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1. Introduction
Hypertension, defined as systemic blood pressure 
elevation, is a relatively common public health problem 
capable of causing morbidity and mortality (1,2). It can 
affect all organs and systems in the body. Patients with 
preexisting hypertension are at greater risk of stroke, 
myocardial infarction, heart failure, peripheral vascular 
disease, kidney disease, and various potential ocular 
complications, particularly in the retina and optic nerve 
(3–5). Hypertension is therefore an important modifiable 
risk factor in terms of treatment and of preventing such 
complications (3). 

In addition to the modification of predisposing 
lifestyle habits, the treatment of hypertension may involve 
such medical options as angiotensin converting enzyme 
inhibitors (ACEIs), calcium channel blockers (CCBs), or 
thiazide-type diuretic therapies (5). 

ACEIs prevent the formation of angiotensin II, a 
powerful vasoconstrictor, by inhibiting the enzyme 
ACE that catalyzes the conversion of angiotensin I into 
angiotensin II. This enzyme also breaks down bradykinin, 

a vasodilator peptide. ACEIs thus cause an increase in 
bradykinin levels. The end result is an antihypertensive 
effect, as peripheral vascular resistance decreases 
due to vasodilatation (6). Perindopril arginine is an 
antihypertensive drug from this group (7).

CCBs reduce muscle tone by inhibiting voltage-
dependent calcium channels in the vascular smooth 
muscle and myocardial cell membrane. This again leads 
to an antihypertensive effect as peripheral vascular 
resistance decreases due to vasodilatation. Amlodipine is 
an antihypertensive drug from this group (8).

Approximately 95% of the blood flow entering the eye 
passes into the uveal tissue, the vascular layer of the eye. 
Approximately 70% of it reaches the choroidal segment 
of the uvea (9). Choroidal circulation is largely controlled 
by autonomic innervation (10). The main function of the 
choroid, the tissue with the greatest blood flow per unit 
weight, is to provide oxygen and metabolite support to the 
outer part of the retina (11). 

Choroidal tissue is implicated in ocular involvement in 
various systemic diseases and in the development of several 
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diseases of the eye. Advances in imaging technologies 
have greatly facilitated the examination of the choroidal 
structure, in turn illuminating the etiopathogenesis of 
several diseases of choroidal origin. Optical coherence 
tomography (OCT) is a noninvasive, repeatable, and 
reproducible cross-sectional tissue-imaging modality 
employed by ophthalmologists (12,13). Data elicited by 
means of OCT, such as peripapillary retinal nerve fiber 
layer thickness, ganglion cell complex, retinal thickness, 
and choroidal thickness (CT), are of considerable 
importance in the diagnosis and monitoring of numerous 
ocular and systemic diseases (9,12–17). 

Hypertension causes various changes in the 
microvascular structure of the eye (4,18). Akay et al. 
reported relatively lower CT values in hypertensive subjects 
compared to a healthy control group (18). However, due 
to the cross-sectional design of that study, changes in CT 
occurring with the treatment of hypertension could not 
be evaluated. The purpose of this study was to investigate 
CT values in hypertensive patients and to evaluate the 
probable effects on CT of two different therapeutic options 
used in the treatment of hypertension.  

2. Materials and methods 
This prospective study was performed between August 
2014 and May 2015 at the Karadeniz Technical University 
Faculty of Medicine’s Department of Ophthalmology 
in Trabzon, Turkey. Ethical committee approval was 
received for the research. Forty newly diagnosed primary 
hypertension patients presenting to the ophthalmology 
clinic for hypertensive retinopathy check-up and 21 healthy 
volunteers presenting for refractive error examination 
were included in the study. Informed consent was received 
from all participants.

Inclusion criteria for the hypertensive cases were age 
over 18, hypertension being newly diagnosed, no previous 
history of antihypertensive drug use, and no eye disease or 
additional systemic disease capable of affecting blood flow 
in the eye or CT, other than hypertension. Inclusion criteria 
for the control group were age over 18 and having no eye 
disease or additional systemic disease capable of affecting 
blood flow in the eye or CT. Patients diagnosed with forms 
of hypertension other than primary hypertension, with 
a history of ocular surgery or trauma, with a spherical 
equivalent of ±5 diopters, or with additional systemic 
disease such as diabetes mellitus, heart disease, kidney 
disease, thyroid disease, or any disease that may affect CT 
were excluded.

