as well as with the Average Variance Extracted coefficients, and the fitness of the model 
was determined by using the ARS, APC, and AVIF values, respectively.  
 According to the beta coefficients and levels of statistical significance (p<0.05), some 
hypotheses have been rejected or negative relationships have been established between 
dependent and independent variables. 
Conclusions. Sense experience had a negative impact on WOM and consumer loyalty, 
Think Experience had a negative influence on the WOM, Relate Experience had a 
negative impact on consumer Loyalty, as well as Relate Experience had a negative impact 
on willingness to purchase an ophthalmologic service. In contrast, the following positive 
relationships were established: Feel Experience established a positive relationship with 
WOM and consumer loyalty, Think Experience presented a positive impact both on 
consumer loyalty and on willingness to purchase an ophthalmologic service, Act 
Experience presented a positive impact on WOM and willingness to purchase and last, 
willingness to purchase an ophthalmologic service presented a positive influence on 
consumer loyalty and WOM. However, managers in Ophthalmology can successfully use 
experimental marketing strategies if they promote a story, meaning a life experience. 
Keywords: consumer perception, experiential marketing, private ophthalmologic 
services, word-of-mouth communication. 

 
 
Introduction 

Experience has played a core role in health 
care services, as today most global economies 
are related to the consumption of experiences. 
Moreover, the importance of experience in 
marketing grew, as the concept itself is very 
personal and difficult to measure. Clearly, 
experience turns out to be complicated but 
placed in a context it gets a significant feature as 
for example an interaction between a physician 
and a patient. Many specialists consider 
experience to be subjectively assessed as it 
involves a wide range of feelings and sensorial 
stimuli and it implies involvement at different 
levels [1]. 

As the health care competitive environment 
increases, marketers are looking and trying to 
find new and effective methods of engaging 
consumers.  

The concept of service itself has also 
evolved from being considered commercial to 
being something that defines a lifestyle [2]. The 
process of purchasing a service has also led to 
changes in consumer’s behavior, namely, 
consumers are becoming more educated and 
demanding. In the same vein, Lindstrom stated 

that most people would always want to 
experience touch, smell, sound, and taste, as well 
as visual appeal, before they buy a service, as it 
helps them tangibilize it [3]. At the same time, 
consumers have begun to frequently establish 
relationships between themselves and the 
service they desire [4]. Health care services are 
no exception from these features. Further, this is 
where, more and more often, the interest of 
marketing specialists for experiential marketing 
grows, in order to provide the service 
experiences that awaken all their senses and 
offer them a unique sensation and will remain 
engrained in their minds for a long period of 
time [5]. 

According to Kotler [6], there are two types 
of marketing: traditional marketing and modern 
marketing. As far as modern marketing is 
concerned, it overtook the traditional approach, 
as it focuses on both customer experience and 
experiential marketing. Moreover, Holbrook [7] 
believed that when organizations start 
implementing experiential marketing principles, 
the major focus would turn from service 
performance to experiences, as illustrated in 
Table 1.  
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Table 1. Traditional marketing versus modern 
marketing [8] 
 Traditional 

Marketing  
Modern 
Marketing 
(Experiential 
Marketing) 

Focus  Service features 
and benefits  

Consumer 
experience 

Scope Narrow 
definition of 
service 
categories and 
consumption 

Broader 
consumption 
situation and 
socio-cultural 
context  

The 
consumer 
model is 
based on 

Rational 
decisions  

Rational and 
emotional 
decisions 

Marketer’s 
Approach  

Analytical, verbal 
and quantitative 

Eclectic, verbal, 
visual and 
intuitive  

  
The main objective of this paper was to 

measure the consumer’s perception of 
experiential marketing in the Romanian private 
ophthalmologic services by using structural 
equation modeling. As such, the following 
objectives have been settled: 
- Identifying the demographic profile of the 

respondents who appreciate the application 
of experiential marketing in private 
ophthalmologic services.  

- Determining the proportion of consumers 
who have the willingness to buy a private 
ophthalmologic service after they appreciate 
the application of experiential marketing 
principles.  

- Elaborating a model that will encompass 
both the elements of experiential marketing 
as well as the consequences of applying its 
principles in private ophthalmologic 
services.  

 
Conceptual framework  
a. Experiential marketing  

The idea of experiential marketing relies on 
the assumption that the main strategic policies 
and marketing decisions concentrate not only on 
supply, but also on the consumption and the 
experience that can be shaped based on 
designing an entire physical environment and an 
operational process for its consumers to 
experience [9]. 

The vast majority of scientific literature on 
experiential marketing focuses on the following 
dimensions, which are known as strategic 
experiential modules (SEMs) [10]: 
- Sense is the dimension which refers to the 

experience as perceived through the five 
human senses; 

- Feel dimension is concerned with the 
consumer’s emotional engagement but how 
to trigger certain positive emotions in 
consumers may be difficult as there are 
differences between consumption cultures; 

- Think dimension is linked to the cognitive 
elements of the service’s features and 
attributes. It relates to stimulating the 
service consumption by using technology 
and innovativeness and make consumers 
associate it with something different; 

- Act dimension refers to consumer’s actions 
and their physical engagement; 

- Relate dimension concentrates on the social 
dimension of the experience, meaning that 
the experience allows the consumer, through 
the process of consumption, to establish ties 
with various peers and communities.   

