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Background: Open-angle glaucoma is a common ophthalmic disease, which has a great impact on the vision of middle-aged and
elderly people. Medication plays an important role in the treatment of glaucoma, so finding effective drug treatment is of great
significance to improve the quality of life of glaucoma patients.
Objective: To explore the curative effect of nimodipine combined with latanoprost in the treatment of open-angle glaucoma and its
effect on ocular hemodynamics and visual field defects.
Methods: This study retrospectively analyzed the clinical data of 87 patients with open-angle glaucoma who came to the Shanxi
Province Fenyang Hospital and The First Affiliated Hospital of Shanxi Datong University for treatment from January 2019 to
January 2021. According to different treatment plans, the patients were divided into two groups: an observation group (n = 46)
treated with nimodipine combined with latanoprost, and a control group (n = 41) treated by latanoprost monotherapy. Treatment
efficacy, hemodynamics, visual field defects, 24-hour peak intraocular pressure, binocular optic disc parameters, adverse reactions and
quality of life were recorded and compared between two groups of patients.
Results: The overall therapeutic effect of the observation group was significantly better than that in the control group. After treatment,
ocular hemodynamics, visual field defects, 24-hour peak intraocular pressure, binocular optic disc parameters and life quality of both
groups were obviously improved compared to those before treatment, with more significant improvements in the observation group. In
addition, there was no significant difference in the incidence of adverse reactions between the two groups.
Conclusion: Nimodipine combined with latanoprost eye drops is effective in the treatment of primary open-angle glaucoma, which
could effectively improve the ocular hemodynamics and visual field defects of patients with fewer adverse reactions and higher safety.
Therefore, it can be further promoted and used in clinical practice.
Keywords: nimodipine, latanoprost, open-angle glaucoma, ocular hemodynamics, degree of visual field defects

Introduction
Open-angle glaucoma is a common ophthalmological disease with a predilection for middle-aged and elderly people.
Due to the insidious condition and slow progression of the disease, patients often miss the optimal treatment timing
without knowing it, resulting in optic neuropathy and even blindness; Therefore, it is particularly important to choose an
appropriate treatment in clinical practice.1,2 The onset of open-angle glaucoma is closely associated with the metabolic
imbalance of endogenous regulatory factors, increased resistance of aqueous humor outflow pathways, and abnormal
metabolism of trabecular meshwork cells.3

The treatment of glaucoma is mainly to control intraocular pressure via multiple methods such as drug therapy, laser
treatment and surgery.4 In recent years, many glaucoma patients choose surgery or laser treatment for the advancement of

Drug Design, Development and Therapy 2022:16 749–757 749
© 2022 Duan and Liu. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 7 December 2021
Accepted: 27 February 2022
Published: 21 March 2022

http://orcid.org/0000-0002-3663-1088
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


laser and surgical technology. However, as a common initial treatment and supplementary treatment after surgery or laser,
drug therapy still plays an important role in the treatment of glaucoma.5,6 The drug treatment of glaucoma is mainly
based on local eye drops. Latanoprost eye drops are a new type of phenyl-substituted propyl ester prostaglandin F2a,
which is a selective F2a receptor agonist. Different from other anti-glaucoma drugs, it does not change the flow
coefficient of aqueous humor, aqueous humor production and episcleral venous pressure, but significantly relieves the
high intraocular pressure in patients with open-angle glaucoma and ocular hypertension by improving trabecular and
uveoscleral drainage, thus achieving therapeutic effects. However, there are also some patients who failed to benefit from
it.7 Nimodipine has the effect of relaxing vascular smooth muscle and reducing intracellular calcium ions, which is
commonly used for the treatment of diseases such as hypertension and arrhythmia in clinical practice. In recent years,
some scholars have found that nimodipine also has a certain protective effect on retinal ganglion cells.8,9 However, there
are relatively few reports on the treatment of open-angle glaucoma with nimodipine combined with latanoprost.

Therefore, this study explores the efficacy and safety of nimodipine combined with latanoprost in the treatment of
open-angle glaucoma, aiming to provide more clinical evidence for the treatment of open-angle glaucoma.

