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ABSTRACT 

The aim of this study was to examine the effect of the glaucoma medication on Choroidal Thickness (CT) in those with 
Primary Open-Angle Glaucoma (POAG) and normal cases. This prospective study included 27 patients with newly 
diagnosed POAG (group 1; 49 eyes), undergoing glaucoma treatment, and 30 patients, whose treatment was terminated 
due to misdiagnosis (group 2; 57 eyes). Choroidal thickness was measured using Enhanced Depth Imaging (EDI) with 
Spectral Domain Optical Coherence Tomography (SD-OCT) at the first visit and almost one month later. In group 1, the 
mean Sub-Foveal CT (SFCT) was 301 ± 91 µm, the mean CT was 264 ± 87 µm at the nasal point, 1 mm to the fovea, and 
271 ± 84 µm at the temporal point, 1 mm to the fovea. The second measurements were obtained as 39 ± 8.5 days after 
treatment began; the SFCT was 319 ± 85 µm (P = 0.0017), the nasal 1 mm CT was 275 ± 88 µm (P = 0.162), and the 
temporal 1mm CT was 291 ± 80 µm (P = 0.007). In group 2, the mean SFCT was 292 ± 100 µm, the nasal 1 mm CT was 
254 ± 97 µm, and the temporal 1 mm CT was 261 ± 97 µm. The second measurements were obtained 37.5 ± 5.5 days 
after the treatment ended; the SFCT was 295 ± 107 µm (P = 0.212), the nasal 1 mm CT was 262 ± 104 µm (P = 0.709), and 
the temporal 1 mm CT was 266 ± 104 µm (P = 0.792). Glaucoma medication affects the CT as a marker for choroidal 
blood flow in patients with glaucoma. Further studies with larger sample sizes are required to examine each glaucoma 
medication subgroup. 
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INTRODUCTION

Glaucoma is a significant cause of blindness in many 
countries, irrespective of their development status. 
Typical morphologic changes in the Optic Nerve Head 

(ONH) occur after damage to the ganglion cells and their 
axons, and this is known as Glaucomatous Optic 
Neuropathy (GON) [1-4]. Progressive changes in the optic 
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disc, retinal nerve fiber layer, and ganglion cell-inner 
plexiform layer, peripheral and central visual fields are 
perceived in GON. Intraocular Pressure (IOP) is majorly 
accepted as a significant risk factor in glaucoma, and 
although the progression of vision and visual field loss 
can be slowed or stopped by IOP reduction, in Normal-
Tension Glaucoma (NTG), it may persist regardless of 
whether IOP is medically or surgically controlled. This 
indicates that mechanisms beyond IOP, such as 
worsening choroidal blood flow or ocular ischemia, may 
be instrumental in the deterioration of vision loss [5-10]. 
There have been conflicting results in studies that 
evaluated Choroidal Thickness (CT) in patients with 
glaucoma as a sign of choroidal blood flow, both in 
histologic and imaging studies [11-13]. Histologic studies 
can be influenced by long-term perfusion loss to the eye 
and by the sample preparation method used. Imaging is a 
prerequisite for in vivo investigations of the choroid in 
glaucoma. Enhanced Depth Imaging (EDI) technique of 
Spectral Domain Optical Coherence Tomography (SD-
OCT) instruments has resulted in improved choroid 
images [14-16]. Recently, a number of studies have 
compared CT between patients with Primary Open-Angle 
Glaucoma (POAG) and controls, yet the results have not 
been conclusive. Macular or peripapillary choroidal 
thinning in patients with POAG or NTG was reported in 
some cases yet most previous studies showed no 
significant differences between patients with glaucoma 
and healthy individuals or among those, who are thought 
to have glaucoma [17-25]. Accordingly, further studies 
examining this issue are merited. The aim of glaucoma 
medication is to lower IOP, which is a major factor in the 
pathogenesis of this condition. Future treatment 
methodologies may include vaso-protective drugs, which 
influence blood flow or neuroprotective medication. 
Choroidal thickness, a marker of choroidal flow, can be 
affected by the type of glaucoma medication 
administered [5-10]. Thus, this study evaluated the effect 
of glaucoma medication on CT, using SD-OCT, with the 
EDI technique. 

METHODS 

This prospective study consisted of 27 patients with 
newly diagnosed POAG (group 1; 49 eyes; 15 females, 12 
males), and 30 patients (group 2; 57 eyes; 19 females, 11 
males), whose glaucoma treatment was terminated due 
to the misdiagnosis of glaucoma (normal subjects). In 
group 1, Sub-Foveal Choroidal Thickness (SFCT) was 
measured before anti-glaucomatous treatment and 
approximately one month after the treatment began. In 
group 2, the SFCT was measured during anti-
glaucomatous treatment and approximately one month 