All participants underwent basal arterial blood 
pressure measurements and detailed eye examination. 
Systemic blood pressure was measured from the right arm 
in a quiet room after subjects had been allowed to rest in 
chairs, using a sphygmomanometer. All measurements 

were performed by the same experienced nurse who was 
blinded to the groups to which the subjects belonged, from 
the same arm, allowing subjects time to rest, with subjects 
in a seated position, and in the same time interval (1300–
1500 hours). 

 Eye examinations included best corrected visual acuity 
measurement, anterior-posterior segment examinations 
with the help of a biomicroscope, and intraocular pressure 
(IOP) measurement. CT measurements were performed 
using an OCT device (Optovue RTVue, RT100, software 
version 6.3, Optovue Inc., Fremont, CA, USA). CT was 
measured as previously described elsewhere (12,19). 
Briefly, the scan protocol was established as a retina cross-
line consisting of two orthogonal 6-mm lines made up of 
1024 A-scans. Subsequently, in order to elicit improved 
visualization of the choroidal layer, the numbers of scans 
were adjusted to 80 by selecting the chorioretinal scanning 
mode on “Manual Tab” and the “Auto All” function 
on “Auto Tab.” Choroidal imaging was carried out in 
cross-line scanning mode. CT was measured from three 
different levels: the fovea, 1000 µm nasal to the fovea, and 
1000 µm temporal to the fovea, using the manual method, 
by determining the region between the outer margin of 
the retinal pigment epithelium and the inner margin of 
the sclera (Figure 1). Mean values for these measurements 
were subsequently calculated and adopted as the CT value 
for the eye concerned. Measurements were performed by 
the same author and in the same time interval (1300–1500 
hours).

Hypertensive patients were randomly assigned to one 
of two systemic therapy groups. Group I (n = 19) was 
started on perindopril arginine (Coversyl 5 mg tablets, Les 
Laboratoires Servier Industrie, Gidy, France) once a day 
and Group II (n = 21) on amlodipine besylate (Norvasc 5 
mg tablets, Pfizer Labs, New York, NY, USA) once a day. 
Arterial blood pressure measurements and detailed ocular 
examinations were performed three times as described in 
all cases at the third and sixth months of follow-up.

Arterial blood pressure values measured at three 
consecutive examinations in all three groups were 
recalculated using the formula mean arterial pressure 
(MAP) = diastolic blood pressure + (systolic blood 

Figure 1. Choroidal thickness measured manually at OCT 
imaging in one case.
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pressure – diastolic blood pressure) / 3. IOP and CT values 
were calculated based on mean measurements for both 
eyes. 
2.1. Statistical analysis
Measurement data were expressed as mean ± standard 
deviation and descriptive data as number and percentage. 
All data were analyzed with SPSS 13.0.1 (SPSS Inc., 
Chicago, IL, USA). Nonparametric tests were employed 
in statistical comparisons since the sample size was less 
than 30 in all three groups. Friedman’s test was used to 
compare consecutive dependent data measured in all 
groups. Wilcoxon’s test was used in two-way comparisons 
of measurement data identified as significant in the first 
test. Comparisons between groups were performed using 
the Kruskal–Wallis test. The Mann–Whitney U test with 
Bonferroni correction was applied to data for which 
significant variation was observed. The chi-square test was 
used to compare descriptive data. P < 0.05 was regarded as 
statistically significant.

3. Results 
The mean ages of our subjects were 49.63 ± 7.98 years (33–
60) in Group I (n = 19), 48.76 ± 10.29 (23–60) in Group 
II (n = 21), and 44.9 ± 7.29 (30–55) in the healthy control 
group (n = 21). The differences between the three groups 
were not statistically significant (P = 0.119). Eight (57.9%) 
subjects in Group I were female and 8 (42.1%) were male. 
In Group II, 13 (61.9%) subjects were female and 8 (38.1%) 
were male, while in the control group, 14 (66.7%) subjects 
were female and 7 (33.3%) were male. No statistically 
significant difference was determined between the three 
groups in terms of sex distribution (P = 0.848). 