However, most Schmitt’s work (1999) 
focused on the following key features of 
experiential marketing: 
- Consumer experience should replace the 

functional values of services with sensory, 
emotional, cognitive, behavioral and 
relational values; 

- The consumption experience should be 
adjusted to the socio-cultural context; 

- Consumers should be considered both as 
rational and emotional beings and so, the 
consumption experience is often driven by 
emotions, fantasies and creativity; 

- Methods and tools are eclectic, meaning that 
experiential marketing offers specialists the 
opportunity to address the consumption 
experience from different perspectives by 
using both analytical and intuitive methods.  

 
b. Experiential marketing and consumer loyalty 

 Bowen and Chen (2011) [11] define 
consumer loyalty as the degree to which a 
consumer shows repeated purchasing behavior 
of a service as well as has a positive attitudinal 
behavior towards the provider. Moreover, Oliver 
(1999) [12] defines loyalty as a deeply held 
commitment to rebuy a preferred service in the 
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future, despite being influenced by situational 
factors. In addition, experiential marketing seeks 
to identify behaviors and attitudes in order to 
add value to the interaction between the 
provider and the consumer, by delivering a 
certain value. The idea that stands behind is that 
once the consumer follows and appreciates that 
set of values, he/ she is more likely to become a 
loyal consumer of that service. Similarly, Schmitt 
(1999) mentioned that creating a pleasant 
experience for consumers is the key to consumer 
loyalty and Chen and Lee showed that increased 
efforts in sense, feel and think components of 
experiential marketing can lead to higher levels 
of consumer loyalty [13].  
 
c. Experiential marketing and word-of-mouth 
communication (WOM) 

Satisfaction is the degree to which 
consumer expectations related to the 
consumption of a service are fulfilled and is the 
interaction between expectations and 
performances (Oliver, 1999). Moreover, 
satisfaction may be defined as being an 

experience-based attitude, meaning that the 
consumer’s evaluation depends on the individual 
experience with the service [14]. Kim et al. 
reached the conclusion that satisfied consumers 
provide positive recommendations to peers and 
their family members in the shape of word-of-
mouth communication [15]. 
 
d. Experiential marketing and willingness to 
purchase  

It is acknowledged that experiential 
marketing is the exogenous key construct 
materialized in willingness to purchase as well 
as purchasing behavior. Moreover, consumers 
produce familiarity, relationship, and closeness 
after experiencing the consumption and which 
result in an increased consumer intention to 
purchase a service [16]. 
 
Proposed Conceptual Framework 

The proposed conceptual framework for 
the model is illustrated in Fig. 1 and the 
hypotheses of the model in Table 2.  

 
 
 

 

Sense Experience 

Feel Experience  

Relate Experience 

Think Experience 

Act Experience 

Word-of-mouth  

Loyalty 

Willingness to 
purchase  

Experiential Marketing 

Fig. 1 The proposed conceptual framework 
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Table 2. The hypotheses of the model 
No.  Hypotheses  
H1 Sense Experience is positively related to the 

WOM communication in private 
ophthalmologic services.  

H2 Sense Experience is positively related to 
consumer loyalty in private ophthalmologic 
services. 

H3 Sense Experience is positively related to the 
willingness to purchase a private 
ophthalmologic service. 

H4 Feel Experience is positively related to the 
WOM communication in private 
ophthalmologic services.  

H5 Feel Experience is positively related to 
consumer loyalty in private ophthalmologic 
services. 

H6 Feel Experience is positively related to the 
willingness to purchase a private 
ophthalmologic service. 

H7 Think Experience is positively related to 
the WOM communication in private 
ophthalmologic services.  

H8 Think Experience is positively related to 
consumer loyalty in private ophthalmologic 
services. 

H9 Think Experience is positively related to 
the willingness to purchase a private 
ophthalmologic service. 

H10 Act Experience is positively related to the 
WOM communication in private 
ophthalmologic services.  

H11 Act Experience is positively related to 
consumer loyalty in private ophthalmologic 
services. 

H12 Act Experience is positively related to the 
willingness to purchase a private 
ophthalmologic service. 

H13 Relate Experience is positively related to 
the WOM communication in private 
ophthalmologic services.  

H14 Relate Experience is positively related to 
consumer loyalty in private ophthalmologic 
services. 

H15 Relate Experience is positively related to 
the willingness to purchase a private 
ophthalmologic service. 

H16 The willingness to purchase a private 
ophthalmologic service is positively related 
to WOM communication.  

H17 The willingness to purchase a private 
ophthalmologic service is positively related 
to consumer loyalty. 

Material and methods  

The sampling method was non-
probabilistic, using the snowball technique and 
the sample was made up of 190 people who 
wore eyeglasses for more than 3 years.  

