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Abstract: Objective: To respectively compare the therapeutic effects of nimodipine and nifedipine on glaucoma, and 
then analyze the possible protective effects of these two calcium channel blockers (CCBs) on glaucomatous retinal 
ganglion cells (RGCs). Methods: Fifty-four patients with glaucoma were divided into control group (n=15), treat-
ment group 1 (n=20) and treatment group 2 (n=19) in accordance with a random number table. General clinical 
treatment of glaucoma was performed in all three groups, while nimodipine was applied in treatment group 1 and 
nifedipine was applied in treatment group 2. The therapeutic effects and incidence of adverse reactions (intraocular 
pressure (IOP), eyesight, retinal light sensitivity, progressive visual field damage and adverse drug reaction) were 
compared among the three groups. Results: There were no significant differences in IOP and eyesight before and 
after treatment among the three groups (P>0.05). The retinal light sensitivity in control group began to decline from 
the sixth month after treatment, which was significantly different from treatment group 1 and treatment group 2 
(P=0.03; P=0.04). The survival curve of visual field damage indicated that the visual field damage in control group 
was obviously more serious than that in the two treatment groups with the increase of sick time (P=0.03). And the 
incidence of adverse reactions in treatment group 1 was lower than that in treatment group 2 (P=0.02). Conclusion: 
The therapeutic effects of nimodipine and nifedipine on glaucoma are evident, and nimodipine has a better safety. 
Therefore, we recommend clinicians to apply it as combined medicine in clinical treatment of glaucoma.
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Introduction

Glaucoma, as a rather complex and common 
ophthalmic disease, has become the major 
cause of blindness [1]. Patients with glaucoma 
are always accompanied by pathological ocular 
hypertension or normal IOP but with damages 
of optic disk and retinal nerve fiber layer and 
visual field change [2-4]. Many studies claim 
that the ocular hypertension and the retinal 
ischemia caused by glaucoma can lead to con-
tinuous apoptosis of RGCs [5-8]. Therefore, the 
main goal of the approved treatment for glau-
coma at present is to reduce the IOP. The clini-
cal data on treatment, however, indicate that 
although IOP is under the control, many patients 
with glaucoma still have the symptom of pro-
gressive visual field defect, and that is why 
adjunctive therapeutic drug which can protect 
the function of retinal nerve is becoming the 
research hotspot [9, 10]. The apoptosis of RGC 

is the final common pathway in retinal nerve 
injury of glaucoma, and the treatment about 
blocking or delaying the primary and secondary 
RGC injury is known as the protective treatment 
for glaucomatous retinal nerves [11]. Previous 
studies have shown that the application of 
CCBsin improving the blood supply of retinal 
nerves and optic diskcan delay or block the 
injury of RCGs [12, 13]. Nimodipine and nifedip-
ine are currently commercially available vasodi-
lator medicines which can be used to protect 
the retinal nerves. However, nimodipine is com-
monly applied in the treatment of glaucoma 
while the researches about nifedipine applica-
tion in glaucoma treatment are limited. This 
study aims to compare the therapeutic effects 
of nimodipine and nifedipine on glaucoma, and 
explore and analyze their possible mecha-
nisms, thereby providing more detailed guid-
ance for clinical medication.
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Materials and methods

General information

Fifty-four patients (29 males and 25 females 
with an average age of 45.6±4.2 years old)  
who were diagnosed with glaucoma in our hos-
pital from August 2014 to September 2015 
were included in this study. Approved by the 
Hospital Ethics Committee, all the patients in 
this study had signed informed consents be- 
fore the experiment. Inclusive criteria: patients 
whose IOP was controlled under 18 mmHg with 
medication or post-operative combined medi-
cation; patients with clear refractive media, 
ametropia <3.0 D and corrected visual acuity 
>0.5. Exclusive criteria: patients who might 
affect the detection results of visual field, for 
example, the patients who had ocular fundus 
lesions or patients who applied medicines  
such as pilocarpine.

Methods

All the patients were divided into control group 
(n=15), treatment group 1 (n=20) and treat-
ment group 2 (n=19) according to a random 