No significant difference was observed between 
the hypertensive groups (I and II) in terms of baseline 
MAP, IOP, and CT values (P = 0.054, P = 0.421, and P = 
0.236, respectively). However, a significant difference was 
determined between the hypertensive groups and the 
control group in terms of baseline MAP values (for Group 
I vs. the control group, P < 0.0001, and for Group II vs. 
the control group, P < 0.0001). No significant difference 
was determined in terms of basal IOP values (for Group 
I vs. the control group, P = 0.915, and for Group II vs. 
the control group, P = 0.449) and CT (for Group I vs. the 
control group, P = 0.117, and for Group II vs. the control 
group, P = 0.651). 

We subsequently assessed whether any significant 
difference was present among the groups in terms of third 
month data. No significant difference was determined in 
MAP, IOP, or CT values between the hypertensive groups 
(Groups I and II) (P = 0.63, P = 0.036, and P = 0.592, 
respectively). A significant difference was determined 
between the hypertensive groups and the healthy control 
group in terms of MAP values (P < 0.0001 for Group I vs. 

the control group and P < 0.007 for Group II vs. the control 
group). However, no significant difference was observed in 
IOP (P = 0.668 for Group I vs. the control group, P = 0.71 
for Group II vs. the control group) or CT (P = 0.537 for 
Group I vs. the control group, P = 0.96 for Group II vs. the 
control group) values. 

There was no significant difference between the 
hypertensive groups in terms of the sixth month data 
(Groups I and II) in terms of MAP, IOP, or CT values (P = 
0.748, P = 0.017, and P = 0.81, respectively). However, we 
determined significant differences in MAP values between 
the hypertensive groups and the healthy control group (P 
< 0.0001 for Groups I and II vs. the control group). There 
was no significant difference in terms of IOP (P = 0.592 
for Group I vs. the control group, and P = 0.042 for Group 
II vs. the control group) or CT (P = 0.957 for Group I vs. 
the control group, and P = 0.88 for Group II vs. the control 
group). 

MAP values for the study groups obtained at the 
three different study intervals are shown in Table 1. 
While no significant difference was determined between 
consecutive MAP values in the control group, MAP values 
decreased significantly in Groups I and II (Figure 2). 
This decrease in Group I was significant in the third and 
sixth months compared to baseline (P < 0.0001 for both), 
while the decrease in MAP values between the third and 
sixth months was insignificant (P = 0.238). The decrease 
in Group II was also significant in the third and sixth 
months compared to baseline (P = 0.007 and P < 0.0001, 
respectively), while the difference between the third and 
sixth months was insignificant (P = 0.813).

IOP values in the groups from the three different 
time intervals are shown in Table 2. Analysis revealed no 
significant difference in consecutive IOP measurements in 
the three groups (Figure 3).

CT values from the three time intervals are shown in 
Table 3. While no significant difference was determined 
between consecutive CT values in Group II or the control 
group, a gradual increase in CT values was observed in 
Group I (Figure 4). This increase in Group I was significant 
at months 3 and 6 compared to baseline (P = 0.02 and P = 
0.009, respectively), but the difference between months 3 
and 6 was insignificant (P = 0.059).

The decreases in MAP obtained with medical treatment 
at the sixth month compared to baseline in the hypertensive 
groups were 11.49 ± 9.39 (1.67–26.67) mmHg in Group I 
and 9.44 ± 14.35 (13.33–46.67) mmHg in Group II. There 
was no significant difference between the two groups in 
terms of decreases in MAP values (P = 0.668).

4. Discussion
Choroid tissue, the most richly vascularized area in the 
entire body, provides nourishment and oxygenation for 
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the outer layers of the retina, and is also responsible for 
temperature regulation in the eye. Impacts on choroidal 
blood flow can therefore lead to photoreceptor cell 

dysfunction (20–22). Due to its role in the essential 
functions of the eye, impairment of choroidal blood 
flow plays a key role in the pathogenesis of various 

Table 1. MAP values at different time intervals in the study groups. 