after termination of the treatment in order to wait for 
the wash-out period. The study protocol was approved 
by the Ethics Committee of Istanbul Faculty of Medicine 
and all of the patients provided an informed consent. All 
researches were conducted in accordance with the 
Declaration of Helsinki. 
The exclusion criteria for both groups were diabetes 
mellitus, systemic arterial hypertension, use of systemic 
corticosteroids, macula diseases, ocular surgery or 
trauma, inflammation, non-glaucomatous optic 
neuropathy, or corneal opacities, and smoking. Inclusion 
criteria were having a Corrected Distance Visual Acuity 
(CDVA) of       , within -5 to +3 diopters (D) of 
refractive errors, and ± 3D cylindrical correction, with a 
clear cornea and clear ocular media as well as diagnosis 
of POAG in Group 1. The inclusion criteria for Group 2 
were misdiagnosis of POAG, being under treatment of 
anti-glaucomatous medication, having a CDVA of 20/20, 
a normal-appearing optic disc, normal Retinal Nerve 
Fiber Layer (RNFL) thickness measurement, a normal 
visual field, no ocular pathology or ocular trauma, and no 
familial history of glaucoma. 
All patients underwent detailed ophthalmologic 
assessments, including quantification of CDVA, slit-lamp 
biomicroscopy, Goldmann applanation tonometry, 
gonioscopy, indirect ophthalmoscopy, RNFL thickness 
using SPECTRALIS® OCT (Heidelberg Engineering, 
Heidelberg, Germany), and achromatic automated 
perimetry, using the 30-2 Swedish Interactive Threshold 
Algorithm (SITA) standard program (Humphrey Visual 
Field Analyzer; Carl Zeiss-Meditec, Inc., Dublin, CA, USA). 
The POAG was defined as the presence of an abnormal 
glaucomatous optic disc, an abnormal visual field 
correlated with the decrease in RNFL thickness, an IOP > 
21 mm Hg (without medical treatment), and an open-
angle as determined by gonioscopy. 
Each patient was examined using SPECTRALIS HRA-OCT in 
the EDI mode. The choroid was imaged by positioning the 
SD-OCT device sufficiently close to the eye to obtain a 
clear image. Each image was averaged from 100 scans 
using the automated averaging and eye-tracking features 
provided by the SPECTRALIS HRA-OCT. The SFCT was 
measured vertically from the outer border of the hyper-
reflective band corresponding to the retina pigment 
epithelium to the inner surface of the sclera, using the 
caliper tools of the software (Heidelberg Eye Explorer 
Version 1.6.4.0; Heidelberg Engineering). Choroidal 
thickness was measured at three points: At the SFCT and 
at 1 mm nasal and 1 mm temporal to the fovea. A single 
experienced technician took all the measurements. One 
of the measurements is shown in Figure 1. All EDI-OCT 
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measurements were made in the morning in order 
obviate the effect of diurnal variation in CT. 
The statistical analyses performed using SPSS 20.0 (SPSS, 
Inc., Chicago, IL, USA). The Shapiro Wilk (SW) test was 
applied to study normality of distribution. The Wilcoxon 
test was used to verify statistically significant differences 
between the two groups. Regarding continuous 

variables, for normally distributed variables, independent 
samples t-test was used and for non-normally distributed 
variables, the Mann-Whitney U test was used. The Chi-
square test was used for categorical variables. For all 
tests, P values of < 0.005 were accepted as statistically 
significant. 
 

 

Figure 1: The Enhanced Depth Imaging (EDI) Photograph using Spectral Domain Optical Coherence Tomography (SD-OCT) showing the Measurement of 

Choroidal Thickness. 

 

RESULTS

In this prospective study, the researchers examined 106 
eyes of 57 patients (34 females and 23 males). The mean 
± Standard Deviation (SD) of age was 55.6 ± 14.7 years. 
The patients’ clinical characteristics are summarized in 
Table 1.  
In group 1 (49 eyes; 27 patients with newly diagnosed 
POAG), the mean ± SD of age of the participants was 55.6 
± 12 years. The mean spherical equivalent was -0.11 ± 1.8 
D. At the time of diagnosis, the mean IOP was 23.5 ± 1.5 
millimeters of mercury (mm Hg) and the mean average 
RNFL thickness was 92 ± 18 micrometers (µm). The mean 
± SD of SFCT was 301 ± 91 µm; at the nasal point 1 mm to 
the fovea, the mean ± SD of CT was 264 ± 87 µm, and at 
the temporal point 1 mm to the fovea, the mean ± SD of 
CT was 271 ± 84 µm.  
The glaucoma medications included prostaglandin 
analogs in 29 eyes, carbonic anhydrase inhibitors + 

timolol fixed-combinations in five eyes, brimonidine 
tartrate in two eyes, brimonidine tartrate + timolol fixed-
combination in nine eyes, and bimatoprost + timolol 
fixed-combination in four eyes. The details of the drugs 
are shown in Table 2. The second IOP and CT 
measurements were 39 ± 8.5 days after the treatment 
began. The second mean ± SD of IOP was 15.3 ± 2.4 mm 
Hg (P < 0.001). The second mean ± SD of SFCT was 319 ± 
85 µm (P = 0.0017), the mean ± SD of nasal 1 mm CT was 
275 ± 88 µm (P = 0.162), and the mean ± SD of temporal 
1 mm CT was 291 ± 80 µm (P = 0.007). The comparison of 
CT in group 1 before and after treatment is presented in 
Table 3. 
In group 2 (57 eyes and 30 patients), glaucoma treatment 
was terminated due to misdiagnosis and no other 
ophthalmologic pathologies were found. The mean ± SD 
of age of the participants was 55.6 ± 17 years. The mean 
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± SD of spherical equivalent was 0.4 ± 2.7 D. The mean ± 
SD of IOP at the time of diagnosis was 15 ± 3.2 mm Hg 
and the mean ± SD of average RNFL thickness was 102 ± 
9 µm. The mean ± SD of SFCT was 292 ± 100 µm; at the 
nasal point 1 mm to the fovea, the mean ± SD of CT was 
254 ± 97 µm and at the temporal point 1 mm to the 
fovea, the mean ± SD of CT was 261 ± 97 µm. The 
following glaucoma medications were terminated: 
Prostaglandin analogs in 32 eyes, carbonic anhydrase 
inhibitors + timolol fixed-combinations in eight eyes, 
brimonidine tartrate in three eyes, brimonidine tartrate + 
timolol fixed-combination in two eyes, prostaglandin 