Materials and Methods
Clinical Information
A retrospective analysis was made on 87 patients with open-angle glaucoma who visited Shanxi Province Fenyang
Hospital and The First Affiliated Hospital of Shanxi Datong University from January 2019 to January 2021. According to
different treatment plans and options, 46 patients treated with nimodipine combined with latanoprost were included in the
observation group and 41 patients treated with latanoprost monotherapy were included in the control group. Inclusion
criteria: (1) Patients who meet the diagnostic criteria for primary open-angle glaucoma with intraocular pressure>
21mmHg, and diagnosed with glaucoma led by insufficient blood supply to the optic nerve head, or optic nerve fiber
layer defect or visual field defects, with open chamber angle; (2) Patients with normal cornea as indicated by slit-lamp
examination; (3) Patients with corrected vision> 0.3; (4) No use of carbonic anhydrase inhibitors, cholinergic inhibitors,
or β-receptor blockers in the past two weeks before treatment; (5) Patients aged 40–55 years. Exclusion criteria: (1)
Patients with a history of eye surgery; (2) Patients with pathological changes caused by improper medication; (3) Patients
with angle closure or history of acute angle-closure glaucoma; (4) Patients complicated with other acute and chronic
ocular diseases such as conjunctivitis, keratitis and uveitis; (5) Patients during pregnancy or lactation; (6) Patients who
had a history of allergies to research drugs; (7) Patients with severe systemic diseases; (8) Patients with poor fixation and
false negatives or false positives in visual field defect detection; (9) Patients with malignant tumors. All patients gave
consent to the study with a written informed consent form signed. This study has been approved by the Ethics Committee
of the Shanxi Province Fenyang Hospital and The First Affiliated Hospital of Shanxi Datong University and was
conducted in accordance with the Declaration of Helsinki.

Treatment
Patients in the control group were treated with latanoprost eye drops (Lunanbeite Pharmaceutical Co., Ltd., SFDA
Approval No. H20044234), 1 drop/time, once daily. On the basis of the control group, the observation group was given
nimodipine tablets (Bayer Healthcare Co., Ltd., SFDA Approval No. H20003010) orally, 30 mg/time, once a day. The
treatment lasted for 6 months in both groups.

Outcome Measures
1. Therapeutic effects of patients in the two groups were evaluated and compared according to the following

criteria: markedly effective: clinical symptoms basically disappeared, retinal circulation status was basically
normal, visual acuity improved by ≥2 lines, and the visual field of 5 adjacent punctuation points expanded by
≥5°; effective: clinical symptoms improved, retinal circulation status improved, vision improved by 1 line, and
visual field expansion below 5°; ineffective: clinical symptoms did not alleviate or aggravate, retinal circula-
tion status did not improve, and vision was not improved or even worsened. Total effective rate = (number of
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markedly effective cases + number of effective cases)/total number of cases × 100%. (2) The color Doppler
ultrasound system (SIEMENS, model ACUSON Oxana 3) was used to detect the ocular blood flow indicators
of two groups of patients before and after treatment, including the peak systolic velocity (PSV), end diastolic
velocity (EDV) of arteriae retinae centralis as well as vascular resistance index (RI). The probe frequency of
the ultrasonic instrument was 7.5 Hz, and the linear array scanning was performed for 3–5 consecutive cardiac
cycles. After confirming the best frequency spectrum, the image was frozen to measure PSV, EDV and RI. (3)
Visual field defects: The degree of visual field defects before and after treatment was recorded, including the
upper, below, temporal and nasal visual fields. (4) Pulsair intellipuff tonometer (Keeler, UK) was to detect and
record the 24-hour peak intraocular pressure of two groups of patients before and 4 weeks after treatment.
Patients were asked to take a sitting position for 3 consecutive measurements, and the average data taken. (5)
Detection of optic disc parameters: The optic disc scanning mode in the optical coherence tomography (OCT)
was selected for scanning and analysis, and the detection data of patients with dilated pupils were obtained.
The data program that comes with OCT is then used for data processing and analysis, and the binocular optic
disc parameters such as the vertical cup-to-disk ratio (C/D), average C/D, and rim area (RA) were auto-
matically generated by the data program. (6) Adverse reactions: During treatment, the occurrence of adverse
reactions such as arrhythmia, rapid heart rate, shortness of breath, and conjunctival congestion were observed
in both groups. (7) The Chinese version of the National Eye Institute Visual Function Questionnaire-25 (NEI
VFQ-25)10 was used to assess visual-related quality of life of patients. This scale includes 12 dimensions (26
items), including overall vision, near/distance activities, color vision, peripheral vision, mental health, etc.
Responses in each dimension were divided into 6 levels (A, B, C, D, E, F), with a NEI VFQ-25 score ranging
from 0 to 100. The higher the score, the less the damage and the better the quality of life.

