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Abstract Background: In a previous
study it was shown that nimodipine
30 mg twice daily leads to an 
improvement in the visual field in 
a subgroup of normal-pressure glau-
coma patients. To understand the
mechanism of action of nimodipine
on the visual system, the aim of this
study was to examine the influence
of nimodipine on different hemody-
namic parameters and contrast 
sensitivity in healthy subjects. 
Methods: Thirty-two healthy sub-
jects (21–49 years old, mean age 
28 years, 10 male, 22 female) re-
ceived either nimodipine 30 mg
twice a day or a placebo according 
to the same dosage regimen in a 
double-blind cross-over study de-
sign. The ocular blood flow was
measured by means of the ocular
blood flow system, the optic nerve
head blood flow with the continuous
laser Doppler flowmeter (Riva), and
contrast sensitivity using the MCT
8000 Multivision Contrast Tester.
Measurements were taken at baseline
(1T0), 120 min after initial dose

(1T3) and after 3 days (3T3) of 
therapy with 150 mg nimodipine or
placebo in total. Results: Contrast
sensitivity improved significantly
throughout almost all spatial fre-
quencies in the nimodipine-treated
subjects ( P =0.01), whereas there
was no change in the placebo group.
Ocular blood flow and optic nerve
head blood flow increased slightly
but not significantly in the nimodi-
pine group (1T0: 706.6 µl/min, 9.33
AU; 3T3: 854.3 µl/min, 9.39 AU)
and remained unchanged or were
even lower in the placebo group 
(P>0.05). Conclusion: The results
showed a significant increase in con-
trast sensitivity during treatment
with nimodipine in healthy subjects.
This increase in visual function,
however, was not correlated with 
an increase in ocular or optic nerve
head blood flow. Therefore, another
mechanism, e.g., a direct effect 
on the visual system, might be re-
sponsible for the improvement in 
visual function in healthy volunteers
under nimodipine therapy.
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Introduction

Over the past few years improvement of ocular hemody-
namics and neuroprotection have assumed more impor-
tance in glaucoma research. Although intraocular pressure
(IOP) is still the most important risk factor for the devel-
opment of glaucomatous optic nerve atrophy, normal-
pressure glaucoma demonstrates that other risk factors
might play a role in the pathogenesis of this disease [5, 7].

Because of the high coincidence of vasospastic disor-
ders such as Raynaud’s syndrome or migraine with nor-
mal-pressure glaucoma [6,17], it was postulated that va-
sospastic disorders might be important in the course of
normal-pressure glaucoma [8]. Several studies showed
evidence that al least some normal-pressure glaucoma
patients with vasospastic risk factors might benefit from
treatment with calcium-channel blockers e.g., nimodi-
pine [2, 11, 14, 15,18].
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Nimodipine [10, 21] is an antagonist of the 1,4-di-
hidropyridine class and prevents the influx of calcium
ions through the voltage- and receptor-activated “slow”
channels of the cell membrane. Nimodipine acts as a
smooth muscle cell relaxant. It dilates cerebral arteries
and arterioles and increases cerebral blood flow in ani-
mals and humans without having any major influence on
systemic blood pressure. Because of its lipophil structure
nimodipine passes the blood–brain barrier, and for this
reason it is commonly used in the treatment of a wide
range of cerebrovascular disorders, particularly for pro-
phylaxis and treatment of delayed ischemic neurological
deficits resulting from cerebral vasospasm in patients
with subarachnoid hemorrhage or acute ischemic stroke
and in dementia [1, 21]. For the therapy of cerebrovascu-
lar ischemia due to vasospasm a dosage of 60 mg six
times a day is used, and a dosage of 30 mg three times a
day is recommended for the treatment of dementia.

As the blood vessels of the optic nerve are compara-
ble to those of the central nervous system there have
been attempts to use calcium-channel blockers in the
therapy of glaucoma. However, even a lower dosage of
nimodipine (30 mg twice a day) leads to an improvement
in the visual field in a subgroup of normal-pressure glau-
coma patients [2].

To help elucidate the mechanism of action of nimodi-
pine on the visual system, the aim of the present study
was to examine the influence of nimodipine 30 mg twice
a day on contrast sensitivity and on different hemody-
namic parameters in healthy subjects.

Patients and methods

Patients

Thirty-two healthy subjects (10 men and 22 women between 21
and 49 years of age, mean 28 years) were examined. They had no
visual field defects, glaucomatous cupping of the optic nerve head,
ocular hypertension, or history of glaucoma or vasospasm, e.g.,
migraine, frequent headaches, cold hands or feet, or tinnitus. Each
subject received either nimodipine 30 mg twice a day or a placebo
according to the same dosage regimen in a double-blind cross-
over design. Measurements were taken at baseline and at 120 min
and 3 days after the morning dose with 150 mg nimodipine in total
or placebo. At each time point, systemic blood pressure, heart rate,
IOP, optic nerve head blood flow, ocular blood flow, and contrast
sensitivity were measured.

