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Abstract

Aims: Alcohol consumption influences the water balance in the
brain. While the impact of chronic alcohol misuse on cerebral water
content has been the subject of several studies, less is known
about the effects of acute alcohol misuse, with contradictory results
in the literature. Therefore, we investigated the effects of acute
alcohol intoxication on cerebral water content using a precise
quantitative magnetic resonance imaging (MRI) sequence.
Methods: In a prospective study, we measured cerebral water
content in 20 healthy volunteers before alcohol consumption and
after reaching a breath alcohol concentration of 1 %.. A quantitative
MRI water mapping sequence was conducted on a clinical 3 T
system. Non-alcoholic fluid input and output were documented and
accounted for. Water content was assessed for whole brain,
grey and white matter and more specifically for regions known to

Introduction

According to the World Health Organization (WHO), alcohol misuse
can be held responsible for 3 million deaths each year on a global
scale and for 5.1% of the global burden of disease (World Health
Organization, 2018). Therefore the chronic effects of alcohol on the
brain are of great interest and have already been dealt with in
numerous studies. The cerebral damage caused by long-lasting,
regular alcohol intoxication is known to range from functional losses
to structural changes (Harper, 2009). In addition to the regional
brain volume loss and changes due to vitamin deficiency (such as
Wernicke’s encephalopathy), fluctuations in cerebral water content
have been demonstrated (Smith et al., 1985; De La Monte, 1988;
Zuccoli et al., 2007).

be affected by acute or chronic alcohol misuse (occipital and frontal
lobes, thalamus and pons). Changes in the volume of grey and
white matter as well as the whole brain were examined.

Results: Quantitative cerebral water content before and after acute
alcohol consumption did not differ significantly (P = 0.07), with
changes often being within the range of measurement accuracy.
Whole brain, white and grey matter volume did not change
significantly (P = 0.12).

Conclusion: The results of our study show no significant water
content or volume change in the brain after recent alcohol intake in
healthy volunteers. This accounts for the whole brain, grey and
white matter, occipital and frontal lobes, thalamus and pons.

These changes in water content have been shown to occur
particularly at the beginning of an abstinence phase. In a magnetic
resonance imaging (MRI) study, it was shown that the T, relaxation
time increases. This is an indicator of increased cerebral water
content, which is supposedly driven by a release of vasopressin
(Mander et al., 1988). The fact that this effect was prevented in rats
by administering furosemide, a kidney-effective dehydrating drug,
also points to oedema-induced triggers for pathological changes in
the brain during alcohol withdrawal (Collins et al., 1998). Thus,
cerebral water content may be an important marker for structural
damage in patients who suffer from an alcohol use disorder
(Mander et al., 1989).
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However, cerebral water content following acute alcohol intake
has not been investigated sufficiently and existing results
are contradictory. Based on T, relaxation times, Mander et al.
indicate that water content decreased during acute alcohol
intoxication in volunteers, a finding supported by an animal
experiment with fish (Mander et al, 1985; Isobe et al,
1994). Logsdail et al.(1987) and Rooney et al. (2000),
however, did not find any differences in the T, relaxation time
in healthy alcohol-intoxicated volunteers. Finally, Collins et al.
(1998) showed that alcohol exposure in rats was associated
with cerebral oedema and can be counteracted with furosemide.
Hirakawa’s work also suggests an increase in cerebral water
content since neural tissue was swollen after ethanol treatment
in their experiments (Hirakawa et al., 1994).

The importance of examining the effects of acute alcohol
intake in healthy volunteers is that binge drinking is a major health
problem during adolescence not only in the USA but also in
large parts of Europe, including Germany (Hingson et al., 2006;
Marcus and Siedler, 2015). In 2006, over 80 million Europeans
reported forms of heavy drinking with increasing numbers in the
age range of 15-16 years since the middle of the 1990s (Farke
and Anderson, 2007). These drinking patterns bear a risk of
socioeconomic inequality and health concerns in the transition to
adulthood (Viner and Taylor, 2007). Furthermore, brain alterations
after episodes of binge drinking are already recognizable after a
short period of time and increase the risk of severe diseases such
as alcohol use disorders and dementia (Obernier et al., 2002;
Ward et al., 2009). The economic direct and indirect impacts (use
of health services, work loss days, etc.) amount to three-quarters
of $223.5 billion in economic costs resulting from excessive
alcohol consumption in the USA and to 39.3 billion each year in
Germany (Centers for Disease and Prevention, 2012; Effertz et
al., 2017).