Statistical Methods
SPSS 18.0 statistical software (Beijing Wangshu Times Technology Co., Ltd.) was used for statistical analysis of the
data, and GraphPad Prism 6 (GraphPad Software) was used for image rendering. Count data, expressed as number of
cases and percentages (%), were compared using the χ2 test. For measurement data, paired t-test was used for intra-group
comparisons before and after treatment, and independent t-test for inter-group comparisons. Differences with P<0.05
were considered statistically significant.

Results
Comparison of General Information
Two groups of patients were comparable because of negligible differences in gender, age, smoking history, etc. (P>0.05)
(Table 1).

Comparison of Therapeutic Effects
The number of patients in the observation group with markedly effective, effective and ineffective treatment was 30, 13
and 3, respectively. And those of the control group were 18, 14, and 9, respectively. The total effective rate of the
observation group was 93.48%, which was significantly higher than that of 78.05% in the control group (P<0.05)
(Table 2).

Comparison of Ocular Hemodynamic Indexes Between the Two Groups
Before treatment, there was no significant difference in ocular hemodynamic indexes between the two groups (P>0.05).
After treatment, PSV and EDV levels increased while RI level decreased significantly in the observation group compared
with those before treatment. And the changes of the above hemodynamic indexes in the observation group were more
obvious compared with the control group (P<0.05) (Figure 1).
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Comparison of Visual Field Defects Between the Two Groups
Before treatment, no significant difference was observed in the degree of visual field defects between the two groups in
all directions (P>0.05). After treatment, the range of visual field defects in both groups was significantly reduced, and
that of the observation group was significantly smaller compared with the control group (P<0.05) (Figure 2).

Comparison of 24-Hour Peak Intraocular Pressure Before and After Treatment
Between the Two Groups
Compared with before treatment, the 24-hour peak intraocular pressure of both groups decreased significantly after
treatment (P<0.05); and the 24-hour peak intraocular pressure of the observation group was significantly better than that
of the control group (P<0.05) (Table 3).

Table 1 General Information of Patients [n (%)]

Items Observation Group
(n=46)

Control Group
(n=41)

t/X2 P

Gender 0.008 0.929

Male 24 (52.17) 21 (51.22)

Female 22 (47.83) 20 (48.78)
Age (years) 0.116 0.733

≤47 23 (50.00) 22 (53.66)

>47 23 (50.00) 19 (46.34)
BMI (kg/m2) 0.027 0.870

≤23 25 (54.35) 23 (56.10)
>23 21 (45.65) 18 (43.90)

Average course of disease (years) 5.0±1.8 5.0±1.8 0.100 0.752

Number of affected eyes 0.072 0.789
Monocular disease 20 (43.48) 19 (46.34)

Binocular disease 26 (56.52) 22 (53.66)

Underlying disease
Diabetes 7 (15.22) 9 (21.95) 0.814 0.367

Hypertension 10 (21.74) 9 (21.95) 0.001 0.981

Dyslipidemia 12 (26.09) 11 (26.83) 0.006 0.938
Others 5 (10.87) 7 (17.07) 0.702 0.402

Glaucoma staging 0.002 0.968

Early stage 26 (56.52) 23 (56.10)
Medium stage 20 (43.48) 18 (43.90)

Liver function index

Serum total protein (g/L) 67.19±1.61 67.59±1.55 1.777 0.242
Alanine aminotransferase (μmol/L) 26.52±1.48 26.97±1.41 1.447 0.151

Total bilirubin (μmol/L) 11.32±1.36 10.88±1.05 1.674 0.098

Table 2 Comparison of Therapeutic Effects Between the Two Groups [n (%)]

Therapeutic Effect Observation Group
(n=46)

Control Group
(n=41)

X2 P

Markedly effective 30 (65.22) 18 (43.90) – –

Effective 13 (28.26) 14 (34.15) – –
Ineffective 3 (6.52) 9 (21.95) – –

Total effective rate 43 (93.48) 32 (78.05) 4.340 0.038
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Figure 1 Comparison of ocular hemodynamic indicators between the two groups; (A) comparison of PSV between the two groups before and after treatment; (B)
comparison of EDV between the two groups before and after treatment; (C) comparison of RI between the two groups before and after treatment. *Indicates P<0.05.