Because of the small number of subjects a normal distribution
of the parameters could not be assumed. Therefore, the Wilcoxon
test, a non-parametric paired test, was used for the statistical anal-
ysis. To correct for multiple testing, the significance level was set
to P=0.01. Differences that were not statistically significant were
divided between those where P was >0.01 and those where P was
>0.05.

Methods

The IOP was measured by applanation tonometry according to
Goldmann.
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Measurements of the ocular blood flow were performed using
the ocular blood flow system (OBF). This instrument is a pneumo-
tonometer and measures the IOP every 30 ms.

With each heart beat a blood bolus enters the eye and causes an
increase in intraocular volume. Because of the scleral rigidity each
increase in volume causes a corresponding brief increase in IOP.
The difference between the maximum and the minimum IOP is the
ocular pulse amplitude, which is measured by the instrument (in
mmHg). In addition, the instrument calculates the pulsatile ocular
blood flow (in µl/min) [12].

Measurements of the blood flow in the optic nerve head were
performed by means of the continuous laser Doppler flowmeter
according to Riva. This method is based on the optic Doppler ef-
fect. A diode laser beam with 160 µm diameter and a wavelength
of 670 nm is aimed at the optic nerve head. The laser light is shift-
ed in frequency by the moving red blood cells and the stationary
tissue. This broadened mixture of different frequencies is reflected
and detected by a photodetector. Using a fast Fourier transforma-
tion followed by a power spectral analysis, a Doppler shift power
spectrum (DSPS) is calculated. From these data the parameters 
velocity, volume, and flow are calculated. The parameter velocity
represents the relative mean speed of the moving red blood cells
and is proportional to the mean Doppler frequency shift. The 
parameter volume represents the number of moving red blood
cells in the sampling volume and is proportional to the area under
the curve of the DSPS. The parameter flow is calculated by multi-
plying volume by velocity. Velocity is expressed in kHz and the
parameters volume and flow in arbitrary units (AU) [20].

Measurements of the contrast sensitivity were performed with
the MCT 8000 Multivision contrast tester (Vistech), a near vision
contrast tester. This instrument is a box (17.5×14 cm) with five
rows of nine circles each arranged on the surface. Each circle rep-
resents a sinusoidal wave pattern with diminishing spatial frequen-
cies from the upper to the lower row and diminishing contrast 
levels from left to right. The sinusoidal wave patterns are present-
ed in four different directions: the wave pattern is in either a verti-
cal position or turned 15° to the left or right, or the circle is blank.
In this study the test was performed in a dark-adapted and in a
light-adapted mode. For each different spatial frequency the last
circle correctly identified was determined. The contrast sensitivity
is measured in arbitrary units [16].

Results

There was no statistically significant change in systemic
blood pressure, heart rate, or IOP either 120 min or 
3 days after treatment with either nimodipine or placebo
(P>0.05).

The pulsatile ocular blood flow was 706.6 µl/min at
baseline and 833.4 µl/min 120 min and 854.3 µl/min 
3 days after treatment with nimodipine. The increase was
not statistically significant with P>0.05. The placebo
group showed a slight decrease in the pulsatile ocular
blood flow from 660.6 µl/min at baseline to 701.5 µl/min
at 120 min and 640.2 µl/min at 3 days. These changes
were not statistically significant P>0.05 (Table 1, Fig. 1).
The parameter pulse volume and pulse amplitudes
showed no significant changes (P>0.05) (Table 1).

The optic nerve head blood flow was 9.33 AU at
baseline, 9.47 AU 120 min, and 9.39 AU 3 days after
treatment with nimodipine. The slight increase was not
statistically significant (P>0.05). The optic nerve head
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blood flow was 9.40 AU at baseline, 9.35 AU 120 min,
and 9.44 AU 3 days after placebo treatment (Table 2,
Fig. 2). The parameters volume and velocity showed no
significant change (P>0.05) (Table 2).

Contrast sensitivity showed a significant increase
throughout almost all spatial frequencies in the nimodi-
pine-treated subjects after 120 min and after 3 days in
dark-adapted (Table 3) and in light-adapted (Table 4)
conditions (P=0.01). The placebo group did not show
any statistically significant changes in mean contrast
sensitivity (P>0.05; Table 3, Table 4).

