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Background: The purpose of this study was to test the effect of ethyl alcohol on the koniocellular 

and magnocellular pathway of visual function and to investigate the relationship between such 

visual field changes and retrobulbar blood flow in healthy subjects.

Methods: In 12 healthy subjects (mean age 32  ±  4 years), color Doppler imaging, short-

wavelength automated perimetry, and frequency doubling perimetry was performed before 

and 60 minutes after oral intake of 80 mL of 40 vol% ethanol. Mean and pattern standard 

deviations for short-wavelength automated and frequency doubling perimetry were assessed. 

End diastolic velocity (EDV) and peak systolic velocity (PSV) were measured in the central 

retinal and ophthalmic arteries using color Doppler imaging. Systemic blood pressure, heart 

rate, intraocular pressure, and blood alcohol concentration were determined.

Results: Mean PSV and EDV in the central retinal artery showed a significant increase after 

alcohol intake (P = 0.03 and P = 0.02, respectively). Similarly, we found a significant acceleration 

of blood flow velocity in the ophthalmic artery (P = 0.02 for PSV; P = 0.04 for EDV). Mean 

intraocular pressure decreased by 1.0 mmHg after alcohol ingestion (P = 0.01). Retinal sensitivity 

in short-wavelength automated perimetry did not alter, whereas in frequency doubling perimetry, 

the mean deviation decreased significantly. Systolic and diastolic blood pressure did not change 

significantly. Mean blood alcohol concentration was 0.38 ± 0.16 g/L.

Conclusion: Although ethanol is known to cause peripheral vasodilation, our subjects had no 

significant drop in systemic blood pressure. However, a significant increase of blood flow velocity 

was seen in the retrobulbar vessels. Regarding visual function, moderate alcohol consumption 

led to reduced performance in the magnocellular visual system tested by frequency doubling 

perimetry, but had no effect on short-wavelength automated perimetry.

Keywords: visual field, retrobulbar blood flow, frequency doubling perimetry, short-wavelength 

automated perimetry

Introduction
Ethanol is a commonly used psychoactive substance. The systemic and central effects 

of ethanol have been investigated thoroughly. Several studies have shown that moderate 

and substantial doses of alcohol influence several visual and oculomotor functions. 

Impairments have been shown when convergence, accommodation, stereoacuity, visual 

acuity, visual fields, color vision, and contrast sensitivity function were tested.1–10

Moderate but regular consumption of alcohol is part of the normal life style in many 

industrial nations and might have an impact on clinical routine examinations, including 

those performed by ophthalmologists.11,12 The purpose of this study was on the one 

hand to investigate further the influence of alcohol consumption on the visual system 

using short-wavelength automated perimetry and frequency doubling technology, and 
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on the other to determine whether alcohol used in relatively 

low doses leads to alteration in retrobulbar blood flow. 

Both frequency doubling and short-wavelength automated 

perimetry have been established more recently and have 

been shown to be useful for indicating visual field defects 

associated with various diseases earlier than standard white-

on-white perimetry.13–20 Therefore, we hypothesized that 

alteration due to mild alcohol consumption as commonly 

practiced in Europe, if present at all, might show up in 

these tests, which are known to detect subtle visual distur-

bances. In addition, distinct changes of frequency doubling 

and short-wavelength automated perimetry due to ethanol 

ingestion might be relevant concerning the interpretation of 

early visual field damage in glaucomatous optic neuropathy. 

Additional retrobulbar blood flow measurements were 

performed noninvasively using color Doppler imaging to 

investigate whether detectable changes in visual performance 

are associated with alterations in ocular perfusion or whether 

they are unrelated.

Materials and methods
All subjects included in this prospective study were medical 

doctors and staff of the ophthalmology department at the 

University Hospital in Aachen and participated in the 

development of the study design. Twelve healthy subjects 

(seven women and five men, of mean age 32 ± 4 years) with 

no history of alcoholism or alcohol-related problems were 

included in this study. No systemic or local medication (except 

contraceptives) was being used by the subjects. Medical history 

did not reveal systemic cardiovascular disease or risk factors 

(ie, arterial hypertension, diabetes mellitus, disorders of fat 

metabolism, any cerebrovascular or cardiovascular events). 