We addressed this issue with a quantitative water mapping
approach (Oros-Peusquens et al., 2017; Oros-Peusquens et al.,
2019), which is comparable in sensitivity to high-precision T4
relaxation time measurements (Rooney et al, 2000; Oros-
Peusquens et al., 2017; Oros-Peusquens et al., 2019).

In Rooney et al. (2000), the minimum detectable change in brain
water fraction is 0.7% for white matter, corresponding to an
estimated T1 detection limit of 0.015 s. The present water content
mapping method has thus a higher precision ( 0.1%, see Oros-
Peusquens et al., 2019) ifthe changes at the global white matter
(WM) or grey matter (GM) level are to be detected. Water content is
highly regulated in the healthy brain, and high precision and
accuracy are required from methods investigating changes related
to small disruptions of the healthy tissue (Shah et al., 2008; Abbas
et al., 2014). In addition to providing these features, our method
offers the advantage of measuring the relevant physiological
quantity directly. Indeed, the correlation between the T1 and water
content in healthy tissue (see, e.g. Rooney et al., 2000) might
change with pathology, and the changes in nuclearmagnetic
resonance (NMR) relaxation times represent a composite of both
water content and water structuring in the tissue under study
(Mathur-De Vre, 1984).

We also took a closer look at specific cerebral regions being
affected by alcohol use disorders. Besides a general brain shrinking
going alongside with an enlargement of the cerebrospinal fluid
(CSF)-filled spaces (Lishman, 1990; Rosenbloom et al., 1995),
there are some areas especially susceptible to the toxic effect of
alcohol.

Early post-mortem studies as well as MRI volume measurements
reveal that the brain volume loss due to regular alcohol intake
is accentuated in the frontal lobes (Courville, 1955; Kubota et
al., 2001). Additionally, the visual cortex and its connectivity
to the frontal lobes are primary targets to alcohol misuse
(Esposito et al., 2010; Bagga et al., 2014). Two further regions

we examined are thalamus and pons, where not only
neuroanatomical deficits but also short-term  functional
alterations were demonstrated (Sullivan, 2003;

Mechtcheriakov et al., 2007; Zheng et al., 2015).

Therefore, we investigated the effects of acute alcohol intoxi-
cation on cerebral water content using a precise quantitative MRI
sequence in a prospective study with 20 healthy volunteers.

Materials and Methods

Subject selection and study design

Following approval from our local ethics board and the granting of
written informed consent from the volunteers, we prospectively
scanned 20 subjects (9 female) aged between 18 and 40, who
were physically and mentally healthy and capable of giving their
written consent. Exclusion criteria were conditions impeding an
MRI examination, severe obesity, chronic or inflammatory
diseases, pre-existing mental illness, drug-, medication- or
alcohol-misuse, known alcohol intolerance, regular intake of
prescribed drugs, pregnancy or lactation and the subject’s inability
to understand the meaning of the study, give their written consent
or to comprehend and follow the instructions of the study
personnel. For the recruitment, we created a study participation
leaflet with a short version of the most important inclusion criteria
(which were mental and physical health, the age range (18-
40 years) and a moderate alcohol consumption which referred to
the AWMF-criteria (Association of the Scientific Medical Societies
in Germany) criteria of risky alcohol intake (20 g of pure alcohol
in females and 30-40 g in males per day)) (Mann et al., 2016).
We also provided information material and a questionnaire with
the mentioned inclusion and exclusion criteria for the
potential subjects. To guarantee the safety of the
subjects on their way back home, each subject had to nominate an
attendant.

Before the first MRl examination, all subjects had to fulfil certain
requirements in addition to the inclusion and exclusion criteria.
Any over-the-counter medication taken within the last 4 weeks
before the first MRI examination was documented and
discontinued 1 week in advance, following consultation with a
physician if necessary. In addition, the consumption of alcohol was
not allowed for 1 week prior to the first MRI examination. Subjects
were required to consume at least 1.5 | of water 12 h before the
first MRI scan and to document the intake of fluids and the urine
excretion 24 h in advance. Three hours before the first scan,
eating or smoking was prohibited.