Table 1 Measurements of the ocular blood flow system (mean
values, with standard deviation in parentheses). PA Pulse ampli-
tude, PV pulse volume, POBF pulsatile ocular blood flow. All dif-
ferences were not statistically significant (P>0.05)

PA (mmHg) PV (µl) POBF (µl/min)

Nimodipine
Before 2.4 (0.9) 4.9 (1.5) 706.6 (194.5)
120 min after 2.4 (0.8) 5.1 (1.8) 833.4 (265.0)
3 days after 2.3 (0.9) 5.0 (1.8) 854.3 (196.6)

Placebo
Before 2.6 (1.0) 5.4 (1.8) 660.6 (177.6)
120 min after 2.4 (1.0) 5.6 (1.9) 701.5 (252.5)
3 days after 2.5 (1.1) 5.4 (1.8) 640.2 (194.3)

Fig. 1 Pulsatile ocular blood flow (POBF) under treatment with
nimodipine and placebo

Table 2 Measurements of the continuous laser Doppler flowmeter
according to Riva. Standard deviation in brackets. All differences
were not statistically significant (P>0.05)

Velocity (AU) Volume (AU) Flow (AU)

Nimodipine
Before 1.18 (0.22) 0.38 (0.12) 9.33 (1.93)
120 min after 1.15 (0.22) 0.39 (0.12) 9.47 (2.44)
3 days after 1.19 (0.24) 0.41 (0.13) 9.39 (2.12)

Placebo
Before 1.09 (0.23) 0.36 (0.1) 9.40 (1.87)
120 min after 1.11 (0.23) 0.37 (0.1) 9.35 (1.91)
3 days after 1.08 (0.26) 0.38 (0.11) 9.44 (1.82)

Table 3 Mean contrast sensi-
tivity (AU) and standard devia-
tion (in parentheses) under
dark-adapted conditions

Table 4 Mean contrast sensi-
tivity (AU) and standard devia-
tion (in parentheses) under
light-adapted conditions

Spatial contrast

1.5° 3° 6° 12° 18°

Nimodipine
Before 27.0 (18.8) 36.4 (22.6) 16.8 (13.9) 4.6 (5.8) 1.3 (1.9)
120 min after 51.7 (32.6) 49.9 (32.6) 55.1 (33.7) 14.2 (16.9) 1.7 (2.4)
3 days after 53.3 (33.0) 50.2 (20.8) 58.3 (30.7) 12.2 (15.3) 1.5 (2.1)

Placebo
Before 39.2 (26.1) 35.5 (27.6) 21.6 (18.2) 7.2 (10.6) 1.4 (2.3)
120 min after 31.4 (31.0) 34.7 (25.5) 20.0 (19.2) 6.8 (2.5) 1.3 (1.9)
3 days after 32.5 (30.6) 31.7 (21.2) 21.2 (19.4) 6.5 (3.1) 1.0 (1.4)

Spatial contrast

1.5° 3° 6° 12° 18°

Nimodipine
Before 26.8 (18.2) 39.1 (21.5) 36.6 (30.0) 15.1 (17.2) 6.4 (16.2)
120 min after 35.9 (14.9) 63.4 (35.3) 62.3 (29.4) 37.5 (31.6) 10.0 (6.7)
3 days after 36.4 (12.6) 68.9 (31.3) 65.6 (25.6) 32.3 (22.4) 11.2 (5.9)

Placebo
Before 34.2 (29.5) 39.8 (15.9) 39.8 (21.8) 20.1 (24.8) 5.8 (8.8)
120 min after 35.5 (26.5) 41.2 (18.5) 38.5 (20.7) 22.6 (11.3) 7.3 (5.9)
3 days after 36.4 (22.3) 35.2 (19.3) 39.4 (21.7) 21.2 (10.8) 5.9 (4.0)
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The increase in contrast sensitivity was more pro-
nounced at high spatial frequencies (1.5°, 3° and 6°). For
example, at a spatial frequency of 6° the contrast sensitivi-
ty increased from 16.8 AU at baseline to 55.1 AU 120 min
and to 58.3 AU 3 days after treatment with nimodipine
under dark-adapted condition (P=0.01). The placebo
group did not show statistically significant changes under
the same conditions (21.6 AU at baseline, 20.0 AU after
120 min, 21.2 AU after 3 days; P>0.05) (Fig. 3).

Discussion

In the present study healthy subjects showed a signifi-
cant increase in contrast sensitivity for almost all spatial
frequencies under treatment with nimodipine.