The instrument for data collection was a 
self-administered questionnaire which consisted 
of 2 parts: the first section contained several 
demographic questions and the second section 
encompassed closed end questions related to the 
perception of private ophthalmologic services 
from an experiential marketing perspective 
through its components. All the second section 
questions were measured on a 5-point Likert 
scale ranging from 1 with Strongly Disagree to 5 
to Strongly Agree, as shown in Table 3 but 
modified for measuring a health care service.   
 
Table 3. The questionnaire design 
Construct  Measurement  No. of 

items  
Source  

Experiential 
Marketing  

Sense 
Experience  

7 Schmitt 
(1999) 

Feel 
Experience  

7 Schmitt 
(1999) 

Think 
Experience  

4 Gentile et 
al. (2007) 
[17] 

Act 
Experience  

5 Maghnati 
et al. 
(2012) 
[18] 

Relate 
Experience 

3 Schmitt 
(1999) 

Consumer 
loyalty  

 4 Chen et al. 
(2009) 
[19] 
Chou et al. 
(2010) 
[20] 

WOM   2 - 
Willingness 
to purchase  

 3 Soderlund 
and Ohman 
(2005) 
[21] 

 
The data analysis was conducted in SPSS 

and the modeling was performed in WarpPLS 
version 6.0. More exactly, the Structural 
Equation Modeling was used to test the 
measurement and the structural design of the 
model as well as the research hypotheses 
presented in Table 2.  
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Findings 

There were 71.05% respondents, who 
appreciated the application of experiential 
marketing in private ophthalmologic services, 
followed by 18.95%, who were confused. The 
demographic profile was that the respondents 
were females with the ages between 36 and 45, 
from the rural area and with a middle level of 
education. Moreover, their private 
ophthalmologic consultation frequency was at 
every 3 months and they also declared having a 
stable physician.  

Going further with the analysis, 89.63% of 
the respondents admitted they were willing to 
buy a private ophthalmologic service based on 
the experiential marketing application.  

 The structural equation model  
a. Reliability measurement 
A review of Table 4 and Table 5 shows 

several results concerning the reliability in a PLS 
measurement model. As such, Table 4 illustrates 
the Cronbach’s alpha coefficients and the 
composite reliability coefficients. The cutoff 
point for these 2 types of coefficients is 
recommended to be more than 0.7, however, 
values of 0.6 were also admitted. The average 
variance extracted should exceed the suggested 
value of 0.5 for all measures [22]. Taking into 
consideration the results in Table 4, it was 
concluded that the internal consistency of the 
model was assessed. 

 

Table 4. The internal reliability of the model 
Construct  Cronbach’s Alpha 

Coefficient Values 
Composite Reliability 

(CR) 
Average Variance 
Extracted (AVE) 

Sense Experience  0.86 0.91 0.72 
Feel Experience  0.81 0.89 0.73 
Think Experience   0.92 0.96 0.92 
Act Experience   0.87 0.91 0.73 
Relate Experience   0.83 0.92 0.86 
Willingness to purchase   0.72 0.84 0.74 
Word-of-Mouth Communication  0.72 0.88 0.78 
Consumer Loyalty  0.75 0.86 0.77 
    

In Table 5, the Pattern Matrix confirms the 
existence of 8 dictinct factors that are the 
equivalents of the 8 latent constructs of 
experiential marketing. In addition, the resulted 
matrix also confirmed that not all the items were 

still included in the model. However, the resulted 
Pattern Matrix from the WrapPLS analysis 
supports the fact that the selection of variables 
was optimal. 

 
Table 5. The Pattern Matrix of the Model 

 
sense affect think act rel int wom loi 

es_it1 0.781 -0.050 -0.154 0.083 0.020 0.131 -0.152 0.086 
es_it3 0.849 -0.003 0.001 -0.018 -0.061 -0.014 0.042 -0.109 
es_it4 0.890 0.031 0.047 -0.018 0.013 -0.042 0.040 0.060 
es_it5 0.870 0.017 0.091 -0.040 0.027 -0.063 0.057 -0.034 
ea_it1 -0.058 0.809 -0.050 0.048 -0.112 0.035 0.041 0.040 
ea_it3 0.098 0.869 -0.042 -0.069 0.022 -0.060 -0.019 0.019 
ea_it4 -0.041 0.893 0.087 0.022 0.082 0.025 -0.020 -0.055 
eg_it3 0.032 -0.023 0.963 0.014 -0.018 0.018 0.025 0.007 
eg_it4 -0.032 0.023 0.965 -0.014 0.018 -0.018 -0.025 -0.007 
eact_it1 -0.091 -0.036 -0.027 0.901 -0.073 0.023 0.038 0.019 