Subjects known to be regular nicotine abusers (n = 3) did not 

consume nicotine for at least 24 hours prior to the study.

All participants were aware of the risks of mild alcohol 

consumption and familiar with the tests that were performed. 

The research followed the tenets of the Declaration of 

Helsinki. The experiment was performed during a single 

afternoon, before which a light lunch without alcohol 

consumption was allowed. All 12 subjects had best corrected 

visual acuity of 1.0 (20/20). A slit-lamp examination, 

including funduscopy, was performed for all subjects and 

found to be normal. One eye was randomly selected for the 

study. All subjects were familiar with and had performed 

short-wavelength automated perimetry and frequency 

doubling perimetry before.

Each experiment began with baseline measurements, 

including visual field testing with frequency doubling 

perimetry and short-wavelength automated perimetry, color 

Doppler imaging, and measurements of systemic blood 

pressure, heart rate, and intraocular pressure (Goldmann 

applanation tonometry). Alcohol (80 mL of 40 vol% ethanol 

[Schnaps, Schladerer Williams Pear]) was consumed within 

a 10-minute period afterwards. Forty-five to 60  minutes 

after ingestion of alcohol, 3 mL blood samples were taken 

from the cubital vein followed immediately by a repetition 

of the battery of tests, performed in the same order. Blood 

alcohol levels were determined by gas chromatography and 

expressed in g/L. All ophthalmic examinations including 

color Doppler imaging were performed by one experienced 

ophthalmologist (AW).

Short-wavelength automated perimetry
The principle of short-wavelength automated perimetry is 

the isolation of the short-wavelength-sensitive cones by sup-

pression of the other cone types using a yellow background. 

Short-wavelength automated perimetry was performed using 

a commercially available Humphrey field analyzer (Zeiss 

Humphrey Systems, Dublin, CA, USA). Short-wavelength 

automated perimetry utilizes a Goldmann size V (1.8 degree 

visual angle) narrow-band blue stimulus with a peak 

transmission of 440 nm on a yellow background illumina-

tion (100 cd/m2). The duration of the stimulus amounts to 

200 msec. In this study, the 24-2 program was applied with the 

full threshold strategy. Tests with false positive or false nega-

tive responses exceeding 20% of all answers were excluded. 

Global indices (mean deviation and pattern standard devia-

tion) and test duration were used for statistical analysis.

Frequency doubling technology
Frequency doubling perimetry measures contrast sensitivity 

using a perceptual effect encountered when coarse vertical 

grating targets are counterphase-flickered at a rapid rate 

(frequency doubling illusion).13 We performed frequency 

doubling perimetry using Humphrey-Zeiss frequency 

doubling technology (Carl Zeiss Meditec, Dublin, CA, 

USA; Welch Allyn, Skaneateles Falls, NY, USA) with a full-

threshold C-20 program in all subjects before and after alcohol 

ingestion. The test uses a square target which is 10 degrees 

wide and consists of alternating dark and light stripes 

(spatial frequency 0.25  cycles per degree). This grating is 

counterphase-flickered at 25 Hz, and the contrast of the stripes 

is changed to determine the subject’s contrast threshold. In the 

C-20 program, 17 locations in the 20 degree field are tested 

using 16 approximately 10 degree square targets, along with 

an additional circular target centered over the macula.
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Color Doppler imaging
Color Doppler imaging combines a simultaneous B-mode 

ultrasound image with colored represented movements 

based on Doppler frequency shifts and enables assess-

ment of blood flow velocities (peak systolic velocity and 

end diastolic velocity) in the retrobulbar vessels. A color 

Doppler imaging system (Siemens Sonoline, Washington, 

DC, USA) with a 7.5 mHz transducer was used to measure 

retrobulbar blood flow velocity. Ultrasonographic evaluation 

was performed by an experienced ultrasonographer (AW) 