Groups
Mean arterial pressure (mmHg)

P-value
Baseline 3rd month 6th month

Group I 113.4 ± 6.8
(103.3–133.3)

101.9 ± 9.1
(83.3–121.7)

99.7 ± 7.8
(80–110) <0.0001

Group II 109.8 ± 4.1
(105–120)

100.4 ± 12.8
(70–123.3)

99.6 ± 6.2
(90–111.3) 0.007

Control 89.4 ± 9
(70–100)

90.7 ± 7.9
(73.3–106.7)

90.2 ± 7.7
(71.7–100) 0.474

P-value
I vs. II
I vs. control
II vs. control

0.054
<0.0001
<0.0001

0.63
<0.0001
0.007

0.748
<0.0001
<0.0001

Figure 2. Changes in MAP values obtained at consecutive measurements in the study 
groups.

Table 2. Mean IOP values at different time intervals in the study groups. 

Groups
Mean intraocular pressure (mmHg)

P-value
Baseline 3rd month 6th month

Group I 14.8 ± 2.4
(10.5–19)

15.6 ± 1.9
(12.5–18.5)

15.3 ± 2.2
(10.5–19) 0.521

Group II 14.2 ± 2.4
(10.5–20)

13.9 ± 3.4
(9.5–21.5)

13.6 ± 2.2
(11–19) 0.63

Control 15 ± 3
(9.5–21)

15.3 ± 2.8
(10.5–22.5)

15 ± 2.8
(8.5–21.5) 0.692

P-value
I vs. II
I vs. control
II vs. control

0.421
0.915
0.449

0.036
0.668
0.071

0.017
0.592
0.042
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diseases, such as diabetic retinopathy, age-related macular 
degeneration, and glaucoma (23). Various studies have 
reported that the thickness of choroid tissue is affected 

by various diseases, including high myopia and retinal 
dystrophy, age-related macular degeneration, angioid 
streak, polypoidal choroidal vasculopathy, central serous 

Figure 3. Changes in mean IOP values obtained at consecutive measurements in the 
study groups.

Table 3. Mean CT values at different time intervals in the study groups. 

Groups
Mean choroidal thickness (µm)

P-value
Baseline 3rd month 6th month

Group I 257.9 ± 85.8
(119.3–479.7)

279.8 ± 68.1
(167.7–459.5)

293.1 ± 68.6
(178.5–437.8) 0.003

Group II 286.5 ± 81.1
(140.2–475.2)

291.8 ± 88.7
(140.3–531.2)

286 ± 74.7
(141.3–411.5) 0.055

Control 300.9 ± 87.2
(152.8–559)

295.1 ± 82
(175.3–511.5)

297.4 ± 82.5
(166.3–532.8) 0.64

P-value
I vs. II
I vs. control
II vs. control

0.236
0.117
0.651

0.592
0.537
0.96

0.81
0.957
0.88

Figure 4. Changes in mean CT values obtained at consecutive measurements in the 
study groups. 
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chorioretinopathy, and Vogt–Koyanagi–Harada disease 
(24–29). Impacts on CT are thus implicated in various 
pathologies. Since choroidal tissue has a dense vascular 
structure, any pathological condition affecting the vessels 
may compromise choroid health.

This study investigated changes in MAP, IOP, and 
CT in patients with primary hypertension receiving 
perindopril arginine, from the ACEI group, and 
amlodipine, from the CCB group. Significant and similar 
decreases in MAP were achieved with both perindopril 
arginine and amlodipine therapies. Similarly, Zannad 
et al. (30) compared the antihypertensive effects of 
perindopril arginine and amlodipine and determined no 
statistically significant difference in the peak effects of the 
two drugs. 