This finding is similar to previously reported results.
In a study performed by Bose and coworkers an increase
in contrast sensitivity was found in healthy subjects and
normal-pressure glaucoma patients 2 h after oral admin-
istration of 60 mg nimodipine. The authors hypothesized
that the increase in contrast sensitivity might be caused

by an increase in blood flow because of a relief of vaso-
spasm or by a direct effect on the retina or the optic
nerve [3]. In the present study we did not find a signifi-
cant increase in any hemodynamic parameters e.g., blood
flow of the optic nerve head or ocular blood flow mea-
sured by OBF. In addition, Piltz and coworkers did not
find a change in macular hemodynamics 90 min after
oral administration of 60 mg nimodipine despite an in-
crease of contrast sensitivity in normal-pressure glauco-
ma patients and healthy controls [19]. Therefore, it
seems unlikely that an increase in parameters of ocular
hemodynamics is responsible for the increase in contrast
sensitivity in healthy subjects.

In patients with vasospastic normal-pressure glauco-
ma, however, an increase of ocular pulse volumes during
18 months treatment with 30 mg nimodipine twice a day
was shown. Normal-pressure glaucoma patients without
vasospasm did not show significant changes [2]. This
suggests that if vasospasm is present, the relaxation of
the ocular vessels leads to an increase in ocular hemody-
namics, which could contribute to the increase in con-
trast sensitivity. However, if no vasospasm is present,
like in healthy subjects, the increase in ocular hemody-
namics seems to be of minor importance.

Studies dealing with other calcium-channel blockers
also detected changes in ocular hemodynamics in heal-
thy subjects and animals. Netland and coworkers showed
a decrease in the resistance index of the central retinal
artery in healthy subjects after a single drop of verapamil
[15]. Harino and coworkers reported an increase in optic
nerve head blood flow in the cat after intravenous ad-
ministration of nicardipine [9].

In the present study we used instruments similar to
the ones employed in those studies to evaluate the ocular
hemodynamics. Firstly, we used a laser Doppler flowme-
ter resembling the one used in the study by Harino [9,
20]. This instrument measures the optic nerve head
blood flow. It has a penetration depth of up to 1000 µm
and measures the blood flow of the superficial nerve fi-
ber layer and the deeper capillary bed of the prelaminar
and laminar region of the optic nerve head.

Secondly, we used the OBF to measure the pulsatile
ocular blood flow of the whole eye [12]. As the choroid
represents almost 85% of the vascular bed of the eye this
parameter seems to represent mainly the choroidal circu-
lation. The OBF measures a parameter similar to the 
oculo-oscillo-dynamography that was used in the study
performed by Böhm and Pillunat, where an increase in
the ocular pulse amplitude was shown in vasospastic
normal-pressure glaucoma patients [2, 12]. However, in
the present study we were not able to detect changes 
after oral administration of nimodipine in healthy sub-
jects with either technique.

This leads to the hypothesis that in healthy subjects
other factors may be responsible for improvement of 
visual function under treatment with nimodipine.

Fig. 2 Optic nerve head blood flow under treatment with nimodi-
pine and placebo

Fig. 3 Mean contrast sensitivity at spatial frequency of 6° under
dark-adapted conditions and treatment with nimodipine and placebo
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Nimodipine is a centrally acting calcium-channel 
antagonist. Binding at specific dihydropyridine recep-
tors, nimodipine prevents the influx of calcium ions
through voltage- and receptor-activated channels of the
cell membrane. This effect is observed at two different
locations. Firstly, at the membrane of smooth muscle
cells nimodipine acts as a relaxant. The vessels dilate
and the blood flow increases. Secondly, the calcium 
antagonism is present at the neuron and influences its
electrical activity and the neurotransmitter system [10].
As no study, including the present one, has yielded 
any evidence that nimodipine leads to an increase in 
ocular hemodynamics in healthy subjects, it seems like-
ly that the vessel-dilating effect of nimodipine is negli-
gible in healthy subjects with presumable intact autoreg-
ulation. Therefore, the modulating effect of nimodipine
on the neuronal system might be the reason for the in-

crease in contrast sensitivity in healthy subjects [4, 10,
13, 22].

In conclusion, calcium-channel blockers lead to an
improvement in contrast sensitivity in healthy subjects
and normal-pressure glaucoma patients. There is evi-
dence that some calcium-channel blockers improve ocu-
lar hemodynamics in normals and normal-pressure glau-
coma patients. However, with regard to nimodipine, no
study has shown an increase in any hemodynamic pa-
rameter under treatment with nimodipine in healthy sub-
jects. In our study no increase in either optic nerve head
blood flow or ocular blood flow could be shown. There-
fore, it seems likely that other than hemodynamic mech-
anisms, e.g., modulation of the neuronal activity, are re-
sponsible for the increase in contrast sensitivity in nor-
mal subjects. Further studies are needed to elucidate the
mechanism of action of nimodipine on visual function.
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