number table. In control group, there were 8 
males and 7 females with an average age of 
46.7±4.6 years old. And their average disease 
duration was 6.4±3.1 years and average treat-
ment time was 4.8±1.7 years. In treatment 
group 1, there were 11 males and 9 females 
with an average age of 44.7±1.6 years old. And 
their average disease duration was 6.8±3.5 
years and average treatment time was 5.2±1.5 
years. In treatment group 2, there were 10 
males and 9 females with an average age of 
45.3±2.2 years old, and their average disease 
duration was 7.0±3.6 years and average treat-
ment time was 5.5±2.1 years. The comparison 
of gender, age, disease duration, treatment 
time and other factors among the three groups 
showed that the differences were not statisti-
cally significant (P>0.05), which suggested that 
these factors were comparable. General clini-
cal treatment of glaucoma was performed in all 
three groups. Briefly, nimodipine (30 mg per 
tablet, one tablet twice daily) was applied in 
treatment group 1 while nifedipine (15 mg per 
tablet, one tablet twice daily) was applied in 
treatment group 2. During one year of follow-up 
visit, the IOP and eyesight were measured at 
the second, fourth, sixth, eighth, tenth, and 
twelfth month before and after treatment. And 
at the same time period, the visual field was 
detected by the same automatic perimeter and 
the retinal light sensitivity and the retinal sco-
toma change in three groups before and after 
treatment were compared. The scotoma en- 
largement or deepening could be regarded as 
progressive visual field damage and adverse 
reactions.

Statistical methods

The SPSS17.0 statistical software was applied 
for statistical analysis. The enumeration data 
were presented as n (%), and the comparison 
between groups was performed by using the 
chi-square test. The measurement data was 
expressed as mean ± standard deviation, and 
comparison between groups was done by the 
one-way ANOVA. P<0.05 was considered to 
indicate statistical significance.

Results

Comparison of IOP before and after treatment 
amongthe three groups

From the second to twelfth month before and 
after treatment, the IOP in the two treatment 

Figure 1. The comparison of IOP before and after 
treatment among the three groups (mean ± sd).

Figure 2. The comparison of visual score before and 
after treatment among three groups.
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groups were compared and the IOP in these 
two treatment groups were also compared with 
that in the control group. But the comparison 
results showed that there were no apparent dif-
ferences (all P>0.05), as shown in Figure 1.

Comparison of visual score before and after 
treatment among the three groups

At each stage before and after treatment, the 
visual scores in the two treatment groups were 
compared and the visual scores in these two 
treatment groups were also compared with that 
in the control group. The comparison results 
showed that there were no obvious differences 
(P>0.05), as shown in Figure 2.

Comparison of retinal light sensitivity before 
and after treatment among the three groups

In the second and fourth month before and 
after treatment, there were no significant differ-

ences in retinal light sensitivity among three 
groups. After treating for six and twelve mon- 
ths, however, the retinal light sensitivity in con-
trol group started to decline from the sixth 
month after treatment. And the differences of 
retinal light sensitivity between the two treat-
ment groups and control group were statisti-
cally significant (P=0.03; P=0.04), while there 
was no apparent differences between the two 
treatment groups (P=0.12), as shown in Figure 
3.

Comparison of progressive visual field damage 
before and after treatment among the three 
groups

The survival curve of visual field damage sh- 
owed that with the increasing of follow-up time, 
the visual field damage in control group was 
more serious than that in the two treatment 
groups (P=0.03). The visual field damage was 
milder in treatment group 1 and treatment 
group 2 and there was no significant difference 
between these two groups (P>0.05), as shown 
in Figure 4.

Adverse reactions

The blood pressure in the two treatment groups 
was decreased at different degrees after treat-
ment as compared with that before treatment, 
ranging from 5 mmHg to 11 mmHg, while that 
in control group ranged from 3 mmHg to 5 
mmHg. No patients felt uncomfortable. In treat-
ment group 1, adverse reactions (facial flushing 
and transient dizzy) appeared in two patients 
respectively; in treatment group 2, adverse 
reactions such as facial flushing, dizziness, 
headache and tachycardia were experienced 
by six patients; and in control group, dizziness 
and headache appeared in one patient. The 
incidence of adverse reactions in treatment 
group 1 were significantly lower than that in 
treatment group 2 (P=0.02), See Table 1.

Discussion

Nowadays, glaucoma is the leading cause of 
blindness and the current treatment is mainly 
aimed at reducing the IOP. But clinical treat-
ment has shown that the progressive visual 
field damage still occurs in patients even the 
IOP is well under control [10]. The pathogenesis 
of glaucoma is the continuous damage and 
apoptosis of RGCs: the high IOP and retinal 
ischemia in glaucoma patients can trigger lots 

Figure 3. The comparison of retinal light sensitiv-
ity before and after treatment among three groups. 
Note: Compared with control group, *P<0.05. And 
there were no significant differences between treat-
ment group 1 and treatment group 2, P>0.05.

