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This special issue is focused on the current approaches used
to identify and manage particular groups of glaucoma that
we define as challenging glaucomas, because of difficulties in
either diagnosis or therapy.

Malignant glaucoma is a good example of difficulties in
both diagnosis and management, and J. Foreman-Larkin et
al. provide a complete overview on the clinical management
of malignant glaucoma. Pseudoexfoliation is also typified by
very high pressures at times and rapid damage to the optic
nerve and P. Plateroti et al. focus their paper on pseudoex-
foliation syndrome and pseudoexfoliative glaucoma with a
review of the literature and updates on surgical management.
Raised pressure and inflammation can be very challenging
and D. Lewkowicz et al. cover the clinical outcome of
hypertensive uveitis. Infection after glaucoma surgery is one
of themost challenging situations andK.Ohtomo et al. report
their outcomes of late-onset bleb related endophthalmitis
treated with pars plana vitrectomy.

The aetiology of different variants of the glaucoma with
higher and lower ranges of pressure still poses a challenge
to us. D. Wróbel-Dudzińska et al. describe the risk factors
in normal-tension glaucoma and high-tension glaucoma in
relation to polymorphisms of the endothelin-1 gene and the
endothelin-1 receptor typeA gene. Vascular changesmay play
a part in the pathogenesis of glaucoma, and E. C. Koch et
al. discuss blood pressure and heart rate variability in the
detection of vascular dysregulation in glaucoma.

Assessment of the cellular layers that get damaged may
provide further clues in the assessment and diagnosis, and

A. Perdicchi et al. present a research article on the evaluation
of agreement between HRT 3 and I-Vue OCT in glaucoma
and ocular hypertension patients comparing different tomo-
graphic approaches to evaluate retinal ganglion cells.

As the variety of topics presented in this special issue sug-
gests, there are still many difficulties related to the diagnosis
and therapies for glaucoma. This pathology, especially in its
most advanced stages, can have a real impact on the quality
of life and outlook of patients. L. Zuo et al. write about vision
health-related quality of life in Chinese glaucoma patients,
describing how glaucoma can influence the quality of life in
patients.

There are some particular forms of glaucoma, whichmore
than others, represent a challenge for the ophthalmologist.
For example, pigmentary glaucoma has many grey areas
that still need to be clarified, including its pathogenesis
and the involvement of retinal structures. As mentioned,
pseudoexfoliative glaucoma also presents many difficulties
for both clinical and therapeutic approaches.However, paedi-
atric forms of glaucoma represent one of the greatest clinical
challenges, due to the variation in diagnostic criteria as well
as in potential treatments and the response of individual
patients. This is especially the case with those forms of
glaucoma secondary to other congenital diseases of the
anterior segment of the eye, particularly if associated with
facial anomalies and other malformations of intraocular
structures. This group of disorders is particularly complex
for the ophthalmologist, with obstacles in the management
of these patients from diagnosis to treatment.
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However, daunting these challenges, the future looks
encouraging as recent advances in translational research are
reshaping modern ophthalmology including whole genome
analysis and understanding of epigenetic influences and
bioinformatics. This should allow the gradual identification
of the link between different clinical phenotypes and specific
mutation in genes regulating the normal formation and
maturation of the eye, which should ultimately give rise to
new therapeutic hypotheses and approaches.

Thanks to nanotechnologies, new methods of drug
administration and the controlled release of molecules used
to decrease intraocular pressure are being developed. Surgical
treatments are also moving forward with new minimally
invasive procedures and with other devices which show
promising results with fewer side effects.

Furthermore, recent diagnostic criteria define glaucoma
as a true neurodegenerative pathology, which affects not
only the eye but also the whole optic tract and possibly
involves the supportive cells of the central nervous system.
This is the reason why, not only will future research focus on
lowering IOP but also it will increasingly include therapies
with neuroenhancing and neuroprotective effects and, in the
most optimistic hypotheses, will lead to neuroregeneration.

Gianluca Scuderi
Peng T. Khaw

Felipe A. Medeiros
Gianluca Manni
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Malignant glaucoma remains one of the most challenging complications of ocular surgery. Although it has been reported to occur
spontaneously or after any ophthalmic procedure, it is most commonly encountered after glaucoma surgery in eyes with prior
chronic angle closure. The clinical diagnosis is made in the setting of a patent peripheral iridotomy and axial flattening of the
anterior chamber. Intraocular pressure is usually elevated, but it may be normal in some cases. Although the exact etiology of this
condition is not fully understood, several mechanisms have been proposed and it is thought to result from posterior misdirection
of aqueous humor into or behind the vitreous. This review discusses pathophysiology, differential diagnosis, imaging modalities,
and current treatment strategies for this rare form of secondary glaucoma.

1. Introduction

Malignant glaucoma, initially described by von Graefe [1]
in 1869, refers to a uniform shallowing or flattening of
both the central and peripheral anterior chambers in an eye
with normal to elevated intraocular pressure (IOP) despite
one or more patent iridotomies. It was named “malignant”
glaucoma because of its progressive course and poor response
to conventional glaucoma therapy. This entity has been
described by various terms, such as ciliary block glaucoma,
aqueous misdirection, ciliolenticular glaucoma, and ciliovit-
real block glaucoma, based on the possible mechanisms
by which this constellation of clinical findings can be pro-
duced.

Although the exact etiology of this disease is not yet fully
understood, it is believed to evolve from posterior misdi-
rection of aqueous humor into or behind the vitreous. The
resultant pressure differential between the posterior and ante-
rior chambers causes an anterior displacement of the lens-iris
diaphragm, anterior chamber shallowing or flattening, and
secondary angle closure glaucoma. This review will focus on
theories of mechanism and treatment strategies for this rare
form of secondary glaucoma.

2. Epidemiology and Clinical Presentation

Malignant glaucoma is usually seen after incisional surgery,
particularly glaucoma surgery in eyes with prior angle closure
with a reported incidence of 2–4% [2]. However, it may also
occur after laser surgery or any other intraocular surgery. It
has been described after cataract surgery (with or without
implant) [3–5], scleral buckle, pars plana vitrectomy, laser
capsulotomy [6, 7], laser cyclophotocoagulation [8], laser
iridotomy [9], and scleral flap suture lysis [10] and with the
use of miotics [11, 12]. It has even been found to occur spon-
taneously in previously unoperated eyes [11, 13].

Malignant glaucoma has been documented postopera-
tively as soon as postoperative day one to as late as several
years following intraocular surgery [14]. It has been associ-
ated with central retinal vein occlusions [15], inflammation,
trauma, retinopathy of prematurity [16], intravitreal triamci-
nolone injection [17], Aspergillus flavus intraocular infection
[18], and large intraocular lens [3]. Malignant glaucoma may
be seen in phakic, aphakic, or pseudophakic eyes. It occurs
more frequently in Asian eyes, probably due to their short
axial length and predisposition to narrow anterior chamber
angles [19]. In one report, the average age for patients with
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malignant glaucoma was 70 years with a female to male ratio
of 11 : 3 [20].

On presentation, patients often complain of a red, painful
eye with decreased vision, similar to symptoms reported
with pupillary block glaucoma. Some may have associated
headache with nausea and vomiting, depending on the level
of IOP. Clinical examination shows axial flattening of the
anterior chamber with anterior displacement of the lens,
intraocular implant, or vitreous face, depending on the lentic-
ular status of the eye in the presence of elevated IOP. Clear
areas that represent entrapped aqueous fluid may be seen
behind the posterior capsule or within the anterior vitreous
[21]. Presence or absence of a patent iridotomy/iridectomy
should be carefully noted to confirm this diagnosis and rule
out other disease entities.

3. Pathophysiology

No theory has established a single cause of malignant glau-
coma. Shaffer postulated that the forward shift of the lens-
iris diaphragm in these patients is probably secondary to
accumulation of aqueous humor behind a posterior vitreous
detachment [22]. Later, the presence of aqueous pockets
within the vitreous was shown by ultrasonographic studies
conducted by Buschmann and Linnert [23]. Epstein [24]
further elaborated on posterior diversion of aqueous at high
IOP levels in his experiments on aged enucleated human
eyes. Because of decreased permeability of the vitreous,
the aqueous becomes trapped, causing a subsequent rise in
intraocular pressure with secondary axial shallowing of the
anterior chamber.

The alternative names of ciliolenticular block and ciliovit-
real block are derived from the findings that the anterior
rotation of the ciliary processes against the lens equator in
phakic eyes or the anterior hyaloid face in aphakic eyes is
responsible for lack of forward movement of the aqueous
humor from the posterior chamber to the anterior chamber,
causing a pressure differential in the two compartments
[25, 26]. The anterior displacement of ciliary processes has
been confirmed with ultrasound biomicroscopic studies,
which have also shown the presence of shallow supraciliary
detachments in these eyes, which may not be evident on
routine B-scan imaging [19].

In 1972, Levene [27] hypothesized that increased IOP was
a result of direct lens block, and the buildup of aqueouswithin
the posterior cavitywas a secondary feature. Lippas [25] along
with others proposed ciliary spasm as the initiating event for
anterior displacement of lens-iris diaphragm as a result of
surgery, miotics, inflammation, or other causes.

It has also been suggested that anterior hyaloid obstruc-
tion may contribute as one of the underlying mechanisms.
Quigley et al. [27, 28] hypothesized that choroidal expansion
decreases the eye’s ability to transmit aqueous freely across the
vitreous. As vitreous compression increases with its displace-
ment against the ciliary body, lens, or iris, the available area
for fluid transport across the hyaloid membrane is dimin-
ished with reduced fluid conductivity, thereby prolonging the
vicious cycle.

The consensus is that malignant glaucoma is a multifac-
torial disease in which more than one of the aforementioned
mechanisms may play a role in its pathogenesis.

4. Differential Diagnosis

Pupillary block glaucoma should be considered in a patient
with elevated IOP and flattening of the anterior chamber.
However, the presence of a patent iridotomy/iridectomyhelps
rule out this entity. Unlikemalignant glaucoma that produces
uniform flattening of the anterior chamber, pupillary block
glaucoma presents with iris bombe and shallow to flat
peripheral anterior chamber but with moderate depth of the
central anterior chamber. If the patency of an iridotomy is in
question, a second iridotomy should be performed with an
argon or neodymium:yttrium-aluminum-garnet (Nd:YAG)
laser.

Choroidal detachments are common after glaucoma fil-
tration surgery and may be confused with malignant glau-
coma because of a shallow or flat anterior chamber depth.
However, eyes with choroidal detachments are typically
hypotonous. In some cases, IOP measurements may not be
accurate in the setting of a flat anterior chamber, thereby
making the distinction between the two conditions difficult.
Choroidal effusions are usually light brown elevations and
most resolve spontaneously. If the view to the fundus is
impaired, these may be diagnosed with ultrasonography.

Suprachoroidal hemorrhage, which usually occurs hours
or days after intraocular surgery and is often preceded by
hypotony, should also be excluded by both clinical exam
and ultrasound evaluation. The patient usually complains
of severe throbbing eye pain. These eyes are typically more
inflamed when compared to those with serous choroidal
detachments. Clinically, choroidal elevations are present with
a flat anterior chamber and elevated IOP. Ultrasound evalua-
tionwill reveal dome-shaped elevated choroidal hemorrhages
with little to no movement on dynamic B-scan.

Additionally, in every patient after glaucoma filtration
surgery, the possibility of a wound leak or overfiltration
should be eliminated by careful examination as a possible
etiology for a shallow or flat anterior chamber. Both of these
conditions will have normal to low IOP.

5. Imaging Studies

Ultrasound biomicroscopy (UBM) aids in both diagnosis
and monitoring therapeutic response in eyes with malignant
glaucoma. Park and colleagues reported malignant glaucoma
in a pseudophakic eye, where UBMdemonstrated an anterior
rotation of the ciliary body and forward displacement of the
lens haptic with apposition to the iris root [29]. Tello et al.
[30] used UBM pre- and posttreatment in a pseudophakic
eye with malignant glaucoma. Anterior rotation of the ciliary
body and shallow anterior chamber depth were normalized
after the anterior hyaloid face was disrupted with Nd:YAG
laser. Anterior rotation of the ciliary body and shallow
anterior depth were observed by UBM in 2 Asian patients
with malignant glaucoma, controlled in both cases with
cycloplegic medications (Figure 1) [31].
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Figure 1: Ultrasound biomicroscopy (UBM) of malignant glaucoma. (a) The patient with a history of angle closure glaucoma and a patent
laser iridotomy presented after glaucoma filtration surgery with elevated intraocular pressure. UBM showed shallow anterior chamber and
anterior rotation of the ciliary body. (b) After treatment with cycloplegic medication and topical steroids, the anterior chamber deepened
and the ciliary body returned to normal position. C, cornea; I, iris; B, ciliary body; and M, hyaloid membrane (reprinted by permission from
[51]).

B-scan facilitates ruling out other causes of shallow or
flat anterior chamber, such as suprachoroidal hemorrhage or
choroidal effusions.

Optical coherence tomography (OCT) may be used as
a noninvasive technique for monitoring anterior chamber
narrowing in affected eyes. Wirbelaur et al. [32] used non-
contact slit lamp adapted OCT to study the anterior chamber
structures in eyes with malignant glaucoma after trabeculec-
tomy.They reported both qualitative and quantitativemarked
shallowing of the anterior chamber depth during the acute
presentation and resolution of these findings after pars plana
vitrectomy and deepening of the anterior chamber with
viscoelastic agents.

6. Management

6.1. Medical Management. Medical management is usually
tried for approximately 3 to 5 days before surgical inter-
vention is attempted, depending on the clinical findings.
First-line agents include mydriatic-cycloplegic agents and
aqueous suppressants. In 1962, Chandler and Grant [33]
popularized the cycloplegic therapy in treating malignant
glaucoma. Cycloplegics tighten the lens zonules by relaxing
the ciliarymuscle, pulling the lens-iris diaphragmposteriorly,
and alleviating the ciliary block. The aqueous suppressants
decrease the posterior pooling of the aqueous humor by
reducing its production. The use of hyperosmotics was
supported by Daniele and Diotallevi [34] when they reported
success with intravenous urea. This treatment was further
endorsed byWeiss et al. [26] who used intravenousmannitol.
Hyperosmotic agents dehydrate the vitreous, allowing poste-
rior movement of the lens-iris diaphragm with expansion of
anterior chamber space.

Whether cycloplegics should be used alone or in com-
bination with hyperosmotics in the initial management of
malignant glaucoma was studied by Chandler and colleagues
[35]. They reported greater success with the combination
therapy: resolution in 9 out of 19 cases compared to cyclo-
plegic therapy alone where 5 out of 11 eyes showed reversal.
The decision to use combination therapy is ultimately a

clinical one based on the exam, degree of pressure elevation,
and the extent of glaucomatous damage at the time of
presentation.

Simmons reported that approximately 50% of patients
withmalignant glaucoma respond tomedical treatment alone
and further refined Chandler’s course of treatment [36].
A typical regimen includes atropine 1% four times daily
(QID) to relax the ciliary muscle, phenylephrine 10% QID,
an 𝛼1 adrenergic agonist, to stimulate the iris dilator muscle,
hyperosmotics, either glycerol 50% orally (1mL per pound
body weight) daily or mannitol (2 g per kg body weight)
orally daily or twice daily, to decrease vitreous volume, and
topical or systemic aqueous suppressants to decrease aqueous
pooling posteriorly. If oral agents such as acetazolamide
are to be used, electrolytes should be monitored frequently,
especially potassium levels.

As described earlier, patients should be maintained on
this regimen for approximately 3 to 5 days to monitor
clinical improvement. Confounding factors in the patient’s
clinical situation, such as corneal decompensation from lens
apposition against the corneal endothelium, may require
more rapid clinical intervention. If the patient responds to
aggressive medical therapy, the treatment can be gradually
tapered by discontinuing the hyperosmotics initially and
then the aqueous suppressants and finally phenylephrine and
atropine. Studies have shown that patients may have to be
maintained on cycloplegic agents indefinitely because of the
high risk of recurrence with the cessation of these agents [37].

6.2. Surgical Management. In refractory cases, laser or surgi-
cal intervention is usually indicated. Argon laser treatment
may shrink the ciliary processes through a patent irido-
tomy/iridectomy; Nd:YAG laser may be used to rupture the
posterior capsule and anterior hyaloid membrane. Peripheral
iridotomy should be performed initially to exclude pupillary
block mechanism or if there is a question of the patency
of a previously existing iridotomy. Pars plana vitrectomy is
effective for this condition (Figure 2).

Nd:YAG laser capsulotomy and hyaloidotomy should be
considered in pseudophakic and aphakic eyes.The aim of this
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(a) (b)
Figure 2: Malignant glaucoma treatment. (a) The patient presented after glaucoma filtration surgery with a shallow chamber and markedly
elevated intraocular pressure, not responding to initial treatment with cycloplegia and laser. (b) After pars plana vitrectomy, the anterior
chamber was deep and the intraocular pressure was normalized.

procedure is to disrupt the anterior hyaloid and eliminate it
as a fluid barrier to allow movement of fluid between the
posterior and anterior segments of the eye. Several series
have reported success with this procedure in eyes refractory
to medical therapy [21, 38, 39]. Little and Hitchings [21]
suggested placing the posterior capsulotomy peripheral to the
lens to avoid the ensuing blockage of aqueous flow. Nd:YAG
laser should be avoided in phakic patients because of the risk
of damaging the lens.

A previously made peripheral iridotomy/iridectomy may
provide ample view for the Nd:YAG laser to be focused
through the aperture behind the posterior capsule at the
peripheral hyaloid. Frequently, a posterior capsulotomy is
performed first with the assumption that the posterior cap-
sule should be removed first in order to achieve adequate
breaks in the hyaloid. Moderate deepening of the anterior
chamber should be seen over the next 24 h if this procedure is
effective in providing free flow of fluid between the posterior
and anterior chambers.

If Nd:YAG laser capsulotomy and hyaloidotomy are in-
effective, many physicians proceed to pars plana vitrectomy
with surgical removal of the anterior hyaloid face. This
approach was initially described by Chandler who used a
large diameter needle (18 g) inserted through the pars plana
to remove vitreous and trapped aqueous [40]. Several studies
have reported success after a single vitrectomy [2, 41]. Har-
bour et al. [41] pointed out several advantages of vitrectomy
over other surgical procedures: (1) the exact location of
obstruction does not have to be identified, (2) the risk of
recurrence is low because of removal of vitreous, and (3)
visibility and safety are improved. In their study, 21 of 24
eyes showed improvement with initial vitrectomy; however,
some cases were associated with severe postoperative com-
plications [41].

For phakic eyes, some surgeons recommend lensectomy
at the time of vitrectomy because of the increased incidence
of postoperative cataract formation. Harbour et al. [41]
also demonstrated that eyes undergoing vitrectomy without
lensectomy had a lower success rate. Therefore, it was rec-
ommended that lens extraction should be considered in eyes
where the anterior chamber did not deepen intraoperatively,

in eyes with prominent corneal edema from lens-cornea
apposition, and in eyes where dense cataracts were present
at the time of surgery.

Debrouwere et al. [42] performed a retrospective review
comparing the relapse rates of different therapeutic interven-
tions. They found the combined technique of vitrectomy-
iridectomy-zonulectomy (and phacoemulsification if the
patient was phakic) to have the lowest relapse rate compared
to vitrectomy or YAG capsulotomy with hyaloidotomy. In
pseudophakic eyes, iridectomy-hyaloidotomy-zonulectomy
combined with anterior vitrectomy were also associated with
lower recurrence rates.

Other surgical techniques include posterior sclerotomy
[43], anterior chamber reformation [25], transscleral cyclo-
diode laser photocoagulation [44], and vitreous puncture
and aspiration [35]. However, these are less widely used. In
the presence of peripheral anterior synechiae formation and
fibrosis in the anterior segment, glaucoma drainage implant
surgery or goniosynechialysis may be of value combined with
pars plana vitrectomy [45].

7. Associated Features/Complications

Several sources have found an association of myopic shift
ranging from−2.5 to−8 diopters because of anterior displace-
ment of the lens-iris diaphragmduring an attack ofmalignant
glaucoma [46]. Sii and Shah [47] reported an extrememyopic
shift of −8.0 diopters in a healthy hyperopic male with a
history of chronic angle closure glaucoma requiring prior
Nd:YAG laser peripheral iridotomies and trabeculectomy.
The patient developed malignant glaucoma after laser suture
lysis and was treated medically with successful reduction of
IOP.

Failure of prior functioning trabeculectomy for chronic
angle closure glaucoma may occur after vitrectomy for treat-
ment of malignant glaucoma [2, 40, 48]. Azuara-Blanco et al.
[49] reported two cases that ultimately required Baerveldt
tube shunt placement through the pars plana for failed tra-
beculectomy after vitrectomy which had initially been per-
formed for malignant glaucoma.
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Cataract formation has been found in a higher percentage
of patients undergoing vitrectomy for malignant glaucoma
[2, 41]. Retinal detachment and serous choroidal detachments
have also been reported after surgical intervention for malig-
nant glaucoma [2].

8. Treatment of the Fellow Eye

Patients with a diagnosis of malignant glaucoma in the af-
fected eye have an increased risk of malignant glaucoma
in the fellow eye. Many physicians perform prophylactic
iridotomy/iridectomy in the fellow eye if the drainage angle is
found to be narrow or closed before any surgical intervention.
Miotics should be avoided in these eyes, and aggressive cyclo-
plegic therapy should be instituted after surgery. Prophylactic
vitrectomy at the time of planned phacoemulsification can be
considered, especially in the case of a patient who had severe
aqueous misdirection in the fellow eye requiring vitrectomy
[50].
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Purpose. To determine the agreement between Moorfields Regression Analysis (MRA), Glaucoma Probability Score (GPS) of
Heidelberg retinal tomograph (HRT III), and peripapillary nerve fibers thickness by iVue Optical Coherence Tomography (OCT).
Methods. 72 eyes with ocular hypertension or primary open angle glaucoma (POAG)were included in the study: 54 eyes had normal
visual fields (VF) and 18 had VF damage. All subjects performed achromatic 30∘ VF by Octopus Program G1X dynamic strategy
and were imaged with HRT III and iVue OCT. Sectorial and global MRA, GPS, and OCT parameters were used for the analysis.
Kappa statistic was used to assess the agreement between methods. Results. A significant agreement between iVue OCT and GPS
for the inferotemporal quadrant (𝜅: 0.555) was found in patients with abnormal VF. A good overall agreement between GPS and
MRA was found in all the eyes tested (𝜅: 0.511). A good agreement between iVue OCT and MRA was shown in the superonasal
(𝜅: 0.656) and nasal (𝜅: 0.627) quadrants followed by the superotemporal (𝜅: 0.602) and inferotemporal (𝜅: 0.586) sectors in all the
studied eyes.Conclusion.The highest percentages of agreement were found per quadrant of theMRA and the iVueOCT confirming
that in glaucoma damage starts from the temporal hemiretina.

1. Introduction

Glaucoma is an optic neuropathy characterized by progres-
sive damage of the retinal nerve fiber layer (RNFL) and the
nerve head (ONH). It often precedes perimetric damage and
in itsmost advanced stages leads to atrophy of theONH [1–5].
Various diagnostic instruments have been used for evaluating
RNFL thickness (RNFLt) and the morphometry of the ONH.
Optic Coherence Tomography (OCT) and the Heidelberg
Retina Tomograph (HRT; Heidelberg Engineering GMBH,
Heidelberg, Germany) are the most used systems.

OCT is a high resolution imaging technique that permits
direct measurement of retinal thickness [2] and monitoring
treatment in retinal pathology. Numerous studies have shown
a good correlation between RNFLt measured with this tech-
nique and that calculated on histological preparations [3].

The HRT is a confocal laser system that acquires three-
dimensional topographic images of the ONH and the peri-
papillary area [4, 5]. Moorfields Regression Analysis (MRA)
andGlaucoma Probability Score (GPS) are able to distinguish
normal from glaucomatous eyes with a good diagnostic pre-
cision [6].

Numerous studies have been carried out for calculating
the degree of correlation between RNFLt obtained with the
first generation “Time Domain” OCT and ONH parameters
calculated by HRT [7–11]. In recent years OCT has greatly
developed with the introduction of the “spectral domain”
technique for acquiring images. The spectral domain OCT
system has a greater resolution power, allowing a more accu-
rate analysis of anatomical structures which do not always
agree with the information obtained with the time domain
OCT [12–14]. One of the latest spectral domain OCT tools
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is the iVue OCT which has shown its value in the study of
numerous retinal pathologies and in glaucoma.

The aimof this studywas to assess agreement amongHRT
MRA and HRT GPS and RNFLt measurement with the iVue
OCT in ocular hypertension (OH) and primary open angle
glaucoma (POAG) patients.

2. Material and Methods

This was a prospectively cross-sectional study. The research
followed the tenets of the Declaration of Helsinki and infor-
med consent was obtained from all the patients included.

Patients were recruited from the clinics of one glaucoma
specialist (AP), and theywere not excluded on the basis of sex,
age, or race. Seventy-two eyes of 40 patients were included
in this study [15]. All the eyes were classified as OH or
POAG. OH patients had a normal VF, ophthalmoscopically
normal ONH, and an intraocular pressure (IOP) greater than
21mmHg without therapy measured by i-Care tonometry
[16], while POAG patients had abnormal VF with corre-
sponding ONH damage by ophthalmoscopy and an IOP
greater than 21mmHg without therapy.

All patients had carried out a two-phase white on white
dynamic strategy perimetryOctopus 1-2-3 ProgramG1X [17].
MeanDefect (MD) and Loss Variance (LV) values were taken
to distinguish the visual fields between normal and patholog-
ical. After any phase all patients had performed IOPmeasure-
ment to evaluate any IOP changes [18]. Visual fields withMD
values between +2 dB and −2 dB and LV between 0 and 6 dB2
were considered normal and those with MD < −2 dB and
LV> 6 dB2 were considered pathological. None of the patients
had a MD > −10 dB and a LV > 10 dB2. The entire group was
then divided into two subgroups based on the VF classifica-
tion: normal VF subgroup and abnormal VF subgroup.

Each included eye underwent ONH analysis by HRT III
and the RNFLt assessment by iVue OCT.The imaging exami-
nationswere performed on the sameday, while the perimetric
test was performed within 7 days.

2.1. iVue OCT. The ONH protocol of iVue OCT consists of
12 radial scans of 3.4mm in length (452A scans each) and 6
concentric ring scans ranging from 2.5 to 4.0mm in diameter
(587 to 775A scans each), all centred on the optic disc. All the
images were reprocessed with three-dimensional/video base-
line. ONH parameters measured by the software included
optic disc area, optic cup area, neuroretinal rim area, nerve
head volume, cup volume, rim volume, cup-disc area ratio,
horizontal cup-disc ratio, and vertical cup-disc ratio. The
ONH protocol also generates a polar RNFL thickness map,
measured along a circle 3.45mm in diameter centred on
the optic disc. It gives the average RNFLt in the temporal,
superior, nasal, and inferior quadrants as well as the overall
average along the entire measurement circle [19].

The software automatically calculates the disc margins,
along the six radial scans, and uses an algorithm to automati-
cally differentiate the microstructures of the retina that form
part of the same RNFL [20, 21]. This automated computer
algorithm separates the anterior and posterior margins of

the identifying reflection group of the RNFL [22], making it
possible to quantify thickness. These measurements can be
compared with a database included in the iVue OCT.

2.1.1. HRT. HRT is able to scan the retinal and optic nerve
area surface at multiple consecutive parallel focal planes.
These parameters have been shown to have a good sensitivity
and specificity to detect glaucomatousONH changes [23, 24].

However, there are 2 weak points in the HRT methodol-
ogy: the reference plane and the contour line [25, 26] that are
related to the capacity of the operator to detect the right size
of the peripapillary area to be analyzed. The results obtained
can be processed by several methods of analysis. One of the
most used and significant is the MRA which has an extensive
and specific database for various ethnic groups. It is formed
of 948 eyes of which 733 belonged to Caucasians and 215 to
blacks. In order to increase the diagnostic capacity of HRT, in
2000 Swindale et al. [27] published a new method to analyze
ONHs without using a contour line by evaluating the shape
of the ganglion cells when they cross the scleral canal. A good
sensitivity and specificity was obtained and recently this new
method calledGlaucomaProbability Score (GPS)was applied
to the HRT III [14].