Two examinations were planned for each subject. An initial base-
line water content measurement complemented by a T1-weighted
structural image was performed. To reach a blood alcohol
concentration of 1 %o an alcoholic drink (gin or vodka, 37.5 or
40 %, mixed with a soft drink) was given to the subject.
‘Per mille’ (per thousand;) %o is the standard unit for the alcohol
level measurement in breath and blood in Europe. The used
breath alcohol concentration 1 %o would be comparable to 100 mg/
dl. Blood alcohol concentration was estimated as usual for
forensic purposes with a breath alcohol tester (Alcotest® 3000,



Drager, Libeck, Germany) to determine the breath alcohol
concentration (Labianca and Simpson, 1996; Jones and
Andersson, 2003). The amount of alcohol required was calcu-lated
in advance based on the subjects’ weight, sex, height and age.
The stomach filling was considered empty due to prohibited food
intake 3 h in advance. The median age of the subjects was 24
years (interquartile range (IQR), 23-25; range, 20-38). Nine
subjects were female. Average body weight was 72.4 + 11.7 kg
(range, 54-95 kg) and the mean height was 1.78 + 0.1 m (range,
1.61-1.96 m). In our cohort, the participants performed ‘binge
drinking’, which we defined according to Mathurin and Deltenre as
25 drinks/men and 24 drinks/women in a space of 2 h (Mathurin
and Deltenre, 2009), 1 (+2.7) time per month and consumed
alcohol 1.8 (+1.4) times during the week on average. The mixed
ethanol was consumed within 20 min. The breath alcohol
concentration was determined during the next 40 min. in 10-min.
intervals. As soon as a blood alcohol concentration plateau of 1 %o
was reached, the second MRI examination was initiated. Both MRI
acquisitions (duration of 40 min. each) were used to determine the
changes in cerebral water content under the influence of alcohol.
The breath alcohol concentration was then measured again after
the exam, hence, a total of 80 min after the final completion of the
drink.

The study’s design, methods and materials, as well as
the recruitment process, were approved by our local ethics board.
The study personnel and the physicians behaved according
to the decision of the Ethics Committee and the principles of the
Helsinki Declaration.

Water mapping sequence

Water content is highly regulated in the healthy brain, and changes
caused by pathology are often in the few percent range (Shah et
al., 2011). For this reason, there are stringent requirements for the
precision and accuracy of any water content mapping method. We
are using in this study a ‘gold standard’ method, consisting of a
single multiple-echo gradient echo scan with long TR and small flip
angle such that the effect of T, saturation on the signal intensity is
negligible (saturation of 0.998 for T4 = 2 s). A number of 12 echoes
is acquired following a single excitation pulse, resulting in
12 separate images with increasing T,'weighting. This information
is used to correct for T, effects as follows. A simple equation can
be used for the signal intensity: S(TE) = MO*exp(-TE/
T,*)*f(inhom), where S(TE) is the signal at a given echo time, T,*
is the transverse relaxation rate, MO is the equilibrium
magnetization and f (inhom) is a multiplicative factor describing
the combined effect of transmit and receive radiofrequency (RF)
inhomogeneity. This factor is determined by the properties of the
transmit and receiver coil(s) used as well as by the specific loading
created by the volunteer's head. This ‘bias field effect’ can be
corrected very successfully in postprocessing, using, for example,
SPM12 (Friston, 2007), eliminating the need for additional
measurements to correct for T4., B1+- and B1- associated effects.
MO can be derived from the signal intensity at zero echo time. We
would like to stress at this point that the T,* fit is only used to
provide a correction to the signal intensity, i.e. a way to extrapolate
to TE = 0. We are not making any assumptions regarding a
correlation between water content and other MR parameters (as is
the case for Ti-based water measures (Rooney et al.,, 2000)).
Water content and T,* are, in fact, largely uncorrelated parameters
in healthy tissue. This method can be implemented with any TR/flip

angle combination which ensures negligible T, saturation for the
brain tissue. Two variants have already been reported: one with
maximum signal-to-noise ratio (SNR) per unit time (the ‘gold
standard’ proper), with TR = 10 s and 90- flip angle (Oros-
Peusquens et al., 2019) and another one with higher resolution and
acquisition time reduced to proportional 5 min., however, at the
expense of decreased SNR (Oros-Peusquens et al., 2017). We are
using the latter method in this study. In order to compensate for the
SNR loss, a principal component analysis (PCA)-based denoising is
used, which exploits the redundancy in the information contained
by all echoes in the echo train (Oros-Peusquens et al., 2017). We
can thus recover the precision of the gold standard long TR method
for which a test-retest evaluation showed a variability of 1% or less
for water content in each voxel (Oros-Peusquens et al., 2019) and
around 0.1% at the tissue-class level.