Figure 4. The comparison of progressive visual field 
damage before and after treatment among three 
groups.
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of chain reactions: gradually lead to the decre- 
ase of neurotrophic factors within the RGCs 
layer, the increase of glutamic acid concentra-
tion in retina and vitrectomy, the calcium ion 
overload within the RGCs, and continuous in- 
crease of NO and free radical, all of which can 
result in the apoptosis of RGCs [11-13]. Pre- 
vious studies have found that the visual func-
tions in some glaucoma patients can improve 
effectively after the treatment with CCB [14-
17]. In this study, we applied two common CCBs 
(nimodipine and nifedipine) and tried to inves- 
tigate their therapeutic effects on glaucoma. 
The results of this study indicated that in the 
second, fourth, sixth, eighth, tenth and twelfth 
month before and after treatment, there were 
no obvious differences in the IOP and eyesight 
between the two treatment groups and control 
group (P>0.05). We speculated that on the one 
hand, it was because the general clinical treat-
ment of glaucoma could well control the IOP, 
and CCB had no impact on the IOP in glaucoma 
patients. And on the other hand, it might also 
because the follow-up visit time was relatively 
short and the visual deterioration had not yet 
appeared in patients.

This study showed that the retinal light sen- 
sitivity and visual field in the two treatment 
groups after treatment had no significant differ-
ences with that before treatment, while which 
in control group were significantly decreased 
(P=0.03). It is known to all that the pathological 
basis which can lead to the glaucomatous visu-
al function damage is the progressive apopto-
sis and loss of RGCs, which suggests that the 
improvement of glaucomatous visual function 
after applying nimodipine and nifedipine may 
be achieved by the effective protection to 
RGCs, and its possible mechanism is to correct 
the optic nerve ischemia [18]. Some studies 
have shown that the leading cause of nerve 
damage in glaucoma is the optic nerve isch-
emia, and the study of Schmidt et al. has indi-

cated that there appears homeostasis function 
disorder in optic nerve vessels in glaucoma 
patients: the optic nerve vessel cannot auto-
matically adjust to increase the blood flow 
when the IOP is increased [19]. The study of 
Ming Xiao et al. has found that the shrink of 
vessels is the main reason for the obvious 
decline of blood flow velocities in retrobulbar 
vessels in primary open-angle glaucoma pa- 
tients and the application of nimodipine can 
significantly improve the blood flow of optic 
papillary laminar in glaucoma [20]. Besides, 
the abnormal blood rheology such as the 
increase of the whole blood viscosity may also 
occur in glaucoma patients, which can reduce 
the blood supply of the optic nerves. The appli-
cation of CCBs can dilate the optic nerve ves-
sels, prevent the vasospasm and increase the 
blood supply of optic nerves by preventing the 
calcium ion influx of vascular smooth muscle 
cells, thereby improving the visual field of pa- 
tients. In addition, CCB can release and correct 
the calcium ionoverload of RGCs. Calcium ion, 
as the second intracellular messenger, plays a 
role of signals transmission during the apopto-
sis of RGCs. Therefore, the application of CCB 
can reduce the damage of RGCs in the high  
IOP state.

The studies mentioned above demonstrate 
that nimodipine and nifedipine (CCBs) can 
improve the ocular blood flow, correct optic 
nerve ischemia, reduce the damage and apop-
tosis of RGCs, and have significant therapeutic 
effects on the glaucoma treatment and visual 
function improvement. However, due to the lim-
itation of our experimental conditions, the num-
ber of cases included in this study was limited, 
and there might have differences between the 
criteria for implementation of treatment pro-
gram and the time or criteria for judging the 
results of treatment. Therefore, we need to fur-
ther increase the number of sample cases to 
verify the results of this study.

Table 1. The comparison of adverse reactions among three groups (n (%))

Group Decrease of 
blood pressure

Facial 
flushing

Increase of 
heart rate

Dizziness and 
headache Incidence

Treatment group 1 (n=20) 7.8±2.6 1 1 0 10%
Treatment group 2 (n=19) 8.3±3.1 3 2 1 31.5%*

Control group 4.3±1.1 0 0 0 6.7%
Note: Compared with Treatment group 1, *P<0.05.
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In conclusion, nimodipine and nifedipine have 
similar therapeutic effects in protecting the 
visual field of glaucoma patients, and there 
have no adverse reactions on the IOP and eye-
sight among patients. The adverse reactions 
caused by nimodipine and nifedipine are simi-
lar, which mainly include transient hypotension, 
facial flushing, dizziness and headache, etc. 
However, the incidence of adverse reactions  
in the glaucoma treatment with nimodipine is 
significantly lower than that with nifedipine. 
Therefore, nimodipine is a safer and more ideal 
oral anti-glaucoma medication, which is worthy 
of clinical recommendation and application. 
And it can be applied as one of the combined 
medicines in the treatment of glaucoma.

Disclosure of conflict of interest

None.

Address correspondence to: Yan Gao, Department 
of Ophthalmology, The Affiliated Hospital of Qingdao 
University, No. 16 Jiangsu Road, Qingdao 266003, 
Shandong, China. Tel: +86-0532-82911337; E-mail: 
yangao337@126.com

References

[1]	 Quigley HA and Broman AT. The number of 
people with glaucoma worldwide in 2010 and 
2020. Br J Ophthalmol 2006; 90: 262-267.