For every single imaging test the values of the different
quadrants were assessed; in particular the inferotemporal
(IT), inferonasal (IN), superotemporal (ST), superonasal (SN),
nasal (N), and temporal (T) ONH and RNFLt were consid-
ered. Furthermore, for MRA and GPS, a global (GLOBAL)
index was calculated.

2.2. Statistical Analysis. In our study the percentages of
concordance (n-n; b-b; a-a), relative concordance (n-b; b-a),
and discordance (a-n) obtained with the different methods
were calculated in relation to the VF damage classification
(normal or abnormal VF). For the three devices six different
sectors were considered, while for HRTMRA andGPS global
indices were also considered.

Kappa statistic (𝜅) was used to study the agreement
among the 3 different methods (MRA and GPS for HRT
and OHN protocol for iVue) and between the methods. 𝜅
measures the change-corrected agreement on a scale of −1.0
to 1.0, with 1.0 indicating perfect agreement. We used the
indications suggested by Landis and Koch: 𝜅’s of 0.0 or less
were considered to indicate poor; 0.0 to 0.2, slight; 0.21 to 0.4,
fair; 0.41 to 0.6, moderate; 0.61 to 0.8, substantial; and 0.81 to
1, almost perfect agreement. In 𝜅 analysis only the agreement
between normality and abnormality for the differentmethods
was considered.

3. Results

On the basis of the results of VF examination, 72 eyes
were recruited in the study and in particular 54 eyes had
normal achromatic perimetry (MD between +2 and −2 dB
and LV between 0 and 6 dB2) and 18 had visual field damage.
Refractive error was −2.3 ± 3.2 diopters. Besides in the
subgroup with normal VF the mean MD was 0.08 ± 0.98 dB
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Table 1: (%) Normal VF.

IT IN ST SN N T Global
GPS versus iVue

Concordance 39 35.3 39 37.1 29 28.5
Relative concordance 29.5 31.4 40.7 33.2 33.5 29
Discordance 31.5 33.3 20.3 29.7 37.5 42.5

MRA versus GPS
Concordance 50 55 42.5 46 39.5 29.5 44.5
Relative concordance 37 26 39 39 40.5 46 39
Discordance 13 19 18.5 15 20 24.5 16.5

iVue versus MRA
Concordance 61 50 64.5 63 55.5 74
Relative concordance 26 31.5 26 24 24.5 24
Discordance 13 18.5 9.5 13 20 2

Table 2: (%) Glaucoma VF damage.

IT IN ST SN N T Global
GPS versus iVue

Concordance 55.3 33.4 50 27.8 27.5 16.7
Relative concordance 33.5 50 39 50 39 39
Discordance 11.2 16.6 11 22.2 33.5 44.3

MRA versus GPS
Concordance 55.3 55.4 66.2 55.3 44.5 39 66.5
Relative concordance 39.5 33.3 22.5 33.7 33.2 39 27.6
Discordance 5.2 11.3 11.3 11 22.3 22 5.9

iVue versus MRA
Concordance 72.1 39 50 50.2 50 50
Relative concordance 16.2 39 39 27.5 27.5 24
Discordance 11.7 22 11 22.3 22.5 26

and LV was 2.2 ± 0.93, while in the subgroup with abnormal
VF themeanMDwas −5.85±5.82 dB and LVwas 5.87±2.39.

In the normal VF group the global index of HRT III
classified 63% subjects as normal by usingMRA and 28.5% by
GPS, and borderline results were 24% and 28.5%, respectively,
and abnormal results 11% and 41%, respectively, while in the
glaucoma VF damage group, percentages were, respectively,
16.6% and 33.3% for normal, 27.7% and 33.3% for borderline,
and 55.5% and 33.3% for abnormal.

Tables 1 and 2 show the percentage of concordance,
relative concordance, and discordance for each single sector
and globally (only HRT) among MRA, GPS, and iVue in
patients with normal VF (Table 1) and abnormal VF (Table 2).

When iVue OCT and GPS data were compared, the 𝜅 sta-
tistic indicated in the eyes with abnormal VF a good agree-
ment especially of the inferotemporal quadrant (𝜅: 0.555),
while a low agreement was indicated for all the other sectors
considered both in patients with normal and in patients with
altered VF (Table 3).

Table 3: Inferotemporal (IT), inferonasal (IN), superotemporal
(ST), superonasal (SN), nasal (N), and temporal (T) quadrants.

iVue versus GPS Kappa test (SE) Kappa test (SE) Kappa test (SE)
All patients Normal VF Abnormal VF

IT 0.225 (0.136) 0.059 (0.171) 0.555 (0.286)
IN 0.105 (0.134) 0.044 (0.150) 0.333 (0.304)
ST 0.404 (0.136) 0.225 (0.186) 0.173 (0.632)
SN 0.202 (0.133) 0.182 (0.152) 0.250 (0.279)
N 0.060 (0.125) 0.134 (0.152) 0.153 (0.232)
T −0.015 (0.124) −0.059 (0.161) 0.043 (0.176)

When GPS and MRA data were compared, the 𝜅 statistic
showed a good agreement in the global analysis (𝜅: 0.511).The
agreement was more significant in the inferotemporal (𝜅:
0.618), inferonasal (𝜅: 0.527), and superonasal (𝜅: 0.519) quad-
rants. This result was confirmed also in the normal VF
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Table 4: Inferotemporal (IT), inferonasal (IN), superotemporal
(ST), superonasal (SN), nasal (N), and temporal (T) quadrants.

GPS versus MRA 𝜅-test (SE) 𝜅-test (SE) 𝜅-test (SE)
All patients Normal VF Abnormal VF

IT 0.618 (0.121) 0.516 (0.160) 0.792 (0.197)
IN 0.527 (0.123) 0.503 (0.142) 0.526 (0.295)
ST 0.448 (0.134) 0.314 (0.178) 0.560 (0.281)
SN 0.519 (0.131) 0.508 (0.161) 0.476 (0.257)
N 0.333 (0.139) 0.299 (0.169) 0.400 (0.244)
T 0.143 (0.154) 0.211 (0.203) 0.310 (0.267)
Global 0.511 (0.133) 0.391 (0.168) 0.782 (0.206)

Table 5: Inferotemporal (IT), inferonasal (IN), superotemporal
(ST), superonasal (SN), nasal (N), and temporal (T) quadrants.

iVue versus
MRA

Kappa test (SE) Kappa test (SE) Kappa test (SE)
All patients Normal VF Abnormal VF

IT 0.585 (0.117) 0.465 (0.181) 0.545 (0.234)
IN 0.265 (0.165) 0.152 (0.270) 0.400 (0.244)
ST 0.602 (0.139) 0.370 (0.262) 0.607 (0.251)
SN 0.656 (0.132) 0.845 (0.106) 0.225 (0.316)
N 0.627 (0.142) 0.843 (0.107) −0.200 (0.489)
T −0.050 (0.405) −0.023 (0.706) −0.130 (0.470)

subgroup (inferotemporal 𝜅: 0.516, inferonasal 𝜅: 0.503, and
superonasal 𝜅: 0.508). A slightly different distribution was
noted in patients with an abnormal VF where the global
agreement between GPS and MRA was high (𝜅: 0.782) with
greater significance that decreased from the inferotemporal
(𝜅: 0.792), superotemporal (𝜅: 0.560), and inferonasal (𝜅:
0.526) to the superonasal (𝜅: 0.476) quadrant (Table 4).

When iVue and MRA data were compared, there was a
good agreement in the superonasal (𝜅: 0.656) and nasal (𝜅:
0.627) quadrants followed by the superotemporal (𝜅: 0.602)
and inferotemporal (𝜅: 0.585) sectors. When the normal VF
subgroup was considered, it was found that the superonasal
quadrant had the highest agreement (𝜅: 0.845) followed by
the nasal quadrant (𝜅: 0.843), while when the abnormal VF
subgroupwas considered, amoderate significance was shown
in the inferotemporal (𝜅: 0.545) and superotemporal (𝜅:
0.607) quadrants (Table 5).

4. Discussion

Glaucoma is an optic neuropathy characterized by specific
and progressive ONH and RNFL damage. Consequently the
ability to identify these alterations at the earliest possible stage
is fundamental to start the treatment and to decrease the loss
of ganglion cells which could carry to the atrophy of theONH
with functional loss and serious visual disability [1–4].

It is well known how time domain OCT appears to be
highly sensitive and specific in identifying anatomic damage
in the presence of manifest VF damage [8–11, 28] and these

results were subsequently confirmed by studies done with
spectral domain OCT [29–31].

The aim of our study was to determine if the parameters
provided by a new instrument, a spectral domain OCT (iVue
OCT), were in agreement, and to what extent, with those
provided by the HRT III, more specifically with the GPS and
with theMRA, in eyes with OH and/or glaucoma, both in the
presence and in the absence of perimetric damage.

The comparison between iVue and GPS, two automatic
methods of classification of the anatomical ONH and peri-
papillary RNFL damage, did not show a satisfactory agree-
ment except for the inferotemporal (𝜅: 0.555) quadrant and
only in eyes with an abnormal VF.

The comparison between GPS and MRA showed a good
agreement in all the eyes examined, both those with normal
VF and those with altered VF (𝜅: 0.511). In the abnormal VF
subgroup this result increased (𝜅: 0.782) and the inferotem-
poral sector had the highest agreement (𝜅: 0.792). Similarly
in the normal VF subgroup, the agreement between GPS and
MRA was not significant when considered globally (𝜅: 0.391)
but became significant when the inferotemporal (𝜅: 0.516)
quadrant was considered. In the abnormal VF subgroup,
better agreementwas foundbetweenGPS andMRAoutlining
that GPS had similar sensitivity and specificity to MRA.This
result is different from those of other studies in which MRA
and linear regression analysis had higher ROC curves than
GPS. In this study we did not evaluate the diagnostic capacity
but only if the classification was similar and for this reasonwe
probably obtained better results because no healthy normal
subjects were included where usually GPS has a low speci-
ficity.

When the agreement between iVue OCT and MRA was
considered, it was significant in eyes both with normal and
with abnormal VF especially in the superonasal (𝜅: 0.656),
nasal (𝜅: 0.627), and inferotemporal (𝜅: 0.585) quadrants.This
tendency was confirmed in an analysis of eyes with both a
normal and with an abnormal VF, even if in the latter the
agreement was less significant.

Finally the agreement was good in the superonasal and
nasal quadrant probably because these areas are the last to be
involved in glaucoma, while the inferotemporal is the first to
change.

In conclusion, the automatic methods of ONH analysis
by GPS and peripapillary RNFL with the ONH protocol of
the iVue OCT offer interesting application ideas but appear
to have little agreement with one another. This weakness
mainly regards eyeswith a normalVF,where evidence of early
anatomical damage is certainly of greatest interest. Moreover,
our results suggest that the measurement of the RNFL using
theHRT III and the iVueOCT is not interchangeable with the
automatic methods (GPS), outlining that the computerized
devices are able to analyze different anatomical structures. It
has not yet been determined how useful and reliable these
new objective techniques are for measuring anatomical dam-
age when it comes to evaluating the progression of glaucoma
over time. This is still the main goal to pursue in order to
preserve good sight and consequently an acceptable quality
of life for glaucoma patients.
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The aim of the research is to analyse the influence of polymorphisms of endothelin-1 gene and endothelin-1 receptor type A gene
on the clinical condition of patients with primary open angle glaucoma.Methods. 285 Polish patients took part in the research (160
normal-tension glaucoma and 125 high-tension glaucoma). DNA was isolated by standard methods and genotype distributions of
four polymorphisms in genes encoding endothelin-1 (K198N) and endothelin-1 receptor type A polymorphisms (C1222T, C70G,
and G231A) were determined. Genotype distributions were compared between NTG and HTG groups. The clinical condition of
participants was examined for association with polymorphisms. Results. A similar frequency of occurrence of the polymorphic
varieties of the studied genes was observed in patients with NTG and HTG. There is no relation between NTG risk factors and
examined polymorphisms. NTGpatients with TT genotype of K198Npolymorphismpresentedwith the lowest intraocular pressure
in comparison to GG +GT genotype (𝑝 = 0.03). In NTG patients with CC genotype of C1222T polymorphism (𝑝 = 0.028) and GG
of C70G polymorphism (𝑝 = 0.03) the lowest values of mean blood pressure were observed. Conclusions.The studied polymorphic
varieties (K198N, C1222T) do have an influence on intraocular pressure as well as arterial blood pressure in NTG patients.

1. Introduction

The term “glaucoma” describes a group of diseases that result
in progressive and irreparable optic nerve damage char-
acterised by typical advancing changes in the optic disc
and ensuing visual field defects. Normal-tension glaucoma
(NTG) is a particular kind of glaucoma with a characteristic
glaucomatous cupping of the optic disc, visual field defects,
open anterior chamber angle, and intraocular pressure clas-
sified as normal.

Elevated intraocular pressure is one of the most impor-
tant risk factors in glaucoma development. However, its
reduction in patients with normal-tension glaucoma does
not entirely prevent the disease from advancing. Research
done by the Collaborative Normal-Tension Glaucoma Study

Group (CNTGSG) suggests other factors that play a role in
the pathogenesis of glaucomatous optic neuropathy. Special
attention is paid to primary vascular dysregulation since its
symptoms, such as low arterial blood pressure, cold extremi-
ties, Raynaud’s syndrome, andmigraines, often are present in
persons with normal-tension glaucoma [1].

So far, scientific research has resulted in a few theories
explaining the pathomechanism of glaucomatous optic neu-
ropathy.

Mechanical theory assumes that elevated intraocular
pressure (IOP), the main risk factor in glaucomatous optic
neuropathy, plays an important role in the optic nerve
damage. In 1957VonGraefe noticed that there exists a relation
between elevated intraocular pressure and deformation of the
lamina cribrosa [2]. Numerous studies have proven that high
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intraocular pressure causes cribriform plate abnormalities,
which cause pressure and subsequent damage of the axons
of retinal ganglion cells which pass through the plate [3].

According to the vascular theory, glaucomatous optic
neuropathy is triggered by a variety of systemic and local
vascular factors leading to low ophthalmic perfusion and
ischemia. Among systemic factors we can list the following:
hypertension and hypotension, cardiovascular diseases, dia-
betes, and cerebral circulation disorders [4]. Topical factors
causing ischemia are as follows: low blood perfusion pressure
and anatomical abnormalities of vessels supplying the eyeball
[5]. Examination of the fundus of the eye reveals changes
resulting from ischemia: sphincter optic disk haemorrhages,
notching, focal areas of choroidal atrophy, and slower retinal
flow shown by an angiogram.

Excitotoxicity theory posits that there are many pro-
cesses which contribute to the development of glaucomatous
optic neuropathy, for example, the toxic influence of cell
mediators, neurotrophin deficiency, ischemia, or apoptosis.
Ischemia, caused by autoregulation mechanism disorders
and endothelium dysfunction, stimulates the release of ET-1,
norepinephrine, and nitric oxide (NO), which in turn influ-
ence the blood flow in the optic disc. Subsequent reperfusion
results in a considerable rise in free oxygen radicals and
nitrogen compound concentration. NMDA receptor is then
activated which fuels NO synthesis and radicals production.
Toxic peroxynitrates, produced in the process, lead to retinal
ganglion cell apoptosis.

Endothelin-1 (ET-1), discovered by Yanagisawa et al. in
1988 [6], the strongest vasoconstrictive agent in the human
body, takes part in regulating ocular blood flow, the outflowof
aqueous humour from the anterior chamber, and, as a result,
intraocular pressure. It also assists in retinal ganglion cell
apoptosis [7, 8]. Endothelin influences 2 kinds of receptors
(related to protein G): ETAR and ETBR, which have the
opposite effect. Numerous in vitro research has demonstrated
that ET-1 can be found in the corneal epithelium, endothe-
lium cells, pigmented part of ciliary body, iris, trabecular
meshwork, lens, choroid, retinal pigment epithelium, retinal
ganglion cells, and astrocytes [9, 10]. ETA receptors have been
identified in the retinal and choroidal vessels as well as in the
iris, whereas ETB receptors have been found in the retinal
neurons, glia, and ciliary body. Both kinds of receptors can be
found in the lamina cribrosa, which suggests that ET-1 plays
an important role in local extracellular matrix remodelling
and vascular wall stress regulation [11]. Therefore, ET-1 level
and gene polymorphismmight be crucial in the pathogenesis
of glaucoma.The aimof this study is to find a relation between
polymorphisms of ET-1 gene and ET-1 receptor type A and
their influence on clinical condition of patients with normal-
tension glaucoma and high-tension glaucoma (HTG).

2. Material and Methods

285 Polish Caucasian patients treated at the Department
of Diagnostics and Microsurgery of Glaucoma in Lublin
(Poland) between 2009 and 2013 took part in the study. To
demonstrate the differences between the two types of primary

open-angle glaucoma patients were divided into two groups:
those diagnosedwith normal-tension glaucoma (160 patients,
including 110 women and 50 men) and those presenting
with high-tension glaucoma (HTG) and intraocular pressure
above 21mmHg (125 patients, including 87 women and 38
men). Patients were accepted for the study only if they had
been previously informed about the aim and scope of the
research, expressed their consent for participating in the
study, and met the following criteria. The investigation was
conducted in compliance with the tenets of the Declaration
of Helsinki.

Criteria for diagnosing high-tension glaucoma (with high
intraocular pressure) are as follows: diagnosed glaucoma-
tous optic neuropathy based on changes in the optic disc
and visual field defects, open anterior chamber angle in
gonioscopy, and intraocular pressure above 21mmHg at the
time of diagnosis evaluated on the basis of a 24-hour intraoc-
ular pressure monitoring. In the case of NTG intraocular
pressure at the time of diagnosis was below 21mmHg.

A comprehensive ophthalmic examination was per-
formed in both groups. Visual acuity was tested using Snellen
charts. Intraocular pressure was measured by means of an
applanation tonometer. An ultrasound pachymeter was used
to measure the thickness of cornea. All patients were also
given a biomicroscopic examination with a slit lamp. To
assess anterior chamber angle a gonioscopy was performed
using a Zeiss gonioscope. Schaffer classification was applied
in evaluating the width of the angle. Examination of the
fundus of the eye made it possible to assess the optic disc
structure, presence of peripapillary atrophy, notching of the
neuroretinal rim, and optic disc haemorrhages. Moreover,
patients with best corrected visual acuity equal to or better
than 0.1 had their visual field analysed using Humphrey
perimeter and 30-2 SITA-Fast strategy. Results were consid-
ered credible if the sum of falsely positive and falsely negative
answers was lower than 15%. When assessing the results of
visual field analysis, the mean deviation (MD) at the time of
diagnosis (expressed in decibels, dB) was taken into account.
Prior to clinical examination patients were asked whether
they had been diagnosed with hypertension, hypotension,
diabetes mellitus, or any cardiovascular disorders (migraine,
cold extremities).

DNA was isolated from peripheral blood leukocytes by
means of QIAamp DNA Blood Midi Kit (QIAGEN Inc.,
Germany). DNA concentration was measured using Nan-
oDrop 2000/2000c Spectrophotometer V1.0 (Thermo Fisher
Scientific). TaqMan SNP probe (Applied Biosystems) and
CFX96 Real-Time PCR Detection System thermal cycler
(Bio-Rad) were used to assay 4 polymorphisms of the single
nucleotide of the endothelin-1 gene (K198N) and endothelin-
1 receptor type A (C1222T, C70G, and G231A). DNA ampli-
fication was obtained by means of a Real-Time Polymerase
Chain Reaction (details in Tables 1 and 2). Real-Time PCR
Thermal Cycler is equipped with optical system which
makes it possible to track PCR process in real time. To
this end, fluorochrome-labelled molecular TaqMan probes
(oligonucleotides of about 20–30 bp length) complementary
to replicated DNA sequences and to PCR product were used.
At the end of 5 probe there is a fluorescent dye and at
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Table 1: Standard amplification report.

AmpliTaq
Gold Enzyme
Activation

PCR
40 cycles

HOLD Denaturation Annealing/extending
Time 10 minutes 15 seconds 1 minute
Temperature 95∘C 92∘C 60∘C

Table 2: Reaction mixture composition.

Ingredient Volume in 𝜇L/well
TaqMan Universal PCR Master Mix 12.5
Stock of SNP 1.25
Isolated patient’s DNA (10 ng) 11.25
Total 25
Buffer: 10mM Tris-HCl, 1mM EDTA, pH 8.0, DNase-free water

the end of 3 a quencher. The dyes that were used in the
study were FAM (6-carboxyfluorescein) and VIC (ABI com-
pany trademark, USA) and the quencherwas TAMRA (6-car-
boxytetramethylrhodamine). The composition of the reac-
tion mixture and its parameters are shown in Table 2.

K198N polymorphism of the endothelin-1 gene (rs 5370)
leads to transversion of purine guanine (G) into pyrimidine
thymine (T) in nucleotide 5665 in exon 5 (Lys/Asn change
in codon 198). C1222T polymorphism of the endothelin-1
receptor type A gene (rs 5343), involving transition of pyrim-
idine cytosine (C) into thymine (T), concerns nucleotide
1363 in exon 8 in 3 untranslated region (3UTR). C70G
polymorphism of the endothelin-1 receptor type A gene (rs
5335) is a transversion of pyrimidine cytosine (C) into purine
guanine (G) and is located in 3 untranslated region (3UTR).
This polymorphism concerns nucleotide 211 in exon 8. Point
mutation changes the chemical structure of DNA; however,
its function still remains unknown. Polymorphism of the
EDN RA G231A gene, which involves transition of purine
guanine into adenine, is located in exon 1 in 5 untranslated
region (5UTR).

In order to assess patients’ arterial blood pressure rhythm
a 24-hour ambulatory blood pressure monitoring was con-
ducted using an ABPM device.

Statistical analysis of the obtained results was conducted
by means of the IBM SPSS Statistica 19 and Statistica 10
software. The value of 𝑝 < 0, 05 was considered statistically
significant.

3. Results

Differences in age and sex in both study groups were not
demonstrated. More demographics data are presented in
Table 3.

Table 4 shows the frequency of occurrence of particular
polymorphic variations in the studied genes. The distribu-
tions in NTG and HTG groups were consistent with the
Hardy-Weinberg equilibrium. Homozygous wild type GG
genotype of K198N polymorphism of the endothelin-1 gene

Table 3: Demographic and clinical characteristics data.

NTG HTG 𝑝 value
Gender (females :men) 110 : 50 87 : 38 𝑝 > 0.05

Age (years) 72.01 ± 11,61 75.85 𝑝 = 0.02

BCVA 0.65 0.5 𝑝 < 0.05

IOP (mmHg) 17.29 ± 2.93 24.65 ± 7.78 𝑝 < 0.005
c/d ratio 0.79 0.8 𝑝 = 0.53

Haemorrhage 16% 4.3% 𝑝 = 0.02

Notches 50.7% 16.3% 𝑝 < 0.0001

PPA 21.7% 13.4% 𝑝 > 0.05

MD (dB) −8.56 ± 6,26 −13.83 ± 7.01 𝑝 < 0.005
Cold extremities 75.6% 28.6% 𝑝 = 0.018

Low blood pressure 69.7% 16.7% 𝑝 = 0.039

Migraine 38.6% 0% 𝑝 = 0.036

was observed in 198 patients (69.7%), homozygous mutant
TT genotype in 11 patients (3.9%), and heterozygous GT
genotype in 75 patients (26.4%). In male patients homozy-
gous GG genotype was more frequent in patients with HTG
rather than in patients with NTG (65.8% vs. 54%). A statisti-
cally significant differencewas demonstrated in the frequency
of occurrence of GG genotype in men from the study groups
(𝜒2 test, 𝑝 < 0.05). GT genotype was more frequent in men
with NTG rather than with HTG (40% versus 28.9%). The
difference was statistically significant (𝜒2 test, 𝑝 < 0.05).

When analysing C1222T polymorphism it was observed
that in both groups homozygous wild type CC genotype
appeared in 100 patients (35.2%), homozygous mutant TT
genotype in 41 patients (14.4%), and heterozygous CT geno-
type in 143 patients (50.4%). TT genotype was more frequent
in men with NTG rather than with HTG (22% versus 13.2%).

There was no statistically significant difference in the
frequency of occurrence of particular genotypes of C70G and
G231A polymorphisms in both study groups (𝜒2 test, 𝑝 >
0.05).

When comparing both groups in terms of the frequency
of occurrence of C70G and G231A polymorphisms with rela-
tion to patients’ gender, no statistically significant differences
were found (𝜒2 test, 𝑝 > 0.05) (Tables 5 and 6).

When comparing both groups in terms of the frequency
of occurrence of particular genotypes of the researched
polymorphisms, no statistically significant differences were
found (𝜒2 test, 𝑝 > 0.05).

3.1. Influence of the Studied Polymorphisms on
Clinical Condition

(i) Intraocular Pressure. Intraocular pressure differed sta-
tistically significantly between the two groups (Student’s 𝑡-
test, 𝑝 < 0.05). When analysing K198N polymorphism the
lowest intraocular pressure, 13.7mmHg, was observed in
the group of patients with NTG with TT genotype and the
highest pressure, 17.6mmHg, in patients with GG genotype
(ANOVA test, 𝑝 = 0.03). There were no statistically sig-
nificant differences between intraocular pressure and the
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Table 7: Maximum intraocular pressure (IOP) according to the allelic variants of studied polymorphisms.

IOP (mmHg) K198N C1222T C70G G231A
GG TT GT CC TT CT CC GG CG GG AA GA

NTG 17.6 13.7 17 16.6 16.4 16.4 17.4 16.4 17.6 16.9 14.8 16
HTG 19.5 24.5 25.8 26.6 21.5 25.5 27.7 21.9 25.6 25.1 33 22.7

Table 8: Mean deviation at the moment of diagnosis (dB).

NTG HTG Student’s 𝑡-test
M SD M SD 𝑡 𝑝

Mean deviation (dB) −8.58 6.26 −13.83 7.01 5.708 0.000

occurrence of particular genotypes of C1222T, C70G, and
G231A polymorphisms in the study groups (ANOVA test,
𝑝 > 0.05). Interestingly, the highest intraocular pressure
was observed in patients with HTG with AA genotype of
G231A polymorphism, whereas in patients with NTG and
with the same genotype intraocular pressure was one of the
lowest (14.8mmHg), however, without statistical significance
(Student’s 𝑡-test, 𝑝 > 0.05) (Table 7).

(ii) Visual Field. Average value of the mean deviation (MD)
at the time of diagnosis was −8.58 dB in the group of patients
with normal-tension glaucoma and −13.83 dB in the group of
patients with high-tension glaucoma. Average value ofMD at
the time of glaucoma diagnosis was statistically significant in
both study groups (Student’s 𝑡-test, 𝑝 < 0.005). There was no
relation between the stage of glaucoma and the occurrence of
particular genotypes of the studied polymorphisms (Table 8).

(iii) Influence of Gene Polymorphisms on Vascular Risk Factors
(Tables 3 and 9). Optic disk haemorrhages were present in 27
patients (18.7%) from the NTG group and 4 patients (4.3%)
from the HTG group (𝜒2 test with Yates’s correction for
continuity, 𝑝 = 0.02).

Notching of the neuroretinal rim was observed in 50.7%
of patients (70 persons) with normal-tension glaucoma and
16.3% of patients (14 persons) with high-tension glaucoma
(𝜒2 test, 𝑝 < 0.0001). Moreover, in the group of patients with
NTG, notchingwas statistically significantlymore frequent in
women than in men (75% versus 25%, 𝜒2 test, 𝑝 = 0.016).

Peripapillary atrophywas present in 21.7% of patients with
normal-tension glaucoma and 13.4% of patients with high-
tension glaucoma. No statistically significant changes were
demonstrated in peripapillary atrophy occurrence in both
study groups (𝜒2 test, 𝑝 > 0.05).