who was masked to the subject’s mean sensitivity in short-

wavelength automated perimetry and frequency doubling 

technology. Peak systolic velocity (PSV) and end diastolic 

velocity (EDV) were measured from the Doppler signal in 

the central retinal and ophthalmic arteries. In addition to the 

velocities, the Pourcelot resistive index was calculated for all 

vessels as resistive index = (PSV - EDV)/PSV. The resistive 

index is a measure of peripheral vascular resistance and is 

less dependent than measures of absolute velocities on the 

Doppler angle, machine setting, and physiologic conditions, 

such as hypotension and hypertension.21,22

During measurements, the subject was in the supine 

position and the ultrasound transducer coupled with sterile 

ophthalmic gel was applied to the upper lids with minimal 

pressure to avoid artifacts. Evaluation of the vessels always 

began with an image of the optic nerve, which is the most 

useful landmark for identifying retrobulbar vessels. The cen-

tral retinal artery can be found in the retrolaminar region of 

the optic nerve (approximately 10–20 mm behind the globe). 

The ophthalmic artery is usually found nasally to the optic 

nerve, approximately 25 mm behind the globe.

Statistical analysis
Statistical analysis was performed using the StatView™ 

(SAS Institute Inc, Cary, NC, USA). Paired t-tests were 

used to assess the significance of differences for blood flow 

measurements and mean deviation and patterned standard 

deviation for short-wavelength automated perimetry and fre-

quency doubling perimetry before and after alcohol ingestion. 

P values , 0.05 were considered to be statistically significant. 

Correlations were tested using the Fisher r to z test.

Results
The mean blood alcohol level was 0.38  ±  0.16  g/L 

45–60 minutes after alcohol ingestion. Systolic and diastolic 

blood pressure did not show a significant alteration after 

alcohol ingestion (systolic blood pressure before alcohol 

was 131 ± 14 mmHg and after alcohol was 127 ± 9 mmHg; 

P = 0.19; diastolic BP before alcohol was 74 ± 12 mmHg 

and after alcohol was 72 ± 8 mmHg; P = 0.67). Similarly, 

no significant change in heart rate was seen (before ethanol 

70  ±  12 beats/minute; after ethanol 68  ±  9 beats/minute; 

P = 0.59). However, intraocular pressure was significantly 

decreased by 1.0 mmHg, from 13 ± 2 mmHg to 12 ± 2 mmHg 

(P = 0.015).

Frequency doubling technology perimetry
Mean deviation, pattern standard deviation, and test durations 

before and after alcohol ingestion are shown in Table 1. There 

was a significant reduction in mean deviation after alcohol 

ingestion (Table  1). No significant alteration was found 

for the pattern standard deviation after alcohol ingestion 

(P = 0.7). Duration of testing times showed a trend towards 

longer testing times after alcohol administration, but these 

did not reach statistical significance (Table 1).

Short-wavelength automated perimetry
Mean deviation in short-wavelength automated perimetry was 

not significantly altered after alcohol ingestion (before alco-

hol −0.44 ± 2.0 dB, after alcohol −0.42 ± 2.0 dB; P = 0.94) 

Analogously, pattern standard deviation did not demonstrate 

a significant change after alcohol ingestion (before alcohol 

2.45 ± 1.0 dB, after alcohol 2.53 ± 0.75; P = 0.62). Mean 

test duration was prolonged, but did not reach statistical 

significance (before alcohol 9.9 ± 1.1 minutes, after alcohol 

10.1 ± 1.3 minutes; pattern standard deviation = 0.44).

Color Doppler imaging
PSV, EDV, and resistive index in the central retinal and 

ophthalmic arteries are shown in Table  2. Ethanol intake 

led to a significant increase in PSV and EDV and to a 

significant decrease in the resistive index in both vessels 

(Table  2). When correlation calculations were performed 

for the changes in functional and circulatory parameters, we 

found that changes in end diastolic velocity in the central 

retinal artery were correlated with changes in mean devia-

tion in short-wavelength automated perimetry (r = −0.62; 

Table 1 Mean deviation, pattern standard deviation, and test 
duration (mean ± standard deviation) in frequency doubling 
perimetry before and after alcohol ingestion

Before alcohol After alcohol P value

MD (dB) 0.66 ± 1.5 -0.49 ± 1.9 0.007
PSD (dB) 3.74 ± 0.48 3.86 ± 0.97 0.7
Test duration (minutes) 4.23 ± 0.15 4.38 ± 0.25 0.06

Abbreviations: MD, mean deviation; PSD, pattern standard deviation.
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P = 0.029). All other correlation calculations of the changes 

lacked statistical significance.