At the beginning of the MR measurements, 3D shimming was
performed with the manufacturer-supplied procedure used
iteratively (4-8 times) until the full width at half maximum of the
signal from the whole head converged to a value of 40-50 Hz. The
shim values were applied to all subsequent scans. The 2D multiple-
echo gradient echo sequence (as explained above), acquired with
TR = 5000 ms and nominal flip angle of 25, was used for all
measurements. Other parameters were: field-of-view (FOV) = 200 x
132 mm?; 64 slices that were 1.5 mm thick, 0.75 mm gap; matrix
size = 192 x 132; 57 slices; phase resolution, 100%; 12 echoes;
bandwidth = 510 Hz/px; TE1 = 3.34 ms; ATE = 2.85 ms, 12 echoes;
partial Fourier, 6/8; acceleration factor for parallel imaging iPAT = 2.
The acquisition time was TA = 4:12 min. Magnitude and phase data
were saved for each echo and were processed offline. All scans
were conducted on a 3T Siemens Prisma Scanner (Siemens
Healthcare GmbH, Erlangen, Germany). Maps of water content and
T, relaxation, as well as probabilities of each voxel to belong to a
tissue class (generated by SPM), were output and used for further
analysis.

Analysis

Changes in the water content and volume were assessed for the
whole brain, white matter and grey matter based on the respec-
tive maps. Brain volume measurements were performed using
SPM segmentation algorithm where only regions with a probability
of 99.5% to belong to white or grey matter were considered (Fig. 1).
Therefore, the measurement of brain volume acts as an indicator for
volume change without giving absolute volume numbers of the
respective tissues. Two experienced readers, who were blinded to the
conditions (pre- vs. post-alcohol), reviewed all maps and adjusted
them manually if necessary to adjust for partial volume effects.
Additional measurements were made in specific regions (occipital and
frontal lobes, thalamus and pons) by region-of-interest (ROI) maps
(Fig. 2).

Statistical analysis

Parametric and non-parametric variables are indicated as mean %
stan-dard deviation (SD) and median and interquartile range (IQR),
respectively. After testing for data distribution with a Shapiro—Wilk test,
we performed a dependent t-test to determine whether the water
content and volume before and after alcohol intake differed
significantly. Data which were not normally distributed were compared
with a Wilcoxon test. P-values below the alpha level of 0.05 were
defined as significant. All statistical analyses were performed with
SPSS 25 software (IBM, Armonk, New York).



Fig. 1 White and grey matter segmentation: axial slice (subject 4) after alcohol
consumption; white and dark-grey segmentations overlayed on the water
content map indicating white and grey matter with a probability higher than
99.5% as a measurement for volume.

Fig. 2 Investigated ROls: (a) occipital lobes, (b) thalamus, (c) frontal lobes and (d) pons.

Results

Baseline characteristics

Baseline characteristics of all subjects are found in Table 1.

On average, the subjects drank 2.9 + 1.4 | (range, 0.5-5.3 I) non-
alcoholic fluids prior to the examination and excreted 2.4 £+ 1.4 |
(range, 0-4.9 1) urine, resulting in a fluid balance (excluding
alcohol consumption) of 0.6 + 0.5 1 (range, —0.1 to 1.6 ).

On average, the subjects consumed 272 + 61 ml (range, 160-
390 ml) of alcoholic drink and achieved breath alcohol
concentra-tions of 1.03 + 0.033 %o (range, 0.98-1.07 %o)
before the MRI scan. This corresponds to a mean alcohol
amount of 1.2 + 0.3 g/kg (range, 0.8-1.6 g/kg). After the scan,
the average breath alcohol concentration was 1.02 + 0.2 %o
(range, 0.69-1.34 %), indicating relatively stable intoxication
levels. We observed four subjects with adverse events after the
MRI, one suffering from nausea and three from emesis.