eact_it3 -0.011 -0.002 -0.006 0.916 -0.043 -0.003 -0.115 0.021 
eact_it4 0.021 -0.014 0.025 0.795 0.137 -0.003 0.026 -0.020 
eact_it5 0.085 0.055 0.008 0.810 -0.025 -0.017 0.060 -0.021 
erel_it1 -0.012 0.034 0.044 0.026 0.917 -0.016 0.063 -0.029 
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erel_it3 0.012 -0.034 -0.044 -0.026 0.939 0.016 -0.063 0.029 
int_it1 -0.011 0.042 -0.111 -0.003 0.060 0.854 -0.092 -0.002 
int_it2 -0.053 -0.071 0.129 -0.009 -0.086 0.715 0.035 -0.015 
int_it3 0.060 0.025 -0.011 0.011 0.021 0.830 0.058 0.016 
wom_it1 0.089 -0.071 -0.041 0.056 -0.135 0.070 0.891 0.000 
wom_it2 -0.089 0.071 0.041 -0.056 0.135 -0.070 0.881 -0.000 
loi_it1 0.030 -0.023 0.083 0.041 -0.134 -0.079 0.119 0.837 
loi_it3 -0.044 -0.003 -0.022 0.006 0.072 -0.069 -0.014 0.783 
loi_it4 0.009 0.026 -0.063 -0.046 0.068 0.140 -0.106 0.841 

 
b. The fitness of the model 

The goodness of fit of a PLS-based model is 
measured with three indices: the average path 
coefficient (APC), the average-R squared (ARS) 
and the average variance inflation factor (AVIF). 
For assessing the fitness of a model, the APC and 
ARS indices should have p values lower than 
0.05, and secondly, AVIF should be lower than 5 
[23] (Table 6).  
 
Table 6. The fitness indices of the model 

The value of 
the coefficient   

Level of 
statistical 
significance  

The ideal 
value for 
validation   

APC=0.13 P<0.01 P<0.05 
ARS=0.13 P<0.01 P<0.05 
AARS=0.11 P<0.02 P<0.05 
AVIF=1.12 - <=3.3 
AFVIF=1.17 - <=3.3 

 
Since the validity, the reliability and the 

fitness of the model have proved that it is 
correctly defined, the hypotheses of the model 
using structural equation modeling were 
investigated. 

c. Structural Equation Modeling  
The PLS-Structural Equation Modeling is 

based on the Partial Least Squares method and 
measures the connection between latent 
variables using beta standardize d coefficients 
and R square values. The PLS-SEM model, the 
path coefficients, their associated p values and 
the hypotheses’ testing are illustrated in Table 7 
and Fig. 2. A refined model is presented in Fig. 3.  

 
Table 7. Hypotheses’ statuses 

No.  
Hypotheses  β Level of statistical 

significance  
Validation  

H1 Sense experience -> WOM -0.11 0.056 NO 
H2 Sense experience -> consumer loyalty  -0.12 0.037 YES 
H3 Sense experience ->  willingness to purchase   -0.19 0.003 YES 
H4 Feel experience -> WOM 0.18 0.004 YES 
H5 Feel experience -> consumer loyalty   -0.03 0.336 NO 
H6 Feel experience ->  willingness to purchase  0.13 0.027 YES 
H7 Think experience -> WOM -0.12 0.045 YES 
H8 Think experience -> consumer loyalty   0.31 <0.001 YES 
H9 Think experience ->  willingness to purchase   0.12 0.041 YES 
H10 Act experience -> WOM 0.12 0.036 YES 
H11 Act experience -> consumer loyalty  -0.12 0.034 YES 
H12 Act experience ->  willingness to purchase   0.12 0.039 YES 
H13 Relate Experience -> WOM -0.02 0.383 NO 
H14 Relate experience -> consumer loyalty   0.01 0.422 NO 
H15 Relate experience->  willingness to purchase  -0.12 0.046 YES 
H16 Willingness to purchase  -> WOM 0.24 <0.001 YES 
H17 Willingness to purchase -> consumer loyalty   0.18 0.005 YES  
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Fig. 2 The resulted model in Warp PLS 
 

Fig. 3 The refined model 
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The R2 coefficient for willingness to 
purchase construct was of 0.08, meaning that the 
experiential marketing components explain 8% 
of its variance, which is classified as acceptable, 
whereas the R2 coefficient for the WOM 
construct was of 0.14, meaning that the 
experiential marketing constructs and the 
willingness to purchase a private ophthalmologic 
service explain 14% of its variance, and the 
consumer loyalty construct is explained in a 
proportion of 20% by experiential marketing 
and the willingness to purchase. Overall, the 
model proved to be satisfactory in the context of 
private ophthalmologic services.  

Conclusions 

The respondents who appreciated the 
application of experiential marketing in 
ophthalmologic services were 71.05%, 18.95% 
being confused. Moreover, the participants’ 
demographic profile was the following: age 
between 36 and 45 years, females with college 
studies and with a frequency of ophthalmologic 
consultations at every 3 months.  

Further, there were 89.63% of the 
respondents who appreciated the application of 
experiential marketing in ophthalmologic 
services and also expressed their willingness of 
buying the service.  

The design of a model containing both the 
constituent elements of the experimental 
marketing and its consequences in 
ophthalmology services was conducted by 
modeling with structural equations in WarpPLS 
version 6.0 software. Thus, the validity of the 
model was assessed with the Cronbach’s alpha 
coefficients, Composite reliability values, as well 
as with the Average Variance Extracted 
coefficients and the fitness of the model was 
determined by using the ARS, APC, and AVIF 
values, respectively.  