In the group of patients with NTG there was no relation
between the occurrence of polymorphic variations of the
studied genes and the occurrence of risk factors such as optic
disc haemorrhages, notching, or peripapillary atrophy (𝜒2,
𝑝 > 0.05).

Cold extremities are statistically significantly more fre-
quent in patients with NTG (75.6%) than with HTG (28.6%),
(𝜒2 test with Yates’s correction for continuity, 𝑝 = 0.018).
What is more, in both study groups these symptoms were

more common in women (women with NTG, 79.4%, women
with HTG, 40.0%; 𝜒2 test, 𝑝 = 0.059) rather than in men
(men with NTG, 50%, men with HTG, 0%; 𝜒2 test, 𝑝 = 0.19).

Low arterial blood pressure presented muchmore often in
the group of patients with NTG (69.7%) than in the group
of patients with HTG (16.7%). The frequency of occurrence
of low blood pressure in both study groups was statistically
significantly different (𝜒2 test with Yates’s correction for
continuity, 𝑝 = 0.039). Additionally, in the group of patients
with NTG low blood pressure was much more common in
women (77.8%) than in men (33.3%), 𝜒2 test with Yates’s
correction for continuity, 𝑝 = 0.02.

In both study groups only NTG patients complained of
migraines, and they were predominantly women (𝜒2 test with
Yates’s correction for continuity, 𝑝 = 0.036).

No statistically significant relation was observed between
symptoms such as cold extremities, low blood pressure and
migraines, and the occurrence of particular genotypes of the
studied polymorphisms in both groups (𝜒2 test, 𝑝 > 0.05).

3.2. Analysis of the Relation between the Occurrence of
Endothelin-1 Gene K198N Polymorphism and Ambulatory
Blood Pressure Monitoring Results (Table 10). Observed dif-
ferences between the occurrence of GG and GT genotypes
and maximum systolic pressure during the day as well as
average systolic pressure during the day were close to being
statistically significant. Maximum systolic pressure during
the day for GG genotype was 159.4 ± 18.2mmHg and for
GT genotype 176.9 ± 42.8mmHg, ANOVA test, 𝑝 = 0.065.
Average systolic pressure during the day for GG genotypewas
127.4 ± 11.8mmHg and for GT genotype 137.1 ± 21.6, ANOVA
test, 𝑝 = 0.064.

3.3. Analysis of the Relation between C1222T Polymorphism
Genotypes of the Endothelin-1 Receptor Type A Gene and
Ambulatory Blood Pressure Monitoring Results (Table 10).
Maximum systolic pressure during the day was observed
in patients with CT genotype (176.8 ± 33.1mmHg) and the
lowest in patients with homozygous CC genotype (152.3 ±
21.2mmHg). The difference is statistically significant,
ANOVA test, 𝑝 = 0.041. Average systolic pressure during the
day was highest in patients with heterozygous CT genotype
(137.4 ± 16.6mmHg) and lowest in persons with homozygous
wild type CC genotype (123 ± 14.7mmHg). The difference
was statistically significant, ANOVA test, 𝑝 = 0.028. An
interesting observation is that average diastolic pressure at
night was highest in patients with homozygous mutant TT
genotype (72.4 ± 15.2mmHg) and the lowest in patients
with homozygous wild type CC genotype (61.3 ± 6mmHg).
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Table 10: Relation between mean blood pressure (BP) (mmHg) and polymorphic variants in NTG patients.

NTG K198N C1222T C70G G231A
GG TT GT CC TT CT CC GG CG GG AA GA

Maximum systolic BP day 159.4 — 176.9 152.3 157.5 176.8 157 155.5 173.3 160.6 167 172.2
Mean systolic BP day 127.4 — 137.1 123 126.3 137.4 125.85 124 135.8 128.14 136.16 113.46
Mean diastolic BP day 75.3 — 80.2 76.83 77.85 77.02 76.55 75.65 78.14 76.54 80.5 77.5
Mean systolic BP night 111.98 — 112.96 105.4 115.05 115.05 111.7 103.8 116.45 113.6 114.83 109.7
Mean diastolic BP night 65.3 — 67.07 61.3 72.4 65.4 69.2 60.5 66.89 66.2 65.16 65.6

The difference was close to being statistically significant,
ANOVA test, 𝑝 = 0.055.

3.4. Analysis of the Relation between C70G Polymorphism
Genotypes of the Endothelin-1 Receptor Type A Gene and
Ambulatory Blood Pressure Monitoring Results (Table 10).
The highest average systolic pressure during the day was
observed in persons with heterozygous CG genotype (135.8 ±
10.36mmHg) and the lowest in patients with homozygous
mutant GG genotype (124 ± 25.73mmHg), ANOVA test,
𝑝 = 0.088. The lowest average systolic pressure at night was
observed in patients with homozygous GG genotype (103.8 ±
9.91mmHg) and the highest in patients with heterozygous
CGgenotype (116.45± 15.62mmHg),ANOVA test,𝑝 = 0.081.

When comparing G231A polymorphism genotypes of the
endothelin-1 receptor type A gene and ambulatory blood
pressure monitoring results, no statistically significant differ-
ences were shown.

4. Discussion

Polymorphisms of the endothelin-1 gene are in the centre of
attention of many scientists from different fields of medicine.
Unfortunately, among all studies available in international
literature there are only few concerning their relation to the
development and occurrence of glaucoma.

Many reports confirm that endothelin-1 has its part in
the pathogenesis of glaucoma by influencing local blood flow
in the eyeball, as well as regulating intraocular pressure and
retinal ganglion cell apoptosis. Hence, it seems justified to
search for a relation between ET-1 gene and ET-1 receptor
type A polymorphisms and the development and occurrence
of glaucomatous optic neuropathy, especially normal-tension
glaucoma, whose risk factors are related to vasoconstriction.

In our research, when comparing the frequency of occur-
rence of particular genotypes of K198N polymorphism of
the endothelin-1 gene, C1222T, C70G, and G231A of endo-
thelin-1 gene receptor type A, no statistically significant dif-
ferences were demonstrated between the study groups
(normal-tension glaucoma and high-tension glaucoma), also
taking into account the patients’ gender. So far, not many
publications referring to the above-mentioned issue have
been released.

Ishikawa et al. compared the frequency of occurrence of
the polymorphisms of the endothelin-1 gene and its receptors

among Japanese population. 426 patients with open-angle
glaucoma (including 176 persons with primary open-angle
glaucoma and 250 patients with normal-tension glaucoma)
and 225 healthy persons participated in the research. They
were able to show statistically significant differences in the
frequency of occurrence of KK genotype of K198N polymor-
phism in the study groups (KK genotype was more common
in patients with open-angle glaucoma than in healthy patients
(53.2% versus 43.8%, 𝑝 = 0.022)) [12]. Interestingly, in
our research we observed that the frequency of occurrence
of homozygous wild type GG genotype (69.7%) was much
higher than occurrence of mutant TT genotype (3.9%) of
K198N polymorphism (107 patients with NTG and 91 with
POAG) (𝑝 < 0.05). In addition, homozygous wild type geno-
type was more common in women (76.7% in POAG versus
72.7% in NTG) rather than in men (66% POAG versus 54%
NTG) (𝑝 > 0.05). The above results might suggest a possible
relation between K198N polymorphism of the endothelin-1
gene and glaucoma occurrence. Further research including
healthy patients should be conducted to confirm this hypoth-
esis.

Furthermore, Ishikawa et al. demonstrated that CC geno-
type of C1222T polymorphism of the endothelin-1 receptor
type A genewasmuchmore common among healthy patients
(healthy patients 61.2% versus patients with glaucoma 52.6%,
𝑝 = 0.036) [12]. In our research we observed the occurrence
of homozygous CC genotype in 35.2% of patients (56 persons
with NTG and 44 persons with POAG). Differences in the
frequency of occurrence of the above-mentioned genotypes
between our study group and Ishikawa’s study group might
be a result of a racial difference.

When analysing the frequency of occurrence of particular
polymorphisms the researchers were not able to show their
relation to gender, as was also the case in our research [12].

Genetic background of glaucoma development was the
subject of a research by Kim et al., who studied polymor-
phisms of the endothelin-1 gene and its receptors in Korean
population. Their study group were 67 patients with normal-
tension glaucoma and 100 healthy persons (not treated for
glaucoma). The following pattern of C1222T polymorphism
genotypes was obtained: CC genotype was observed in 46.3%
of patients with NTG (31 persons) and 49% from the control
group (49 persons), CT genotype was present in 38.8% of
patients with NTG (26 persons) and in 46% of healthy
persons (46 persons), andmutant TT genotype was observed
in 14.9% of patients with NTG (10 persons) and in 5% from
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the control group (5 persons) (𝑝 = 0.028). In our research
we obtained a similar pattern of genotypes: CC genotype
was present in 35% of patients with NTG (56 persons), CT
genotype in 49.4% (79 persons), and TT genotype in 15.6%
(25 persons). Later, the researchers compared the frequency
of occurrence of C70G and G231A polymorphisms. They
were unable to obtain statistically significant results. To sum
up, on the basis of the findings the authors of the study were
able to confirm a relation between C1222T polymorphism
of the endothelin-1 receptor type A and the development of
NTG in Korean population [14].

When comparing study groupswith regard to the intraoc-
ular pressure at the time of diagnosis, a statistically significant
difference was observed. In the group with normal-tension
glaucoma average intraocular pressure at the time of diagno-
sis was 17.9mmHg and in the group with primary open-angle
glaucoma 24.65mmHg, 𝑝 < 0.005. The observed relation
confirms an accurate choice of patients for the study groups.
Similar report came from Häntzschel et al., who observed
intraocular pressure of 18.8 ± 2.04mmHg for NTG and 29.6 ±
7.9mmHg for POAG, 𝑝 = 0.001 [15].

Our research showed a lack of statistically significant
differences between the occurrence of particular genotypes of
C1222T, C70G, andG231A polymorphisms of the endothelin-
1 receptor type A and the intraocular pressure at the time of
diagnosis.

However, the lowest intraocular pressure at the time
of diagnosis was observed in patients with normal-tension
glaucoma and homozygous mutant TT genotype of K198N
polymorphism (13.7 ± 2.6mmHg) in comparison to other
genotypes (GG genotype 16.8 ± 3.7mmHg and GT genotype
16.1 ± 3.8mmHg) (𝑝 = 0.03).

When analysing the relation between polymorphisms of
the endothelin-1 gene and its receptors, Kim et al. noticed a
statistically significant difference in the level of the intraoc-
ular pressure at the time of diagnosis of NTG between
persons with AA genotype of G231A polymorphism (14.0 ±
2.8mmHg) and GG + GA genotypes (16.2 ± 2.3mmHg)
(𝑝 = 0.047) [14]. We observed similar levels of intraocular
pressure depending on G231A polymorphism genotypes of
the endothelin-1 receptor type A gene.The lowest intraocular
pressure at the time of diagnosis was in patients with normal-
tension glaucoma and AA genotype (14.8 ± 4.80mmHg)
as compared to GG genotype (16.9 ± 3.4mmHg) or GA
genotype (16.0 ± 4.0mmHg). Nevertheless, the relation was
not statistically significant (𝑝 = 0.241). According to above
data the presence of homozygous mutant AA genotype of
G231A polymorphism might be a good prognostic factor for
patient with NTG.The function of this polymorphism is still
unknown; then further research is needed to explain it.

When comparing the occurrence of C70G polymor-
phism genotypes in patients with normal-tension glaucoma,
Ishikawa et al. did not notice any differences in intraoc-
ular pressure between particular genotypes (GG genotype
16.5mmHg, CC + CG genotypes 17.0mmHg) [12]. Similar
results were obtained in our research. Intraocular pres-
sure in patients with normal-tension glaucoma presents as
follows: in patients with GG genotype intraocular pres-
sure was 16.4mmHg, in patients with CC genotype was

17.4mmHg, and in patients with heterozygous CG genotype
was 17.6mmHg (𝑝 = 0.28).

In our study glaucoma, at the time of diagnosis, was less
advanced according to MD in the group of patients with
normal-tension glaucoma (−8.58 ± 6.26 dB) than in patients
with high-tension glaucoma (−13.83 ± 7.01 dB) (𝑝 < 0.0001).
Häntzschel et al., while analysing visual field defects and loss
of retinal nerve fibres, observed smaller visual field defect in
patients with normal-tension glaucoma than in patients with
primary open-angle glaucoma (NTG MD −3.69 dB versus
POAG MD −9.77 dB, 𝑝 = 0.0001) [15]. Our research seems
to confirm the above observation (NTGMD −4.18 dB versus
POAGMD −7.18 dB, 𝑝 = 0.015).

The pathogenesis of optic disc haemorrhages is not yet
known. It is not clear which vessels they originate from:
arterioles, venules, or capillaries. One of theories claims that
sudden changes of pressure in stiff scleral vessels lead to their
mechanical tear. Others point to the role of primary vascular
dysregulation. Elevated level of ET-1 and MMP-9 might
spread from the choroid to the optic disk causing vasocon-
striction, ischemia, and blood-brain barrier disruption. Such
sequence of events might explain optic disk haemorrhages in
patients with normal-tension glaucoma [16]. What is more,
persistent vasospasms cause microinfarctions which in turn
lead to visual field defects [17]. We found no statistically
significant differences in the frequency of optic disc haem-
orrhages depending on the studied K198N polymorphisms
of the endothelin-1 gene and C1222T, C70G, and G231A
of the endothelin-1 receptor type A gene. Nevertheless,
optic disc haemorrhages tended to occur more often in
patientswithwild typeGGgenotype ofG231Apolymorphism
in both study groups and mutant GG genotype of C70G
polymorphism in patients with high-tension glaucoma. It is
worth noticing that optic disc haemorrhages do not occur in
patients with mutant AA genotype of G231A polymorphism
in both study groups. This might suggest that the presence of
mutant AA genotype protects patients with normal-tension
glaucoma against vasoconstricting factors. This is the first
study about a relation between K198N polymorphisms of
the endothelin-1 gene and C1222T, C70G, and G231A of the
endothelin-1 receptor typeA gene and the occurrence of optic
disc haemorrhages.

For many years the influence of blood pressure on the
development of glaucomatous optic neuropathy, especially
normal-tension glaucoma, has been extensively studied. It
has been pointed out in many works that hemodynamic
parameters such as reduced ocular blood flow and fluctu-
ations in ocular perfusion pressure, nocturnal fall of blood
pressure, autoregulation dysfunctions, and migraines, might
be the reason for ischemia and optic nerve damage [18].
Ambulatory blood pressure monitoring of patients with
glaucoma makes it possible to observe the modifiable disease
risk factors.

Ocular perfusion pressure, understood as a difference
between average arterial blood pressure and intraocular
pressure, is a crucial parameter for supplying optic nerve
in necessary elements. A research conducted by Ramli et
al. showed that patients with normal-tension glaucoma had
much lower parameters of nocturnal blood pressure and
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ocular perfusion pressure than healthy persons, which only
supports the great importance of ischemia theory in the
pathogenesis of normal-tension glaucoma [19, 20].

On the basis of a research by Barbados Eye Study and
Framingham Eye Study, diastolic perfusion pressure was
acknowledged to be the most permanent vascular risk factor
in the development of glaucomatous optic neuropathy [21],
whereas the researchers of the EarlyManifest Glaucoma Trial
deemed low systolic pressure to be a factor predisposing to
glaucoma progression [22].

Following Flammer, who found that nocturnal blood
pressure dips are the only risk factor in patients with rapidly
developing optic nerve damage in NTG, we investigate
systemic blood pressure abnormalities in this group. On
the basis of the interview obtained from patients and their
medical history we noticed that low blood pressure was
presented much more often in NTG group (69.7%) than in
HTG group (16.7%) (𝑝 = 0.039). Taking into account the low
pressure as a risk factor for normal-tension glaucoma patho-
genesis, it seemed advisable to determine the relationship
between systemic blood pressure values and presence of
studied polymorphisms only in NTG group. We analysed
the relation between the occurrence of particular genotypes
of the studied K198N polymorphisms of the endothelin-1
gene, C1222T, C70G, and G231A of the endothelin-1 receptor
type A, and ambulatory blood pressuremonitoring results. In
the case of K198N polymorphism a much higher maximum
systolic blood pressure and average systolic blood pressure
during the day were observed in patients with heterozygous
GT genotype rather than those with homozygous wild type
genotype. The difference was close to being statistically
significant (𝑝 = 0.06). In order to confirm the preliminary
observations, the study group should be larger.

In the case of C1222T polymorphism a statistically sig-
nificantly higher maximum systolic blood pressure during
the day and average systolic blood pressure during the day
were observed in the group of patients with heterozygous
CT genotype (176.8 ± 33.1mmHg and 137.4 ± 16.6mmHg) in
comparison to homozygousCCgenotype (152.3± 21.2mmHg
and 123 ± 14.7mmHg) (𝑝 = 0.041 and 𝑝 = 0.028). Inter-
estingly, the highest average nocturnal diastolic pressure was
observed in patients with homozygous mutant TT genotype
(72.4 ± 15.2mmHg) and the lowest with homozygous wild
type CC genotype (61.3 ± 6mmHg). The difference was close
to statistical significance (𝑝 = 0.055).

Undoubtedly, polymorphisms of the studied genes do
have an influence on the level of arterial blood pressure
and its regulation. The above observations might point at
the existence of autoregulation mechanisms dysfunction,
vascular dysregulation, or even the dysfunction of vascular
endothelium responsible for endothelin release. The mecha-
nisms by which those polymorphisms affect function remain
to be examined and clarified since functional studies are not
yet available.

5. Conclusion

In patients with NTG and HTG a similar frequency of
occurrence of polymorphic variants of the studied genes

was observed. The is no relation between NTG risk factors
and K198N, C1222T, C70G, and G231A polymorphisms. The
studied polymorphic variants have an influence on the level
of intraocular pressure and arterial blood pressure in patients
with NTG. Endothelin might play an important role in glau-
coma pathogenesis. Giving a better knowledge of risk factors
of NTG will give us more effective tools for preventing its
development or even minimizing the glaucomatous damage.
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Pseudoexfoliation syndrome (PES) is a systemic disorder caused by progressive accumulation of extracellular material over various
tissues. PES usually determines increased intraocular pressure, changes in the anatomical aspects of the optic nerve, and visual field
alterations leading to the diagnosis of pseudoexfoliation glaucoma (PEG). Use of topical medical treatment usually leads to poor
results in terms of long-term follow-up but many surgical techniques, such as Argon Laser or Selective Laser Trabeculoplasty, have
been proposed for the management of PEG affected patients.The present paper is a review on the pseudoexfoliation syndrome and
pseudoexfoliation glaucoma with an update on surgical management.

1. Introduction

Pseudoexfoliation syndrome (PES) is an age-related systemic
microfibrillopathy, caused by progressive accumulation and
gradual deposition of extracellular grey and white material
over various tissues [1].

Presence of PES associated with elevated levels of intraoc-
ular pressure (IOP), related alterations on computerized
perimetry examination, and/or changes in the anatomical
aspects of the optic nerve determines the diagnosis of pseu-
doexfoliation glaucoma (PEG). Indeed, PES is considered as
one of the most common causes of glaucoma.

Exfoliation syndrome was first described by Lindberg
in 1917 who observed the presence of bluish-grey material
deposited on the pupillary border in 50% of his patients with
chronic glaucoma [2]. Vogt, in 1926, named the condition as
“capsular glaucoma” since it was believed that the white flaky
material could originate from peeling of the anterior capsule
of the lens [3].

Several decades later, in 1954, the ocular pathologist
GeorgianaDvorak-Theobald gave the termpseudoexfoliation
syndrome to this disease, due to the observation of deposits
of pseudoexfoliative material on the ciliary body, zonules,
and lens capsule [4]. New theories now point to the minor
role of the lens in the mechanism of the pathogenesis
since pseudoexfoliative material has also been reported in
pseudophakic and aphakic eyes [5].

Historically, it was thought that PES principally affected
North European and, in particular, the Scandinavian pop-
ulation; thus, the international literature on the topic was
scarce. Furthermore, PES associated glaucoma was treated in
a similar manner to chronic open-angle glaucoma (POAG)
[6, 7].

Although the epidemiology of PES varies widely andmay
depend on sex, age, and ethnic origin, it seems that the
prevalence of this syndrome increases progressively among
the following categories: people over age 50; ocular hyper-
tensives; glaucoma patients; glaucoma patients admitted to
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hospital; glaucoma patients undergoing surgery; and patients
blind from glaucoma or those with absolute glaucoma [8–10].

The scientific literature is still unclear on the mono- or
bilateral involvement of the condition. On one hand, Euro-
pean reviewers describe a more frequent bilateral involve-
ment of PES [11–13] while, on the other hand, American
authors report a predominantly bilateral involvement [9, 14].
Interestingly, when the disease is clinically detectable in only
one eye at slit lamp examination, conjunctival biopsy has
revealed the presence of pseudoexfoliative material even in
the fellow eye [15–17].

It has been reported that patients with bilateral PES tend
to be older and have a higher incidence of glaucoma or ocular
hypertension when compared to patients with unilateral
involvement [18, 19].

Genetic factors are now considered as predisposing fac-
tors for PES, although results are not clear and studies are still
ongoing [20].

PEG has been widely described as the result of the accu-
mulation of pseudoexfoliative material, which obstructs the
trabecular meshwork leading to an increase in IOP levels. As
the awareness of PES has considerably increased, it has been
widely demonstrated that PES can cause chronic open-angle
glaucoma, but also angle-closure glaucoma, lens subluxation,
blood-aqueous barrier impairment, and complications at the
time of cataract extraction, such as capsular rupture, zonular
dialysis, and vitreous loss [21].

Medical treatment usually leads to poor results, but
several surgical procedures have been proposed to better cure
the pathological manifestations of this syndrome [22–24].

The present paper is a review on PES and the clinical find-
ings, diagnosis, and surgical management of the associated
glaucoma and cataract.

2. Diagnosis and Clinical Findings

Within the eye, the fibrillar-granular pseudoexfoliationmate-
rial characteristic of PES seems to be mostly produced from
the lens capsule, ciliary body, corneal endothelium, zonules,
and the iris. Electron microscopy and immunohistochem-
istry have led to the identification of the presence of extra-
cellular matrix deposits also on other body tissues such as the
liver, lung, kidney, gall bladder, and meninges [25–28]. The
origin of this material is still unknown, but different enzy-
matic, histochemical, and immunological studies indicate
that the fibrils and filaments are composed of noncollagenous
proteins. Previous studies described similarities between
this material and zonular elastic microfibrils, suggesting
that pseudoexfoliation syndrome is a form of elastosis [29].
Furthermore, Scuderi et al. reported a case of PES associated
with lattice corneal dystrophy, confirming the existence of a
possible association of PES and amyloid accumulation [30].

Diagnosis of PES is based on the observation of pseu-
doexfoliative material on nearly all the structures of the
anterior segment of the eye. Slit lamp examination, includ-
ing gonioscopy and pupillary dilation, represents the gold-
standard procedures for the clinical diagnosis of PEG. Poor
and impaired pupillary dilation in PEG eyes seems to be
caused by fibrillar deposits and ischemic damage to the iris

causing stromal atrophy. An optimal mydriasis is necessary
to observe thewhole pattern distribution of pseudoexfoliative
material over the anterior capsule of the lens.

Ultrasound biomicroscopy (UBM) can be helpful in
those cases where alterations of the zonules and presence of
iridodonesis or subluxation of the lens are suspected [31–33].
Iris fluorescein angiography can reveal the possible presence
of iris ischemia [34, 35]. Since PEG is characterized by impor-
tant fluctuations in diurnal IOP levels, intraocular pressure
curve measurement is an important examination to monitor
IOP levels at different times of the day in order to guide the
clinician in the therapeutic management of patients [36].

2.1. Lens. PES is usually diagnosed by slit lamp examina-
tion that allows observing accumulation of whitish material
deposits on the lens capsule. The typical bull’s eye pattern
disposition is probably due to themovement of the iris on the
anterior lens surface, creating a double concentric ring aspect.
Therefore, it is important to examine the anterior capsule
of the lens after pupillary dilation, and in most cases the
presence of three different areas is observed.The inner central
disk-shaped zone, usually equivalent to the pupillary diame-
ter, can be absent in almost 20% of cases. The intermediate
clear zone, due to the iris movement on the anterior lens sur-
face, and a more peripheral area containing radial striations
have been demonstrated to be always present even in those
cases where the central zone is absent or overlooked [3, 8, 37].

It has been observed that patients with PES present a
higher percentage of nuclear cataract [38, 39]. Recent studies
have also demonstrated a higher rate of subcapsular cataract
in PES with respect to non-PES eyes [40]. Despite the widely
reported higher incidence of cataract, its pathogenesis is still
not clear. Cataract development seems to be related to the age
of patients, although, in patients with unilateral PES, cataract
appears to be more advanced on the affected rather than the
unaffected eye [40].

2.2. Cornea. Slit lamp examination may demonstrate the
presence of pseudoexfoliative material and pigment on the
corneal endothelium that can be erroneously interpreted
as inflammatory precipitates [41]. Confocal microscopy has
demonstrated the presence of a lower number of endothelial
cells in affected eyes and a consequent higher rate of guttae,
which may probably be due to intermittent elevated levels
of IOP [42–46]. The pigment observed on the corneal
endothelium can sometimes be similar to the accumulation
of pigment seen in the pigment dispersion syndrome [47].

Other nonspecific changes of the corneal endothelial cells
include rarefaction and thinning of the cells, cytoplasmic vac-
uolization, phagocytosis of melanin granules, and abnormal
extracellular matrix production [44].

2.3. Aqueous Humor and Anterior Chamber. Aqueous humor
production in PES affected eyes has been demonstrated to be
reduced [48] and associated with a disrupted blood-aqueous
barrierwith a consequent presence of higher levels of aqueous
protein concentration [49], as well as sudden changes in levels
of acid phosphatase [50], alpha1-lipoprotein and ceruloplas-
min [51], cellular/plasma fibronectin [52], transferrin [53],
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alpha1-antitrypsin [54], and growth factors [55, 56]. Patients
with PEG present greater serum concentrations of anti-
Helicobacter pylori IgG-antibody (anti-HP IgG) compared to
healthy patients [57] and an elevation of anti-HP IgG has
been demonstrated in the aqueous humor of PEG and POAG
patients [58].

2.4. Iris. Presence of pseudoexfoliative material is frequently
observed on the anterior and posterior surface of the iris [59].
Irregular borders, due to the rubbing of iris against the lens
and presence of grayish material deposits, characterize the
aspect of pupil margin in PES [60, 61]. In most cases this is
associated with poor or absent pupillary dilation as a result of
atrophic and/or fibrotic changes in the iris sphincter muscle.
Furthermore, the iris appears to bemore rigid in patients with
PES [62, 63].

Presence of deposits on both lens and iris is associated
with more severe alterations in those patients with open-
angle glaucoma [64].

Recent studies described various cases presenting iris
ischemia and neovascularization, as a consequence of the
deposition of pseudoexfoliative material on the vascular
endothelium of the iris [34, 35].

2.5. Zonules and Ciliary Body. Weakness of the zonules is one
of the main aspects of PES representing an important cause
of complication during cataract surgery. It is thought that this
zonular fragility can be caused by accumulation of pseudoex-
foliative material on the ciliary processes and zonules, which
may lead to phacodonesis [63, 65]. Schlötzer-Schrehardt and
Naumann explain that the clinical instability of the zonular
fibers is caused by histopathological alterations of the fibers
and their altered anchorage in the defective basement mem-
branes of ciliary body and lens [66].

2.6. Angle. Gonioscopy represents one of the fundamental
examinations, which should be performed in patients with
PES. Changes in both the aspect and depth of the angle
commonly occur in PEG affected patients. Pigment and
flecks of pseudoexfoliative material can be observed over the
structures of the angle, especially along the Schwalbe line,
where the pigment dispersion pattern is named “Sampaolesi’s
line” [67, 68].