Figure 2 Comparison of visual field defects between the two groups; (A) comparison of upper visual field between the two groups before and after treatment; (B)
comparison of lower visual field between the two groups before and after treatment; (C) comparison of temporal visual field between the two groups before and after
treatment; (D) comparison of nasal visual field between the two groups before and after treatment. *Indicates P<0.05.
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Comparison of Binocular Optic Disc Parameters Between the Two Groups
There was no significant difference in vertical C/D, average C/D, visual field MD, and RA between the two groups before
treatment (P>0.05). After treatment, the vertical C/D, average C/D, and visual field MD values of both groups decreased,
while the RA value increased, with statistical significance (P<0.05). Compared with the control group, the optic disc
parameters and visual field MD of the observation group were significantly better after treatment (P<0.05) (Figure 3).

Comparison of the Incidence of Adverse Reactions Between the Two Groups
The number of patients in the observation group who had arrhythmia, rapid heart rate, shortness of breath, and
conjunctival congestion were 2, 1, 1, and 2, respectively, with an adverse reaction rate of 13.04%. And the corresponding
number of cases in the control group were 1, 1, 0, and 2, respectively, with an incidence of adverse reactions of 9.76%.
The two groups showed no significant difference in the incidence of adverse reactions (P>0.05) (Table 4).

Comparison of Vision-Related Quality of Life Before and After Treatment Between
the Two Groups
Compared with before treatment, the total score of NEI VFQ-25 increased significantly in both groups after treatment
(P<0.05) and was higher in the observation group compared with the control group (P<0.05) (Table 5).

Table 3 Comparison of 24-Hour Peak Intraocular Pressure Before and After Treatment Between the Two Groups

24-Hour Peak Intraocular
Pressure

Observation Group
(n=46)

Control Group
(n=41)

t P

Before treatment 25.08±0.77* 25.19±1.26* 0.361 0.719

After treatment 17.12±1.23# 19.13±0.96# 8.422 <0.001

Note: *Compared with #P<0.05.

Figure 3 Comparison of binocular optic disc parameters between the two groups; (A) comparison of vertical C/D between the two groups before and after treatment; (B)
comparison of average C/D between the two groups before and after treatment; (C) comparison of MD between the two groups before and after treatment; (D)
comparison of RA values between the two groups before and after treatment. *Indicates P<0.05.
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Discussion
Open-angle glaucoma is characterized by continuous or intermittent increase in intraocular pressure, which compresses
the optic papillary blood vessels and optic nerve fibers, resulting in insufficient blood supply to the optic nerve fiber
bundles, impairment of visual function, visual field defects, and irreversible damage to the eye tissue, with a high
blindness rate.11,12 At present, glaucoma is mainly treated with medication, surgery, laser. Although with certain
therapeutic effects, these treatments are not conducive to the long-term prognosis of patients. Therefore, medication is
becoming increasingly important. And how to effectively prevent and treat glaucoma has become the focus of social and
clinical research and research.13

In this study, we first compared the efficacy of latanoprost monotherapy and latanoprost combined with nimodipine in
the treatment of patients with open-angle glaucoma. It was found that the efficacy of latanoprost combined with
nimodipine outweighted latanoprost monotherapy. Latanoprost is a drug commonly used for glaucoma and ocular
hypertension in recent years. Its main active ingredient is prostaglandin analogues (which can be hydrolyzed into free
acid after it penetrates into the anterior chamber. It acts on the ciliary muscle and the protease of the uveoscleral channel,
which relaxes the ciliary muscle, widens the intermuscular space, and reduces the resistance of aqueous humor outflow to
increase the aqueous humor through the uveoscleral outflow, thereby reducing intraocular pressure), which can help
relieve clinical symptoms of patients; However, this treatment is ineffective in some patients.14,15 Nimodipine,
a dihydropyridine calcium antagonist, is mainly used to improve blood circulation during the convalescent period of
acute cerebrovascular disease and cerebral vasospasm caused by various reasons, with a protective effect on neurons of
patients with vascular dementia. It can inhibit the influx of calcium ions and dilate blood vessels by acting on the vascular
smooth muscle cell membrane, which can actively alleviate the ischemia and hypoxia ischemia and hypoxia.16 In recent
years, nimodipine has been shown to be a promising topical drug for the treatment of glaucoma by analyzing its drug
targets.17 However, there are still few reports on the application of nimodipine combined with latanoprost in the
treatment of open-angle glaucoma.