According to beta coefficients and levels of 
statistical significance, some hypotheses have 
been rejected or negative relationships have 
been established between dependent and 
independent variables. Therefore, negative 
relationships have been established between 
sensory experience and consumer loyalty, as 
well as sensory experience and willingness to 
purchase an ophthalmologic service. One 

possible explanation would be that an 
ophthalmologic consultation does not imply a 
high degree of customization, the vast majority 
of ophthalmic organizations offer specific 
services under excellent conditions, and 
consumers no longer value the environmental 
elements but the perceived value of the service. 
Further, consumers are no longer attracted by 
technical and technological equipment but by 
other elements that give them a sense of respect, 
integrity, and dignity, as well as by empowering 
them to take part in the health decision-making 
process.  

Moreover, affective experience influences 
the consumer of ophthalmic services at the level 
of purchasing intention and generating 
recommendations. The health service remains a 
typology that requires a lot of patient confidence 
but also he perceives very high risks, such as 
psychological risk through fear, social risk 
through manifestation of social aversion and 
marginalization of sick people, physical risk, and 
of course, the functional risk, namely the long 
waiting for the outcome to be observed. All these 
risks may be solved if the physician adopts an 
empathic attitude, as consumers of 
ophthalmologic services lack the necessary 
knowledge of understanding the specialized 
language. An appropriate attitude of the 
physician will generate a positive intention to 
purchase the ophthalmologic service and would 
raise the level of recommending the service to 
relatives and peers as well as on the Internet in 
virtual patient communities. 

It is difficult to position on the 
ophthalmology market in Romania, as the vast 
majority of consumers choose the service 
provider according to the location. In these 
circumstances, the ophthalmologist managers 
can successfully use experimental marketing 
strategies if they promote a story, meaning a life 
experience. 
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Abstract 
Juvenile xanthogranuloma (JXG) is a benign histiocytic skin disorder mainly encountered 
during infancy and childhood. Although with multiple potential localizations, less than 
1% of the cases exhibit ocular manifestations. Some of these might lead to serious 
complications, specifically, secondary glaucoma that can result in severe and blinding 
eye disease.  
The aim of the present case report was to demonstrate typical clinical features, 
emphasize the difficulties attributed when managing these patients and literature 
review. We present the case of 4 months old female baby with spontaneous hyphema 
and secondary unilateral glaucoma due to ocular JXG.  
The natural history and treatment of the condition were extremely difficult to handle due 
to multiple opinions in histopathology related to other severe conditions that resembled 
with the lesions detected in this case: myelomonocytic leukemia and Langerhans cell 
histiocytosis. Although a minority of patients with JXG have ocular involvement, 
recognition of this condition is important because a treatment delay can lead to serious 
complications, such as glaucoma and spontaneous hyphema, as in our case. A thorough 
differential diagnosis represents the key to a proper management plan in these patients, 
both on short and long term. “Triple disease” defined as JXG plus neurofibromatosis type 
1 (NF-1) and juvenile chronic myelogenous leukemia (JCML) has been reported, but it 
was not confirmed in our patient.  
Keywords: juvenile xanthogranuloma, secondary glaucoma, infant, spontaneous 
hyphema 

 
 
Introduction 

Juvenile xanthogranuloma (JXG) is a benign 
non-Langerhans histiocytic skin disorder mainly 
affecting infants and children, 75% of the cases 

occurring in the first 9 months of life [1]. In 5–
17% of the cases, the skin lesions may appear 
soon after birth [2]. About 10% of the cases can 
manifest in adulthood, being known as “adult 
xanthogranuloma” [1]. The etiology is unknown, 
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although it may represent a reactive process 
(physical or infectious) [3,4]. Cutaneous lesions 
are asymptomatic and generally appear 
spontaneously during the first year of life as 
reddish-yellow nodules, most often in the head 
and neck region. The general tendency is 
towards spontaneous resolution until the age of 
3-6 years old [3]. Extra-cutaneous JXG most 
commonly affects the eye but can involve the 
brain, lungs, liver, spleen, and other sites. Eye 
involvement (iris, choroid, retina, optic nerve, 
and orbit) has been reported to occur in 
approximately 0.3% to 10% of the children with 
cutaneous JXG [5]. Solitary lesions are found in 
60–82% of the cases [1]. Among ocular sites, iris 
has been most commonly involved; some cases 
might lead to serious complications, from 
spontaneous intraocular hemorrhages, 
secondary glaucoma to blinding eye disease.  

Contrary to other xanthomatous diseases, 
JXG has not been associated with lipid 
disturbances or metabolic disorders [6], but a 
variety of systemic diseases, including 
neurofibromatosis type 1 and juvenile chronic 
myelogenous leukemia, which may be associated 
with juvenile xanthogranuloma. Patients with 
this combination of findings require special 
management. 

Case report 

We present the case of a 4 months old 
female baby referred to our ophthalmology unit 
by a fellow colleague for unilateral red eye, 
photophobia, epiphora, and spontaneous 
hyphema (OD). As a personal history, soon after 
birth (at 2 weeks), the mother recalled the 
appearance of few red-orange cutaneous nodules 
(thorax, head, neck); in time, lesions became 
more numerous and some changed aspect due to 
crust formation or mild superficial hemorrhages. 
As such, a dermatologist was consulted and skin 
biopsies from the lesions were indicated. The 
diagnosis established by several  pathologists 
varied greatly, from Langerhans cells 
histiocytosis to myelomonocytic leukemia or 
juvenile xanthogranuloma (JXG). Due to this 
situation, the baby underwent a bone marrow 
biopsy that excluded any malignant process and 
pleaded for cutaneous JXG. At this stage, no 
treatment was indicated, except for observation. 