Water content and brain volume

Summaries of water content in the whole brain, white
matter, grey matter and the specific regions are found in Table 2.
Main findings are as follows: median whole brain water
content pre-alcohol consumption was 76.9 * 1.7% (range,
74.4-78.0%) and the median whole brain water content post-
alcohol consumption was 76.5 + 1.2% (range, 71.3-78%),
respectively, and did not differ significantly (P = 0.28). Mean grey
matter water content pre- and post-alcohol consumption was
824 + 0.5% (range, 81.4-83.5%) and 82.2 % 0.5% (range,
81.5-83.2%), respectively, and did not differ significantly (P =
0.26). Mean white matter water content pre-and post-alcohol
consumption was 68.0 + 1% (range, 65.9-69.3%) and 67.7 %
1.1% (range, 64.8-69.0%), respectively, and did not differ
significantly (P = 0.07).

Water content in the specific regions did not differ significantly
after alcohol consumption (Table 2). There was no trend towards
increased or decreased cerebral water content following alcohol
con-sumption, with a considerable interindividual variation in
subjects with either minimally increasing or minimally decreasing
values after alcohol consumption and changes often being within
the range of measurement accuracy (Fig. 3).

There was a weak but significant negative correlation between fluid
balance and the whole brain water content (r = -0.48, P = 0.05).
This effect did not reach statistical significance if the grey matter
and white matter were regarded separately (P = 0.74 and P = 0.45,
respectively). Plotting the whole brain results in a scatter plot shows
that the significant result is mainly due to an outlier (Volunteer 10).
After excluding this volunteer from the analysis, theP -value is 0.448
(r =-0.204) and thus no longer significant.

Mean whole brain volume before alcohol consumption accounted to
652.9 = 79.6 cm3® and 629.6 + 119.4 cm® post-alcohol consump-
tion and did not differ significantly (P = 0.3). Median grey matter vol-
ume before alcohol consumption was 416.5 (IQR, 330.4-452.4)
cm?® and median grey matter volume afterwards was 380.2 (IQR,
299.5-455.4) cm® and did not differ significantly (P = 0.15).
Mean white matter volume before alcohol consumption was
2584 + 316 cm® and 2522 + 36.3 cm® post-alcohol
consumption and did not differ significantly (P = 0.12).

There was no correlation between adverse events, i.e.
subjective nausea and emesis and water content change in the
brain (P = 0.6). Sex had no significant effects on the results (P =
0.16 (female), P 2 0.15 (male)).

Discussion

While the effects of chronic alcohol misuse on cerebral
water content have been dealt with in numerous studies,
the effects of acute alcohol intake on cerebral water content
have been the subject of only a few studies, with contra-
dictory results. Here, we expected to measure an increase
in cerebral water content as described in patients with



Table 1. Baseline characteristics of all subjects

Sex Age Alcoholic drink Alcohol per body Fluid intake (ml)  Fluid outtake (ml) ~ Fluid-balance Whole brain ~ Whole brain
intake (ml) weight (g/kg) (ml) water content water content
pre (%) post (%)
1 m 23 250 0.8 1350 450 900 77.06 77.38
2 m 24 290 1.0 5300 4800 500 77.72 77.17
3 m 24 280 1.0 3100 3050 50 77.21 77.83
4 m 27 280 1.1 / / / 76.03 76.06
5 m 26 320 1.2 / / / 77.58 77.10
6 f 24 250 1.3 4755 4100 655 76.41 74.33
7 f 24 200 1.1 3600 2910 690 75.75 76.40
8 f 24 300 1.2 3100 2030 1070 77.99 77.08
9 f 24 260 1.3 3400 2900 500 77.13 78.00
10 m 24 300 1.1 4160 2550 1610 74.36 71.25
11 f 24 250 1.2 / / / 77.16 76.12
12 m 26 300 1.5 3910 2735 1175 75.23 74.12
13 m 23 390 1.6 2500 2110 390 76.50 76.56
14 f 24 220 1.1 2600 2300 300 76.78 76.88
15 m 20 300 1.1 1700 1420 280 77.79 75.63
16 m 23 260 1.0 1100 1210 -100 76.27 76.53
17 f 20 240 1.1 2750 2050 700 75.75 76.11
18 f 21 160 0.8 4800 4900 —100 77.75 77.53
19 f 20 160 0.8 1500 500 1000 77.10 76.91
20 m 38 280 0.9 500 0 500 75.42 75.93
Mean+SD  24.2+4+3.79 271.8 + 60.6 1.2+ .2 2948.5 + 1398 2353.8 4+ 1410.5 594.7 £ 461.3 76.6 + 1.0 762+ 1.5

pre, before alcohol consumption; post, after alcohol consumption; m, male; f, female; /, incorrect self-measurement; SD, standard deviation.