3. Association of PES and Glaucoma

Pseudoexfoliative material can be observed in most cases
on the pupillary margin and on the anterior lens capsule.
PES is considered to be one of the most common causes
of secondary open-angle glaucoma or ocular hypertension
and early cataract development, because of its characteristics,
including poor and impaired pupillary dilation, posterior
synechiae, subluxation or dislocation of the lens and presence
of weakened zonules [10]. It has been suggested that PEG
may be due to the congestion of the trabecular meshwork
[67]. Moreover, the prevalence of PES in glaucoma cohorts
is significantly higher than in age-matched nonglaucomatous
populations. Reported prevalence rates range from zero to
93%, with the highest rates in Scandinavia [69, 70].

PEG is mostly bilateral and asymmetric; if compared to
POAG it presents a worse prognosis due to higher fluctua-
tions in IOP levels and more severe optic nerve and visual
field damage in affected eyes [71–77]. Furthermore patients
with PEG usually present higher levels of IOP compared to
those affected by POAG; moreover, various studies report a
higher percentage of failure of medical management (pros-
taglandins, beta-blockers, adrenergic agonists, and carbonic
anhydrase inhibitors) for PEG patients [22].

PEG increases with age and has a higher prevalence in
patients between 60 and 70 years of age. Men are more
affected than women [78], but this gender association is not
always reproducible [79]. Although the prevalence in the
general population varies from country to country, different
studies describe a higher prevalence of PEG in Scandinavia
[80, 81].

4. Management of Glaucoma and
Cataract Surgery in PES Patients

The presence of pseudoexfoliative material in the anterior
segment makes surgical procedures for both cataract and
glaucoma more complicated.

Eyes with PEG respond poorly to medical therapy [22].
Topical drugs, such as latanoprost, travoprost, and dorzola-
mide-timolol combination, yield a good response in the first
period of medical treatment, but PES is usually recalcitrant
to glaucomatous medical therapy and this is the reason
why patients affected by PES/PEG usually undergo laser or
surgical therapy [23, 24].

4.1. Argon Laser Trabeculoplasty. In 1984 Tuulonen et al.
reported that PEG affected eyes show a better response to
Argon Laser Trabeculoplasty (ALT) with respect to POAG
affected eyes [82, 83]. This outcome seems to be related to
both diffuse pigmentation of the trabecular meshwork and
the high baseline IOP values in eyeswith PEG [84].Moreover,
according to Odberg and Sandvik ALT treatment may allow
avoiding topical medical therapy up to 80% after 2 years
and 67% after 5 years [85]. Apraclonidine Hydrochloride
(Iopidine 0.5% and 1%, Alcon Laboratories, Inc.) has been
reported to have a greater efficacy as temporary drugs in the
prevention or reduction of IOP spikes after ALT [86].

4.2. Selective Laser Trabeculoplasty. Selective Laser Trabecu-
loplasty (SLT) can be considered as a repeatable procedure
[87] and a good alternative to ALT. Although this method
seems to be safe even in patients with POAG, the procedure
still remains controversial [88, 89]. A recent study conducted
by Goldenfeld et al. showed an important decrease of IOP
up to 31.6% and a significant reduction of mean medications
per patient in a 1-year follow-up [90, 91]. A lower success
rate in SLT may be linked to the extent of angle treated in
terms of degrees [91]. According to Nagar et al., a 360∘ SLT
treatment has a greater efficacy than a 90∘ and 180∘ procedure
[92, 93]. Song et al. also demonstrated a low efficacy and
high failure risk of a 180∘ SLT [94]. A 360∘ SLT has been
also performed in patients with POAG but results in terms
of IOPwere comparable to those obtained withmonotherapy
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using topical latanoprost [92]. Baseline IOP can also influence
final IOP decrease; in a study conducted by Shibata et al.
on Japanese patients using a 360∘ SLT procedure, a baseline
IOP > 21mmHg led to a more significant decrease of IOP
when compared to baseline IOP < 21mmHg [95]. Later, Kent
et al. compared ALT and SLT outcomes in patients with PEG
and they obtained comparable results of IOP levels [96]. In
terms of tolerability, SLT seems to have better results with
respect to ALT [97]. Even if the incidence of IOP spikes may
vary [90, 98], SLT seems to be less vulnerable when compared
to ALT [85, 97].

4.3. Trabeculectomy. Trabeculectomy still represents the
most frequent incisional procedure in the surgical manage-
ment of PEG patients with advanced glaucomatous disease or
when appropriate medical or laser treatment fails in control-
ling IOP levels [99]. It has been widely described that patients
with PEG present a greater risk to develop surgical complica-
tions, due to the presence of zonular weakness or blood-
ocular barrier dysfunction [100]. In a study conducted by
Konstas et al., PEG patients who underwent trabeculectomy
had a lower untreated postoperative IOP with respect to
POAG patients.These results do not seem to be related to the
duration of previousmedical therapy [101]. More recent stud-
ies suggest similar outcomes of trabeculectomy in patients
affected by PEG with respect to those affected by POAG in
terms of IOP reduction, postoperativemedical treatment, and
surgical complications [102, 103]. Today, antifibrotic agents
such as mitomycin C or 5-fluorouracil are commonly used
to enhance the success rate of this procedure [99], similar to
results obtained in POAG [104].

4.4. Angle-Based Procedures. Themechanism causing increase
of IOP levels in PEG has been attributed to accumulation
of pseudoexfoliative material and/or iris pigment in the
trabecular meshwork. Therefore, surgical removal of this
obstructionmay lead to successful decrease of IOP.The angle-
based procedures represent a group of techniques that seek
to recover the natural aqueous outflow channels minimizing
complications occurring in filtering surgical procedures,
especially bleb-related issues [99].

The most commonly performed angle-based procedures
are ab-interno trabeculectomy and trabecular aspiration. As
nonpenetrating techniques, besides the reduction of postop-
erative complications after filtering surgery, these procedures
have the advantage of preserving the conjunctiva so that
penetrating surgery or aqueous shunt device implantation
may be performed in the future [99].

Several studies analyzed the follow-up of these two pro-
cedures and according to Jacobi et al., trabecular aspiration
tended to regress after 2 to 4 years of follow-up because of
new accumulation of pseudoexfoliative material [105].

Ab-interno trabeculectomy, known as Trabectome
(Neomedix Corp., Tustin, CA), consists in the ablation of
trabecular meshwork from 60 to 120 degrees through the use
of focused electrosurgical pulses associatedwith a continuous
irrigation to avoid sudden deposition of pigmented and
pseudoexfoliative material [99]. Ting et al. showed one-year
results of Trabectome surgery in patients with POAG versus

PEG.They demonstrated that IOP reduction and decrease in
medication could be obtained in both groups after Trabec-
tome treatment. Moreover a more significant rate of surgical
success was obtained in the PEG group with 72.1% versus
62.9% of success achieved in POAG and PEG, respectively
[106]. A study conducted by Klamann et al. compared these
two procedures and found no differences in terms of IOP
decrease, but patients with combined Trabectome and cata-
ract surgery usually showed a stronger reduction of IOP
levels [107]. Jordan et al. found similar IOP reduction in PEG
patients who underwent Trabectome or combined Trabec-
tome and cataract surgery [108].

Viscocanalostomy is considered another angle-based
procedure, which avoids the risks associated with filtering
surgery [109]. Carassa et al. compared viscocanalostomy
against trabeculectomy in 50 patients. After 2 years of follow-
up the success rates (IOP < 21mmHg and no additional
medication) were 76% for the viscocanalostomy and 80% for
the trabeculectomy group. Furthermore when the IOP target
was lowered to 16mmHg they obtained a success rate of 56%
and 72%, respectively [109].

Awadalla and Hassan evaluated combined cataract and
viscocanalostomy surgery in PEG and POAG patients. A
complete success rate with IOP values <21mmHg and no
glaucoma medication was obtained in 93.3% of PEG and
83.3% of POAG patients. Moreover, when the IOP target was
lowered to <15mmHg, the success rate was 83.3% in PEG and
53.3% in POAG patients [110].

The results of viscocanalostomy are encouraging espe-
cially in PEG patients; however, there is some reluctance
regarding this technique because the final IOP target achieved
is still not adequate for patientswith advanced glaucoma [111].

4.5. ExPress Implant. The ExPress implant procedure (Alcon
Laboratories Inc., Fort Worth, TX) was introduced to
improve the trabeculectomy technique.These twoprocedures
are quite similar but with the ExPress implant it has become
possible to avoid iridectomy or sclerostomy since this implant
is placed into the anterior chamber [99]. The learning curve
for placing the ExPress implant is fast, especially for surgeons
who are already skilled in trabeculectomy and this is why it
is a common technique with more than 70000 performed
procedures to date [112]. In a recent study conducted by
Moisseiev et al., trabeculectomy and the ExPress technique
were used and compared in patients with POAG, PEG, and
“complex” glaucoma and no differences in terms of surgical
success between these procedures were reported [113]. How-
ever, it has been reported that the ExPress implant technique
is 3.5 times more expensive than trabeculectomy [114].

4.6. Aqueous Shunt Implantation. In 2012 a randomized
controlled trial demonstrated a greater efficacy of aqueous
shunt implantation versus surgical trabeculectomy [115]. 212
patients with IOL and/or failed filtering surgerywere enrolled
and randomly assigned to treatment with aqueous shunt or
surgical trabeculectomy. Similar IOP values were described
in the two groups but the failure probability and early and late
onset complications were higher in the trabeculectomy with
respect to the shunt implantation group [115, 116].
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4.7. Cataract Surgery. In evaluating cataract surgery in
patients with PES the control of IOP spikes and the degree
of glaucoma should be taken into consideration in addition
to corneal endotheliopathy, poor mydriasis, lens subluxation,
and zonular instability [23]. An increased rate of complica-
tion during extracapsular cataract extraction in PEG eyes
with respect to normal cataracts has been reported [117],
although some authors found no differences [118]. Today pha-
coemulsification is themost frequent procedure performed in
cases of pseudoexfoliative cataract and has a lower recurrence
of complications [119, 120].

A good outcome of cataract procedures can be influenced
by several key factors such as a good dilation and a wider
capsulorhexis [23]. A study conducted by Scuderi et al.
demonstrated that instillation of 10%phenylephrine and 0.5%
tropicamide causes greater mydriasis than 2% ibopamine
with a mean pupil diameter of 6.17mm versus 5.33mm,
respectively, and a more significant dilation can be obtained
through the combined use of both drugs (mean pupil diam-
eter of 7.19mm) [121]. Once good mechanical or pharmaco-
logical dilation is achieved, it is possible to reduce the stress
on the capsular bag by creating a wider capsulorhexis which
has been demonstrated to be helpful in the following steps
of the surgical procedure [23]. In removing the lens, several
techniques have been proposed to minimize stress on the
weak PES zonules [122, 123]. Moreover, when choosing an
intraocular implant, a 3-piece intraocular lens (IOL) is con-
sidered a better choice in patients with PEG [23]. However,
zonular disintegration and capsular shrinkage in pseudopha-
kic PEG eyes may lead to easier IOL luxation or dislocation
into the vitreous [104] causing acute visual loss [124, 125].
Pars plan vitrectomy is considered the most suitable surgical
approach in the removal of a dislocated IOL [126], although,
in elderly patients who preserve good visual acuity, no
procedure should be performed due to the increased risk of
intraoperative and postoperative complications [104].

In addition to intraoperative complications, PES eyes
have postoperative issues to be considered. This syndrome
is usually associated with a higher risk of postoperative IOP
spikes, iris vascular leak, and compromised blood-aqueous
barrier [23, 127]. Following uncomplicated phacoemulsifi-
cation there is an increase in average macular thickness as
measured with optical coherence tomography which is not
clinically significant; however, in a recent paper by Yuksel et
al. the authors reported that patients with POAG and PEG
had a greater increase of macular thickness with respect to
controls [128, 129]. Yüksel et al. reported clinically significant
cystoid macular edema with the same frequency in POAG,
PEG, and controls. In these cases medical treatment can be
a valid option. Although intravitreal steroids are efficacious
in cystoid macular edema, this approach might not be
appropriate in PEG due to the known effect of steroids on
intraocular pressure [128, 130, 131].

Secondary cataract is also frequent and is usually due
to some cortical remnants and weakened zonular support,
which lead to migration of lens epithelial cells [104].

4.8. Combined Cataract and Glaucoma Surgery. A combined
cataract and trabeculectomy proceduremay be a good option
in patients with PEG. Recently, Tran reported an approach
with a new washout technique of pseudoexfoliative material
in the iridocorneal angle or trabecular meshwork, which
significantly decreases IOP and the amount of topicalmedical
treatment required in the postsurgical period.This technique
allows avoiding incisions or the need for sutures, thus,
respecting the anatomical structures of the eye [119]. In
2005 Landa et al. reported similar results of this combined
procedure in PEG versus POAG patients [120].

5. Conclusions

Several factors must be considered when evaluating patients
with PES and/or PEG in order to determinate the most
suitable management strategy. Careful examination and
evaluation of all clinical aspects should be considered in
order to choose the most appropriate medical and surgical
approach for glaucoma and cataract surgery. Patients should
be informed on the higher risk of possible complications.
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This cross-sectional study evaluated VRQOL in Chinese glaucoma patients and the potential factors influencing VRQOL. The
VRQOL was assessed using the Chinese-version low vision quality of life questionnaire. Visual field loss was classified by
the Hodapp-Parrish-Anderson method. The correlations of VRQOL to the best corrected visual acuity and the VF loss were
investigated.The potential impact factors to VRQOL of glaucoma patients were screened by single factor analysis and were further
analyzed by multiple regression analysis. There were significant differences in VRQOL scores between mild VF loss group and
moderate VF loss group, moderate VF loss group and severe VF loss group, and mild VF loss group and severe VF loss group
according to the better eye. In multiple linear regression, the binocular weighted average BCVA significantly affected the VRQOL
scores. BinocularMDwas the second influencing factor. In logistic regression, binocular severeVF loss and strokewere significantly
associated with abnormal VRQOL. Education was the next influencing factor. This study showed that visual acuity correlated
linearly with VRQOL, and VF loss might reach a certain level, correlating with abnormal VRQOL scores. Stroke was significantly
associated with abnormal VRQOL.

1. Introduction

Glaucoma, a group of eye diseases that permanently damage
visual function [1], can impact patient quality of life [2]
adversely [3–5]. Ophthalmologists have been working on the
best treatment for glaucoma patients and mitigating the ad-
verse impact. Previous studies have investigated the life qual-
ity of glaucoma patients, suggesting a relationship between
visual field defects and impaired quality of life in patients
with glaucoma [6–8]. Furthermore, the association between
rates of binocular visual field loss and vision-related quality of
life in glaucoma was observed [9]; special attention was paid
to the quality of life of young patients with glaucoma [10];
and Globe et al. noticed that self-reported systemic comorbid
diseases were associated with self-reported visual function
[11]. Understanding of influencing factor to quality of life of
the patients will ultimately benefit glaucoma treatment.

Epidemiologic studies in China showed that the overall
prevalence rate of primary glaucoma was 0.56% and that of

populations over 50 years of agewas 2.07% [12].Theblindness
rate of glaucomawas 9.04–10% [13]. Lee et al. [14] investigated
the association between clinical parameters and quality of
life in Chinese primary open angle glaucoma patients (using
the Glaucoma Quality of Life-15 Questionnaire (GQL-15)).
Kong et al. [15] found that the level of understanding about
glaucoma was associated with psychological disturbance and
quality of life (using the 25-ItemNational Eye Institute Visual
Function Questionnaire (NEI-VFQ 25) [16]).

In the present study, we assessed vision health-related
quality of life (VRQOL) [17] in Chinese glaucoma patients
using Chinese-version low vision quality of life question-
naire (CLVQOL) [18] and made comprehensive analysis on
screening the potential influencing factors (such as visual
field damage, glaucoma type (primary open angle or angle
close), age, and self-reported comorbidities) to VRQOL. The
CLVQOL questionnaire was originally acquired from the low
vision health-related quality of life questionnaire (LVQOL)
[17] and translated into a Chinese version that was modified

Hindawi Publishing Corporation
Journal of Ophthalmology
Volume 2015, Article ID 271425, 9 pages
http://dx.doi.org/10.1155/2015/271425

http://dx.doi.org/10.1155/2015/271425


2 Journal of Ophthalmology

and culturally adapted for the Chinese patients [18]. We
hoped our results could provide reference for clinical better
understanding of glaucoma patients and developing suitable
therapeutic strategy for them.

2. Methods

2.1. Study Patients. There were 202 glaucoma patients who
met eligibility criteria and agreed to participate in the study,
and these patients were enrolled at the glaucoma clinic at the
Branch of Shanghai First People’s Hospital from January 1,
2013, through June 31, 2013. The investigation was approved
by the hospital ethics committee. All methods adhered to the
Declaration of Helsinki. All participants gave their written
informed consent.

The inclusion criteria were adult patients (18 years old
and above) with glaucoma diagnosis based on glaucomatous
disc cupping and reproducible visual field damage detected
by automated static perimetry (the Humphrey Visual Field
Analyzer) in one or both eyes [4, 19]. There were 2 kinds of
glaucoma: primary open angle glaucoma and primary angle
closure glaucoma [19] in our study. The exclusion criteria
were as follows: (1) secondary glaucoma; (2) any other coex-
isting ocular condition that could impair visual function (e.g.,
clinically significant cataract, macular degeneration, or any
other ophthalmic condition); (3) incisional ocular surgery or
laser treatment in past except antiglaucoma surgery and laser
therapy; and (4) disability in a visual field test due to cognitive
impairment.

At each follow-up visit, patients underwent a compre-
hensive ophthalmic examination, including review of med-
ical history, best-corrected visual acuity, slit lamp biomi-
croscopy, intraocular pressure measurement using noncon-
tact tonometry, gonioscopy, stereoscopic optic disc photogra-
phy (Canon, CR-1 Mark II), visual fields test, and optic nerve
head assessment in optical coherence tomography (Stratus
OCT, Carl Zeiss Meditec, CA). The type of local ophthalmic
medication was also noted.

2.2. Binocular Visual Fields. Visual fields (VF) test was per-
formed using the Humphrey Visual Field Analyzer (Hum-
phrey Instruments, Zeiss, CA). Humphrey central 30-2
threshold test plotted the central 30 degrees of visual field
in both eyes. Only reliable tests (≤33% fixation losses and
false-negative results and ≤15% false-positive results) were
included. Visual fields were reviewed and excluded in the
presence of artifacts such as eyelid or rim artifacts, fatigue
effects, inattention, or inappropriate fixation. Visual fields
were also reviewed for the presence of abnormalities that
could indicate diseases other than glaucoma, such as homon-
ymous hemianopia.

Mean deviation (MD) scores were used to assess the
severity of VF loss. For the purpose of the statistical analysis,
the binocularVF loss was classified into 3 groups according to
MD: group 1 (mild:−6 dB<MD< −3 dB), group 2 (moderate:
−12 dB<MD< −6 dB), or group 3 (severe:MD< −12 dB) (the
Hodapp-Parrish-Andersonmethod [20]), whichwas used for
the better eye and worse eye. According to spearman correla-
tion and linear regression, monocular data of MD values was

transformed to binocular data using a formula for binocular
summation, as suggested by Nelson-Quigg et al. [21]:

Binocular Sensitivity

= √(Sensitivity R eye)2 + (Sensitivity L eye)2.
(1)

2.3. Visual Function Questionnaire. The VRQOL was evalu-
ated using the CLVQOL questionnaire [17, 18].The scale con-
sists of four scales: general vision and lighting (reading road
signs orwatching TV),mobility (outdoor activities and cross-
ing a street with traffic), psychological adjustment (expecta-
tions on quality of life and perceived visual acuity), and read-
ing and fine work and activities of daily living (reading the
clock, reading one’s own handwriting, and daily activities),
including 25 items. Each item was scored using a numeric
scale ranging from 0 (worst) to 5 (best). The total highest
score was 125, and the higher the score, the better the quality
of life [17, 18]. The questionnaires were completed through
face-to-face patient interviews conducted by twowell-trained
investigators.

2.4. Demographic and Clinical Variables. Demographic and
clinical questionnaires were also administered to patients
concurrent with the CLVQOLquestionnaire.These question-
naires contained a survey of demographics, history of glau-
coma, marital status, residence, educational level, and history
of topical antiglaucomatous treatment.

Self-reported systemic comorbidities were investigated as
follows: hypertension, diabetes mellitus, stroke, and other
systemic comorbidities such as asthma, cancers, and heart
disease.

Visual acuity was measured using the Snellen visual acu-
ity chart.The best corrected visual acuity (BCVA) (subjective
optometry) was converted into the minimum angle of reso-
lution (logMAR) vision. When Snellen visual acuity was less
than 0.01, the visual acuity of “counting fingers” perception
was defined as logMAR2.2, “hand-motion” as logMAR2.3,
and “light perception” as logMAR2.5 [22]. Monocular data
of logMAR BCVA was transformed to binocular weighted
average BCVAwith the weight of the better eye and the worse
eye taken as 0.75 and 0.25, respectively (as recommended by
Scott et al. [23]).

2.5. Statistical Analysis. Descriptive statistics included the
mean and standard deviation (SD) for variables. The Spear-
man correlation was used to analyze the correlation between
the binocular weighted average logMAR BCVA and the
VRQOL scores and between the binocular MD and the
VRQOL scores. When equal variances were assumed, the 1-
way ANOVA or 𝜒2 test was used to process the impact of
demographic and clinical variables on the VRQOL scores
change. When equal variances were not assumed, a nonpara-
metric test or Fisher’s exact 2-tailed test was used.

After single factor analysis of demographic and clinical
variables, the statistically significant or nearly significant
results were screened out.Thenmultiple linear regressionwas
used to analyze the impact of linear variables on the VRQOL
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Figure 1: Boxplot showing the range of visual health-related quality
of life (VRQOL).

score changes. Logistic regressionwas used to analyze dichot-
omous variables; VRQOL scores were considered to be the
dependent variable. These variables were categorized into
dichotomous variables as follows: marital status (married
(yes/no)), residence (urban (yes/no)), education (more than
secondary school degree (yes/no)), both eyes MD < −12 dB
(yes/no), at least 3 years glaucoma history (yes/no), stroke
(yes/no), diabetes mellitus (yes/no), and VRQOL (at least
mean value (yes/no)).

The level of statistical significance was set at 0.05. All
statistical analyses were performed using SPSS 11.0 (SPSS Inc.,
Chicago, IL, USA).

3. Results

3.1. Patient Demographic Characteristics and Clinical Vari-
ables with VRQOL. There were 92 men and 110 women
enrolled in this study, with a mean age (mean (SD)) of 69.49
(12.04) years, ranging from 31 to 89 years. The mean VRQOL
score was 92.08 (23.97), ranging from 11 to 125 (Figure 1).
VRQOL differences between 50–59 years and 60–69 years
and between 50–59 years and 70–79 years were significant
(𝑃 = 0.032, 0.018); differences in VRQOL between other age
groups were not significant (all 𝑃 > 0.10). When VRQOL
of patients with different education levels (level 1 = illiterate
and primary school, level 2 = secondary school, and level 3
= more than secondary school) were compared, there was a
significant difference in VRQOL between level 1 and level 3
(𝑃 = 0.027); VRQOL differences between the other levels
were not significant (all 𝑃 > 0.10). When VRQOL of patients
with different glaucoma durations (≤3 months, 3–12 months,
1–3 years, and >3 years) were compared, the difference was
found to be significant between theVRQOL scores of patients
who had been diagnosed with glaucoma within the past 3
months and those of patients with a 3-year course (𝑃 =
0.045); no remarkable differences were observed in VRQOL
scores of other durations of glaucoma (all 𝑃 > 0.10) (Table 1).

3.1.1. Spearman Correlation. The Spearman correlation coef-
ficient between the binocular weighted average logMAR
BCVA and VRQOL scores was 0.572 (𝑃 < 0.001), and cor-
relation coefficient between the binocular MD and VRQOL
scores was −0.490 (𝑃 < 0.001) (Table 2).

Binocular VF Loss and VRQOL. When VRQOL results of
patients in the 3 VF loss groups according to the better eye
were compared, there were significant differences between
group 1 and group 2, group 2 and group 3, and group 1 and
group 3 (all 𝑃 = 0.014, 0.016, <0.001). When the VRQOL of
the 3 groups according to the worse eye were compared, there
was no difference between group 1 and group 2 (𝑃 = 0.509),
but there was a significant difference between group 2 and
group 3 and group 1 and group 3 (𝑃 = 0.015, 0.001) (Table 3).

Glaucoma Type and VRQOL. When VRQOL, binocular
weighted logMAR BCVA, and binocular MD of different
glaucoma type groups were compared, there were no differ-
ences (all 𝑃 > 0.10) (Table 4).

3.2. Analysis of Multiple Impact Factors after Screening

Denied Factors. These included gender, the type of glau-
coma, the number of antiglaucoma instillations, and previous
antiglaucoma surgery/laser. These factors were not analyzed
further.

Possible Impact Factors. These included age, education, mari-
tal status, glaucoma duration, and systemic comorbidity (dia-
betes mellitus, stroke). These factors were analyzed further.

Positive Factors. These included binocular weighted average
logMAR BCVA, binocular visual field loss, and residence.
These factors were analyzed further.

In multiple linear regression, binocular weighted BCVA
impacted VRQOL scores significantly (𝑃 < 0.001), and
binocular MD was the next factor (𝑃 = 0.063).

In logistic regression, severe binocular VF loss (both eyes
MD < −12 dB) and stroke were significantly associated with
abnormal VRQOL (𝑃 = 0.004, 0.016). More than secondary
school degree was the secondary factor (𝑃 = 0.052) (Table 5).

Example of 2 Patients

Patient A. Patient A was a married 72-year-old female, with
primary angle closure glaucoma; her residence was urban
area; her education level was secondary school; and her
medical history was as follows: 10 years after bilateral tra-
beculectomy, not using any antiglaucoma eye drop;MD: right
eye: −5.75 dB, left eye: −6.63 dB; logMAR BCVA: right eye:
0.00, left eye: 0.00; and VRQOL score: 107.

Patient B. Patient B was a married 65-year-old male, with
primary open angle glaucoma; his residence was urban area;
his education level was more than secondary school; and
his medical history was as follows: glaucoma duration for
11 years; using ≥3 kinds of antiglaucoma eye drop; self-
reported systemic comorbidity: diabetes mellitus; MD: right
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Table 1: Patient’s demographic characteristics and clinical variables.

Variable Number of
patients

VRQOL score
mean (SD) 𝑃 values

All 202 92.08 (23.97)
Binocular weighted average BCVA 0.48 (0.52), 0.00 to 2.35
BCVA for better eye 0.37 (0.49), 0.00 to 2.30 <0.001
<0.3 (>20/40) 122 102.80 (15.87)
0.3 to 1.0 (20/200 to 20/40) 62 86.90 (20.42)
>1.0 (<20/200) 18 44.00 (17.41)

BCVA for worse eye 0.81 (0.81), 0.00 to 2.50 <0.001
<0.3 (>20/40) 60 105.53 (14.0)
0.3 to 1.0 (20/200 to 20/40) 88 94.16 (17.94)
>1.0 (<20/200) 54 73.74 (29.84)

Binocular MD (dB value) 18.14 (12.09), 3.82 to 45.28
MD for better eye (dB) −8.76 (8.23), −31.00 to 1.37 <0.001
>−6 106 101.94 (16.25)
−6 to −12 46 91.35 (19.19)
<−12 50 71.84 (29.03)

MD for worse eye (dB) −15.28 (9.88), −33.19 to −2.98 0.001
>−6 48 104.17 (13.57)
−6 to −12 44 100.18 (18.87)
<−12 110 83.5 (26.10)

Age (year) 69.49 (12.04), 31 to 89 0.151
≤49 14 98.29 (19.59)
50–59 26 106.69 (15.13)
60–69 52 89.23 (24.20)
70–79 60 87.77 (23.34)
≥80 50 90.88 (27.48)

Gender 0.812
Male 92 91.43 (28.08)
Female 110 92.62 (20.15)

Education 0.079
Illiterate and primary school 36 81.67 (26.05)
Secondary school 50 90.52 (23.01)
Secondary school+ 116 95.98 (23.06)

Residence 0.002
Rural area 12 56.83 (27.72)
Urban area 190 94.31 (22.05)

Marital status (married) 0.085
Yes 152 95.07 (21.84)
No 50 83.00 (28.94)

Duration of glaucoma 0.222
≤3 months 20 105.00 (19.75)
3–12 months 36 92.94 (21.50)
1–3 years 44 94.32 (21.97)
>3 years 102 88.27 (25.85)

Previous antiglaucoma surgery/laser 0.867
Yes 42 93.90 (16.82)
No 160 91.60 (25.58)

Antiglaucoma eye drop (type) 0.869
0 56 91.57 (21.21)
1 62 95.03 (20.57)
2 68 90.29 (28.11)
≥3 16 90.00 (29.52)

Self-reported systemic comorbidity 0.072
No 70 93.00 (21.10)
High blood pressure 56 99.71 (15.84)
Diabetes mellitus 28 83.50 (24.41)
Stroke 16 74.63 (25.73)
Other systemic diseases 32 92.81 (34.68)

VRQOL: visual health-related quality of life; SD: standard deviation; BCVA: best corrected visual acuity; MD: mean defect.
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Table 2: Correlation between Chinese-version low vision quality of
life (CLVQOL) questionnaire score and visual severity score.