Analysis of the final CT measurements revealed 
a statistically significant increase in CT levels in the 
perindopril arginine group, but no significant change 
in the amlodipine group. Drugs from the CCB group, 
such as nifedipine and amlodipine, are dihydropyridine 
derivatives that bind to smooth muscle cells with high 
selectivity. Calcium levels in smooth muscle cells are partly 
regulated by endothelin-1, which has vasoconstrictor 
effects (31,32). Studies have shown that amlodipine 
and nifedipine prevent vasoconstriction by affecting 
endothelin-1 (33–35). ACE and renin-angiotensin system 
components, which enable the conversion of angiotensin 
I into angiotensin II, are also known to be present in 
ocular tissue (36). In light of the pharmacological effect 
mechanisms of the antihypertensive drugs used in the 
study, it seems possible that perindopril arginine use is 
also involved in an increase in CT with an additional 
mechanism leading to a rise in bradykinin in tissues.

Similar decreases in MAP observed in the groups 
using perindopril arginine and amlodipine in our 
study suggest that changes in CT may be independent 
of decreases in MAP. Zengin et al. (37) examined 
CT changes emerging after 1 month of treatment in 
hypertensive patients using a lisinopril dihydrate + 
hydrochlorothiazide combination. They reported that the 
decrease in blood pressure with antihypertensive therapy 
did not affect CT. They also attributed this to the intense 
sympathetic innervation and autoregulation mechanisms 
in the choroid (37). In contrast to that study, we used 
perindopril arginine, another drug from the ACEI group, 
and observed a progressive increase in CT values in cases 
using it. These differing results for CT changes in the two 
studies may be due to Zengin et al.’s (37) follow-up period 
being considerably shorter than our own, or due to the 
drugs having different chemical contents and thus to 
having exhibiting differing pharmacological effects.

Various drugs used systemically may affect IOP 
levels. Ganekal et al. (38) showed that the application 
of CCB group drugs lowered IOP in rabbits. Although 
the mechanism underlying this effect of CCB group 
drugs is uncertain, it has been suggested that this may 
occur by altering aqueous humor secretion by affecting 
connections between pigmented and nonpigmented 
ciliary epithelial cells or cation transfer in nonpigmented 
ciliary cells (39,40). In contrast to Ganekal et al. (38), 
Beatty et al. (41) stated that topical use of CCBs caused 
an increase in IOP levels. Payne et al. (42) reported that 
topical use of CCBs in rabbits had no effect on IOP, but 
that systemic application caused a decrease in IOP levels. 
Kelly et al. (43) reported that systemic use of the CCB 
nifedipine had no significant effect on IOP. Another study 
reported that topical application of enalaprilat, from the 
ACEI group, led to a fall in IOP in monkeys (44). One 
study involving healthy volunteers reported that oral use 
of ACEI medications had no significant effect on IOP, 
despite causing a significant decrease in blood pressure 
(45). Two different drugs were used in our study, one 
from the CCB group and one from the ACEI group, and 
no significant change in IOP values was determined in 
either group, despite a decrease in MAP values. 

One study reported that a fall in IOP developing as a 
result of the systemic application of 20% mannitol infusion 
in glaucoma patients with asymmetric glaucoma resulted 
in an increase in CT values (46). That study also observed 
a greater increase in CT in eyes with a greater decrease 
in IOP. The change in CT resulting from treatment in 
the hypertensive groups in our study may therefore be 
associated with changes in IOP. However, no significant 
difference was observed between the perindopril arginine 
and amlodipine groups in changes in IOP after treatment. 
The statistically significantly greater increase in CT in 
patients using perindopril arginine, even though similar 
decreases in IOP were achieved with different therapies 
in the two groups, may derive from the different effect 
mechanisms of the two antihypertensive drugs.

The significant increase in CT in the perindopril 
arginine group in this study, the first of its kind in the 
literature, may be attributed to vasodilation emerging 
in choroidal tissue, additional pharmacological effects 
such as bradykinin accumulation, or drug idiosyncrasy. 
However, long-term studies with larger numbers of 
participants are now needed to clarify these cause-
and-effect relations. Another limitation of this study is 
that factors such as smoking and sildenafil citrate and 
caffeine use that might affect CT measurements were not 
investigated. Long-term follow-up studies with greater 
participation and investigation of all factors that might 
impact CT may thus shed more light on these subjects.