Discussion
The effect of alcohol ingestion on visual function and ocular 

hemodynamics has been investigated previously.1–10 In our 

study, visual fields were evaluated using frequency doubling 

perimetry and short wavelength automated perimetry, 

known to be more susceptible to subtle changes in visual 

performance.15,19

Our hypothesis was that moderate consumption of 

alcohol would lead to reduction in visual function. Indeed, 

our results show a significant decrease for mean deviation 

in frequency doubling perimetry after alcohol consumption 

and a slight increase in pattern standard deviation, 

indicating that there is mainly a general depression in retinal 

sensitivity with no particular presence of focal defects. The 

frequency doubling percept is thought to reflect the response 

of a subset of magnocellular retinal ganglion cells with 

nonlinear properties (My cells), although others dispute 

the evidence for this subset.23,24 However, disregarding the 

existence of this special subset of cells, the magnocellular 

system itself might still be subject to selective loss and lower 

redundancy. Our results indicate that the magnocellular 

visual pathway tested by frequency doubling perimetry 

might be susceptible even to moderate doses of alcohol. 

To our minds, these are unique results because the effect 

of alcohol on the frequency doubling percept has only been 

investigated once before and the results are in disagreement 

with ours.25 Puell and Barrio25 could not detect significant 

differences in frequency doubling perimetry mean 

sensitivity during mild alcohol consumption compared with 

the sober sessions, which were at least two days apart. In 

our protocol, the tests were repeated during one day, directly 

before alcohol consumption and 60  minutes afterwards. 

This might be the reason why we could detect very subtle 

changes in our study.

We also tested the implications of moderate alcohol 

consumption on short-wavelength cone sensitivity using 

short-wavelength automated perimetry. We assumed that 

alcohol consumption would in particular lead to alterations 

in blue-sensitive cones because they have been shown to be 

more susceptible to toxic substances, including ethanol.1,2,26–28 

Moreover, it has been suggested that visual field defects 

associated with glaucoma present years earlier in short-

wavelength automated perimetry than in standard automated 

perimetry.15 However, our results failed to detect decreased 

retinal sensitivity in short-wavelength automated perimetry 

after moderate alcohol consumption.

In previous studies, in which blue-sensitive cones were 

found transiently affected after alcohol consumption, blood 

alcohol concentrations were higher than in our study (about 

0.7 g/L compared with 0.38 g/L in our study).26,27 Secondly, 

the effect of alcohol on blue-sensitive cones was tested 

using different methods compared with our approach to 

testing visual field performance (eg, Farnsworth-Munsell 

100-Hue test or the Panel D-15 test). Finally, the missing 

impact on short-wavelength automated perimetry might be 

explained by the higher intraindividual variability shown for 

short-wavelength automated perimetry, which might mask 

significant changes.29,30

Our data suggest that the effect of alcohol on distinct 

visual pathways might be different. The magnocellular visual 

pathway seems to be more susceptible to moderate doses of 

alcohol, whereas the koniocellular system might be more 

robust. Whether this difference in susceptibility concerning 

the magnocellular and koniocellular pathway shows a dose-

dependence needs to be investigated in future studies.