Spearman
correlation 𝑃 value

BCVA
Better eye −0.614 <0.001
Worse eye −0.483 <0.001
Binocular weighted average −0.572 <0.001

MD
Better eye 0.467 <0.001
Worse eye 0.491 <0.001
Binocular −0.490 <0.001

PSD
Better eye −0.211 0.053
Worse eye −0.078 0.487

VFI
Better eye 0.447 <0.001
Worse eye 0.443 <0.001

CDR
Better eye −0.280 0.006
Worse eye −0.313 0.003

VRQOL = vision health-related quality of life; BCVA = best corrected visual
acuity; MD = mean defect; PSD = pattern standard deviation; VFI = visual
field index; CDR = cup to disk ration.

eye: −27.52 dB, left eye: −29.76 dB; logMAR BCVA: right eye:
0.92, left eye: 0.83; and VRQOL score: 59.

4. Discussion

This cross-sectional study evaluatedVRQOL inChinese glau-
coma patients and the potential factors influencing VRQOL.
Here, we observed the demographic characteristics and clin-
ical data of 202 Chinese glaucoma patients and analyzed the
correlation between these variables and VRQOL.

4.1. Relationship between VRQOL and Visual Health in Glau-
coma Patients. Spearman correlation analysis showed that
VRQOL and binocular weighted average BCVA were closely
related. In multiple linear regression, binocular weighted
BCVAhad a significant effect onVRQOL. VA andVRQOL of
glaucoma patients were shown to have a direct linear corre-
lation [14].

When binocularMDwas regarded as a linear variable, the
effect on VRQOL showed a trend toward significance. How-
ever, when binocular VF loss (binocular MD < −12 dB (yes/
no)) was regarded as a dichotomous variable using logistic
regression, the association with abnormal VRQOL was sig-
nificant. This showed that binocular VF loss should reach a
certain level, which could greatly affect the VRQOL of glau-
coma patients [4–7].

After VF loss was further divided into groups according
toVF loss stage [20, 24, 25], a significant relationship between
VRQOL and VF loss stage was observed using the four

subscales and in the better eye [26]. There was a significant
influence on “mobility” subscale and “reading, fine work, and
activities of daily living” subscale and total VRQOL scores
with mild VF loss in the better eye that changed to moderate
VF loss. However, there was a significant influence on the
same subscales and total VRQOL scores with moderate VF
loss of the worse eye that changed to severe VF loss. These
results suggested that the better eye was more sensitive to
visual field damage than the worse eye. As these results are
shown, it is reasonable to believe that glaucoma patients
sometimes neglect early VF damage.

In our study, the high correlation of the CDR with
VRQOL was not found (better eye: 0.281, worse eye: 0.313)
Our research suggested that the CDR had no significant rela-
tionship with patient quality of life [9, 27], and patients paid
more attention on visual acuity and visual field results rather
than OCT, though the defects of retinal nerve fiber layer were
the important signal to be concerned by eye doctors.

4.2. The Effects of Glaucoma Patient Demographic Charac-
teristics on VRQOL. The current research found that the
relationship between age and VRQOL in glaucoma patients
was more complicated than previous studies [6, 9]. The rela-
tionship might be influenced by the patients’ psychological
and environmental factors. Young people face pressures from
life, study, and work, and if there was visual function damage
or the threat of damage, the psychological impact would be
great (Gupta et al. [28] used the Time-Tradeoff method to
observe utility values among glaucoma patients and found
that juveniles were willing to give up more years to spend
the rest of their living years with perfect vision and free of
glaucoma, compared with adult patients). However, elderly
people, especially after retirement, showed a partial reduction
in the pressuresmentioned above.This reduction in pressures
would be beneficial for the VRQOL. The coincidence degree
of decline in VRQOL of glaucoma patients with age growth
might be worse than other age related eye diseases [29, 30].

Labiris et al. [27] indicated that a higher educational
background was positively correlated with higher vision-
specific QOL scores, but Lisboa et al. [9] found that an edu-
cational level of at least high school completion had no
significant effect on vision-related QOL. In a single analysis
of the present study, the VRQOL score of glaucoma patients
with an educational level of more than a secondary school
degree was higher than that of the illiterate or primary school
educational level of patients. In multiple linear regression,
there was no linear relationship between education and
VRQOL. However, using logistic regression, when education
was regarded as dichotomous variable and was analyzed
together with other variables, we found that more than
a secondary school degree educational level was a nearly
significant impact factor on abnormal VRQOL in glaucoma
patients. Therefore, education that reaches a certain level
could somewhat improve the VRQOL of glaucoma patients.

There was a significant effect of residence on VRQOL of
glaucoma patients, and the effect of marital status showed a
trend toward significance in single analysis of our study. It
seemed that VRQOL of glaucoma patients living in urban
areas was better than that of patients living in rural areas, and
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Table 3: Relationship between vision health-related quality of life (VRQOL) score calculated for separate factors and visual fields (VF) loss.

VRQOL score%
(SD)

Mild VF loss Moderate VF
loss

Severe VF
loss

𝑃 value 𝑃 value 𝑃 value
Better eye

General vision and lighting (GL)
Mild VF loss 76.17 (15.57) — 0.114 0.001∗

Moderate VF loss 68.94 (17.14) 0.114 — 0.096
Severe VF loss 56.11 (25.91) 0.001∗ 0.096 —

Mobility (M)
Mild VF loss 85.44 (15.16) — 0.012∗ <0.001∗

Moderate VF loss 77.04 (15.52) 0.012∗ — 0.017∗

Severe VF loss 59.84 (24.72) <0.001∗ 0.017∗ —
Psychological adjustment (PA)
Mild VF loss 79.35 (12.90) — 0.066 0.001∗

Moderate VF loss 71.50 (17.75) 0.066 — 0.126
Severe VF loss 61.60 (23.20) 0.001∗ 0.126 —

Reading, fine work, and activities of daily living (RFA)
Mild VF loss 84.31 (16.22) — 0.026∗ <0.001∗

Moderate VF loss 74.78 (19.87) 0.026∗ — 0.026∗

Severe VF loss 55.38 (30.33) <0.001∗ 0.026∗ —
Total VRQOL
Mild VF loss 81.55 (13.00) — 0.014∗ <0.001∗

Moderate VF loss 73.08 (15.35) 0.014∗ — 0.016∗

Severe VF loss 57.47 (23.22) <0.001∗ 0.016∗ —
Worse eye

General vision and lighting (GL)
Mild VF loss 75.60 (13.97) — 0.664 0.020∗

Moderate VF loss 78.17 (19.91) 0.664 — 0.006∗

Severe VF loss 63.94 (22.31) 0.020∗ 0.006∗ —
Mobility (M)
Mild VF loss 89.32 (11.36) — 0.366 <0.001∗

Moderate VF loss 84.72 (15.88) 0.366 — 0.003∗

Severe VF loss 69.32 (22.16) <0.001∗ 0.003∗ —
Psychological adjustment (PA)
Mild VF loss 81.25 (12.25) — 0.271 0.005∗

Moderate VF loss 78.20 (14.25) 0.271 — 0.050
Severe VF loss 67.65 (20.35) 0.005∗ 0.050 —

Reading, fine work, and activities of daily living (RFA)
Mild VF loss 86.96 (14.56) — 0.241 0.001∗

Moderate VF loss 81.00 (17.07) 0.241 — 0.057
Severe VF loss 67.65 (27.31) 0.001∗ 0.057 —

Total VRQOL
Mild VF loss 83.33 (10.86) — 0.509 0.001∗

Moderate VF loss 80.14 (15.10) 0.509 — 0.015∗

Severe VF loss 66.85 (20.88) 0.001∗ 0.015∗ —
VF loss was classified according to mean deviation (MD) into mild VF loss: −6 dB <MD < −3 dB, moderate VF loss: −12 dB <MD < −6 dB, and severe VF
loss: MD < −12 dB; MD was determined using the Humphrey central 30-2 threshold test (∗𝑃 < 0.05).
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Table 4: Visual function score of different glaucoma type groups.

Number of patients Binocular weighted average BCVA
mean (SD)

Binocular MD (dB value)
mean (SD)

VRQOL score
mean (SD)

Primary angle closure glaucoma 118 0.50 (0.53) 16.58 (12.70) 92.02 (23.83)
Primary open angle glaucoma 84 0.47 (0.52) 20.33 (10.96) 92.17 (24.46)
BCVA: best correct visual acuity; SD: standard deviation; MD: mean deviation; VRQOL: vision health-related quality of life.

Table 5: Multiple impact factors that influence VRQOL score of glaucoma patients.

Mean (SD) or number 𝑡 or 𝑏 𝑃

Age (year) 69.49 (12.04) −0.793 0.430
Glaucoma duration (year) 5.72 (6.79) −1.380 0.171
Education (year) 10.61 (4.28) 0.099 0.921
Binocular MD (dB value) 18.14 (12.09) −1.878 0.063∗∗

Binocular weighted average logMAR BCVA 0.48 (0.52) −10.699 <0.001∗

Married (yes/no) 152/50 −0.603 0.311
Urban (yes/no) 190/12 1.606 0.232
More than secondary school degree (yes/no) 116/86 0.951 0.052∗∗

Both eyes MD < −12 dB (yes/no) 58/144 −1.556 0.004∗

At least 3 years of glaucoma history (yes/no) 102/100 −0.304 0.538
Diabetes mellitus (yes/no) 28/174 −0.714 0.301
Stroke (yes/no) 16/186 −2.240 0.016∗

VRQOL = vision health-related quality of life; SD = standard deviation; MD =mean deviation; BCVA = best corrected visual acuity (∗𝑃 < 0.05, ∗∗0.05 < 𝑃 <
0.10).

VRQOL of married glaucoma patients was probably better
than that of patients who were unmarried. Multivariable
regression showed that when these 2 factors were analyzed
together with items such as education, visual field loss, and
systemic comorbidity, there were no significant effects. Thus,
residence and marital status might not be as important as
other factors when they were considered together [9, 27].

4.3. The Influence of Medical Conditions and Other Factors
on VRQOL of Glaucoma Patients. Our cross-sectional study
showed that the change in the VRQOL value with the
change in glaucoma duration was not statistically significant.
Glaucoma patients’ VRQOL was closely related to vision
activity and visual field damage, and VRQOL and duration
of the disease had no direct relationship.

This study indicated that there were no differences
between the VRQOL of primary angle close glaucoma and
primary open angle glaucoma [8]. Our results showed that
the patients are not interested in whether their glaucoma type
is the open or closed angle type, but rather their concern is the
impact of the disease on their quality of life.

In this study, previous glaucoma surgery/laser had no
impact on theVRQOL scores of glaucoma patients.Thenum-
ber of antiglaucoma eye drops also had no impact.This result
was similar to that of previous reports, whose aim did not
involve evaluating the side effects of glaucoma treatments
[14, 27].

This study showed that whether VRQOL scores reached
mean value was significantly influenced by stroke. In the Los
Angeles Latino Eye Study, systemic comorbidity weighted
index of glaucoma patients was analyzed. They indicated

that the weighted index of stroke or brain hemorrhage was
2.06, that of diabetes mellitus was 1.80, and that of high
blood pressure was 1.06. Stroke or brain hemorrhage had
the greatest effect on glaucoma patients’ VRQOL compared
with other self-reported systemic comorbidities [11]. Our
study similarly found that stroke could significantly affect
the VRQOL of glaucoma patients. An explanation for this
might be that stroke was significantly associated with visual
impairment and low physical function [11]. Additionally,
glaucoma patients in our study with high blood pressure had
relatively high VRQOL, refracting their insufficient attention
to hypertension.

5. Limitations

Our study has limitations. First, sample size was relatively
small, and all patients were recruited from a single eye insti-
tute; this might cause selection bias. Second, our study was
cross-sectional study; however, information obtained from
longitudinal observation is likely to reduce the interindivid-
ual variability and possible effects of compensatory mecha-
nisms and providesmore robust evaluation on the association
between variables and VRQOL [9, 31, 32].Third, if more than
one questionnaire (e.g., the Short-Form 36 Health Survey
(SF-36) [33], which is used to assess the general health status
of glaucoma patients [34], and the Glaucoma Symptom Scale
(GSS) [35], a measure to assess the symptoms associated with
glaucoma and its management [36]) is used simultaneously
for the survey, the effects of glaucoma on the patient could
be understood on different levels [37], and further studies
could be performed to observe the difference [38] between
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CLVQOL andNEIVFQ-25 [16] or betweenCLVQOL and the
Visual Activities Questionnaire (VAQ) [39], exploring which
questionnaire canmore exactly describe VRQOL for Chinese
glaucoma patients.

In the analysis of the survey results, we should also note
that normal variations in personality characteristics will
influence how patients report their VRQOL [40].

Media opacity such as cataract can influence VRQOL;
patients with obvious cataract were excluded from the study,
but we did not use any classification (e.g., Lens Opacity Clas-
sification System III (LOCS III) [41]). It was limitation in the
study.

In summary, the clinical eye doctors could treat, guide,
and help glaucoma patients, manage therapeutic strategy
to preserve or improve visual ability, and prevent visual
field impairment. Ophthalmologists should also keep their
patients well informed of the necessary knowledge about
glaucoma [42], reduce their risk of stroke, and thereby protect
their VRQOL.
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Purpose. To review the clinical outcome of patients with hypertensive uveitis. Methods. Retrospective review of uveitis patients
with elevated intraocular pressure (IOP) > 25mmHg and >1-year follow-up. Data are uveitis type, etiology, viral (VU) and nonviral
uveitis (NVU), IOP, andmedical and/or surgical treatment. Results. In 61 patients, IOP values are first 32.9mmHg (SD: 9.0), highest
36.6mmHg (SD: 9.9), 3 months after the first episode 19.54mmHg (SD: 9.16), and end of follow-up 15.5mmHg (SD: 6.24). Patients
with VU (𝑛 = 25) were older (50.6 y/35.7 y, 𝑝 = 0.014) and had more unilateral disease (100%/72.22% 𝑝 = 0.004) than those with
NVU (𝑛 = 36).Thirty patients (49.2%) had an elevated IOP before topical corticosteroid treatment. Patients with viral uveitis might
have higher first elevated IOP (36.0/27.5mmHg, p = 0,008) and maximal IOP (40.28/34.06mmHg, 𝑝 = 0.0148) but this was not
significant when limited to the measurements before the use of topical corticosteroids (𝑝 = 0.260 and 0.160). Glaucoma occurred
in 15 patients (24.59%) and was suspected in 11 (18.03%) without difference in viral and nonviral groups (p = 0.774). Conclusion.
Patients with VU were older and had more unilateral hypertensive uveitis. Glaucoma frequently complicates hypertensive uveitis.
Half of the patients had an elevated IOP before topical corticosteroid treatment.

1. Introduction

Elevated intraocular pressure (IOP) is a frequent complica-
tion of intraocular inflammation, affecting 5 to 19% of uveitis
patients [1]. Elevated IOP can be acute or chronic and both
presentations can lead to optic nerve damage and visual field
defect in glaucoma secondary to hypertensive uveitis. IOP
elevation may have different origins: trabeculitis, obstruction
of the trabecular meshwork, pupillary block due to poste-
rior synechiae, or steroid induced [1]. The management of
hypertensive uveitis is very difficult. The treatment begins
classically with the use of topical hypotensive drugs like beta-
blockers, alpha-agonist, and carbonic anhydrase inhibitors.
Although it has been reported in the past that prostaglandins
analogs could induce uveitis, more recent studies have found
their relative safety in nonviral uveitis, and they are thus now
also used for the management of intraocular hypertension
in some uveitis patients [2–4]. When treatment with topical

drops fails to normalize intraocular pressure, oral acetazo-
lamide can also be added but is often not well tolerated for
long term treatment. When medical treatment is no longer
sufficient or requires chronic oral acetazolamide, a surgical
approach is usually proposed [3–5].

Elevated IOP and glaucoma have been described more
frequently in certain uveitis entities, such as juvenile rheuma-
toid arthritis, sarcoidosis, Vogt-Koyanagi-Harada syndrome,
sympathetic ophthalmia, syphilis, or toxoplasmosis. Viral
uveitis, including rubella virus (RV) infection associated with
clinical diagnosis of Fuchs uveitis and anterior uveitis due to
herpes virus infection (herpes simplex virus (HSV), herpes
zoster virus (VZV), and cytomegalovirus (CMV)), is another
uveitis group also frequently associated with elevated IOP
and glaucoma [5–9]. Few studies have compared viral and
nonviral hypertensive uveitis in terms of IOP characteristics
or evolution towards glaucoma [1, 7, 10, 11]. Therefore we
retrospectively reviewed the clinical outcome of our series of
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uveitis patients with elevated IOP and analyzed their outcome
and compared patients with viral and nonviral uveitis.

2. Materials and Methods

We retrospectively retrieved the medical records of consec-
utive patients with uveitis and IOP higher than 25mmHg at
the Department of Ophthalmology in the CHU Saint-Pierre,
Brussels, Belgium, who presented to our department since
the first episode of uveitis between 2003 and June 2012. This
study was accepted by the ethic committee of the hospital.
In order to obtain a complete and long enough follow-up
of patients since the first episode of hypertensive uveitis, all
patients already treated for uveitis before their referral to
our department or who did not have a minimum of 1-year
follow-up were excluded from the study. Patients with closed
angle glaucoma and pupillary seclusion were also excluded
from the study. Clinical data were collected including results
from systemic work-up, etiology, first IOP at presentation of
uveitis, first elevated IOP, time before elevation of intraocular
pressure, maximal IOP, IOP at 3 months, at 1 year, and at
last visit, need for surgery, and occurrence of glaucoma as
defined by Casson et al. [12]. The diagnosis of glaucoma
was based on visual field defects measured by the automated
visual field Humphrey (test 24-2) and optic disc analysis of
pathologic cupping of the optic nerve head (inferior thinning
of nerve fiber layers during quiescent periods of uveitis)
analyzed by OCT Zeiss Spectralis in patients with elevated
IOP based on the diagnostic tools for glaucoma detection
and management reported by Sharma et al. [13]. A suspected
glaucoma was defined as glaucomatous defects on visual field
or optic nerve head detected by OCT but not both tests
together in patients with elevated IOP [13]. Elevated IOPwith
no glaucoma corresponded to a lack of glaucomatous defects
on visual field and optic disc OCT in these patients. All
patients included had an appropriatedwork-up depending on
the type of uveitis with at least syphilis serology, chest X-ray,
andMantoux test for granulomatous uveitis andHLAB27 test
for nongranulomatous uveitis. Diagnoses of specific uveitis
entities, such as birdshot, Vogt-Koyanagi-Harada (VKH),
and sarcoidosis, were based on SUN criteria and specific
criteria [14–16]. Diagnosis of viral uveitis was based on clin-
ical characteristic and/or positive polymerase chain reaction
(PCR) for a virus. For the diagnosis of CMV anterior uveitis,
selection of patients was based on the association of anterior
uveitis with a few large precipitates surrounded by endothelial
inflammation (coin shaped) and positive PCR for CMV in
all the cases [17]. A positive PCR for HSV1, HSV2, or VZV
was used in most cases to support the diagnosis. Diagnosis
of Fuchs heterochromic uveitis was based on pathognomonic
spindle shape keratic precipitates scattered all over the
cornea with diffuse iris changes including heterochromia,
depigmentation, and velvet aspect of the iris surface [6, 18].
Fuchs heterochromic uveitis has been recognized as a viral
uveitis. Rubella virus has been mostly implicated but CMV
might also be implicated in Fuchs heterochromic uveitis [6–
9]. Therefore, PCR for CMV and rubella have also been
performed in some of these patients. For the diagnosis

Table 1: Etiologies of uveitis.

Viral uveitis (𝑛 = 25)

Viral (𝑛 = 25)
Fuchs (𝑛 = 5)
Herpes (𝑛 = 14)
Cytomegalovirus (𝑛 = 6)

PCR+ (𝑛 = 18)
Rubeola virus (𝑛 = 2)
HSV1 (𝑛 = 10)
Cytomegalovirus (𝑛 = 6)

Nonviral uveitis (𝑛 = 36)

Toxoplasmosis (𝑛 = 6)
Behçet (𝑛 = 3)
VKH (𝑛 = 3)
AJI (𝑛 = 1)
Idiopathic (𝑛 = 14)
SPA (𝑛 = 2)
Sarcoidosis (𝑛 = 7)

of herpetic anterior uveitis, the diagnosis was based on
clinical characteristics including typical sectorial iris atrophy
pathognomonic for herpetic anterior uveitis and associated
scars of stromal keratitis and endotheliitis or previous zoster
ophthalmicus in the frontal and nasal area [19, 20].

In order to perform a statistical analysis, when both eyes
had hypertensive uveitis, only the worse eye was selected for
the study based on the worse evolution of the hypertony IOP
most uncontrolled or most topically and/or orally (acetazo-
lamide) treated to control IOP. Patients with viral uveitis were
compared to patients with nonviral uveitis.

The appropriate tests used for statistical analysis are
detailed in the tables for each statistical analysis. 𝑝 values <
0.05 were considered to be statistically significant.

3. Results

We collected 61 consecutive patients with hypertensive
uveitis. Ten patients had a bilateral hypertensive uveitis
but for statistical analysis we only included in the study
61 eyes with the most severe HIOP. We found 25 patients
with viral uveitis including 18 patients with positive PCR
for a virus (5: Fuchs (2 PCR+), 14: herpes (10 PCR+), and
6: CMV (6 PCR+)) and 36 nonviral uveitis including 6:
toxoplasmosis, 3: Behçet, 3: Vogt-Koyanagi-Harada (VKH),
7: sarcoidosis (1 defined, 2 presumed, and 4 probable as
defined by the international criteria for the diagnosis of
ocular sarcoidosis: results of the first InternationalWorkshop
On Ocular Sarcoidosis) [15], 1: juvenile idiopathic arthritis
(JIA), 2: ankylosing spondylitis (SPA), and 14: idiopathic
(Table 1).

Thenumber of patients analyzed in the viral group did not
differ statistically fromnonviral group (25 and 36,𝑝 = 0.159).
Patients were significantly older in viral group than in the
nonviral group (50.6 and 35.7 years,𝑝 = 0.014). No difference
was found in the M/F ratio in both viral and nonviral groups
(13/12 and 19/17, 𝑝 = 1.0). The mean follow-up duration was
67.8 months (range 6–205 months, SD: 37.8) in the whole
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Table 2: Demographic characteristics of patients in viral and
nonviral group.

All patients Viral Nonviral 𝑝

Number of patients 61 25 36 0.159∗

Age (years) 44 50.6 35.7 0.014∗∗

M/F 35/29 13/12 19/17 1∗∗∗

Follow-up (months) 67.8 65.9 69.1 0.74
∗Chi-squared, ∗∗𝑡-test for equal variance, ∗∗∗Fisher exact test.

series of patients with no significant difference between viral
and nonviral groups (65.9 and 69.1 months, 𝑝 = 0.743)
(Table 2).

All patients from the viral group had unilateral uveitis
while bilateral hypertensive uveitis was observed in 10
patients (16.4%) of the nonviral group. This difference was
statistically significant (𝑝 = 0.004) (Table 3).

Mean time before first episode of elevated IOP was 9.3
months (range 0–141, SD: 23.0). There was no significant
difference in time to first episode of elevated IOP (𝑝 = 0.080)
between viral and nonviral group of uveitis and Table 3.

The mean value of the first elevated IOP in the
whole series of patients was 32.9mmHg (range 25–58,
SD: 9.0) which was significantly higher in the viral group
(36.0mmHg) than in the nonviral group (27.5mmHg) (𝑝 =
0.008) (Table 3). The highest (maximal) values of IOP are
detailed in Figure 1. The mean highest value of IOP for the
whole group of patients was 36.6mmHg (range 25–58, SD:
9.9). The mean highest value of IOP was significantly higher
(40.3mmHg, range 26–56, SD: 10.6) in the viral group than
in the nonviral group (34.1mmHg, range 25–58, SD: 8.7)
(𝑝 = 0.015) (Table 3).Thirty patients (49.20%) (15 in the viral
group and 15 in the nonviral group) had elevated IOP before
applying corticosteroid drops. Among these 30 patients there
was no significant difference in first or maximal elevated IOP
in viral and nonviral group (𝑝 = 0.260 and 0.160).

At 3 months after the first episode, the mean IOP values
dropped to 19.54mmHg (range 8–56, SD: 9.16) in the whole
group with IOP of 23.0mmHg (range 10–56, SD: 11.4) in
the viral group and 17.5mmHg (range 8–48, SD: 6.3) in the
nonviral group (𝑝 = 0.057) (Figure 2). At the end of the
follow-up we found a mean IOP of 15.5mmHg in the whole
series of patients (range 6–47, SD: 6.24) with a mean IOP
of 17.7mmHg (range 10–47, SD: 8.3) in the viral group and
13.94 mmHg (range 6–25, SD: 3.64) in the nonviral group
(𝑝 = 0.043). At the end of the follow-up we had still 25
patients (41%) who needed topical treatment to control the
elevated IOP.

A glaucoma demonstrated by OCT and visual fields
occurred in 15 patients (24.59%) (2: Fuchs, 1: VKH, 1:
sarcoidosis, 4: CMV, 3: herpes, and 4: idiopathic).There were
8 cases of glaucoma found in the viral group (34.78%) and
7 cases of glaucoma found in the nonviral group (23.33%)
(𝑝 = 0.774) (Table 3). Suspected but uncertain glaucoma was
found in 11 patients (18.03%) (3 in the viral group and 8 in
the nonviral group) (𝑝 = 0.401). No glaucoma was found
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in 31 patients of the whole group 14 viral and 21 nonviral
(𝑝 = 0.774).

IOP could be successfully lowered under 25mmHg in
most patients (90.16%). No differences were found between
groups (97.2% and 84% 𝑝 = 0.149) (Figure 2).

Fifteen patients (25%) underwent surgery for uncon-
trolled IOP, 9 patients (25%) in the nonviral group and 6
patients (24%) in the viral group (𝑝 = 1.0). The etiologies of
those patients were 1: Fuchs, 2: VKH, 1: sarcoidosis, 3: herpes,
2: CMV, 4: idiopathic, 1: Behçet, and 1: ankylosing spondylitis.

4. Discussion

Elevated IOP in uveitis does not always lead to glaucomatous
damage; however glaucoma is one of the most severe com-
plications of uveitis. The aim of this work was to evaluate
the characteristics of uveitis with elevated IOP and the
evolution toward glaucoma and to compare viral andnonviral
hypertensive uveitis.

In order to study the evolution patients with elevated IOP
since the beginning of the disease it was important to include
only patients who had a complete follow-up since first attack
and exclude patients that were already treated for uveitis
before the referral in our department. This approach might
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Table 3: Laterality, IOP, and glaucoma.