1253

İÇEL et al. / Turk J Med Sci

References

1. Anchala R, Kannuri NK, Pant H, Khan H, Franco OH, Di 
Angelantonio E, Prabhakaran D. Hypertension in India: a 
systematic review and meta-analysis of prevalence, awareness, 
and control of hypertension. J Hypertens 2014; 32: 1170-1177. 

2. Gupta R, Pandey RM, Misra A, Agrawal A, Misra P, Dey S, 
Rao S, Menon VU, Kamalamma N, Vasantha Devi KP et al. 
High prevalence and low awareness, treatment and control of 
hypertension in Asian Indian women. J Hum Hypertens 2012; 
26: 585-593.

3. Carretero OA, Oparil S. Essential hypertension. Part I: 
definition and etiology. Circulation 2000; 101: 329-335.

4. Bhargava M, Ikram MK, Wong TY. How does hypertension 
affect your eyes? J Hum Hypertens 2012; 26: 71-83.

5. James PA, Oparil S, Carter BL, Cushman WC, Dennison-
Himmelfarb C, Handler J, Lackland DT, LeFevre ML, 
MacKenzie TD, Ogedegbe O et al. 2014 evidence-based 
guideline for the management of high blood pressure in adults: 
report from the panel members appointed to the Eighth Joint 
National Committee (JNC 8). JAMA 2014; 311: 507-520.

6. Kramkowski K, Mogielnicki A, Buczko W. The physiological 
significance of the alternative pathways of angiotensin II 
production. J Physiol Pharmacol 2006; 57: 529-539.

7. Brugts JJ, Ferrari R, Simoons ML. Angiotensin-converting 
enzyme inhibition by perindopril in the treatment of 
cardiovascular disease. Expert Rev Cardiovasc Ther 2009; 7: 
345-360.

8. Shetty K, Shetty R, Bairy L, Rao P, Kiran A, Shetty M, Deepak, 
Nayak V. A comparative study on clinical and biochemical 
parameters in amlodipine and cilnidipine treated hypertensive 
patients. J Clin Diagn Res 2017; 11: FC01-FC05.

9. Mrejen S, Spaide RF. Optical coherence tomography: imaging 
of the choroid and beyond. Surv Ophthalmol 2013; 58: 387-429.

10. Kur J, Newman EA, Chan-Ling T. Cellular and physiological 
mechanisms underlying blood flow regulation in the retina and 
choroid in health and disease. Prog Retin Eye Res 2012; 31: 377-
406.

11. Nickla DL, Wallman J. The multifunctional choroid. Prog Retin 
Eye Res 2010; 29: 144-168.

12. Akyol N, Kalkisim A, Turk A, Kola M, Imamoglu HI. 
Evaluation of the effects on choroidal thickness of bimatoprost 
0.03% versus a brinzolamide 1.0%/timolol maleate 0.5% fixed 
combination. Cutan Ocul Toxicol 2017; 36: 397-403.

13. Turk A, Ceylan OM, Arici C, Keskin S, Erdurman C, Durukan 
AH, Mutlu FM, Altinsoy HI. Evaluation of the nerve fiber layer 
and macula in the eyes of healthy children using spectral-
domain optical coherence tomography. Am J Ophthalmol 2012; 
153: 552-559.

14. Kola M, Kalkisim A, Karkucak M, Turk A, Capkin E, Can I, 
Serdar OF, Mollamehmetoglu S, Ayar A. Evaluation of choroidal 
thickness in ankylosing spondylitis using optical coherence 
tomography. Ocul Immunol Inflamm 2014; 22: 434-438.

15. Türk A, Kola M, Akyol N, Erdöl H, İmamoğlu Hİ. Optical 
coherence tomography findings of active ocular toxoplasmosis 
complicated with serous macular detachment. Turkiye 
Klinikleri J Med Sci 2010; 30: 1409-1412.