analogs + timolol fixed-combination in four eyes, 
carbonic anhydrase inhibitors in two eyes, and timolol 
maleate in six eyes. The details of these drugs are shown 
in Table 2. The second IOP and CT measurements were 
obtained as 38 ± 5.5 days after treatment ended. The 
second mean ± SD of IOP was 15.5 ± 2.5 mmHg (P > 
0.001). The second mean ± SD of SFCT was 295 ± 107 µm 
(P=0.212), the mean ± SD of nasal 1 mm CT was 262 ± 
104 µm (P=0.709), and the mean ± SD of temporal 1 mm 
CT was 266 ± 104 µm (P=0.792). The comparison of CT in 
group 2 of those under treatment and without treatment 
is shown in Table 4. 

 
Table 1: Clinical Characteristics in Study Participants of both Groups (n = 106) 

 Group 1, (n=49) Group 2, (n=57) P
 

Age(y) 56 ± 12 56 ± 17 0.999 

Spherical Equivalent, D -0.11 ± 1.8 0.42 ± 2.74 0.89 

Central Corneal Thickness, µm 537 ± 37 552 ± 37 0.98 

RNFL Average Thickness, µm 92 ± 18 102 ± 9 0.007* 

Data are presented as mean ± SD. SD: standard deviation; n: number; y: year; D: diopter; µm: micrometer; RNFL: retinal nerve fiber layer.  

Note: Independent samples t test and Mann Whitney U test applied for analysis. *: P value less than 0.05. 

 

Table 2: Details of the anti-glaucoma drugs started or terminated in both groups 

Brand name Active ingredient Group1 (n=49) Group 2 (n=57) 

Lumigan® 
1 

Bimatoprost 0.01% 20 2 

Xalatan®
2 

Latanoprost 0.005% 9 27 

Travatan®
3 

Travoprost 0.004% 0 3 

Alphagan-P®
1 

Brimonidine tartrate 0.15% 2 3 

Combigan®
1 

Timolol maleate 0.5%+ brimonidine tartrate 0.2% 9 2 

Azarga®
3 

Brinzolamide 1% + timolol maleate 0.5% 3 2 

Cosopt®
4 

Dorzolamide 2% + Timolol maleate 0.5% 2 6 

Ganfort®
1 

Bimatoprost 0.001% + Timolol maleate 0.5% 4 0 

Xalacom®
2 

Latanoprost 0.005% + Timolol maleate 0.5% 0 2 

Duotrav®
3 

Travoprost 0.004%+ Timolol maleate 0.5% 0 2 

Azopt®
3 

Brinzolamide 1% 0 2 

Timoptic XE®
4 

Timolol maleate 0.5% 0 6 
1 

Allergan, Inc., Irvine, CA, USA; 
2 

Pfizer, Inc., New York, NY, USA; 
3 

Alcon laboratories, Inc., Fort Worth, TX, USA; 
4 

Merck & Co., Inc, Blue Bell, PA 

 

Table 3: Comparison of choroidal thicknesses in Group 1 before and after the treatment 

 Before treatment After treatment P
 

Choroidal thicknesses(µm ± SD)    

Subfoveal  301 ± 91 319 ± 85 0.0017* 

Nasal 1mm to fovea 264 ± 87 275 ± 88 0.162 

Temporal 1 mm to fovea 271 ± 84 291 ± 80 0.007* 

SD: standard deviation; µm: micrometer; mm:milimeter. Note: Wilcoxon test applied for analysis. *: P value less than 0.05. 

 

DISCUSSION

This study aimed at evaluating the effect of glaucoma 
medication on CT using SD-OCT with the EDI technique. 
The results indicated that the mean sub-foveal CT was 
significantly higher after topical anti-glaucomatous 

medication treatment in patients, who were newly 
diagnosed as POAG. However, there was no significant 
difference in normal subjects.  
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Numerous studies have investigated choroid in glaucoma 
by measuring CT thickness, using histopathologic or in 
vivo imaging techniques. Histologic studies have shown 
divergent CT results in post-mortem glaucoma studies 
[12, 13]. Yin et al. found a decrease in CT, which they 
attributed to the coexistence of decreased vessel density 

and the reduced patency of choroidal vessels. In 
contrast, Spraul et al. found an increase in both calibers 
of the largest choroidal arteries and in the CT [12, 13]. 
The disparity between these studies may be related to 
the methods used. 

 

Table 4: Comparison of choroidal thicknesses in Group 2 under treatment and without treatment 

 Under treatment Without treatment P
 

Choroidal thicknesses(µm ± SD)    

Subfoveal  292 ± 100 295 ± 107 0.212 

Nasal 1mm to fovea 254 ± 97 262 ± 104 0.709 

Temporal 1 mm to fovea 261 ± 97 266 ± 104 0.792 

SD: standard deviation; µm: micrometer; mm:milimeter. Note: Wilcoxon test applied for analysis. 