All patients (𝑛 = 61) Viral (𝑛 = 25) Nonviral (𝑛 = 36) 𝑝

Bilaterality 16.39% n = 0 (0%) 27.78% 0.004
Time to EIOP (months) 9.28 9.84 8.89 0.08
First elevated IOP (mmHg) 32.95 36 27.5 0.008
Maximum IOP (mmHg) 36.6 40.28 34.06 0.015
Glaucoma 24.59% 32.00% 19.44% 0.774

explain some particularities of our cohort. Most patients with
JIA were addressed to our referral center from another clinic;
consequently only one patient with JIA from our group of
patients with JIA and elevated IOP could be included in the
study.This explains the low rate of JIA in our study. However
when we analyze our complete cohort of patients with JIA
referred later in the evolution of their uveitis to our clinic,
55% of them presented with a hypertony and 35% of them
had a glaucoma (unpublished results).These results are more
in accordancewith other reportswhere a frequency from 14 to
42% of glaucoma was found in JIA [20–27]. The distribution
of the other causes of uveitis is in agreement with previous
reports [28]. We found 22.95% of anterior herpetic uveitis.
This is slightly less than other reports where 28 to 45% of
elevated IOP was found [28, 29].

Another limit of our study is that only 18/25 patients
of the viral group had a PCR performed and a positive
result for a virus. However the 7 patients without PCR had
pathognomonic signs of herpetic anterior uveitis or Fuchs
heterochromic anterior uveitis. Only 2 patients with a clinical
diagnosis of Fuchs heterochromic uveitis had a positive PCR
and none had a Goldman Witmer test performed for rubella
virus. Wensig et al. found a positive Goldman Witmer ratio
for rubella virus in 100% of patients with a clinical diagnosis
of Fuchs while only 12% of these patients had a positive PCR
for rubella virus [6].

To our knowledge, our study is the first one to evaluate the
etiologies of uveitis among a groupof hypertensive uveitis and
to compare viral and nonviral uveitis, while most previous
studies investigated elevated IOP among groups of patients
with a specific etiology of uveitis [6, 10, 20, 21, 27, 28]. We
found demographic differences between viral and nonviral
uveitis. The patients of the viral group were older than the
patients in the nonviral group. Indeed, the mean age for viral
uveitis was 50.6 years while it was 34.7 years for nonviral
causes. We did not compare the age among viral causes like
Wensing et al., who compared RV with HSV and VZV and
found that RV appeared in younger patients compared to
HSV and VZV [6] while Miserocchi et al. also reported that
the age was similar for HSV and VZV [20].

A major issue of hypertensive uveitis is to evaluate the
relative role or inflammation and corticosteroid-response
in the elevation of IOP. In this series, 30 patients (49.2%)
had elevated IOP before the use of topical steroids drops.
This means that, at least, half of the uveitis with elevated
IOP were not related to the use of topical corticosteroid.
Among these patients, there was no significant difference
in IOP between viral and nonviral group. When all the 61

patients were evaluated, the mean value of the first elevated
IOP and the mean highest value of IOP appeared to be
significantly higher in the group of patients with a viral uveitis
as compared with the patients with nonviral uveitis. However
these values were not significant anymore when limited to
themeasurements of the 30 patients with elevated IOP before
the use of topical corticosteroids. This might indicate that
patients with viral and nonviral uveitis have comparable IOP
or that the series limited to 30 patients was too little to show
significant differences.

To our knowledge this is the first evaluation of initial
elevated IOP in uveitis. Very few authors previously reported
intraocular pressure values; most of them defined a limit
beyond which the uveitis is defined as hypertensive but
did not analyze IOP values. Values of high IOP have been
reported recently in CMV uveitis; Park et al. reported an
average maximal IOP of 33.9 in CMV uveitis which is similar
to our values before corticosteroids (32.75) while the average
maximal IOPwas 47.3mmHg among all our group of patients
of CMV uveitis [8].

Our results in Fuchs uveitis with an average IOP of
36.32mmHg at baseline and 40.28mmHg as average maxi-
mal IOPwith one patient who had a filtering surgery (16.67%)
support the study of Bouchenaki and Herbort who reported
a lower rate of filtering surgery in Fuchs uveitis compared
with the other etiologies of uveitis. Unfortunately we cannot
compare our values with their IOP values because we only
analyzed the hypertensive uveitis and not the hypertensive
uveitis among all uveitis cases [28, 30].

IOP could be successfully lowered under 25mmHg in
most patients in both groups (97.2% and 84%) and 24.6% of
the patients underwent a glaucoma surgery (9 in the nonviral
group and 6 in the viral group). This can be compared to
the results of the study of Pogorzalek et al. where 25.9% of
patients with elevated IOP underwent a surgery [28].

The glaucoma surgery rate varies among studies: Sungur
et al. found only 2.6% (2 patients) of surgeries among viral
hypertensive uveitis cases but this study was evaluating all
patients with and without hypertensive uveitis, and their
patients had herpetic keratouveitis rather than anterior
uveitis without active keratitis. And if we report their 2
patients among their hypertensive cases, the rate of surgeries
becomes 5.56% [21]. Sallam et al. found 14.5% of surgeries
among elevated IOP uveitis cases [31].

A clear glaucoma occurred in 24.6% of our patients with
hypertensive uveitis without significant differences between
viral and nonviral uveitis.This confirms the study of Pogorza-
lek et al., while Panek et al. found 20% of glaucoma [27, 28].
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Wensing et al. found 18 to 30% of glaucoma in viral uveitis
with a lower rate of glaucoma in RV with clinical signs of
Fuchs uveitis compared to in herpetic uveitis [6]. Sungur
et al. found 13.1% of glaucoma in viral uveitis, but again
this was a group of keratouveitis [21]. Our percentage is
slightly higher but this can be explained by the design of our
study evaluating only hypertensive uveitis which increased
the risk to develop glaucoma comparedwith a group of uveitis
including nonhypertensive as well as hypertensive uveitis.

Detection of glaucoma may be influenced by uveitic
changes, uveitis may affect the visual field and inflammatory
optic disc swelling may also obscure the assessment of
glaucomatous optic disc. Therefore, as recently suggested by
Din et al., OCT of the optic nerve had been preferentially
evaluated for glaucomatous retinal RNFL changes in our
patients with uveitis during quiescent periods to reduce the
masking effect of RNFL thickening associated with active
uveitis [32].

Although the two groups were comparable concerning
the gender, the length of follow-up, and the number of
patients, the two groups were not totally comparable since
the age of patients was significantly different with 35.7 years
for the nonviral group and 50.6 years in the viral group (𝑝 =
0.014) but this appears to be a characteristic of viral uveitis
[19]. On the other side, some authors found younger patient
in Fuchs uveitis and also inCMVuveitis while lymphoma and
sarcoidosis are especially known to occur in older patients
[6, 8, 32, 33].

5. Conclusion

This retrospective study evaluates the evolution of IOP in
hypertensive uveitis and provides in addition a comparative
approach of viral and nonviral hypertensive uveitis.We found
an older age and a higher number of unilateral cases in viral
hypertensive uveitis compared with nonviral cases. Half of
the patients had the first episode of HIOP before the use of
corticosteroids. A higher initial and maximal elevated IOP
value in viral hypertensive uveitis compared with nonviral
cases might also be possible. The risk to develop glaucoma
in hypertensive uveitis is important and comparable in both
groups. Prospective studies are needed to further validate
these different characteristics.
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Purpose. To investigate blood pressure and heart rate variability in patients with primary open-angle glaucoma (POAG) to detect
disturbed blood pressure regulation. Methods. Thirty-one patients with POAG (mean age 68 ± 10 years) and 48 control subjects
(mean age 66 ± 10 years) were included in a prospective study. Continuous blood pressure and heart rate were simultaneously
and noninvasively recorded over 30min (Glaucoscreen, aviant GmbH, Jena, Germany). Data were analyzed calculating univariate
linear (time domain and frequency domain), nonlinear (Symbolic Dynamics, SD) and bivariate (Joint Symbolic Dynamics, JSD)
indices. Results. Using nonlinear methods, glaucoma patients were separated with more parameters compared to linear methods.
In POAG, nonlinear univariate indices (pW113 and pW120 Sys) were increased while the indices pTH10 Sys and pTH11 Sys reflect
a reduction of dominant patterns. Bivariate indices (JSDdia29, JSDdia50, and JSDdia52; coupling between heart rate and diastolic
blood pressure) were increased in POAG. The optimum set consisting of six parameters (JSDdia29, JSDdia58, pTH9 Sys, pW231,
pW110 Sys and pW120 Sys) revealed a sensitivity of 83.3% and specificity of 80.6%.Conclusions. Nonlinear uni- and bivariate indices
of continuous recordings of blood pressure and heart rate are altered in glaucoma. Abnormal blood pressure variability suggests
disturbed autonomic regulation in patients with glaucoma.

1. Introduction

Glaucoma is a multifactorial chronic progressive disease,
characterized by the loss of ganglion cells which leads to
typical damage of the optic nerve and to visual field loss.
The pathogenic concepts of glaucoma may be divided into a
mechanical, pressure-related, and a vascular approach. It is
well established that themain risk factor for glaucoma is indi-
vidually elevated intraocular pressure. In addition, systemic
vascular factors like arterial hypertension and hypotension,
cardiovascular diseases, vasospasms, and others have been
identified to play a significant role in the disease as well as
impaired ocular blood flow [1–3].

In this context, disturbed vascular regulation may
increase the susceptibility of the optic nerve and the gan-
glion cells to fluctuations in ocular perfusion pressure.
Systemic blood pressure regulation and local mechanisms

(autoregulation) need to maintain ocular blood flow at a
constant level despite changes in perfusion pressure [4, 5].
It has been shown that low ocular perfusion pressure is
a risk factor for the prevalence of glaucoma. Abnormal
perfusion and the following ischemia of the optic nerve are
supposed to lead to glaucomatous damage [6, 7]. Disturbed
autoregulation was observed in several studies in glaucoma
[4, 8, 9]. The mechanisms may be related to primary vascular
dysregulation, endothelial dysfunction, astrocyte activation,
or increased intraocular pressure [7, 10]. In a previous study
on 24 h blood pressure monitoring in glaucoma, an increased
night-time blood pressure variability was found suggesting
disturbed systemic blood pressure regulation [11].

The present prospective pilot study investigates the
autonomic blood pressure regulation in patients with pri-
mary open-angle glaucoma (POAG) and controls. Systolic
and diastolic blood pressure and heart rate variability was
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noninvasively and continuously assessed to characterize sys-
temic vascular dysregulations using linear and nonlinear
methods. The hypothesis is that POAG patients exhibit a
different pattern of blood pressure and heart rate variability
compared to controls as defined by using nonlinear analyzing
methods.

2. Methods

Thirty-one patients with POAG and 48 age-matched controls
were included in a prospective pilot study. All patients
with POAG had a detailed ophthalmological examination;
intraocular pressure was measured using Goldmann appla-
nation tonometry. Patient’s history was explored with special
interest on cardiovascular risk factors (diagnosis of treated
hypertension, arterial hypotension, history of cardiovascular
events, nicotine abuse, and obesity). The systemic medi-
cations were recorded, but only the status of treated arte-
rial hypertension was included in the analysis. Participants
were recruited from the Department of Ophthalmology at
the University of Aachen. Informed consent was obtained
from all subjects. Adherence to the Declaration of Helsinki
for research involving human subjects is confirmed. Ethics
approval was granted by the committee of ethics at the
University of Aachen.

To measure cardiovascular biosignals, blood pressure,
and electrocardiogram, the diagnostic system “Glaucoscreen”
(aviant GmbH, Jena, Germany) was used.

Synchronous ECG and blood pressure time series were
continuously recorded over a period of 30 minutes in a
lying position at rest using Glaucoscreen (aviant GmbH,
Jena, Germany); see Figures 1 and 2. The method focusses
on the detection of abnormal fluctuations of the cardiovas-
cular system and the mechanisms of systemic autonomic
regulation in patients without any physical activity. This
system allows simultaneous and continuous multichannel
registration of diastolic and systolic blood pressure and
heart rate. Participants avoided activities that could alter
the blood pressure or heart rate 30min before examination.
Nicotine or caffeine intake was not allowed on the day of the
examination. For preparing the recording, at first electrodes
were fixed on subject’s body to record the electrocardio-
gram. For calibration, blood pressure was measured once
before starting the recording using the upper arm. During
the period of 30 minutes, blood pressure was measured
continuously at two fingers, applying the noninvasive CNAP
OEM Module (CNSystems Medizintechnik AG, Austria).
The recording was started automatically controlled by the
computer software. All recordings were performed under
resting conditions (supine position, quiet environment, and
the same location) and patients were instructed to lie calmly
and to avoid speaking.

Systemic blood pressure variability (BPV) and heart
rate variability (HRV) were analyzed offline (Ernst-Abbe-
Hochschule Jena, Department of Medical Engineering and
Biotechnology, Jena, Germany). For data preprocessing, the
time series of successive beat-to-beat intervals (BBIs) and of
systolic as well as diastolic pressure values were extracted.

Figure 1: Simultaneous and continuousmultichannel registration of
diastolic and systolic blood pressure and heart rate in a lying position
at rest.

Figure 2: Synchronous ECG and blood pressure time series were
continuously recorded and computer controlled.

HRV is the BBI length variability also called RR variability
(where R represents the peak of the QRS complex of the
ECG complex and RR is a time interval between two
successive R peaks) whereas BPV represents the variability
of successive systolic or diastolic blood pressure values
corresponding to the related heart beats. In a further step,
artefacts and/or ectopic beats and other disturbances (either
R peaks recognized incorrectly or R peaks generated not
in sinus rhythm) were detected within the RR time series
and replaced (applying an adaptive filter) by interpolated
“normal” beats to generate normal-to-normal (NN) beat time
series representing normal sinus rhythm of the heart.

HRV and systolic and diastolic BPV standard parameters
were calculated from time (Table 1) and frequency domain
(Table 2) according to the Task Force of the European Society
of Cardiology and the North American Society of Pacing and
Voss et al. [12, 13].
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Table 1: Description of parameters calculated by time domain analysis. Parameters were calculated for heart rate and systolic and diastolic
blood pressure.

Method Parameter Description

Time domain

MEANNN Mean value of all NN intervals
SDNN Standard deviation of all NN intervals
CVNN Coefficient of variation of all NN intervals

SDANN1 Standard deviation of the averages of NN intervals in all 1-minute segments of the entire
recording

SDANN5 Standard deviation of the averages of NN intervals in all 5-minute segments of the entire
recording

SDANN10 Standard deviation of the averages of NN intervals in all 10-minute segments of the entire
recording

RMSSD Square root of the mean squared differences of successive NN intervals

PNN50 Proportion derived by dividing the number of interval differences of successive NN
intervals greater than 50ms by the total number of NN intervals

PNN100 Proportion derived by dividing the number of interval differences of successive NN
intervals greater than 100ms by the total number of NN intervals

PNN200 Proportion derived by dividing the number of interval differences of successive NN
intervals greater than 200ms by the total number of NN intervals

PNNL10 Portion of NN interval differences <10ms in all NN intervals
PNNL20 Portion of NN interval differences <20ms in all NN intervals
PNNL30 Portion of NN interval differences <30ms in all NN intervals
PNNL50 Portion of NN interval differences <50ms in all NN intervals
RENYI2 Renyi entropy of the histogram with (order) alpha = 2
RENYI4 Renyi entropy of the histogram with alpha = 4
RENYI025 Renyi entropy of the histogram with alpha = 0.25
SHANNON Shannon entropy of the histogram

Table 2: Description of parameters calculated by frequency domain analysis. Parameters were calculated for heart rate and systolic and
diastolic blood pressure.

Method Parameter Description

Frequency domain

ULF Power (=variability) in “ultra low frequency” range (0–0.0033Hz)
VLF Power (=variability) in “very low frequency” range (0.0033–0.04Hz)
LF Power (=variability) in “low frequency” range (0.04–0.15Hz)
HF Power (=variability) in “high frequency” range (0.15–0.4Hz)
XHF Extended high frequency band from 0.15 to 0.6 Hz
XF Frequency band from 0.12 to 0.18 Hz
P Total power density spectra (variance of all NN intervals ≤0.4Hz)

LF/HF Ratio of LF and HF
LF/P Ratio of LF and P
HF/P Ratio of HF and P

XHF/PX Ratio of XHF and the extended total power (variance of all NN intervals ≤0.6Hz)
VLF/P Ratio of VLF and P
ULF/P Ratio of ULF and P

(ULF + VLF + LF)/P Ratio of (ULF + VLF + LF) and P
(ULF + VLF)/P Ratio of (ULF + VLF) and P

UVLF Sum of ULF, VLF, and LF (≤0.15Hz)
LFN Normalized low frequency
HFN Normalized high frequency
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In addition to these linear analysis methods, Symbolic
Dynamics (SyD) and Joint Symbolic Dynamics (JSD), two
nonlinear methods were applied in this study. Results of SyD
analysis have been shown to be sufficient for the investigation
of complex systems anddescribe dynamic aspectswithin time
series. SyD is a nonlinear method which describes the global
short- and long-term dynamics of beat-to-beat variability on
the basis of symbolization and was introduced by Kurths and
Voss et al. [14, 15]. The SyD method converts the NN interval
time series into an alphabet of four predefined symbols (0,
1, 2, and 3) according to the transformation rules based on
consecutive comparison of successive NN intervals.

The symbols “0” and “2” reflect slight deviations (<10%
increase, resp., 10% decrease) from the mean NN interval,
and the symbols “1” and “3” reflect stronger deviations (>10%
increase, resp., 10% decrease) from the mean NN interval.

Then, the symbol strings are transformed into word series
where each word consists of three successive symbols. This
leads to a range of 64 different word types (xxx = 000, 001,. . .,
333). Then, estimates from the word distribution using the
probability of occurrence (pWxxx) of each word type within
NN interval time series are calculated (the summarized
probability of all word types is normalized to 1).

On the basis of these word types, the number of all word
types with a probability of occurrence of more than yyy
percent (pTHyyy for HRV and pTHyyy Sys/Dia for BPV)
was separately counted (e.g., pTH13 Sys means the number
of word types with a probability of occurrence greater than
13% in systolic blood pressure time series).

The SyD indices were all calculated for the heart rate and
systolic and diastolic blood pressure time series.

The JSD (Figure 3) [16] is a bivariatemethod investigating
interactions between BBI time series and systolic or diastolic
time series. JSD was applied to quantify the short-term
bivariate nonlinear behavior of the cardiovascular system.
Similar to the SyD, JSD transforms BBIs, diastolic, and
systolic blood pressure time series into symbol sequences
of different words 𝑊 according to the transformation rules
using an alphabet 𝐴 = {0, 1}. Thereby, symbol “1” represents
increasing values (the actual value is greater than the previous
one) and symbol “0” decreasing and unchanged values (the
actual value is less than or equal to the previous one) applying
a threshold level equal to zero.

Afterwards, short patterns (words of length consisting of
3 symbols) were formed (𝑘 = 64) in detail; see Figure 3.

The analysis method of JSD included the evaluation of
64 parameters for characterization of systolic blood pressure
interaction with heart rate and 64 parameters for the interac-
tion of diastolic blood pressure and heart rate.

2.1. Statistical Analysis. The analysis was performed on the
basis of the HRV/BPV indices (time and frequency domain,
methods from nonlinear dynamics). The nonparametric
Mann-Whitney U test (SPSS 21) was applied for statistical
analysis to figure out significant (𝑝 < 0.05) and highly
significant (𝑝 < 0.001) parameters differentiating between
patients with glaucoma and controls. For highly significant
parameters, the multivariate stepwise discriminant function
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Figure 3:The method of Joint Symbolic Dynamics (JSD) quantifies
the short-term bivariate nonlinear behavior (coupling) of blood
pressure and heart rate. JSD transforms BBIs (beat-to-beat intervals)
and diastolic or systolic blood pressure time series into symbol
sequences of different words (3 successive symbols are one word)
according to the pattern of change (increase or decrease) [14]. Top:
𝑥 as time series of BBI (in ms) and systolic blood pressure values
(in mmHg). Middle: 𝑠 as symbol vector. Bottom: 𝑊 as word type
matrix with BBI (columns); SP, systolic blood pressure (rows). With
JSD1. . .JSD64 as coupling indices.

analysis was performed to calculate the specific sensitivity
and specificity and the area under the receiver operating
characteristics (ROC) curve (AUC) applying the best set of
six parameters.

3. Patients

Thirty-one patients with POAG and 48 age-matched volun-
teers were included in this prospective pilot study. Patients
with POAG had a glaucomatous excavation of the optic
disc and glaucomatous visual field defects as defined by the
European Glaucoma Society [17]. The diagnostic criteria for
glaucomatous visual field loss are as follows. Field loss was
considered significant when (a) glaucoma hemifield test was
abnormal, (b) 3 points were confirmed with 𝑝 < 0.05
probability of being normal (one of which should have 𝑝 <
0.01), not contiguous with the blind spot, or (c) corrected
pattern standard deviation (CPSD) was abnormal with 𝑝 <
0.05. All parameters were confirmed on two consecutive
visual fields performed with Humphrey Field Analyzer. All
patients with POAG had IOP values above 21mmHg without
treatment in their medical history. Visual field examinations
were performed with the Humphrey Field Analyzer (Model
750, Humphrey-Zeiss, San Leandro, California, SITA pro-
gram 24-2).

The control subjects did not have any ophthalmologic
disease, showed IOP values below 22mmHg, and did not
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Table 3: Clinical data of patients with POAG and control subjects.

POAG Controls
Age (years) 68 ± 10 66 ± 10
Treated arterial
hypertension 18/31 17/48

Diabetes mellitus 4/31 3/48
Cardiovascular or
Cerebrovascular events 5/31 0/48

Adiposity (body mass index
>30 kg/m2) 1/31 9/48

Hypotonia/Raynaud’s
Phenomenon 5/31 0/48

Nicotine abuse 4/31 11/48

receive any topical treatment. Visual field examinations did
not reveal any significant visual field loss. Visual field parame-
ters (mean deviation (MD) and pattern SD (PSD), Humphrey
Visual Field Analyzer) were within normal range and the
glaucoma hemifield test was within normal limits. Healthy
controls presented in funduscopy a normal optic nerve head
appearance (no thinning or notching of neuroretinal rim, no
bared circumlinear vessels, and no disc hemorrhages).

Volunteers and patients with POAGwith an acute cardio-
vascular or cerebrovascular event within the last 6 months or
with known heart rhythm disorders were excluded from this
study.

Patients with glaucoma and controls were matched for
age, sex, and treated arterial hypertension. All patients with
glaucoma were on topical IOP lowering therapy that might
influence the results.

4. Results

Thirty-one patients with POAG (mean age 66 ± 10 years; 17
men, 14 women) and 48 control subjects (mean age 68 ± 10
years; 24 men, 24 women) were included in this study.

Patients with POAG had on the right eye a mean IOD
of 15 ± 3mmHg (minimum 8mmHg, maximum 36mmHg)
and on the left eye a mean IOD of 17 ± 5mmHg (minimum
10mmHg, maximum 33mmHg). IOD of the healthy controls
was never above 21mmHg; mean IOD for the right eye
was 15 ± 3mmHg and for the left eye 14 ± 3mmHg. All
patients suffering from POAG were on topical IOP lowering
medications. Seventeen patients used carbonic anhydrase
inhibitors, 24 patients ß-blockers, 6 patients brimonidine,
and 19 patients prostaglandins. Twenty-nine patients with
POAG and 23 controls confirmed in their medical history
treated arterial hypertension. The clinical data (systemic
vascular risk factors by medical history) of both groups are
shown in Table 3.

In the group of POAG, patients had a mean diastolic
blood pressure of 89 ± 9mmHg and a mean systolic blood
pressure of 145 ± 17mmHg. The controls showed a mean
diastolic blood pressure of 86±12mmHg and amean systolic
blood pressure of 147 ± 17mmHg. Mean heart rate in the
group of POAG was 68 ± 10/min; healthy controls showed
a mean heart rate of 67 ± 10/min. The mean as well as

Table 4: Analysis methods and amount of significant parameter
(𝑝 < 0.05) for controls versus POAG for each time series.

Time series and used analysis method

Amount of
significant
parameter

controls versus
POAG

Heart rate variability
Time domain 0 out of 18
Frequency domain 1 out of 18
Symbolic Dynamics 5 out of 99

Systolic blood pressure
Time domain 1 out of 18
Frequency domain 0 out of 18
Symbolic Dynamics 11 out of 99

Diastolic blood pressure
Time domain 0 out of 18
Frequency domain 0 out of 18
Symbolic Dynamics 1 out of 99

Systolic JSD 1 out of 64
Diastolic JSD 7 out of 64

standard deviation of the heart rate and diastolic and systolic
blood pressure did not significantly differ between the two
investigated groups.

Looking at the time series of heart rate and systolic
blood pressure, more parameters belonging to the nonlinear
analysis methods (SyD) were able to significantly separate
control subjects and patients with POAG compared to the
time series of diastolic blood pressure, where only one
SyD parameter could separate the two groups significantly
(Table 4).

Applying the method of JSD, more significant parameters
were detected when analyzing the interaction of the time
series diastolic blood pressure and heart rate compared to
the interaction of time series systolic blood pressure and
heart rate. The univariate indices pW113 and pW120 Sys
(probability of occurrence of the specific word types: 113 for
beat-to-beat intervals and 120 for systolic blood pressure)
were increased in POAG. That means an increase of patterns
with a valley-like behavior of heart rate patterns and an
increase of systolic BPV patterns with a start of a plateau
phase.

The univariate indices pTH10 Sys and pTH11 Sys (num-
ber of systolic BPV word types with a probability of occur-
rence higher than 10, resp., 11 percent) reflect a reduction of
dominant patterns at the expense of an increased probability
of occurrence of other word types (an increase of pTH3).That
means that POAGexhibit a higher systolic BPV than controls.

Finally, the indices JSDdia29, JSDdia50, and JSDdia52
were increased in POAG. These indices characterize
the coupling between heart rate and diastolic blood
pressure. Interestingly all these indices may be found
directly or in neighborhood to the word types representing
diametric behavior (e.g., 011,100 or 110,001).These word types
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Table 5: Significant parameters (𝑝 value, mean value, and standard deviation) separating controls versus patients with POAG according to
time series and analysis methods.

Time series and analysis
method Significant parameters Controls versus POAG Controls POAG

Mean Std. Mean Std.
Heart rate

Frequency domain LFP 4.81E − 02 0.2025 0.0986 0.2534 0.1222
Heart rate

Symbolic Dynamics

pW031 4.71𝐸 − 02 0.0001 0.0002 0.0001 0.0003
pW113 3.93E − 03 0.0000 0.0001 0.0004 0.0016
pW231 1.01𝐸 − 02 0.0001 0.0003 0.0003 0.0004
pW310 3.45𝐸 − 02 0.0001 0.0002 0.0003 0.0006

Blood pressure systolic
Time domain renyi4 Sys 4.26𝐸 − 02 1.9573 0.4239 1.7789 0.4075

Blood pressure systolic

Symbolic Dynamics

pW003 Sys 3.98𝐸 − 02 0.0006 0.0013 0.0012 0.0021
pW011 Sys 2.00𝐸 − 02 0.0184 0.0082 0.0150 0.0073
pW110 Sys 2.42𝐸 − 02 0.0181 0.0079 0.0150 0.0076
pW120 Sys 5.07E − 04 0.0005 0.0010 0.0011 0.0015
pTH3 Sys 4.20𝐸 − 02 7.3333 1.6417 8.0323 1.6829
pTH8 Sys 1.13𝐸 − 02 3.1458 1.0717 2.5484 0.7229
pTH9 Sys 1.59𝐸 − 02 2.8125 1.0033 2.2903 0.5287
pTH10 Sys 1.50E − 03 2.5000 0.9453 2.0323 0.1796
pTH11 Sys 5.00E − 03 2.3333 0.9070 1.8710 0.4995
pTH12 Sys 1.51𝐸 − 02 2.1875 0.6410 1.8710 0.4995
pTH13 Sys 4.71𝐸 − 02 2.1042 0.6601 1.8387 0.5829

Blood pressure diastolic
Symbolic Dynamics pW202 Dia 1.55𝐸 − 02 0.0212 0.0121 0.0280 0.0146

Joint Symbolic
Dynamics systolic blood
pressure, heart rate

JSD30 3.23𝐸 − 02 0.0116 0.0067 0.0141 0.0059

Joint Symbolic
Dynamics diastolic
blood pressure, heart
rate

JSDdia29 9.74E − 03 0.0283 0.0145 0.0417 0.0239
JSDdia33 2.17𝐸 − 02 0.0183 0.0097 0.0130 0.0069
JSDdia37 3.58𝐸 − 02 0.0107 0.0112 0.0072 0.0044
JSDdia50 8.11E − 03 0.0276 0.0145 0.0392 0.0217
JSDdia52 9.23E − 03 0.0118 0.0085 0.0169 0.0111
JSDdia53 2.49𝐸 − 02 0.0197 0.0136 0.0137 0.0087
JSDdia58 2.62𝐸 − 02 0.0055 0.0040 0.0083 0.0055

demonstrate a behavior oppositional to the typical baroreflex
response (e.g., 001,001 or 110,110).