At 3 months, the mother noticed a color 
change in the OD appearance in her baby and 

addressed an ophthalmologist, who found the 
above-mentioned changes (photophobia, 
epiphora, and spontaneous hyphema) at the 
clinical examination and sent the child to a 
tertiary center for further investigations. 

The general clinical examination was 
completely normal, except for the numerous 
cutaneous nodules (Fig. 1a,b,c), varying in color 
from yellowish to bright red, mostly spread onto 
the head/ neck region and thorax. Fewer lesions 
were noted on the arms and legs. All further 
investigations (complementary exams, 
laboratory findings, and imaging scans) were 
within the normal limits and revealed neither 
lesions onto the internal organs, nor the 
presence of any other systemic alteration. 
 

 
 
 
 
 
 
 
 

In the ophthalmology exam, we found 
visual acuity in both eyes “fixes and follows” and, 
under general anesthesia, IOP-OD = 25 mmHg 
and IOP OS =12 mm Hg. Corneal diameter was 
increased in OD (12 mm) and normal in OS (10 
mm), aspect which coincided with increased 
axial lengths in OD (19.12 mm) compared to OS 
(18.49 mm) by “A” scan ultrasound methods. 

Anterior segment examination found all 
structures with normal appearance in OS, while 
in OD there were visible changes such as: mild 
epithelial corneal edema, peripheral iris 
synechiae/ 360*, thick fibrinoid membrane on 
the surface of the iris, 2mm hyphema and a wide 
blood clot on the surface of the iris (11-4 o’clock 
meridians) – Fig. 2. Fundus examination could 
not be performed in OD due to low visibility, 
whereas OS aspect was normal. B scan 
ultrasound examination in OD detected no 
abnormalities in the choroid, retina, or optic 
nerve (Fig. 3). 

Fig. 1 a,b,c Numerous cutaneous nodules, varying 
in color from yellowish to bright red, mostly 
spread onto the head/ neck region and thorax; 
fewer lesions were noted on the arms and legs 



Romanian Journal of Ophthalmology 2017; 61(3): 229-236 
 

 
231 

Romanian Society of Ophthalmology 
© 2017 

 
 
 
 
 
 

 
 
 
 
 
 
 

Based on all these findings we established 
the diagnosis of OD - Pediatric secondary 
inflammatory glaucoma in the context of juvenile 
xanthogranuloma with ocular (iris) involvement. 
Short course of topical corticosteroids 
(dexamethasone) and close monitoring for the 
next 3 weeks was indicated. Since no 
improvement was detected within this interval 
and persistent hyphema, fibrinoid iris membrane 
(more dense in inferonasal quadrant) were 
present, surgical intervention became 

mandatory in order to avoid future and more 
severe complications in this child. 

In this respect, augmented trabeculectomy 
with mitomycin C (0.02%, 3 minutes) and 
trabeculotomy were performed in November 
2016. Fig. 4 depicts the most important surgical 
steps. Surgery was uneventful and the outcome 
is presented in Fig. 5.  

 

 
 

 
 
 
 
 
 
 
 
 

 
The thick plaque extracted from the surface 

of the iris together with the tissue resulted from 
the peripheral iridectomy (at 12 o’clock) were 
sent to histology examination, including 
immunohistochemistry markers. 

Fig. 2 Anterior segment (OD) 

Fig. 3 OD-B scan revealed normal structures; no 
JXG suggestive lesions appeared in the retina, 
choroid, optic nerve Fig. 4 OD Augmented trabeculectomy with 

mitomycin C (0.02%, 3 minutes) and 
trabeculotomy; difficult rotation in the anterior 
chamber of the trabeculotomes due to the 
fibrinoid membrane adherent to the iris root in 
the AC angle; removal of the iris fibrinoid 
membrane, mild hemorrhage after removal, 
patient 12 o’clock peripheral iridectomy 
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Early post operation medication included 
topical tobramycin, dexamethasone and non-
steroidal anti-inflammatory drugs, 5x/ day; 
phenylephrine was added x3/ day to prevent 
recurrent bleeding in the anterior chamber. IOP 
was well controlled in OD (range between 8-10 
mmHg) during the follow up visits. 
Corticosteroids were slowly tapered in the next 
months, until complete cessation with favorable 
clinical evolution. 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

5 months after surgery, the OD was 
“clinically silent” (Fig. 6); no local recurrences 
were noted and the IOP was 10 mmHg without 
any medication. General status was stationary, 
since no new skin lesions on the internal organs 
were detected at the ancillary tests performed 
regularly (abdominal/ pelvic ultrasound 
examination, transfontanellar ultrasound and 
laboratory blood tests). Fundus examination was 
normal in both eyes; glaucoma damage was not 
found in OD (C/ D ratio = 0.2).   