 

Newer techniques that can measure CT in vivo, such as 
SD-OCT, are more likely to be accurate. The SD-OCT 
coupled with a technique called EDI, which was described 
by Margolis and Spaide, has the ability to image beyond 
the retinal pigment epithelium [14, 15]. These studies 
showed that CT decreased with age, and in eyes with a 
longer axial length, the choroid was thinner. Thus, many 
studies have investigated CT within the macula because 
the choroid is thickest under the fovea in glaucomatous 
eyes. In many published studies, no meaningful 
differences were found between the macular CT of 
glaucomatous eyes in comparison with those of controls 
[20-23, 26]. Mwanza et al. studied one eye in 38 normal 
patients, 20 with NTG, and 56 with POAG and they could 
not find any relationship between glaucoma and average 
macular CT [20]. In their study, patients were also 
grouped, according to the degree of visual field change; 
nevertheless, no meaningful difference in CT was 
determined between the groups. In another study by the 
same group, the affected eyes of patients with unilateral 
advanced glaucoma were compared with their 
unaffected eyes [23].  In this way, variables, such as age 
and comorbidities, were eliminated, yet still no 
differences were found. Rhew et al. measured SFCT in 32 
patients with NTG, whose results were compared with 35 
healthy controls and they found no meaningful 
difference [22]. Jonas et al. measured CT in 71 patients 
with glaucoma and 228 normal individuals, and their 
findings revealed no significant differences [26]. Toprak 
et al. assessed CT and vessel diameter in patients with 
POAG using SD-OCT EDI mode with age-based analysis 
and compared them with healthy subjects [27]. They 
found no significant difference in CT and vessel caliber 
between patients with POAG and healthy controls. Wang 
et al. examined the CT of patients with POAG using EDI-
OCT and compared them with healthy subjects [28]. They 
also performed a meta-analysis about this among 

Chinese patients. They suggested that POAG was not 
significantly associated with a marked thinning or 
thickening of the choroid based on EDI-OCT 
measurements. The findings of the above studies are in 
contrast with the findings of the current study. The 
reason for this difference could be due to the differences 
in the race of the subjects, the course of the disease, the 
type of drugs used and other causes that are still 
unknown and should be investigated in future studies in 
details.  
In contrast, Hirooka et al. suggested that CT was focally 
diminished in patients with glaucoma [19]. The authors 
studied 62 normal eyes and 45 eyes with NTG and 
investigated the difference. They found a meaningful 
choroidal thinning in the nasal fovea of NTG patients. 
Roberts et al. compared 92 controls with glaucoma 
patients, including focal (n = 34), diffuse (n = 35), and 
sclerotic (n = 34) optic disc damage [18]. They only found 
that the choroid was thinner in eyes with sclerotic disc 
damage. Ersoz et al. investigated the difference of CT and 
factors influencing CT between POAG patients and the 
control group by using SD-OCT EDI mode [29]. They found 
that CT was thinner in the POAG group. However, this 
was suggested to arise from the difference in IOP and 
pulse rate between the groups. The findings reported in 
these studies revealed that open-angle glaucoma is not 
associated with the thickening of the choroid in the 
foveal or para-foveal region, which differs from our 
results that could be contributed to reasons mentioned 
earlier.  
The researchers aimed to study the impact of glaucoma 
medication on CT as a sign of choroidal flow and ocular 
perfusion. In POAG, the researchers found a significant 
difference in CT under anti-glaucomatous treatment. In 
most cases, glaucoma medication is used to lower IOP to 
protect against the deleterious effect on neuro-retinal 
tissues. Many existing medications interact with the 
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vasculature and change ocular blood flow. Many 
previous studies have examined the effect of subclasses 
of medications on ONH and retinal, choroidal, and retro-
bulbar circulation [30-43]. 
By blocking carbonic anhydrase type II, the topical 
Carbonic Anhydrase Inhibitor (CAI), dorzolamide, 
significantly lowers IOP. The efficacy of CAI, as a 
vasodilator, has been demonstrated by many studies 
[30]. Using color Doppler imaging, Martinez et al. 
evaluated the effect of dorzolamide on ocular blood flow 
in normal and glaucomatous eyes. They showed higher 
end-diastolic velocities in the ophthalmic and central 
retinal artery and also increased peak-systolic velocity in 
the central retinal artery in glaucomatous eyes [31]. 
Dorzolamide was also found to accelerate the retinal 
arteriovenous flow rate of fluorescein dye without 
affecting flow speeds in any retrobulbar vessels in 
patients with NTG [32]. Recently, it has been reported 
that another CAI brinzolamide has a better affinity. In 
rabbit studies it was shown that it is a good 
vasodilatation effect and thus results a higher blood flow 
in the ONH [33]. However, there are no data concerning 
the effects of dorzolamide and brinzolamide on choroidal 
flow or CT. 
Different studies evaluated the use of topical β-blockers 
as a local anti-glaucomatous medication. Using laser 
Doppler velocimetry, one study found that treatment 
with timolol maleate (0.5%) resulted in a substantial 
difference in retinal blood flow in healthy controls [34]. 
Conflictingly, Yoshida et al. found no difference in blood 
flow after the same treatment [35]. It might be 
considered, therefore, that these β-blocker studies were 
unpersuasive regarding drug penetration and their 
effects on ocular blood flow [36].  
Another group of drugs that might be considered for 
their possible vasoactive effects are alpha-adrenergic 
agonists. Using laser Doppler flow metry, Carlsson et al. 
showed that topical brimonidine has no retinal blood 
flow alteration [37]. The literature includes studies that 
found that brimonidine tartrate had no impact on ocular 
hemodynamics, which may be because of the very slight 
penetration to the posterior pole [38]. 
The mechanism of action of prostaglandin analogs, 
through increasing uveoscleral outflow, subsequently 
reduces IOP. Using scanning laser Doppler flowmetry, 
two hours and 24 hours after administration of 
latanoprost drops (0.005%) in healthy volunteers, Seong 
et al. reported no meaningful difference in the ONH and 
peripapillary retinal blood flow [39]. In contrast, other 
studies with pulsatile Ocular Blood Flow (pOBF) 
measured a positive effect on ONH blood flow [40, 41]. 