Overall, only single linear indices from time and
frequency domain analysis showed significant differences
between groups. All significant parameters are shown in
Tables 4 and 5.

The optimum set consisting of six parameters (JSDdia29,
JSDdia58, pTH9 Sys, pW231, pW110 Sys, and pW120 Sys)
revealed a sensitivity of 83.3%, a specificity of 80.6%, and an
AUC of 82.3%.

5. Discussion

Ocular blood flow is an important factor in glaucoma-
tous optic neuropathy and, together with ocular perfusion

pressure, is directly affected by systemic blood pressure [3,
18]. The influence of systemic blood pressure on glauco-
matous optic neuropathy has been investigated in several
studies before [1, 11, 19, 20]. Systemic blood pressure has
different fluctuation rhythms under physiological conditions.
Systemic blood pressure has different fluctuation rhythms
under physiological conditions, that is, seasonal variability
with lower blood pressure values in winter times, short-
time fluctuation patterns during day and night and the
physiological night-time blood pressure depression [11].
There is evidence that excessive dipping could be associated
with development or progression of glaucoma [21]. Sung
et al. examined the relationship between 24 h mean ocular
perfusion pressure and visual field progression in patients
with normal tension glaucoma. In that retrospective study, 101



Journal of Ophthalmology 7

patients had at least a 4-year follow-up, and blood pressure
and IOP were evaluated over 24 hours in each patient. Sung
et al. showed that elevated 24 h mean arterial pressure and
increased 24 h mean ocular perfusion pressure fluctuations
were a significant risk factor for glaucoma progression [19].

Local blood flow of the optic nerve head is organized
by autoregulation [22]. Autoregulation is the physiological
phenomenon in which the resistance changes dynamically
to keep blood flow at a constant level which is required by
the local and metabolic activity despite changes in perfusion
pressure. In healthy subjects, retinal blood flow is autoregu-
lated to provide a constant blood flow regardless of changes
in ocular perfusion pressure [4, 5]. Earlier studies have sug-
gested that glaucoma patients show abnormal autoregulation
especially in response to acute changes in ocular perfusion
pressure [21, 22]. In glaucoma, autoregulatory dysfunction
may be related to fluctuations in ocular perfusion pressure,
via changes in either systemic blood pressure or intraocular
pressure, leading to changes in retinal and optic nerve head
perfusion [21, 23, 24]. The concept of altered ocular blood
flow has been postulated to be a major component of glau-
coma pathogenesis in normal tension glaucoma. However,
disturbed blood flowhas been found to be relevant in primary
open-angle glaucoma also [3, 25–27].

In addition to the concept of autoregulation, systemic
blood pressure and heart rate are influenced by systemic
mechanisms of regulation. The concept of systemic vascu-
lar dysregulation in glaucoma affecting recurrent ischemic
episodes of the optic nerve caused by an impaired capacity
to compensate low perfusion pressures has been described
before [10, 21].The concept of disturbed blood flow regulation
in glaucoma has been investigated in various studies using
different approaches provoking the capability of systemic
and local mechanisms of blood flow regulation. Stimuli such
as carbon dioxide, oxygen, cold stress, isometric exercise,
brachial arterial occlusion, or light flicker were used to exam-
ine blood flow regulation in patients with normal tension
and primary open-angle glaucoma [9, 22, 28]. However, until
today, no standardmethod tomeasure vascular dysregulation
has been established. In contrast to provocationmethods that
focus on autoregulation of ocular blood flow, the concept
of the present study is to quantify the extent of defective or
abnormal systemic vascular regulation of blood pressure and
heart rate without any stimulus given. Using this approach,
the autonomic system may be characterized without any
influence ab externo.

In our study, blood pressure and heart rate variability was
noninvasively assessed to characterize systemic vascular dys-
regulation in glaucoma patients and controls. Nonlinear ana-
lyzing parameters of blood pressure and heart rate data were
significantly different. The nonlinear model was designed to
account for complex interactions of the continuously gained
values characterizing systemic blood pressure and heart
rate variability and dysregulation. In contrast, only singular
linear indices from time and frequency domain showed
significances. However, these indices could not contribute
to the discrimination between glaucoma and controls in
the same level as the nonlinear methods SyD and JSD. The
optimum set consisting of 6 indices revealed a sensitivity

of 83.3% and a specificity of 80.6%. Interestingly, in this set
only, indices from nonlinear dynamics (Symbolic Dynamics)
were included. In this context, we should emphasize that
we do not believe that the identification of abnormal blood
pressure or heart rate patterns would probably be a tool to
identify glaucoma patients. But the measurement of systemic
autonomic dysregulation might be an important method to
identify patients with an increased risk for progression due
to an impaired capacity of optic nerve head perfusion.

Methods of heart rate variability (HRV) and BPV based
on nonlinear system theory and beat-to-beat dynamics have
gained recent interest as they may reveal dedicated changes
of autonomic regulations. These methods have been already
used in other studies, investigating risk estimation for sudden
cardiac death in patients with cardiomyopathy [15] or exam-
ining heart rate variability in normal pregnancy [16].

There are various types of different fractal scaling
measures, complexity measures, power law analysis, mea-
sures of Symbolic Dynamics, turbulence, and accelera-
tion/deceleration of heart rate and blood pressure and
they have been studied in various patient populations
[29, 30].

In this study, especially indices from SyD (univariate)
and JSD (bivariate, coupling) exhibit significant impair-
ments in the cardiovascular regulation in glaucoma patients.
These results support the idea that glaucoma is not just
a process involving the eye but may be a manifestation
of a more generalized autonomic dysfunction that is in
agreement with the findings of Brown et al. and others
[31, 32]. Andrikopoulos et al. [33] summarized that PEX
syndrome may be linked to impaired heart and blood
vessels function, systemic and ocular blood flow changes,
altered parasympathetic vascular control and baroreflex sen-
sitivity, increased vascular resistance and decreased blood
flow velocity, arterial endothelial dysfunction, high levels
of plasma homocysteine, and arterial hypertension. These
partly complex linked impairments might be a reason for
the found coupling impairments in POAG in this study. In
general, an increased blood pressure variability is associated
with cardiovascular disorders [34]. An increased variability
of systolic blood pressure represents also a strong predic-
tor of early carotid atherosclerosis progression in general
population [35]. In a 3-year follow-up study, progression of
intima-media wall thickness was significantly greater in the
patients with increased systolic BPV even after adjustment for
other risk factors. Moreover, especially an increased daytime
systemic BPV was associated with a greater risk of cardio-
vascular events [35]. We could confirm such an increased
systemic BPV in this study.The reduced values of pTH10 and
pTH11 (a lower number of dominating word types leading
to a more broadly distributed variability) and the increased
values of pWsys120 (representing an increased number of
alternating patterns of the systolic blood pressure) are typical
signs of an increased BPV. These patterns are related to an
increased number of downregulations of the heart rate and
to more temporal limitations of blood pressure increases.
Both together might reflect an increased number of barore-
flex activities to short-term down- regulated systolic blood
pressure.
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Even the sensitivity of baroreflex control of heart rate is
depressed in glaucoma patients [31]; the number of tachy-
cardic baroreflexes seems to be increased. Higher values
of JSDdia29, JSDdia50, and JSDdia58 indicate enhanced
occurrences of baroreflex regulations (couplings between
diastolic blood pressure and heart rate) and, therefore,
impaired short-term blood pressure regulation in glaucoma
patients. Diastolic blood pressure variability and baroreflex
characterize the short-term behavior of the cardiovascular
system and are mainly determined by respiratory influences
on the blood pressure and heart rate. Therefore, coupling
analyses might uncover impairments of the autonomic blood
pressure regulation [36].

However, it might be too early for this method for a more
specific interpretation of the data. Further studies have to
show if our pilot results can be reproduced in a larger scaled
investigation. A major limiting factor of this prospective
study is the possible influence of other systemic vascular dis-
eases and topical and systemic medications possibly affecting
ocular blood flow. A large controlled prospective study would
be appropriate to investigate such confounding factors and to
validate the results of this study. Secondly, this approach has
to be investigated in patients with normal tension glaucoma
as well, to learn if the same or other parameters will be found
to be altered in these patients.

6. Conclusions

In conclusion, these alterations in blood pressure variability
and coupling with heart rate suggest modified autonomic
regulation due to a vascular dysfunction in patients suffering
from glaucoma.The importance of the vascular influence for
the pathogenesis of glaucoma is again emphasized by this
study. Further studies need to show if the method is valuable
to identify systemic autonomic dysfunction in glaucoma.
Patients with systemic autonomic dysfunction might be at
higher risk for progression of the disease due to a higher
susceptibility of the optic nerve to fluctuations in intraocular
pressure or ocular perfusion pressure.
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Purpose. To evaluate the safety and efficacy of adding brinzolamide 1%/timolol maleate 0.5% fixed combination (BTFC) to a
prostaglandin analog (PGA).Methods. This was a 12-week, open-label, single-arm study of patients with open-angle glaucoma or
ocular hypertension with intraocular pressure (IOP) not sufficiently controlled after ≥4 weeks of PGA monotherapy. The primary
outcome wasmean IOP change from baseline at week 12. Other outcomes included IOP change from baseline at week 4, percentage
of patients achieving IOP ≤18mmHg at week 12, and patient experience survey responses at week 12. Results. Forty-seven patients
were enrolled and received treatment. The most commonly used PGAs were latanoprost (47%) and travoprost (32%). Mean ± SD
IOP was decreased at week 12 (17.2 ± 4.1mmHg) compared with baseline (23.1 ± 3.0mmHg; 𝑃 < 0.001, paired 𝑡-test); IOP at week 4
was 17.2 ± 3.3mmHg. At week 12, 70% of patients achieved IOP ≤18mmHg. Patient-reported symptoms (e.g., pain and redness)
were mostly unchanged from baseline. Twenty-eight adverse events (AEs) were reported; the most frequently reported AE was
headache (3 events in 2 patients). Conclusion. Adjunctive BTFC + PGA therapy was effective and well tolerated. IOP decreased by
6mmHg at weeks 4 and 12.

1. Introduction

Elevated intraocular pressure (IOP) is the major risk factor
for development of primary open-angle glaucoma (POAG),
and higher IOP levels are associated with increased risk of
glaucoma-related blindness [1, 2]. Lowering IOP with phar-
macologic therapy reduces the rate of disease progression
(e.g., optic neuropathy) and visual field loss and reduces the
risk of conversion from ocular hypertension (OH) to glau-
coma [2–4]. Pharmacotherapy is usually initiated with a sin-
gle ocular hypotensive agent [2], and prostaglandin analogs
(PGAs) or 𝛽-blockers are frequently prescribed as initial
monotherapy because of their IOP-lowering efficacy and
safety profiles [5].

However, many patients require multiple IOP-lowering
agents to achieve or maintain sufficient IOP reduction
[4]. Combining glaucoma medications with complementary

mechanisms of action may further reduce IOP. PGAs (e.g.,
latanoprost, travoprost, and bimatoprost) reduce IOP by
increasing uveoscleral and, to a lesser extent, trabecular
aqueous humor outflow, whereas 𝛽-blockers (e.g., timolol)
and carbonic anhydrase inhibitors (brinzolamide, dorzo-
lamide) decrease aqueous humor production [2]. Increasing
the number of individual medications that patients must self-
administer increases treatment complexity and may reduce
adherence to glaucoma medication regimens [6, 7]. For
patients with IOP insufficiently controlled with a single
medication, adding a fixed-combination adjunctive therapy
to theirmonotherapy provides additive IOP-lowering efficacy
with only 2 medication bottles (versus 3 with individual
agents). Glaucoma treatment guidelines typically suggest
stepwise addition of 1 ocular hypotensivemedication at a time
for patients who require additional IOP reduction [8–10];
however, adding a fixed-combination glaucoma medication

Hindawi Publishing Corporation
Journal of Ophthalmology
Volume 2015, Article ID 131970, 7 pages
http://dx.doi.org/10.1155/2015/131970

http://dx.doi.org/10.1155/2015/131970


2 Journal of Ophthalmology

to monotherapy has been reported to be well tolerated and
effective [11].

Brinzolamide 1%/timolol maleate 0.5% fixed-combina-
tion ophthalmic suspension (BTFC; AZARGA, Alcon Lab-
oratories, Inc., Fort Worth, TX) has been demonstrated to
effectively lower IOP in patients with POAGorOH, including
those transitioned because of insufficient reduction in IOP
with previous therapy [12].

The purpose of this study was to evaluate the efficacy
and safety of adding BTFC to PGA monotherapy in patients
with POAG or OH who were responsive to but inadequately
controlled by their PGA monotherapy.

2. Methods

2.1. Study Design and Treatment. This was a 12-week,
prospective, interventional, single-arm, open-label study
conducted at 5 sites in Austria and Spain from March
2011 to April 2013 (registration identifiers: ClinicalTrials.gov,
NCT01263444; EudraCT, 2010-022948-21). The study con-
sisted of 3 visits: a screening/baseline visit and follow-up visits
conducted after 4 weeks (±3 days) and 12 weeks (±3 days) of
treatment. Follow-up visits were scheduled for approximately
the same time of day as the baseline visit (±1 hour). At the
conclusion of the baseline visit, patients were instructed to
continue their PGA therapy and to self-administer 1 drop
of BTFC (10mg/mL [1.0%] brinzolamide/5mg/mL [0.5%]
timolol) into the study eye(s) twice daily at 8 AM and
8 PM for 12 weeks. The 8 PM dose was instilled at a
5-minute interval from the once-daily PGAdose. For eyes not
qualifying for inclusion in the study, IOP was required to be
controlled either with no pharmacologic intervention or with
prostaglandin monotherapy. Patients using contact lenses
during the study were instructed to remove lenses for instil-
lation of study medication and to wait ≥15 minutes after
instillation before reinsertion.

This study was approved by the Ethikkommission der
StadtWien (Austria) and CEIC Fundación Oftalmológica del
Mediterráneo (Spain) andwas performed in compliance with
the ethical principles of theDeclaration ofHelsinki andGood
Clinical Practice. Before screening, patients provided written
informed consent using an ethics board-approved consent
form.

2.2. Patients. Eligible patients were aged ≥18 years with an
existing clinical diagnosis of OH, POAG, or pigment dis-
persion glaucoma in both eyes. Additional inclusion criteria
were IOP responsive to but insufficiently controlled by PGA
monotherapy after ≥4 weeks of treatment before screening;
baseline IOP (on PGA therapy) ≥20mmHg in at least 1 eye
(the study eye) and ≤35mmHg in both eyes; and best-
corrected visual acuity (BCVA) of 6/60 Snellen (1.0 logMAR)
or better in each eye.

Key exclusion criteria were medical history of allergy,
hypersensitivity, or poor tolerance to any components of the
studymedications; any primary or secondary glaucoma other
than POAG, OH, or pigment dispersion glaucoma; narrow
angle with complete or partial closure in either eye; pro-
gressive retinal or optic nerve disease other than glaucoma;

corneal dystrophies or concurrent conjunctivitis, keratitis, or
uveitis in either eye; history or risk of uveitis or cystoid mac-
ular edema; history of herpes simplex; any abnormality in the
study eye preventing reliable applanation tonometry or fun-
dus/anterior chamber examination; intraocular conventional
or laser surgery <3 months before screening; any cardiac or
pulmonary condition that precluded safe administration of a
topical 𝛽-blocker; any use of corticosteroids ≤30 days before
the study or during the study; use of any carbonic anhydrase
inhibitor; severely impaired renal function; hyperchloremic
acidosis; myasthenia gravis; and participation in any other
investigational study ≤30 days before baseline. Women who
were pregnant, lactating, or of childbearing potential and not
using a reliable method of birth control were also excluded.
For patients using systemic medications that may affect IOP
(e.g., oral 𝛽-blockers, 𝛼-agonists and blockers, angiotensin-
converting enzyme inhibitors, and calcium channel block-
ers), a stable course was required for ≥7 days before baseline
and throughout the study.

2.3. Efficacy Outcomes and Assessments. Theprimary efficacy
outcome was the mean change in IOP from baseline, when
patients were receiving PGA monotherapy, to week 12, when
patients were receiving BTFC plus PGA. Other assessments
included the mean change in IOP from baseline to week 4,
percentage of patients reaching the target IOP of ≤18mmHg
at week 12, and mean change in patient experience survey
responses from baseline to week 12. IOP measurements were
performed at baseline, week 4, and week 12 by Goldmann
applanation tonometry; tonometers were calibrated before
patient screening was initiated, and IOP measurements for
individual patients were performed by the same operator
using the same tonometer at all visits. The patient experience
survey was administered at the baseline visit and at week 12.
Symptom severity was defined as minimal (symptom present
but barely noticeable), mild (symptom definitely present but
does not limit activity), moderate (symptom present and
severe enough to partially limit activity), or severe (symptom
present and is incapacitating).

2.4. Safety Outcomes and Assessments. Safety was assessed
by monitoring adverse event (AE) reports. Ocular signs and
BCVA at weeks 4 and 12 were also assessed. Ocular signs
were assessed in both eyes at each study visit by slit-lamp
biomicroscopy of the eyelids, conjunctiva, cornea, iris, ante-
rior chamber, and lens. Findings were graded as 0.5 (trace),
1 (mild), 2 (moderate), or 3 (severe). BCVA was measured
using a Snellen visual acuity chart at each study visit; if >1
error occurred on a given line, values were rounded up.

2.5. Statistical Analyses. Efficacy outcomes were analyzed in
the intent-to-treat (ITT) population (i.e., all patients who
received studymedication and had at least 1 on-therapy study
visit) and in the per-protocol (PP) population (i.e., all patients
who received study medication, completed all study visits,
and had no major protocol deviations) using data from the
study eye. Safety outcomes were analyzed using data for all
patients who received study medication.
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Mean IOP change from baseline measured at week 12
was analyzed by 2-sided paired 𝑡-tests; results at week 4 were
considered supportive data. Changes in patient experience
survey responseswere evaluated by 1-way analysis of variance.
Demographic information, percentages of patients with IOP
≤18mmHg versus >18mmHg, and safety data were summa-
rized descriptively. Statistical analyses were performed using
SAS (SAS Institute, Cary, NC, USA) by an independent bio-
statistician; 𝑃 < 0.05 was considered statistically significant.

A power calculation determined that completion of the
study by ≥40 patients was sufficient to detect a difference
in mean IOP ≥1.5mmHg (week 12 versus baseline; SD =
2.8mmHg) with 90% power. To ensure that ≥40 patients
completed the study, the target enrollment was 50 patients.

3. Results

3.1. Patients. Forty-seven patients were enrolled and
included in the safety and ITT data sets; 38 patients com-
pleted the study. Most patients were aged ≥66 years (72.3%,
𝑛 = 34/47), and approximately half were female (51.1%,
𝑛 = 24/47). Patient diagnoses at enrollment were OH,
66.0% (𝑛 = 31); POAG, 55.3% (𝑛 = 26); and pigment
dispersion glaucoma, 2.1% (𝑛 = 1). Two diagnoses were
reported for some patients, causing total diagnoses to
exceed 100%. Latanoprost was the most frequently used
PGA therapy (46.8%, 𝑛 = 22/47), followed by travoprost
(31.9%, 𝑛 = 15/47), bimatoprost (17.0%, 𝑛 = 8/47), and
tafluprost (4.3%, 𝑛 = 2/47). Nine patients discontinued from
the study; 8 discontinuations were because of AEs, and 1
patient withdrew consent. One patient was excluded from
the PP data set (𝑛 = 37) because of a protocol deviation (i.e.,
exclusion criteria: corneal dystrophy).

3.2. Efficacy Outcomes. Efficacy data were similar in the ITT
and PP data sets; results for the ITT population are presented.
IOP (mean ± SD) was 23.1 ± 3.0mmHg at baseline (𝑛 = 47;
range, 20.0–32.0mmHg), 17.2 ± 3.3mmHg at week 4 (range,
10.0–25.0mmHg), and 17.2 ± 4.1mmHg at week 12 (𝑛 = 40;
range, 10.0–28.0mmHg). The overall mean ± SD IOP reduc-
tion frombaselinewas 6.0±3.2mmHg at week 12 (𝑃 < 0.001);
similar results were observed at week 4 (Figure 1). Analysis
by PGA type for travoprost and latanoprost verified that the
decrease from baseline at week 12 was significant for both
(5.1 ± 3.4mmHg and 7.1 ± 2.9mmHg, resp.; 𝑃 < 0.001 for
both). At week 12, 70% of patients achieved the target IOP
of ≤18mmHg. At baseline, no patients had IOP ≤18mmHg
(Figure 2).

There were no significant differences between baseline
and week 12 in the number of patients who reported experi-
encing a symptom or event on the patient experience survey
(Table 1). Atweek 12, therewas a nonsignificant decrease from
baseline in pain severity in or around the eyes when exposed
to light (𝑃 = 0.072). Among patients who reported stinging
or burning (baseline, 𝑛 = 14/47; week 12, 𝑛 = 12/39), there
was a difference in symptom severity between baseline and
week 12 (𝑃 = 0.035). At baseline, 21.4% of patients reported
severity of this symptom as “minimal,” 64.3% as “mild,” and
14.3% as “moderate.” At week 12, 53.9%, 15.4% and 30.8% of
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Figure 1: IOP reduction from baseline at weeks 4 and 12. Bars
represent mean IOP ± SD; mean IOP reduction from baseline is
indicated inside bars. IOP = intraocular pressure. Baseline versus
week 12, 𝑃 < 0.001; 1-way analysis of variance with a post hoc, 2-
sided paired 𝑡-test.
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patients reported minimal, mild, and moderate severity,
respectively.

3.3. Safety Outcomes. A total of 28 AEs were reported
by 21 patients (Table 2); 16 AEs (57.1%) were determined
to be related or possibly related to the study medication.
One serious AE (moderate pseudostenocardia related to
study medication) occurred and led to study discontinu-
ation. Seven additional patients discontinued because of
AEs (allergic conjunctivitis; tiredness and insomnia; rhinitis
sicca; headache, metallic taste, ocular foreign body sensation,
blurred vision, and 1 unspecifiedAE; stomachache; headache;
and eye pain). Nearly all AEs were mild or moderate in
severity (96.4%, 𝑛 = 27/28), and 96.4% of AEs resolved by
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Table 1: Patient experience survey data.

Incidence and severity
Patients, 𝑛 (%)∗

𝑃 valueBaseline
𝑛 = 47

Week 12
𝑛 = 39

Do you experience or have you noticed At this moment
Immediately

following instillation
of study medication

Pain in or around your eyes when exposed to light? Yes 5 (10.6) 5 (12.8) 0.753†

Minimal 0 1 (20.0) 0.072‡

Mild 0 1 (20.0)
Moderate 1 (20.0) 3 (60.0)
Severe 4 (80.0) 0

Blurred or dim vision? Yes 9 (19.2) 14 (35.9) 0.081†

Minimal 5 (55.6) 6 (42.9) 0.733‡

Mild 2 (22.2) 3 (21.4)
Moderate 2 (22.2) 5 (35.7)
Severe 0 0

Stinging or burning? Yes 14 (29.8) 12 (30.8) 0.921†

Minimal 3 (21.4) 7 (53.9) 0.035‡

Mild 9 (64.3) 2 (15.4)
Moderate 2 (14.3) 4 (30.8)
Severe 0 0

A feeling that something is in your eyes or under your lids? Yes 11 (23.4) 11 (28.2) 0.611†

Minimal 2 (18.2) 4 (40.0) 0.385‡

Mild 4 (36.4) 4 (40.0)
Moderate 5 (45.5) 2 (20.0)
Severe 0 0

Deep pain in or around your eyes? Yes 3 (6.4) 3 (7.7) 0.812†

Minimal 0 1 (33.3) 0.368‡

Mild 1 (33.3) 0
Moderate 2 (66.7) 2 (66.7)
Severe 0 0

Redness in your eyes§? Yes 13 (27.7) 11 (28.2) 0.955†

Minimal 5 (38.5) 3 (27.3) 0.366‡

Mild 4 (30.8) 7 (63.6)
Moderate 3 (23.1) 1 (9.1)
Severe 1 (7.7) 0

∗For each question, the percentage of “yes” responses was calculated based on the group size, and severity data were calculated as the percentage of patients
who responded “yes.”
†Numbers of “yes” responses at week 12 versus baseline were analyzed by 1-way analysis of variance.
‡Symptom severity responses at week 12 versus baseline were analyzed by 1-way analysis of variance.
§Causes of redness were not specified.

the end of the study. The most frequently reported AE was
headache (3 events reported for 2 patients).

Slit-lamp observations were similar among visits. At
baseline, observations for eyelids, conjunctiva, cornea, iris,
anterior chamber, and fundus were normal for most patients
(57.4% to 100.0%); abnormalities were reported as “trace” or
“mild” for most eyes. Examination of the lens at baseline was
abnormal for most patients (72.3%); however, most abnor-
malities were reported as “trace” or “mild.” BCVA was
unchanged from baseline to week 4 or week 12.

4. Discussion

Reducing IOP to minimize disease progression is the stan-
dard of care for glaucoma and OH. Several studies have
demonstrated that maintaining sufficiently low IOP may
slow or prevent progression of visual field defects. For many
patients, long-term monotherapy does not maintain target
IOP, and many patients benefit from a combination of 3
ocular hypotensive agents [4, 12]. The goal of this study
was to evaluate the safety and efficacy of adding adjunctive
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Table 2: Adverse events (safety population).

Episodes, 𝑛 (%)
𝑛 = 28

Patients experiencing ≥1 adverse event, 𝑛 (%)∗ 21 (44.7)
Adverse event severity

Mild 23 (82.1)
Moderate 4 (14.3)
Severe 1 (3.6)

Adverse event
Headache 3 (10.7)
Allergic conjunctivitis 1 (3.6)
Allergic rhinitis 1 (3.6)
Ankle pain 1 (3.6)
Burning/eyelid swelling 1 (3.6)
Blurred vision 1 (3.6)
Conjunctival discomfort 1 (3.6)
Corneal superficial keratitis 1 (3.6)
Crusting of lashes 1 (3.6)
Dry eye 1 (3.6)
Eye pain 1 (3.6)
Lid erythema 1 (3.6)
Metallic taste 1 (3.6)
Ocular foreign body sensation 1 (3.6)
Pseudostenocardia† 1 (3.6)
Punctate keratopathy 1 (3.6)
Rhinitis sicca 1 (3.6)
Scheduled knee total endoprosthesis due to
gonarthrosis 1 (3.6)

Stomachache 1 (3.6)
Subjective poorer vision 1 (3.6)
Tinnitus 1 (3.6)
Tiredness and insomnia 1 (3.6)
Trace keratitis 1 (3.6)
Upper respiratory infection 1 (3.6)
Worsening of dorsal pain 1 (3.6)
Unknown‡ 1 (3.6)

∗Calculated as the percentage of patients in the safety population (𝑛 = 47).
†Serious adverse event.
‡A description was not available for 1 event in 1 patient.

BTFC in patients with open-angle glaucoma or OH who had
insufficient IOP reduction with PGA monotherapy alone.