16. Branchini LA, Adhi M, Regatieri CV, Nandakumar N, Liu 
JJ, Laver N, Fujimoto JG, Duker JS. Analysis of choroidal 
morphologic features and vasculature in healthy eyes 
using spectral-domain optical coherence tomography. 
Ophthalmology 2013; 120: 1901-1908. 

17. Kim YJ, Kang MH, Cho HY, Lim HW, Seong M. Comparative 
study of macular ganglion cell complex thickness measured 
by spectral-domain optical coherence tomography in healthy 
eyes, eyes with preperimetric glaucoma, and eyes with early 
glaucoma. Jpn J Ophthalmol 2014; 58: 244-251.

18. Akay F, Gundogan FC, Yolcu U, Toyran S, Uzun S. Choroidal 
thickness in systemic arterial hypertension. Eur J Ophthalmol 
2016; 26: 152-157. 

19. Branchini L, Regatieri CV, Flores-Moreno I, Baumann B, 
Fujimoto JG, Duker JS. Reproducibility of choroidal thickness 
measurements across three spectral domain optical coherence 
tomography systems. Ophthalmology 2012; 119: 119-123.

20. Cao J, McLeod S, Merges CA, Lutty GA. Choriocapillaris 
degeneration and related pathologic changes in human diabetic 
eyes. Arch Ophthalmol 1998; 116: 589-597.

21. Schmidt KG, von Rückmann A, Kemkes-Matthes B, Hammes 
HP. Ocular pulse amplitude in diabetes mellitus. Br J 
Ophthalmol 2000; 84: 1282-1284.

22. Adhi M, Lau M, Liang MC, Waheed NK, Duker JS. Analysis 
of the thickness and vascular layers of the choroid in eyes with 
geographic atrophy using spectral-domain optical coherence 
tomography. Retina 2014; 34: 306-312.

23. McCourt EA, Cadena BC, Barnett CJ, Ciardella AP, Mandava 
N, Kahook MY. Measurement of subfoveal choroidal thickness 
using spectral domain optical coherence tomography. 
Ophthalmic Surg Lasers Imaging 2010; 41 (Suppl.): S28-S33.

24. Chang L, Pan CW, Ohno-Matsui K, Lin X, Cheung GC, 
Gazzard G, Koh V, Hamzah H, Tai ES, Lim SC et al. Myopia-
related fundus changes in Singapore adults with high myopia. 
Am J Ophthalmol 2013; 155: 991-999.

25. Ma L, Tang SM, Rong SS, Chen H, Young AL, Kumaramanickavel 
G, Pang CP, Chen LJ. Association of PEDF polymorphisms with 
age-related macular degeneration and polypoidal choroidal 
vasculopathy: a systematic review and meta-analysis. Sci Rep 
2015; 5: 9497.

26. Al-Rashaed S, Arevalo JF. Long-term follow-up of choroidal 
neovascularization secondary to angioid streaks: case series 
and literature review. Clin Ophthalmol 2012; 6: 1029-1034.

27. Matsuoka M, Ogata N, Otsuji T, Nishimura T, Takahashi 
K, Matsumura M. Expression of pigment epithelium 
derived factor and vascular endothelial growth factor in 
choroidal neovascular membranes and polypoidal choroidal 
vasculopathy. Br J Ophthalmol 2004; 88: 809-815.



1254

İÇEL et al. / Turk J Med Sci

28. Daruich A, Matet A, Dirani A, Bousquet E, Zhao M, Farman 
N, Jaisser F, Behar-Cohen F. Central serous chorioretinopathy: 
recent findings and new physiopathology hypothesis. Prog 
Retin Eye Res 2015; 48: 82-118.

29. Maruko I, Iida T, Sugano Y, Oyamada H, Sekiryu T, Fujiwara 
T, Spaide RF. Subfoveal choroidal thickness after treatment of 
Vogt-Koyanagi-Harada disease. Retina 2011; 31: 510-517.

30. Zannad F, Bernaud CM, Fay R. Double-blind, randomized, 
multicentre comparison of the effects of amlodipine and 
perindopril on 24 h therapeutic coverage and beyond in 
patients with mild to moderate hypertension. General 
Physicians Investigators’ Group. J Hypertens 1999; 17: 137-146.