Vetrugno et al. used pOBF to study the contrast in the 
effects of bimatoprost and timolol on IOP and choroidal 
blood flow in POAG patients and found that bimatoprost 
increased blood flow [42]. Koz et al. used color Doppler 
ultrasound to investigate the effect of three 
prostaglandin analogs (latanoprost, travoprost, and 
bimatoprost) on retro-bulbar blood flow velocity in 
previously untreated POAG or Ocular Hypertension (OHT) 
patients [43]. Their results suggested that the three 
prostaglandin analogs meaningfully reduced IOP and 
increased ocular perfusion pressure in all patients. 
Topical travoprost and latanoprost significantly reduced 
the resistive index of the central retinal artery and 
ophthalmic artery, respectively. However, the authors 
observed that topical bimatoprost did not influence 
ocular hemodynamics [43]. 

In summary, all these studies showed that the effect of 
glaucoma medications on ocular, retinal, or choroidal 
blood flow is still controversial. Moreover, there are no 
data on the effect of these medications on CT. The 
current study aimed at identifying the effect of anti-
glaucomatous medication on CT using SD-OCT in EDI 
mode. In group one, the patients were newly diagnosed 
as having POAG and the mean sub-foveal CT was 
significantly higher after a treatment period of 
approximately 40 days, as shown in Table 3. In group 2, 
the patients were misdiagnosed as having glaucoma, 
thus their treatments were terminated. Therefore, it 
could be suggested that group 2 was a control group. 
There was no significant difference in the mean CT in 
group 2 after the wash-out period, as shown in Table 4. 
The present study had many limitations. First, the sample 
size of the two groups was relatively small. Second, the 
type of glaucoma medication that was administered was 
not the same for each patient or each group. It would be 
better to examine each subgroup of anti-glaucomatous 
medication in the same patients because there can be 
differences based on the type of medications used. Third, 
this study only measured CT in the subfoveal region and 
the parafoveal area, and did not measure peripapillary 
CT, which is suggested to have a greater association with 
glaucoma. Fourth, the measurements were taken by a 
single technician with a manual caliper. In conclusion, the 
current study showed that glaucoma medication affects 
CT as a marker for choroidal blood flow in patients with 
glaucoma. Drugs that influence blood flow, thereby act 
as vasoprotective and neuroprotective medications, and 
might be options to investigate in the future. Thus, 
additional studies with larger sample sizes are needed to 
examine each glaucoma medication subgroup and should 
include a longer follow-up period. 



 
 

Med Hypothesis Discov Innov Ophthalmol. 2019; 8(1)  
 

50 EFFECT OF GLAUCOMA MEDICATION ON CHOROIDAL THICKNESS 

DISCLOSURE 

Ethical issues have been completely observed by the 
authors. All named authors meet the International 
Committee of Medical Journal Editors (ICMJE) criteria for 
authorship of this manuscript, take responsibility for the 
integrity of the work as a whole, and have given final 
approval for the version to be published. No conflict of 
interest has been presented. 

ACKNOWLEDGEMENT 

The authors would like to thank to SD-OCT technician Mr. 
Halil Topcu. All authors declared that there is no conflict 
of interest. 

REFERENCES 

1. Buus DR, Anderson DR. Peripapillary crescents and halos in 
normal-tension glaucoma and ocular hypertension. 
Ophthalmology. 1989;96(1):16-9. doi: 10.1016/s0161-
6420(89)32930-7 pmid: 2919047 

2. Nevarez J, Rockwood EJ, Anderson DR. The configuration of 
peripapillary tissue in unilateral glaucoma. Arch 
Ophthalmol. 1988;106(7):901-3. doi: 
10.1001/archopht.1988.01060140047021 pmid: 3390 052 

3. Rockwood EJ, Anderson DR. Acquired peripapillary changes 
and progression in glaucoma. Graefes Arch Clin Exp 
Ophthalmol. 1988;226(6):510-5. doi: 10.1007/bf02169197 
pmid: 3209077 

4. Quigley HA. Neuronal death in glaucoma. Prog Retin Eye 
Res. 1999;18(1):39-57. doi: 10.1016/s1350-9462(98)00014-
7 pmid: 9920498 

5. Harris A, Jonescu-Cuypers CP. The impact of glaucoma 
medication on parameters of ocular perfusion. Curr Opin 
Ophthalmol. 2001;12(2):131-7. doi: 10.1097/0 0055735-
200104000-00009 pmid: 11224720 

6. Heijl A, Leske MC, Bengtsson B, Hyman L, Bengtsson B, 
Hussein M, et al. Reduction of intraocular pressure and 
glaucoma progression: results from the Early Manifest 
Glaucoma Trial. Arch Ophthalmol. 2002;120(10):1268-79. 
doi: 10.1001/archopht.120.10.1268 pmid: 12365 904 