[2]	 Jia X, Yu J, Liao SH and Duan XC. Biomechan-
ics of the sclera and effects on intraocular 
pressure. Int J Ophthalmol 2016; 9: 1824-
1831.

[3]	 McMonnies CW. The importance of and poten-
tial for continuous monitoring of intraocular 
pressure. Clin Exp Optom 2017; 100: 203-207. 

[4]	 Hua Y, Tong J, Ghate D, Kedar S and Gu L. In-
tracranial pressure influences the behavior of 
the optic nerve head. J Biomech Eng 2017; 
139.

[5]	 Nitta E, Hirooka K, Tenkumo K, Fujita T, Nishi-
yama A, Nakamura T, Itano T and Shiraga F. 
Aldosterone: a mediator of retinal ganglion cell 
death and the potential role in the pathogene-
sis in normal-tension glaucoma. Cell Death Dis 
2013; 4: e711.

[6]	 Rokicki W, Dorecka M and Romaniuk W. [Reti-
nal ganglion cells death in glaucoma--mecha-
nism and potential treatment. part II]. Klin Oc-
zna 2007; 109: 353-355.

[7]	 Grillo SL and Koulen P. Psychophysical testing 
in rodent models of glaucomatous optic neu-
ropathy. Exp Eye Res 2015; 141: 154-163.

[8]	 Gupta S, Dubey S and Gupta V. Optic disc 
shape change with glaucomatous progression. 
Ophthalmology 2017; 124: 73.

[9]	 Lee EJ, Kim S, Hwang S, Han JC and Kee C. 
Microvascular compromise develops following 
nerve fiber layer damage in normal-tension 
glaucoma without choroidal vasculature in-
volvement. J Glaucoma 2017; 26: 216-222.

[10]	 Dong Z, Shinmei Y, Dong Y, Inafuku S, Fukuha-
ra J, Ando R, Kitaichi N, Kanda A, Tanaka K, 
Noda K, Harada T, Chin S and Ishida S. Effect 
of geranylgeranylacetone on the protection of 
retinal ganglion cells in a mouse model of nor-
mal tension glaucoma. Heliyon 2016; 2: 
e00191.

[11]	 Koseki N, Araie M, Tomidokoro A, Nagahara M, 
Hasegawa T, Tamaki Y and Yamamoto S. A pla-
cebo-controlled 3-year study of a calcium 
blocker on visual field and ocular circulation in 
glaucoma with low-normal pressure. Ophthal-
mology 2008; 115: 2049-2057.

[12]	 Melena J and Osborne NN. [Use of calcium 
channel blockers in glaucoma]. Arch Soc Esp 
Oftalmol 2000; 75: 3-4.

[13]	 Moon H, Lee JY, Sung KR and Lee JE. Macular 
ganglion cell layer assessment to detect glau-
comatous central visual field progression. Ko-
rean J Ophthalmol 2016; 30: 451-458.

[14]	 Wu WC, Lai CC, Chen SL, Sun MH, Xiao X, Chen 
TL, Tsai RJ, Kuo SW and Tsao YP. GDNF gene 
therapy attenuates retinal ischemic injuries in 
rats. Mol Vis 2004; 10: 93-102.

[15]	 Wang YW, Chen T, Ma J and Zhong Y. [Temporal 
and spatial characteristics of RGC death and 
axon degeneration in the rat model of nonar-
teritic anterior ischemic optic neuropathy]. 
Zhonghua Yan Ke Za Zhi 2016; 52: 918-923.

[16]	 Xu L, Zhang Z, Xie T, Zhang X and Dai T. Inhibi-
tion of BDNF-AS provides neuroprotection for 
retinal ganglion cells against ischemic injury. 
PLoS One 2016; 11: e0164941.

[17]	 Levin LA. Translational pharmacology in glau-
coma neuroprotection. Handb Exp Pharmacol 
2017; 242: 209-230.

[18]	 Toriu N, Akaike A, Yasuyoshi H, Zhang S, Kashii 
S, Honda Y, Shimazawa M and Hara H. Lomeri-
zine, a Ca2+ channel blocker, reduces gluta-
mate-induced neurotoxicity and ischemia/re-
perfusion damage in rat retina. Exp Eye Res 
2000; 70: 475-484.

[19]	 Tomita G, Niwa Y, Shinohara H, Hayashi N, Ya-
mamoto T and Kitazawa Y. Changes in optic 
nerve head blood flow and retrobular hemody-
namics following calcium-channel blocker 
treatment of normal-tension glaucoma. Int 
Ophthalmol 1999; 23: 3-10.

[20]	 Xiao M, Sun XH, Shen Y. Study on the effect of 
nimodipine on the blood flow of optic papillary 
laminar of open angle glaucoma. Rec Adv Oph-
thalmol 2002; 22: 195-196.

mailto:yangao337@126.com