In addition to visual performance, we investigated 

retrobulbar blood flow after alcohol ingestion using color 

Doppler imaging, a noninvasive method to measure blood 

flow velocity. Several studies have investigated ocular blood 

flow after alcohol ingestion using different methods and with 

inconsistent outcomes.10,31,32 Our results show a significant 

increase in PSV and EDV in the central retinal and ophthalmic 

arteries, and additionally a decrease in resistive indices in both 

vessels. As with previously published data, this indicates that 

intake of moderate doses of alcohol is associated with distal 

vasorelaxation in the central retinal and ophthalmic arteries, 

despite the autoregulatory mechanism that is known for the 

retinal circulation.33 Similarly, improvement of blood flow 

in the optic nerve head was found after consumption of one 

bottle of beer.32 Conflicting results were reported by Harris 

et al who found that acute ethanol consumption did not change 

retrobulbar blood flow velocities or resistive indices, although 

Table 2 Mean PSV, EDV, and resistive index (mean ± standard 
deviation) in the central retinal and ophthalmic arteries before 
and after alcohol ingestion

Before alcohol After alcohol P value

PSV in OA (cm/sec) 36.8 ± 6.7 41.4 ± 8.0 0.017
EDV in OA (cm/sec) 8.7 ± 1.9 11.6 ± 4.0 0.039
RI in OA 0.76 ± 0.04 0.72 ± 0.07 0.04
PSV in CRA (cm/sec) 10.8 ± 1.5 11.6 ± 1.1 0.032
EDV in CRA (cm/sec) 3.9 ± 0.7 4.4 ± 0.7 0.022
RI in CRA 0.63 ± 0.05 0.62 ± 0.05 0.015

Abbreviations: CRA, central retinal artery; OA, ophthalmic artery; RI, resistive 
index; EDV, end diastolic velocity; PSV, peak systolic velocity.
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they used higher breath alcohol levels.10 These discrepancies 

might be explained by dose-dependency of the vascular effects 

of ethanol. Mathew and Wilson concluded after a thorough 

overview of the previous literature that most human studies 

suggest occurrence of cerebral vasodilation with small doses 

of alcohol and cerebral vasoconstriction with higher doses.34 

This conclusion might also be true for ocular blood flow.

Another purpose of this study was to investigate whether 

low doses of ethanol would lead to a decrease in retinal 

function independent of alterations in ocular perfusion. 

When we correlated alterations in blood flow velocity with 

changes in mean deviation and pattern standard deviation in 

frequency doubling perimetry and short-wavelength auto-

mated perimetry, we only found a negative correlation for 

mean deviation in frequency doubling perimetry and EDV 

in the central retinal artery, indicating that, with better per-

fusion, visual performance in frequency doubling perimetry 

is reduced. Thus, we could not find a general association 

between retrobulbar blood flow alterations and changes in 

visual field perception. This finding might indicate that the 

decrease in mean deviation shown in frequency doubling 

perimetry was either due to a direct or indirect influence on 

the inner retinal layers, or to general central depressant effects 

that overrule the potential beneficial hemodynamic ones. It 

is well known that alcohol affects the GABA, dopamine, and 

opioid systems, although it is difficult to attribute changes 

found in the visual system to any specific neurotransmitter 

or modulator.8,35 The attenuating effect on the GABA system 

could partly account for the depression in visual function 

in frequency doubling perimetry, but does not explain the 

missing decrease in visual performance in short-wavelength 

automated perimetry. To our surprise, no changes were 

detected in short-wavelength automated perimetry and only 

subtle changes in frequency doubling perimetry after mild 

alcohol ingestion. Therefore, a larger study sample with 

varying blood alcohol doses might be beneficial to detect a 

possible association of retrobulbar blood flow and frequency 

doubling perimetry or short-wavelength automated perimetry. 

In addition, such an association might be different in patients 

with glaucomatous visual field defects.

To summarize, in this experiment we found a signifi-

cant decrease in general sensitivity for frequency doubling 

perimetry, but no alterations for short-wavelength automated 

perimetry. These functional changes were accompanied by an 

increase in blood flow velocity, but lacked a direct correla-

tion with each other. Therefore, we postulate that functional 

disturbances are mostly due to the pharmacologic effects of 

alcohol which cannot be equaled by enhanced local perfusion. 

Further investigation in greater numbers of subjects is needed 

to explore the effect of alcohol in different and higher doses 

on these sensitive diagnostic tools. Finally, it is important 

that clinical ophthalmologists and general practitioners know 

that alcohol consumption might alter the results of routine 

examination using standard clinical tests, such as frequency 

doubling perimetry.
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