7. Van Veldhuisen PC, Ederer F, Gaasterland DE, Sullivan EK, 
Beck A, Prum BE, et al. The Advanced Glaucoma 
Intervention Study (AGIS): 7. The relationship between 
control of intraocular pressure and visual field 
deterioration.The AGIS Investigators. Am J Ophthalmol. 
2000;130(4):429-40. doi: 10.1016/s0002-9394(00)00538-9 
pmid: 11024415 

8. Fuchsjager-Mayrl G, Wally B, Georgopoulos M, Rainer G, 
Kircher K, Buehl W, et al. Ocular blood flow and systemic 
blood pressure in patients with primary open-angle 
glaucoma and ocular hypertension. Invest Ophthalmol Vis 
Sci. 2004;45(3):834-9. doi: 10.1167/iov s.03-0461 pmid: 
14985298 

9. Piltz-seymour JR, Grunwald JE, Hariprasad SM, Dupont J. 
Optic nerve blood flow is diminished in eyes of primary 
open-angle glaucoma suspects. Am J Ophthalmol. 

2001;132(1):63-9. doi: Doi 10.1016/S0002-9394(01)00871-6 
pmid: 11438055 

10. Sugiyama T, Schwartz B, Takamoto T, Azuma I. Evaluation of 
the circulation in the retina, peripapillary choroid and optic 
disk in normal-tension glaucoma. Ophthalmic Res. 
2000;32(2-3):79-86. doi: 10.1159/000 055594 pmid: 
10754439 

11. Cristini G, Cennamo G, Daponte P. Choroidal thickness in 
primary glaucoma. Ophthalmologica. 1991;202(2):81-5. doi: 
10.1159/000310179 pmid: 2057197 

12. Spraul CW, Lang GE, Lang GK, Grossniklaus HE. 
Morphometric changes of the choriocapillaris and the 
choroidal vasculature in eyes with advanced glaucomatous 
changes. Vision Res. 2002;42(7):923-32. doi: 
10.1016/s0042-6989(02)00022-6 pmid: 11927356 

13. Yin ZQ, Vaegan, Millar TJ, Beaumont P, Sarks S. Widespread 
choroidal insufficiency in primary open-angle glaucoma. J 
Glaucoma. 1997;6(1):23-32. doi: 10.1097/00061198-
199702000-00006 pmid: 9075077 

14. Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth imaging 
spectral-domain optical coherence tomography. Am J 
Ophthalmol. 2008;146(4):496-500. doi: 
10.1016/j.ajo.2008.05.032 pmid: 18639219 

15. Margolis R, Spaide RF. A pilot study of enhanced depth 
imaging optical coherence tomography of the choroid in 
normal eyes. Am J Ophthalmol. 2009;147(5):811-5. doi: 
10.1016/j.ajo.2008.12.008 pmid: 19232559 

16. Mrejen S, Spaide RF. Optical coherence tomography: 
imaging of the choroid and beyond. Surv Ophthalmol. 
2013;58(5):387-429. doi: 10.1016/j.survophthal.2012. 
12.001 pmid: 23916620 

17. Park HY, Lee NY, Shin HY, Park CK. Analysis of macular and 
peripapillary choroidal thickness in glaucoma patients by 
enhanced depth imaging optical coherence tomography. J 
Glaucoma. 2014;23(4):225-31. doi: 
10.1097/IJG.0000000000000045 pmid: 24682006 

18. Roberts KF, Artes PH, O'Leary N, Reis AS, Sharpe GP, 
Hutchison DM, et al. Peripapillary choroidal thickness in 
healthy controls and patients with focal, diffuse, and 
sclerotic glaucomatous optic disc damage. Arch 
Ophthalmol. 2012;130(8):980-6. doi: 10.1001/archoph 
thalmol.2012.371 pmid: 22491392 

19. Hirooka K, Tenkumo K, Fujiwara A, Baba T, Sato S, Shiraga F. 
Evaluation of peripapillary choroidal thickness in patients 
with normal-tension glaucoma. BMC Ophthalmol. 
2012;12(1):29. doi: 10.1186/1471-2415-12-29 pmid: 
22839368 

20. Mwanza JC, Hochberg JT, Banitt MR, Feuer WJ, Budenz DL. 
Lack of association between glaucoma and macular 
choroidal thickness measured with enhanced depth-
imaging optical coherence tomography. Invest Ophthalmol 
Vis Sci. 2011;52(6):3430-5. doi: 10.1167/iovs.10-6600 pmid: 
21357398 

21. Maul EA, Friedman DS, Chang DS, Boland MV, Ramulu PY, 
Jampel HD, et al. Choroidal thickness measured by spectral 
domain optical coherence tomography: factors affecting 
thickness in glaucoma patients. Ophthalmology. 