Initial pathology examination required 
further investigations, as a temporary suspicion 
of myelomonocytic proliferation appeared in the 
biopsied iris tissue. A thorough pathology 
examination and specific IHC markers such as 
CD68 intensely positive in the area of active cell 
proliferation, factor XIIIa – intensely positive, 
Vimentine – mildly positive in the area of active 
cell proliferation, confirmed the XJG diagnosis. 
Langerine, CD1a, MPO, CD15, S100, HMB45, 
T311, MITF – were all-negative in the analyzed 
tissues (skin and iris) and excluded other 
diagnosis (Langerhans histiocytosis, 
myelomonocytic leukemia, etc.). Fragments of 
deep adipose tissue included dense cellular 
proliferation, without a clear demarcation zone, 
extending also towards the periadnexal space, 
dissecting from place to place collagen lamellas 
(deep expansive pattern growth with spindle cell 
morphology, scarce areas of epithelioid 
proliferation with medium/ large cells); frequent 
mitosis (21 mitosis/ 10HFP); minimal 
inflammatory infiltrate – lymphocytes and 
eosinophils. This description pleaded for a 
nonlipidized, mitotically active JXG, with 
prominent spindle cell morphology. Some details 
are shown in Fig. 7a,b,c,d and Fig. 8. 
 

 
 
 
 

Fig. 5 OD aspect at the end of the surgical 
intervention; mild hemorrhage in the AC after 
removal of the iris membrane 

Fig. 6 OD aspect at 5 months post operation. Thin, 
avascular filtering bleb, rare microcysts visible in 
the superior sector on the conjunctiva, diffuse 
sub-conjunctival filtration; clear cornea, 
tractioned pupil (the inferior quadrant by small 
SIPs); no active bleeding is visible in the AC, nor 
remnant/ new membranes; transparent lens 

Fig. 7a Cutaneous JXG with Touton giant cells 
displayed by hematoxylin-eosin (HE) stain 
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Discussions 

Histiocytic disorders consist mainly in two 
types: Langerhans cell histiocytosis (LCH) and 
non-Langerhans cell histiocytosis (non-LCH). JXG 
is a rare disorder, but it is the most common 
among the non-LCH forms, with benign evolution 
[5]. Lesions appear spontaneously, during the 1st 
year of life; as it was the case of our patient, and 
resolve spontaneously later in childhood. The 
most frequent areas involved are the head and 
neck region, but extracutaneous lesions are also 
described [3,5]. Organ involvement is very rare 
and happens predominantly in patients with 
multiple skin nodules, as the case we presented 
hereby [7]. The majority of the patients with 
ocular lesions are young children typically 
younger than 1 year, similar to the 4 months old 
baby, subject of this case report. Ocular lesions 
usually involve the iris, but have also been 
reported in the orbit, optic nerve, retina, and 
choroid [8,9]. Iridocyclitis, hyphema, and 
secondary glaucoma are frequent presenting 
signs [10] and represent serious complications 
that may cause blindness if unrecognized or left 
untreated [11]. Zimmerman identified 5 clinical 
patterns for intraocular involvement in infants 
and young children: asymptomatically localized 
or diffuse iris tumor, unilateral glaucoma, 
spontaneous hyphema, red eye with signs of 
uveitis and congenital/ acquired iris 

Fig. 7b Cutaneous JXG with CD68 +++ IHC stain 

Fig. 7c Cutaneous JXG with S-100 negative IHC 
stain 

Fig. 7d Cutaneous JXG with CD1a negative IHC 
stains 

Fig. 8 Histology exam (iris) biopsy. Hematoxylin-
Eosin (HE) staining, ×25; detail, ×200). Diffuse iris 
infiltration of lymphocytes (monocytes); nodular 
aggregates on the anterior surface of the iris 
(histiocytes) 
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heterochromia. All these signs [12] were found 
in our patient.  

Microscopically, the ocular tumor cells are 
rich in cytoplasm, which is light and eosinophilic 
or fine granular-like. The nucleoli are round or 
kidney-shaped. Most of the cells are 
mononuclear, and some can see two or three 
unclear nucleoli. The number of Touton cells is 
decreased compared to skin JXG lesions or even 
missing; inflammatory cells are also rare [13]. 
This could lead to some degree of confusion for 
inexperienced pathologists. 

Microscopy of skin lesions in JXG describes a 
diffuse invasion of numerous tissue cells 
accompanied by a small amount of lymphocytes 
and eosinophils that can be seen in the early 
stage of JXG. Some tissue cells have light and 
hollow cytoplasm, and the nucleus is small in 
round or ovoid shape without atypia. In some 
cells, the nuclear groove and an unclear nucleus 
can be seen, which are often absent in Touton 
cells. Invasion of foam cells, foreign body giant 
cells and Touton giant cells can be seen in 
mature stage. The nucleus of Touton cell is 
garland-like, which is the typical characteristic of 
juvenile xanthogranuloma. A lot of fibroblasts 
are visible at the late stage, and fibrosis replaces 
the infiltration [13]. Collecting tissue samples 
from different stages of the skin lesions might 
lead to different descriptions in the same patient, 
as it was in our case. 