At baseline, when patients were receiving only PGA
monotherapy, mean IOP was 23.1mmHg. After 12 weeks of
adjunctive BTFC therapy, mean IOP decreased by 6.0mmHg
to 17.2mmHg.This reductionwas observed at week 4 andwas
maintained through study completion. IOP was >18mmHg
in all patients at baseline, but at week 12, 70% of patients
achieved the target IOP of ≤18mmHg.Themost commonAE
was headache,whichwas reported by 2 patients, andnearly all
AEs were mild or moderate in severity. BCVA and slit-lamp

biomicroscopy observations were unchanged from baseline
throughout the study.

Maintaining IOP levels ≤18mmHg may decrease the risk
of glaucoma progression. A meta-analysis of 5 retrospective
studies of patients with POAG or exfoliative glaucoma with
≥5 years of follow-updemonstrated that glaucomaprogressed
in 51% of patients with IOP >18mmHg, whereas 78% of
patients with mean IOP of 18mmHg did not progress [3]. In
general, as mean IOP increased above 18mmHg, the percent-
age of patients who remained stable decreased; likewise, at
mean IOP levels below 18mmHg, the percentage of patients
who remained stable increased [3]. In the current study,
only 30% of patients failed to achieve IOP ≤18mmHg after
12 weeks of BTFC adjunctive to a PGA, which was a marked
improvement from baseline. Rates of visual field decline have
been shown to decrease with even small reductions in IOP
[13, 14]. The Early Manifest Glaucoma Trial demonstrated
that for every 1mmHg decrease in IOP, the progression risk
decreases by as much as 10% [14]. These studies suggest that
the additive IOP-lowering efficacy of BTFC adjunctive to
PGA therapy described in the current study may decrease
risk of glaucoma progression by reducing IOP in patients not
sufficiently controlled with PGA therapy alone.

Our findings are in agreement with previous reports
describing increased IOP-lowering efficacy of 3-medication
combinations that included a PGA, a carbonic anhydrase
inhibitor, and a 𝛽-blocker [15–17]. In the current study,
most patients were receiving latanoprost or travoprost at
enrollment; adding adjunctive BTFC reduced mean IOP by
an additional 6mmHg from levels achieved with the PGA
monotherapy. Previously, the stepwise IOP-lowering efficacy
of travoprost monotherapy, fixed-combination travoprost/
timolol, and fixed-combination travoprost/timolol plus brin-
zolamide was assessed in a single-arm, open-label study of
patients with POAG or OH [16]. After a washout period,
travoprost monotherapy decreased mean diurnal IOP by
6.2mmHg; fixed-combination travoprost/timolol reduced
IOP by an additional 3.1mmHg, and adding brinzolamide to
the fixed combination further reduced IOP by 1.9mmHg [16].
Mean diurnal IOP with travoprost/timolol plus adjunctive
brinzolamide was 5.0mmHg lower than levels achieved with
travoprost monotherapy [16]. An observer-masked, placebo-
controlled crossover comparison of patients with open-angle
glaucoma responsive to but insufficiently controlled with
latanoprost monotherapy demonstrated that fixed-combina-
tion dorzolamide/timolol adjunctive to latanoprost reduced
24-hour mean IOP by 5.6mmHg from levels that were
maintained with latanoprost alone [17]. Similar 3-medication
combinations have also shown increased IOP-lowering effi-
cacy compared with fixed combinations of 2 ocular hypoten-
sive agents; mean IOP reductions with travoprost/timolol
plus adjunctive brinzolamide or dorzolamide/timolol plus
adjunctive latanoprost ranged from 1.9mmHg to 5.2mmHg
compared with the fixed combinations alone [15, 18].

The AEs observed in this study were consistent with
the known side effects of BTFC and topical PGAs [19, 20].
Nearly all AEs were mild in severity, and the most frequently
reportedAEwas headache.Most ocular symptoms and events
reported by patients were similar at baseline and week 12;
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there was a nonsignificant improvement in pain severity in
or around eyes during light exposure at week 12. No changes
from baseline in slit-lamp observations or BCVA were
observed.

Potential limitations of this study include the single-arm,
open-label design and 12-week study duration. Patients’ base-
line IOP may have been influenced by noncompliance with
the priormedication, and adherence to studymedicationmay
have been increased because of participation in a clinical trial.
Future studies withmultiarm or crossover designs and longer
follow-up durations would be valuable.

The use of different PGAs in this study was intentional,
as it was meant to reflect clinical practice where a variety
of PGAs are used based on the patient’s profile and the
physician’s preference. Although not powered to show differ-
ences between groups, analysis by PGA type (travoprost and
latanoprost) verified that IOP decreased significantly for both
treatment groups when BTFC was added. However, if a spe-
cific PGA and brinzolamide/timolol combination were not
to lower IOP, the effect would be masked because the mean
change in IOP was calculated across all PGA types.

In conclusion, BTFC adjunctive therapy reduced IOP
when added to a PGA in patients with OH or POAG whose
IOP was poorly controlled with PGA monotherapy alone.
IOP reductionswere evident after 4weeks of combined BTFC
plus PGA therapy and were maintained through 12 weeks.
BTFC was well tolerated, and the ocular AEs reported were
consistent with the current BTFC safety profile. Adding
adjunctive BTFC therapy may provide a safe and effec-
tive option for patients requiring additional IOP reduction
beyond that provided by a PGA.
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Purpose. To investigate clinical results on bleb-related endophthalmitis (BRE) after trabeculectomy treated with pars plana
vitrectomy (PPV) and to evaluate influence factors for visual prognosis. Methods. Investigating medical records retrospectively,
BRE was defined as an endophthalmitis induced by bleb infection. A total of 2018 eyes of 1225 patients who had trabeculectomy
between December 2000 and July 2013 were included in this study. Eleven eyes of 11 patients with BRE were performed with PPV.
Results. The mean age was 56.6 years. The mean period between trabeculectomy and BRE onset was 7.4 years. The mean period
from starting symptom to initiation of treatment for endophthalmitis (PSITE) was 2.3 days. Bleb leakages were observed in 7 eyes
(64%). On culture examinations, highly pathogenic bacteria (HPB) were identified in 6 cases (55%). HPB infection was influence
factors on visual disturbance (𝑃 = .0337). Number of HPB infections is significantly higher in poor visual outcome than without
poor visual outcome (𝑃 = .0310). Conclusion. Visual prognosis of BRE treated by PPV is significantly better when the pathogenic
bacteria are not HPB. Severe visual loss occurred with HPB infection even though patients had appropriate treatments. Physicians
need to have careful consideration to prevent bleb infection after trabeculectomy with MMC.

1. Introduction

Although glaucoma treatments have been developed, glau-
coma is still a major cause of worldwide blindness. Tra-
beculectomy has long been performed as the only surgical
procedure to achieve very low intraocular pressure (IOP) to
prevent progression of visual field damage in glaucoma eyes
[1].

However, there is a serious concern for bleb-related
endophthalmitis (BRE) even after successful trabeculectomy,
especially when antifibrotic agents including mitomycin C
(MMC) are used during and after surgery. Effects of a
nucleic acid metabolic inhibition by the antifibrotic agents
are favorable for maintenance of functional bleb, whereas
use of those agents is associated with formation of thin and
avascular blebs which can be a risk factor of developing
intraocular infection through the blebs [2–4]. This BRE can
occur after early postoperative period, even ten years or more
after the surgery, and annual incidence of BRE has been
reported to range from 1.1 to 5.4% [3, 4]. Most of the eyes

with BRE require urgent and intensive treatments including
pars plana vitrectomy (PPV). It has been reported that visual
prognosis was better in BRE cases treated with PPV rather
than those treatedwith onlymedications and general, topical,
and intravitreal administration of antibiotics [5–7]. To our
knowledge, however, it has not been investigated which
factors have a significant influence on the visual outcome in
BRE eyes treated with PPV.

In the present study, we retrospectively reviewed clinical
data of consecutive BRE cases after trabeculectomy with
MMC which were treated with PPV and evaluated the
relationship between visual prognosis and influence factors
including species of pathogens and time interval between
onset of BRE and therapeutic PPV.

2. Patients and Methods

This retrospective case series was approved by the ethics
committee of The University of Tokyo Hospital and was
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Figure 1: Anterior segment photography in patient with bleb-
related endophthalmitis. BRE symptoms including hyperemia, pain,
discharge, hypopyon, and loss of vision and the BRE diagnosis were
identified as infectious inflammations spread to the vitreous body
with white bleb.

conducted in accordance with the tenets of the Declaration
of Helsinki.

According to the operation records and medical records,
eyes that underwent trabeculectomy with intraoperative use
of MMC between December 2000 and July 2013 and that
were followed up at least for one year after BRE occurred
at The University of Tokyo Hospital were included in this
study. Eyes that had bleb infection without vitreous inflam-
mation or vitreous inflammation without bleb infection and
that underwent implantation of a glaucoma drainage device
before occurrence of BRE within the periods were excluded
from this study. The onset time of BRE was defined as a
point when symptoms including hyperemia, pain, discharge,
and loss of vision and the BRE diagnosis were identified as
infectious inflammations spread to the vitreous body with
white bleb infection [8] (Figure 1).

As a general procedure of vitreous surgery, PPV was
performed by using 20-gauge vitrector (ACCURUS, Alcon,
Texas,USA)withmaking complete posterior vitreous detach-
ment. If infectious inflammations spread to peripheral retina
and severe vitreous base opacity were seen, scleral encir-
cling (AU-240, AU-270; MIRA, Massachusetts, USA) and
peripheral retinal photocoagulation were performed to avoid
retinal detachment with occurrence of retinal tear induced by
retinal necrosis after surgery. The infected bleb was excised
for debridement at the end of surgery and conjunctival
advancement was performed for covered scleral flap to
avoid bleb-related complications [9]. Antibiotic agents were
administrated during surgery with irrigating solution and
also intravenous drip infusion and eye drop instillation were
performed after surgery (Figure 2).

Surgical and medical treatment such as lensectomy, reti-
nal laser treatment, scleral encircling, conjunctival advance-
ment, the usage of antibiotics during PPV, and the systemic,
local administration after PPVwere dependent on the eye and
general conditions. In this study, the periods from starting
symptom of BRE to initiation of PPV for endophthalmitis
were defined as the periods from starting symptom to initi-
ation of treatment for endophthalmitis (PSITE) to evaluate
association between times and visual prognosis. The visual

acuity, IOP, and posttreatment complications were obtained
by patient records. Visual acuities after PPV were evaluated
with the final visual acuity. The IOP was evaluated with the
last IOP before BRE and the final IOP after PPV.

As for pathogens identified in culture examination, we
classified them into highly pathogenic bacteria (HPB) or
others. In the present study, HPB were constituted of Strep-
tococcus species, Enterococcus faecalis, and Gram-negative
bacteria includingPseudomonas aeruginosa andHaemophilus
influenza that produce highly toxic exotoxins and reportedly
associated with poor prognosis for endophthalmitis [10–12].
For culture of pathogens, intraocular lens (IOL), undiluted
aqueous humor, and undiluted vitreous samples were always
obtained under sterile condition during surgery.

All culture results were obtained using the standard
microbiologic procedures using thioglycolate liquid, choco-
late agar (37∘C, in CO

2
), and enriched blood agar (37∘C,

in CO
2
) as culture media. Standard biochemical testing

methods were used for speciation of cultured bacteria.

3. Statistics

The values of decimal BCVA scores were converted into
logarithm of the minimum angle of resolution (logMAR)
values. Visual acuities of counting finger (CF), hand motion
(HM), light perception (LP), and no light perception (NLP)
were assigned to logMAR values of 2, 3, 4, and 5, respectively.
Statistical analysis was performed using JMP9 software (SAS
Inc., Cary, NC). Wilcoxon’s signed-rank test and Wilcoxon’s
rank sum test were used to analyze numerical data. Fisher’s
exact test was used to analyze categorical data. A 𝑃 value of <
.05 was regarded as statistically significant.

4. Results

A total of 2018 eyes of 1225 patients that underwent tra-
beculectomy with intraoperative MMC between December
2000 and July 2013 were included in this study. Forty eyes
had bleb-related infection and 14 eyes were diagnosed with
BRE within the periods. Three eyes were excluded because
they had no whitened bleb infection. Eleven eyes undergoing
PPV were chosen as development of BRE.

Characteristics of the 11 subjects of this study are detailed
in Table 1. The age at BRE onset was from 30 to 81 years.
Five (45%) patients were male and 6 patients (55%) were
female. The follow-up period after BRE was from 2 months
to 8.6 years, with a mean of 3.3 years. The period between
trabeculectomy and BRE onset was from 1 to 16 years, with
a mean of 7.4 years. The PSITE was from 0 to 7 days, with a
mean of 2.3 days.

Bleb leakages were observed in 4 eyes (36%) with the
Seidel test when BRE occurred. The bleb was located in
inferior half of the limbus in only 1 eye (9%). There were 2
patients with connective tissue disease including each one
case of Sjögren’s syndrome and dermatomyositis and 1 patient
with diabetes mellitus. Oral corticosteroid was prescribed
for 1 patient with dermatomyositis. The lens condition was
phakia, pseudophakia, or aphakia in 5 eyes (45%), 5 eyes
(45%), and 1 eye, respectively.
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(a) (b)

(c) (d)

Figure 2: Surgical procedure of the infected bleb excision and conjunctival advancement. All figures are surgeon’s view. (a) The period from
starting symptom to initiation of treatment is 1 day. The white bleb opacity, the conjunctival hyperemia, and the cloudy anterior chamber
with inflammation can be seen. (b) The infected bleb is removed completely after pars plana vitrectomy. (c) Conjunctival advancement is
performed after sufficient posterior peritomy.The scleral flap was covered with the moved residual conjunctiva from the fornix to the limbus.
(d) The moved conjunctiva was sutured at the limbus by a 10-0 nylon suture with a rounded-body needle.

Four (36%) of the 11 patients received PPV with IOL
removal.Three patients (27%) received PPVwith lensectomy.
Six (55%) patients underwent intraoperative laser treatment.
There was no patient treated with scleral encircling simulta-
neously to prevent retinal detachment.

There were significantly no differences on the IOP in
11 patients performed with bleb removal and conjuncti-
val advancement before and after surgery. The number of
antiglaucoma medications was from 0 to 3. Seven patients
(64%) had no antiglaucoma medication and well controlled
IOP. Four patients (36%) required antiglaucomamedications;
however, 2 (18%) of them were uncontrollably high IOP
(>21mmHg) with antiglaucoma medications after BRE. One
patient with uncontrolled IOP wished to observe without
performing glaucoma surgery. The other patient continued
high IOP instead of performing with trabeculectomy after 2
months from BRE.

Intravitreously administrated antibiotics during surgery
were vancomycin and ceftazidime (82%), ceftazidime alone
(9%), and imipenem alone (9%). Antibiotic eye drops
after PPV were also used in all patients and administered
in combination including levofloxacin (64%), gatifloxacin
(21%), cefmenoxime (82%), sulpelin (9%), erythromycin
(9%), tobramycin (9%), and vancomycin (18%). Systemic
antibiotics after PPV were used in 5 patients including

imipenem alone (27%), flomoxef alone (9%), and imipenem
and ceftazidime (9%).

Repeated PPV was needed at 9 days after the initial PPV
in one eye because of persistent intravitreous inflammation
while BRE was controlled after the initial PPV in the other
patients. In contrast, another treatment was needed in 2 eyes.
One eye was performed with phacoemulsification because of
phacolytic endophthalmitis after 3 months from BRE and the
other eye was performed with PPV because of proliferative
vitreoretinopathy after a month from BRE. Those conditions
were not infection related. Bullous keratopathy was devel-
oped in 4 eyes (36%) and another one eye finally resulted in
phthisis bulbi.

In the present case, series organisms were identified
from 8 patients (73%), while in 3 patients no organism was
detected in any samples. All organisms isolated were Gram-
positive bacteria. Streptococcus species were identified in
samples of 5 patients including 2 patients with Streptococcus
pneumoniae, 2 with Streptococcus mitis, and 1 with uniden-
tifiable Streptococcus. Enterococcus faecalis was isolated from
1 patient. Staphylococcus epidermidis was isolated from 1
patient. Unidentifiable Gram-positive bacteria were isolated
from 1 patient. In total, HPB were identified in samples of 6
patients (55%). There is no detection on resistive bacteria in
these cases.
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Table 2: All specimens and distribution and details of specimens.

Location Number of specimens Number of detected specimens HPB Without HPB

Conjunctiva 11 4 S. pneumoniae Group A Str Unidentifiable GPB (2)

Aqueous humor 5 3 S. mitis Group A Str S. epidermidis
IOL 2 1 Unidentifiable Str
Vitreous humor 8 3 S. pneumoniae E. faecalis Unidentifiable GPB
HPB= highly pathogenic bacteria, S. pneumoniae = Streptococcus pneumoniae, groupA Str = groupA Streptococcus, S. mitis= Streptococcus mitis, unidentifiable
Str = unidentifiable Streptococcus, E. faecalis = Enterococcus faecalis, unidentifiable GPB = unidentifiable Gram-positive bacteria, and S. epidermidis =
Staphylococcus epidermidis.

Table 3: Comparison with or without highly pathogenic bacteria.

HPB (6) Without HPB (5) 𝑃 value
Age (year, mean ± SD) 65.8 ± 10.7 45.5 ± 12.5 .0349∗

Male/female 3/3 2/3 1.0000
Right/left 1/5 1/4 1.0000
Median logMAR value before BRE 0.46 0.15 .3131
Median logMAR value after PPV 4.0 0.7 .0337∗

IOP before BRE (mmHg, mean ± SD) 7.7 ± 3.3 11.0 ± 2.3 .0541
IOP after PPV (mmHg, mean ± SD) 9.2 ± 7.4 16.8 ± 8.9 .3591
Follow-up period after BRE (year, mean ± SD) 4.7 ± 2.8 1.7 ± 1.1 .0828
Period between trabeculectomy and BRE onset (year, mean ± SD) 7.2 ± 5.3 7.8 ± 5.5 .7832
PSITE (day, mean ± SD) 2.7 ± 2.3 1.5 ± 1.7 .6427
Bleb leakage (when BRE occurred) 3 4 .5455
Bleb location (superior/inferior) 5/1 5/0 1.0000
Lens condition (with phakia/without phakia) 3/3 2/3 1.0000
Diabetes mellitus 1 1 1.0000
Connective tissue disease 2 0 .4545
Oral administration of corticosteroids 1 0 1.0000
Previous trabeculectomy (time, mean ± SD) 1.5 ± 0.5 1.4 ± 0.9 .5925
Previous intraocular surgery (time, mean ± SD) 1.8 ± 1.0 2.6 ± 1.1 .2911
Bleb removal and conjunctival advancement 6 5 1.0000
PPV with LASER treatment 5 1 .0801
∗Wilcoxon’s signed-rank test.
Without phakia means pseudophakia or aphakia.
HPB = highly pathogenic bacteria, SD = standard deviation, BRE = bleb-related endophthalmitis, PPV = pars plana vitrectomy, IOP = intraocular pressure,
and PSITE = the periods from starting symptom to initiation of treatment for endophthalmitis.

The incubation of all specimens’ results is shown in
Table 2.

All specimens of 11 patients were 26 samples. In all of
11 cases, conjunctival incubation was performed. Incubation
of aqueous humor in 5 eyes, removed IOL in 2 eyes, and
vitreous humor in 8 eyes was performed. In conjunctiva,
the bacteria were detected in 4 (36%) of 11 specimens. The
HPB were 2 specimens including Streptococcus pneumoniae
and group A Streptococcus. But the detected bacteria with-
out HPB were unidentifiable Gram-positive bacteria in 2
specimens. In aqueous humor, the bacteria were detected
in 3 (60%) of 5 specimens. The HPB were 2 specimens
including Streptococcus pneumoniae and group A Strepto-
coccus. In contrast, the detected bacteria without HPB were
Staphylococcus epidermidis in 1 specimen. In removed IOL,

the bacteriawere detected in 1 (50%) of 2 specimens including
unidentifiable Streptococcus as HPB. In vitreous humor, the
bacteria were detected in 3 (38%) of 8 specimens. The
HPB were 2 specimens including Streptococcus pneumoniae
and Enterococcus faecalis. However, the detected bacteria
without HPB were unidentifiable Gram-positive bacteria in
1 specimen.

From HPB infection’s point of view, these cases were
classified into 2 groups with HPB infection and without HPB
infection (Table 3); HPB group was significantly higher than
those without HPB on the parameters of age (𝑃 = .0349) and
the last BCVA after PPV for BRE (𝑃 = .0337).

Even though PSITE was within 1 day, severe visual
loss occurred in Enterococcus faecalis infection. The other
parameters including gender, bleb leakage, bleb location,
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Table 4: Comparison factors between BREs with and without poor visual outcome.

Parameter Number of BREs Number of BREs with poor visual outcome (%) 𝑃 value
Demographic characteristics

Sex
Male 8 3 (38) 1.0000
Female 6 2 (33)

Age (old age ≤ 60)
Young age 7 1 (14) 0.2657
Old age 7 4 (57)

Systemic conditions
Diabetes mellitus
Yes 2 0 0.5055
No 12 5 (42)

Connective tissue disease
Yes 3 1 (33) 1.0000
No 11 4 (36)

Oral administration of corticosteroids
Yes 2 0 0.5055
No 12 5 (42)

Lens status
Phakia 6 3 (67) 0.0909
IOL or aphakia 8 2 (13)

Blepharitis
Yes 2 1 (50) 1.0000
No 12 4 (33)

Surgical factors
Reoperation trabeculectomy before BRE
Yes 4 2 (50) 0.5804
No 10 3 (30)

Bleb location
Superior 13 4 (31) 0.3571
Inferior 1 1 (100)

Antimetabolites (MMC)
Yes 14 5 (36) NA
No 0 0

Type of conjunctival flap
Fornix base 2 1 (50) 1.0000
Limbus base 12 4 (33)

Conjunctival suture with silk
Yes 0 0 NA
No 14 5 (36)

Postoperative complications
Early leak
Yes 0 0 NA
No 14 5 (36)

Choroidal effusion
Yes 0 0 NA
No 14 5 (36)

Hypotony (<8mmHg)
Yes 4 3 (75) 0.0949
No 10 2 (20)
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Table 4: Continued.

Parameter Number of BREs Number of BREs with poor visual outcome (%) 𝑃 value
Late on-set leak
Yes 6 2 (33) 1.0000
No 8 3 (38)

Cataract surgery before BRE
Yes 4 1 (25) 1.0000
No 10 4 (40)

Postoperative bleb manipulation (revision or needling)
Yes 6 2 (33) 1.0000
No 8 3 (38)

PSITE
≥1 day 12 4 (33) 1.0000
<1 day 2 1 (50)

Highly pathogenic bacteria infection
Yes 8 5 (63) 0.0310∗
No 6 0

NA = not applicable.
∗Fisher’s exact test.

lens condition, diabetes mellitus, connective tissue disease,
oral corticosteroids, and ophthalmic past history were not
significantly associated.

Finally, these caseswere classified into 2 groups:with poor
visual outcome (logMAR values ≥2) and without poor visual
outcome (logMAR values <2). Table 4 shows total number of
developments of BRE and number of BREs with poor visual
outcome. The poor visual outcome group was significantly
higher than the without poor visual outcome group on the
parameter of HPB infection (𝑃 = .0310).

The other parameters including gender, age, diabetes
mellitus, connective tissue disease, oral administration of cor-
ticosteroids, lens status, blepharitis, reoperation trabeculec-
tomybefore BRE, bleb location, use of antimetabolites, type of
conjunctival flap, conjunctival suture with silk, postoperative
complications (early leak, choroidal effusion, hypotony, late
onset leak, and cataract surgery before BRE), postoperative
bleb manipulation, and PSITE were not significantly differ-
ent.

5. Discussion

According to a recent multicenter prospective study in Japan,
accumulative incidence of bleb-related infection, which
included BRE and more early phase of the infection of which
inflammation was limited within bleb or anterior chamber,
was 2.2% in 5-year follow-up period after trabeculectomy.
PPV was required in 14.3% of those bleb-related infection
cases for treatment [2]. The purpose of this study was to
investigate outcome of PPV treatment to BRE. PPV was
selected on treatment of BRE in severe infection. There
is a clinically significant if we can predict patient’s visual
prognosis as the predisposing factors such as timing of PPV
or the other factors. Multicenter prospective study cannot
estimate those factors and also previous studies have not been
investigated.

In the present study, the mean age at the time of presenta-
tion with endophthalmitis was 56.6 years, with a range of 30
to 81 years. Several reports have indicated age under 60 years
as a risk factor for the bleb-related infection [2, 13]. This was
speculated because younger patients were more physically
active, which made their blebs in higher risk for the exposure
to infective agents or trauma.

In previous studies, the mean period from initial tra-
beculectomy to bleb-related infection was from 3.1 to 5 years
[2, 3, 6]. In our study, the interval from trabeculectomy to
the onset of BRE ranged from 1 to 16 years, with a mean of
7.4 years. The results suggest that careful observation may be
required indefinitely after trabeculectomy. In our study, the
bleb leakages were noted in 64% when BRE occurred. The
bleb leakages have been reported as a risk factor of the bleb-
related infection [2, 14]. Inferior bleb location was noted in
9%. Inferior bleb has also been considered as a risk factor
of the bleb-related infection because of being uncovered
with the eyelid and infected by bacteria accumulated in
conjunctival sac [15, 16].

As the visual outcome after treatment with PPV, previous
studies showed the median log MAR value of the last BCVA
was from 1 to 2 [5, 7]. In the present study, median log MAR
value of the final BCVA was showed as 0.82.

Although BRE is an emergency and should be managed
aggressively, there is no evidence about how early BRE should
be treated by PPV. In our findings, the last BCVA after BRE
was significantly better when the responsible pathogens are
not HPB. BRE causes severe vision loss inHPB infection even
in patients who received PPV within 24 hours.

As for the bleb removal and conjunctival advancement
well known to be useful for stopping the bleb leakage [9, 17],
there was no detail report to apply in eyes with BRE to our
knowledge. In our study, we required the bleb removal and
conjunctival advancement because of the bleb with white
opacity which is suspected with infectious cause. Because the
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bleb leakage is risk factor for BRE and the bleb infection
recurs with high frequency in the past history of bleb
infection [2, 14, 18], we recommend this procedure for the
patient who needs treatment with PPV for BRE.

As for the prognosis of IOP after PPV, there were few
previous studies to mention the prognosis of IOP after
BRE including treatment with and without PPV because
of the miserable ocular statements such as enucleation,
phthisis bulbi, and bullous keratopathy [5–7, 19–22]. In
previous studies, themean IOPwas 13-14mmHg and the IOP
remained controlled without medication or with no increase
in medication in 53-54% [6, 19, 20]. Eventually, the IOP was
uncontrolled after treatment of endophthalmitis in 11% of the
cases in spite of medications or glaucoma shunt surgery [6].
Our results of those were similar to previous studies.

The most common bacteria that cause BRE include
Streptococcal species, Haemophilus influenza, and Staphylo-
coccus species [7, 15]. As for the correlations between the
cultured bacteria and BCVA after BRE, the visual outcome
is poor when BREs occur, especially with virulent bacteria
such as Streptococcal species [5], Enterococcus faecalis [11],
coagulase-positive Staphylococci, or Gram-negative bacteria.
In contrast, coagulase-negative Staphylococcal bacteria such
as Staphylococcus epidermidis tend to have a more benign
course [15]. The results of bacterial culture in the present
study were similar to those of these previous reports. In
our study, we evaluated influence of pathogenic bacteria on
visual disturbance (Table 3), and it showed that the types
of bacteria may be associated with the visual prognosis.
Furthermore, these cases were classified into 2 groups: with
poor visual outcome or no visual outcome and without poor
visual outcome (Table 4), and it showed that HPB may be
associated with the visual prognosis.

Limitations of the present study include that the present
studywas retrospective, evaluated a small number of patients,
and was conducted in a single hospital, although we searched
the hospital record of 13 years.

In conclusion, the present study suggests that visual prog-
nosis of BRE treated by PPV is significantly better when the
pathogenic bacteria are not HPB. Severe visual loss occurred
with HPB infection even though patients had appropriate
treatments for bleb-related complications. Physicians need
to have careful consideration to prevent bleb infection after
trabeculectomy with MMC.
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