31. Schmetterer L, Findl O, Strenn K, Jilma B, Graselli U, Eichler 
HG, Wolzt M. Effects of endothelin-1 (ET-1) on ocular 
hemodynamics. Curr Eye Res 1997; 16: 687-692.

32. Stokely ME, Yorio T, King MA. Endothelin-1 modulates 
anterograde fast axonal transport in the central nervous 
system. J Neurosci Res 2005; 79: 598-607.

33. Strenn K, Matulla B, Wolzt M, Findl O, Bekes MC, Lamsfuss U, 
Graselli U, Rainer G, Menapace R, Eichler HG et al. Reversal 
of endothelin-1-induced ocular hemodynamic effects by low-
dose nifedipine in humans. Clin Pharmacol Ther 1998; 63: 54-
63.

34. Meyer P, Lang MG, Flammer J, Lüscher TF. Effects of calcium 
channel blockers on the response to endothelin-1, bradykinin 
and sodium nitroprusside in porcine ciliary arteries. Exp Eye 
Res 1995; 60: 505-510.

35. Lang MG, Zhu P, Meyer P, Noll G, Haefliger IO, Flammer J, 
Lüscher TF. Amlodipine and benazeprilat differently affect the 
responses to endothelin-1 and bradykinin in porcine ciliary 
arteries: effects of a low and high dose combination. Curr Eye 
Res 1997; 16: 208-213.

36. Cullinane AB, Leung PS, Ortego J, Coca-Prados M, Harvey BJ. 
Renin-angiotensin system expression and secretory function 
in cultured human ciliary body non-pigmented epithelium. Br 
J Ophthalmol 2002; 86: 676-683.

37. Zengin MÖ, Karahan E, Özyurtlu F, Tuncer İ, Pekel N, Çınar E, 
Küçükerdönmez C. The effect of blood pressure regulation on 
choroidal thickness. Journal of Retina-Vitreous 2014; 22: 213-
216 (in Turkish with abstract in English).

38. Ganekal S, Dorairaj S, Jhanji V, Kudlu K. Effect of topical 
calcium channel blockers on intraocular pressure in steroid-
induced glaucoma. J Curr Glaucoma Pract 2014; 8: 15-19.

39. Mito T, Delamere NA, Coca-Prados M. Calcium-dependent 
regulation of cation transport in cultured human nonpigmented 
ciliary epithelial cells. Am J Physiol 1993; 264: C519-C526.

40. Abelson MB, Gilbert CM, Smith LM. Sustained reduction 
of intraocular pressure in humans with the calcium channel 
blocker verapamil. Am J Ophthalmol 1988; 105: 155-159.

41. Beatty JF, Krupin T, Nichols PF, Becker B. Elevation of 
intraocular pressure by calcium channel blockers. Arch 
Ophthalmol 1984; 102: 1072-1076.

42. Payne LJ, Slagle TM, Cheeks LT, Green K. Effect of calcium 
channel blockers on intraocular pressure. Ophthalmic Res 
1990; 22: 337-341.

43. Kelly SP, Walley TJ. Effect of the calcium antagonist nifedipine 
on intraocular pressure in normal subjects. Br J Ophthalmol 
1988; 72: 216-218.

44. Lotti VJ, Pawlowski N. Prostaglandins mediate the ocular 
hypotensive action of the angiotensin converting enzyme 
inhibitor MK-422 (enalaprilat) in African green monkeys. J 
Ocul Pharmacol 1990; 6: 1-7.

45. Al-Sereiti MR, Turner P. Effect of captopril (an angiotensin-
converting enzyme inhibitor) on intraocular pressure in 
healthy human volunteers. J Ocul Pharmacol 1989; 5: 1-5.

46. Çalişkan S, Uğurbaş SC, Alpay A, Uğurbaş SH. Changes in the 
choroidal thickness and axial length upon mannitol infusion 
in patients with asymmetric intraocular pressure. J Glaucoma 
2016; 25: 891-895.