The cause of glaucoma is closely related to the blood supply of the ocular arteries, often accompanied by decreased
blood flow of optic nerve artery and increased ocular RI. Therefore, improving optic nerve blood supply is also of great
significance in the clinical treatment of glaucoma.18 The results of this study showed that the EDV and PSV of the two
groups were significantly increased after treatment, and the RI was significantly decreased, with more significant changes
in the observation group, suggesting the treatment of open-angle glaucoma with latanoprost combined with nimodipine
could more significantly improve the ocular hemodynamic indicators of patients than latanoprost monotherapy. In
addition, the 24-hour peak intraocular pressure is an important basis for the diagnosis of glaucoma.19 NEI VFQ-25,

Table 5 Comparison of Vision-Related Quality of Life Scores Between the Two Groups Before and After Treatment

Vision-Related Quality of Life
Score

Observation Group
(n=46)

Control Group
(n=41)

t P

Before treatment 65.21±4.94* 66.21±4.03* 1.028 0.307

After treatment 81.14±5.11# 75.11±3.31# 6.444 <0.001

Note: *Compared with #P<0.05.

Table 4 Comparison of the Incidence of Adverse Reactions Between the Two Groups [n (%)]

Adverse Reactions Observation Group
(n=46)

Control Group
(n=41)

X2 P

Arrhythmia 2 (4.35) 1 (2.44) – –

Rapid heart rate 1 (2.17) 1 (2.44) – –

Shortness of breath 1 (2.17) 0 – –
Conjunctival congestion 2 (4.35) 2 (4.88) – –

Incidence of adverse reactions 6 (13.04) 4 (9.76) 0.230 0.631
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with favorable validity and reliability, can comprehensively assess vision-related quality of life of patients with eye
diseases, which is suitable for the diagnosis of common clinical eye diseases.20 Optic disc damage and visual field defects
are the main pathological changes of open-angle glaucoma. Patients showed a significant increase in optic cup
morphological parameters such as vertical C/D and average C/D, a significant decrease in RA, and glaucomatous
damage in the visual field.21 In this study, the 24-hour peak intraocular pressure, vertical C/D, average C/D, and visual
field MD values of patients in the observation group were significantly lower than those in the control group during the
same period, and the total score of NEI VFQ-25 and RA values were significantly increased, indicating that the effect of
nimodipine combined with latanoprost eye drops in the treatment of primary open-angle glaucoma is definite. This is also
the first time that we have comprehensively analyzed the efficacy of nimodipine combined with latanoprost eye drops in
the treatment of primary open-angle glaucoma, and confirmed that it could effectively improve the visual field defects in
patients with the disease.

Previous studies have found that in the treatment of glaucoma, nimodipine can protect the visual field of patients.
Since glaucoma patients are mostly caused by the dysfunction of optic nerve and blood vessel regulation, it is difficult for
blood vessels to regulate the increased blood flow when the intraocular pressure rises. Meanwhile, patients with primary
open-angle glaucoma often have abnormal hemorheology. Nimodipine can relax blood vessels by inhibiting calcium ions
entering into vascular smooth muscle cells, thereby reducing arterial resistance, avoiding vasospasm, enhancing nerve
blood supply, and eventually improving the visual field of patients.22,23 Moreover, nimodipine can correct retinal
ganglion cells (RGCs). As the intraocular pressure increases, the load also increases in RGCs of glaucoma patients.
Nimodipine can prevent calcium ions from flowing into cells, correcting “calcium overload” of cells, and stabilizing cell
membranes, thereby protecting RGCs and preventing the progression of optic nerve defects,24 which explains our
findings. Meanwhile, the drug side effects of the two groups of the present study were mainly mild ocular congestion,
irregular heartbeat and other symptoms, without serious adverse events, indicating that the combination therapy had high
safety.

In summary, nimodipine combined with latanoprost eye drops is effective in the treatment of primary open-angle
glaucoma, as it can effectively improve the ocular hemodynamics and visual field defects in patients with fewer adverse
reactions and higher safety, which is worthy of clinical promotion. However, this study also has certain shortcomings.
First, due to the small sample size, the conclusions of this study need to be further verified. Second, the specific
mechanism of nimodipine combined with latanoprost in open-angle glaucoma needs to be further analyzed. In the future,
we will further carry out large-scale multi-center data studies and provide more data support for our conclusions in
combination with relevant basic research.
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