http://dx.doi.org/10.1016/s0161-6420(89)32930-7
http://dx.doi.org/10.1016/s0161-6420(89)32930-7
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/2919047
http://dx.doi.org/10.1001/archopht.1988.01060140047021
http://dx.doi.org/10.1001/archopht.1988.01060140047021
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/3390052
http://dx.doi.org/10.1007/bf02169197
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/3209077
http://dx.doi.org/10.1016/s1350-9462(98)00014-7
http://dx.doi.org/10.1016/s1350-9462(98)00014-7
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/9920498
http://dx.doi.org/10.1097/00055735-200104000-00009
http://dx.doi.org/10.1097/00055735-200104000-00009
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/11224720
http://dx.doi.org/10.1001/archopht.120.10.1268
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/12365904
http://dx.doi.org/10.1016/s0002-9394(00)00538-9
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/11024415
http://dx.doi.org/10.1167/iovs.03-0461
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/14985298
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/14985298
http://dx.doi.org/Doi
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/11438055
http://dx.doi.org/10.1159/000055594
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/10754439
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/10754439
http://dx.doi.org/10.1159/000310179
http://dx.doi.org/10.1159/000310179
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/2057197
http://dx.doi.org/10.1016/s0042-6989(02)00022-6
http://dx.doi.org/10.1016/s0042-6989(02)00022-6
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/11927356
http://dx.doi.org/10.1097/00061198-199702000-00006
http://dx.doi.org/10.1097/00061198-199702000-00006
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/9075077
http://dx.doi.org/10.1016/j.ajo.2008.05.032
http://dx.doi.org/10.1016/j.ajo.2008.05.032
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/18639219
http://dx.doi.org/10.1016/j.ajo.2008.12.008
http://dx.doi.org/10.1016/j.ajo.2008.12.008
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/19232559
http://dx.doi.org/10.1016/j.survophthal.2012.12.001
http://dx.doi.org/10.1016/j.survophthal.2012.12.001
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/23916620
http://dx.doi.org/10.1097/IJG.0000000000000045
http://dx.doi.org/10.1097/IJG.0000000000000045
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/24682006
http://dx.doi.org/10.1001/archophthalmol.2012.371
http://dx.doi.org/10.1001/archophthalmol.2012.371
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/22491392
http://dx.doi.org/10.1186/1471-2415-12-29
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/22839368
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/22839368
http://dx.doi.org/10.1167/iovs.10-6600
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/21357398
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/21357398


 
 

Med Hypothesis Discov Innov Ophthalmol. 2019; 8(1)  
 

51 EFFECT OF GLAUCOMA MEDICATION ON CHOROIDAL THICKNESS 

2011;118(8):1571-9. doi: 10.1016/j. ophtha.2011.01.016 
pmid: 21492939 

22. Rhew JY, Kim YT, Choi KR. Measurement of subfoveal 
choroidal thickness in normal-tension glaucoma in Korean 
patients. J Glaucoma. 2014;23(1):46-9. doi: 
10.1097/IJG.0b013e31825af772 pmid: 22668982 

23. Mwanza JC, Sayyad FE, Budenz DL. Choroidal thickness in 
unilateral advanced glaucoma. Invest Ophthalmol Vis Sci. 
2012;53(10):6695-701. doi: 10.1167/iovs.12-10388 pmid: 
22956612 

24. Ehrlich JR, Peterson J, Parlitsis G, Kay KY, Kiss S, Radcliffe 
NM. Peripapillary choroidal thickness in glaucoma 
measured with optical coherence tomography. Exp Eye Res. 
2011;92(3):189-94. doi: 10.1016/j.exer.2011.01.002 pmid: 
21232535 

25. Hayreh SS. Blood supply of the optic nerve head and its role 
in optic atrophy, glaucoma, and oedema of the optic disc. 
Br J Ophthalmol. 1969;53(11):721-48. pmid: 4982590 

26. Jonas JB, Steinmetz P, Forster TM, Schlichtenbrede FC, 
Harder BC. Choroidal Thickness in Open-angle Glaucoma. J 
Glaucoma. 2015;24(8):619-23. doi: 
10.1097/IJG.0000000000000063 pmid: 25415643 

27. Toprak I, Yaylali V, Yildirim C. Age-based analysis of 
choroidal thickness and choroidal vessel diameter in 
primary open-angle glaucoma. Int Ophthalmol. 
2016;36(2):171-7. doi: 10.1007/s10792-015-0092-4 pmid: 
26077882 

28. Wang W, Zhang X. Choroidal thickness and primary open-
angle glaucoma: a cross-sectional study and meta-analysis. 
Invest Ophthalmol Vis Sci. 2014;55(9):6007-14. doi: 
10.1167/iovs.14-14996 pmid: 25168904. 

29. Ersoz MG, Mart DK, Ayintap E, Hazar L, Gunes IB, Adiyeke 
SK, et al. The factors influencing peripapillary choroidal 
thickness in primary open-angle glaucoma. Int Ophthalmol. 
2017;37(4):827-33. doi: 10.1007/s10792-016-0346-9 pmid: 
27620471 

30. Sugrue MF. Pharmacological and ocular hypotensive 
properties of topical carbonic anhydrase inhibitors. Prog 
Retin Eye Res. 2000;19(1):87-112. doi: 10.1016/s1350-
9462(99)00006-3 pmid: 10614682 

31. Martinez A, Gonzalez F, Capeans C, Perez R, Sanchez-Salorio 
M. Dorzolamide effect on ocular blood flow. Invest 
Ophthalmol Vis Sci. 1999;40(6):1270-5. pmid: 10235564 

32. Harris A, Arend O, Chung HS, Kagemann L, Cantor L, Martin 
B. A comparative study of betaxolol and dorzolamide effect 
on ocular circulation in normal-tension glaucoma 

patients11Proprietary interest: none. Ophthalmology. 
2000;107(3):430-4. doi: 10.1016/s0161-6420(99)00093-7  

33. Desantis L. Preclinical Overview of Brinzolamide1. Surv 
Ophthalmol 2000;44:S119-S29. doi: 10.1016/s0039-
6257(99)00108-3  