The differential diagnosis relies on the 
immunohistochemical study. JXG lesions 
classically stain with macrophage markers 
including CD68 or Ki-M1P and anti F XIIIa, 
vimentin and often anti-CD4. As such, JXG 
expresses CD68, lysozyme and FXIIIa, but not 
CD1a. LCH expresses S-100 protein and CD1a, 
but not CD68, lysozyme and FXIIIa. CD1a is a 
relatively specific marker for LCH and it is not 
expressed in non-LCH diseases [14].  

In our case, multiple biopsies were 
collected and various interpretations were given. 
According to Dehner, neither factor XIIIa 
negativity, nor S-100 positivity should preclude 
the diagnosis of JXG [15]. Therefore, the first 
attempt to characterize the skin biopsy 
fragments was made, a diagnosis of Lanherhans 
Cells Histiocytosis was discussed, based on 
CD68+++, CD 45+, MPO+, CD1a-, S-100-, desmin -
, MY14-. Further IHC exams stated that elements 
such as positive markers for histiocytes and 

monocytes (CD68+++ and CD14+), Langerine- 
and CD1a – could exclude HCL or another tumor 
with dendritic undetermined cells, that are 
usually Langerine -, but CD1a+. Spindle cell 
morphology, corroborated with fascein+, FXIIIa- 
could exclude a myelomonocytic proliferation. 
Third and most comprehensive IHC evaluation 
showed positive markers such as CD 68 (+++), 
factor XIIIa(++), Vimentine (+), whereas 
Langerine, CD1a, MPO, CD15, S-100, HMB45, 
T311, MITF were all negative. All the above-
mentioned IHC markers are consistent with JXG 
characteristics. 

In most cases with JXG, S-100 protein is 
non reactive, but scattered cells may show weak 
cytoplasmic reactivity, unlike the more diffuse 
and intense reaction of Langerhans cells [16]. 
Probably this was the reason for the initial 
confusion that was made with malignancies that 
required a bone marrow biopsy in this child at 3-
4 weeks after birth. 

JXG lesions beyond skin have different 
histological characteristics with cutaneous JXG, 
and are easy to be confused with Langerhans cell 
histiocytosis (LCH) [17], therefore the confusion 
in this case, when an iris fragment was analyzed; 
yet, JXG and LCH might be found simultaneous in 
the same patient [18]. A “triple disease” (18% of 
the cases) defined as JXG plus neurofibromatosis 
type 1 (NF-1) and juvenile chronic myelogenous 
leukemia (JCML) has been reported, but it was 
not confirmed in our patient.  

From the three characteristic histologic 
patterns of JXG: early JXG (EJXG), classic JXG 
(CJXG), and transitional JXG (TJXG) [19,20], we 
found elements consistent for all forms in our 
patient: CJXG due to abundant vacuolated, foamy 
histiocytes with Touton giant cells, TJXG due to 
predominance of spindle-shaped cells 
resembling benign fibrous histiocytoma with 
foamy histiocytes and EJXG forms due to cells 
with little lipid and relatively more mitoses than 
the others. The high number of mitosis found in 
our case of non-lipidized JXG could be explained 
by the immature or evolving character of this 
histologic subtype. 

Regarding the therapeutic options, patients 
with a single or only a few lesions need no 
therapy; excisional biopsy can be considered, but 
only for cosmetic reasons. Due to potential 
blinding complications, treatment of iris JXG 
should be promptly considered. Usually, 
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corticosteroids are the main stay of treatment, 
but refractory cases have been described, 
therefore an escalation of treatment needs to be 
approached, if the patient’s status deteriorates 
and the disease progresses despite conventional 
treatment. Surgery serves both diagnosis and 
treatment, since it provides a tissue specimen 
and excisional biopsy is curative, since the 
lesions once excised do not recur [21]. 
Refractory cases or for the patients who have 
systemic disease require radiotherapy (low 
dose) or chemotherapy similar to LCH protocols 
[22]. Glaucoma surgery (trabeculectomy and 
trabeculotomy) was “curative” for the iris JXG in 
this patient, and prevented complications of 
intraocular inflammation and increased IOP. 
Postoperatory management included only 
topical corticosteroids and NSAID with positive 
outcome during the follow up period. We 
recorded no recurrence, either local or systemic 
in this patient, but still, a close monitoring is 
needed in this child. 

Conclusions 

We presented a difficult case of a 
mitotically active JXG in iris and skin that 
requested multidisciplinary approach, involving 
an ophthalmologist, pathologist, pediatrician, 
dermatologist, etc. After treating the ocular 
complication, the situation was declared 
temporarily stable, but the long-term prognosis 
is yet guarded and further monitoring is needed. 

Although JXG is described as a benign 
tumor, some histological aspects might be 
confounders for inexperienced pathologists; 
therefore, the definitive diagnosis should be 
made only by IHC markers just to avoid errors. 

As general recommendation we advice the 
ophthalmology fellows to consider the JXG 
diagnosis in every case of spontaneous hyphema 
they find in infants and young children, since 
spontaneous hyphema is the most common 
presentation in ocular JXG in this range of age. 
Treatment should be promptly considered to 
avoid potential blinding complications.  
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