34. Grunwald JE. Effect of topical timolol on the human retinal 
circulation. Invest Ophthalmol Vis Sci. 1986;27(12):1713-9. 
pmid: 2947874 

35. Yoshida A, Feke GT, Ogasawara H, Goger DG, Murray DL, 
McMeel JW. Effect of timolol on human retinal, choroidal 
and optic nerve head circulation. Ophthalmic Res. 
1991;23(3):162-70. doi: 10.1159/000267116 pmid: 1945288 

36. Harris A, Martin B. Beta-blockers and ocular blood flow: a 
perspective. J Glaucoma. 1997;6(3):143-5. pmid: 9211135 

37. Carlsson AM, Chauhan BC, Lee AA, LeBlanc RP. The effect of 
brimonidine tartrate on retinal blood flow in patients with 
ocular hypertension. Am J Ophthalmol. 2000;129(3):297-
301. doi: 10.1016/s0002-9394(00)00389-5 pmid: 10704543 

38. Lachkar Y, Migdal C, Dhanjil S. Effect of brimonidine tartrate 
on ocular hemodynamic measurements. Arch Ophthalmol. 
1998;116(12):1591-4. doi: 10.1001/archo pht.116.12.1591 
pmid: 9869786 

39. Seong GJ, Lee HK, Hong YJ. Effects of 0.005% latanoprost on 
optic nerve head and peripapillary retinal blood flow. 
Ophthalmologica. 1999;213(6):355-9. doi: 
10.1159/000027454 pmid: 10567866 

40. Vetrugno M, Cantatore F, Gigante G, Cardia L. Latanoprost 
0.005% in POAG: effects on IOP and ocular blood flow. Acta 
Ophthalmol Scand Suppl. 1998;76(227):40-1. doi: 
10.1111/j.1600-0420.1998. tb00879.x pmid: 9972341 

41. McKibbin M, Menage MJ. The effect of once-daily 
latanoprost on intraocular pressure and pulsatile ocular 
blood flow in normal tension glaucoma. Eye (Lond). 1999;13 
( Pt 1)(1):31-4. doi: 10.1038/eye .1999.6 pmid: 10396380 

42. Vetrugno M, Cardascia N, Cantatore F, Sborgia C. 
Comparison of the effects of bimatoprost and timolol on 
intraocular pressure and pulsatile ocular blood flow in 
patients with primary open-angle glaucoma: A prospective, 
open-label, randomized, two-arm, parallel-group study. 
Curr Ther Res Clin Exp. 2004;65(6):444-54. doi: 
10.1016/j.curtheres.2005.01 .004 pmid: 24672097 

43. Koz OG, Ozsoy A, Yarangumeli A, Kose SK, Kural G. 
Comparison of the effects of travoprost, latanoprost and 
bimatoprost on ocular circulation: a 6-month clinical trial. 
Acta Ophthalmol Scand. 2007;85(8):838-43. doi: 
10.1111/j.1600-0420.2007.00960.x pmid: 17680841

 

http://dx.doi.org/10.1016/j.ophtha.2011.01.016
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/21492939
http://dx.doi.org/10.1097/IJG.0b013e31825af772
http://dx.doi.org/10.1097/IJG.0b013e31825af772
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/22668982
http://dx.doi.org/10.1167/iovs.12-10388
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/22956612
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/22956612
http://dx.doi.org/10.1016/j.exer.2011.01.002
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/21232535
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/21232535
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/4982590
http://dx.doi.org/10.1097/IJG.0000000000000063
http://dx.doi.org/10.1097/IJG.0000000000000063
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/25415643
http://dx.doi.org/10.1007/s10792-015-0092-4
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/26077882
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/26077882
http://dx.doi.org/10.1167/iovs.14-14996
http://dx.doi.org/10.1167/iovs.14-14996
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/25168904
http://dx.doi.org/10.1007/s10792-016-0346-9
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/27620471
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/27620471
http://dx.doi.org/10.1016/s1350-9462(99)00006-3
http://dx.doi.org/10.1016/s1350-9462(99)00006-3
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/10614682
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/10235564
http://dx.doi.org/10.1016/s0161-6420(99)00093-7
http://dx.doi.org/10.1016/s0039-6257(99)00108-3
http://dx.doi.org/10.1016/s0039-6257(99)00108-3
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/2947874
http://dx.doi.org/10.1159/000267116
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/1945288
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/9211135
http://dx.doi.org/10.1016/s0002-9394(00)00389-5
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/10704543
http://dx.doi.org/10.1001/archopht.116.12.1591
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/9869786
http://dx.doi.org/10.1159/000027454
http://dx.doi.org/10.1159/000027454
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/10567866
http://dx.doi.org/10.1111/j.1600-0420.1998.tb00879.x
http://dx.doi.org/10.1111/j.1600-0420.1998.tb00879.x
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/9972341
http://dx.doi.org/10.1038/eye.1999.6
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/10396380
http://dx.doi.org/10.1016/j.curtheres.2005.01.004
http://dx.doi.org/10.1016/j.curtheres.2005.01.004
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/24672097
http://dx.doi.org/10.1111/j.1600-0420.2007.00960.x
http://dx.doi.org/10.1111/j.1600-0420.2007.00960.x
file:///C:/Users/ubayraktar/Downloads/www.ncbi.nlm.nih.gov/pubmed/17680841