Table 2. Quantitative water content in anatomical regions

Pre (%) Post (%) P
(mean + SD) (mean + SD)
Whole brain 76.6 £ 1.0 76.5 £ 1.2 0.28
White matter 68.0 £ 1.0 67.7 £ 1.1 0.07
Grey matter 82.4+0.5 82.2+0.5 0.26
Thalamic 76.4 + 1.6 759 +£1.7 0.17
Frontal 68.4+1.6 68.5 1.7 0.87
Pontine 70.1 £ 2.1 69.8 £2.1 0.54
Occipital 66.5+1.2 66.1 1.6 0.08

pre, before alcohol consumption; post, after alcohol consumption.

alcohol use disorders (Mander et al, 1988). However, no
significant effects of alcohol consumption on water content or
volume were found. In fact, there was a considerable
interindividual variation in subjects, with either minimally
increasing or minimally decreasing water content after alcohol
consumption and with no correlation to the alcohol intake per
body weight (P = 0.39).

A possible explanation is that the mechanisms in acute
and chronic alcohol intake differ and that chronic alcohol
misuse corresponds with multifactorial changes in the brain
(Wernicke encephalopathy, Korsakoff syndrome, brain volume
loss, etc.). A further explanation could be that the changes may
take longer to be noticeable and that measurements were
conducted too early, despite all subjects having suffered from
typical symptoms of alcohol intox-ication during measurements,
implying that the pathophysiological processes were in effect at
the time of measurement. Additionally, cerebral blood flow
(CBF) and cerebral blood volume (CBV) are affected by the
vasoactive impact of alcohol and might interfere with possible

effects (Tolentino et al., 2011; Marxen et al, 2014). This bias
due to consecutive alcohol-induced vasodilatation can be seen,
i,e. in fMRlI BOLD studies investigating the pharmacological
cerebral alcohol effects (Strang et al., 2015). Especially, regions
close to the main blood vessels, i.e. the circle of Willis show
significant elevations in CBF, prominently in white matter, after
social drinking (Gundersen et al., 2012).
Our results are in line with results of Logsdail et al. (1987)
and Rooney et al. (2000), who measured the T, relaxation
times in much smaller cohorts of alcohol-intoxicated volunteers
(n = 6 and n = 5, respectively) and found no significant
changes. Another major advantage of our approach is the precision
of the quantitative water mapping technique, highlighted by our
comparatively small SD of 0.7% at the whole brain level. This
compares favourably with the estimated minimum detectable
change in brain water fracton of 0.7% based on highly
accurate T; measurements and correlation between T1 and water
content (Rooney et al., 2000).

In contrast to our results, it has also been reported that
alcohol consumption results in an increase in T4 relaxation time,
implying increased water content. It is hypothesized that
the cytotoxicity of alcohol results in cerebral oedema, a finding
that is supported by in vitro experiments with neural tissue
(Hirakawa et al., 1994). To the best of our knowledge,
increased T, relaxation times in vivo were only found in
rats exposed to comparatively high doses of ethanol (5 g/kg),
which is 3-6 times higher than the dose in our study (0.8-1.6
g/kg) (Hirakawa et al., 1994; Collins et al, 1998). Hence, it
is possible that the administered dose of alcohol in our study
was simply too low to result in measurable oedema. This is
supported by observations from post-mortem case reports,
which imply that more severe, potentially lethal states of
alcohol poisoning may go along with brain swelling (Droblenkov,
2011). Notably, Logsdail et al.and Rooney et al., who found no
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Fig. 3 Bar plot of water content change: interindividual absolute water content change for whole brain after alcohol consumption in all 20 volunteers.

differences, used comparable doses of alcohol as in our
study, and human studies with potentially high alcohol doses
are lacking because of the obvious ethical concerns.
On the other hand, some studies indicate that water content
might also decrease. It is hypothesized that as ethanol
inhibits vasopressin during acute alcohol consumption, it
influences the water balance and causes higher urine
production and the subjective feeling of dehydration
(Jones, 1990). While this hypothesis is also conceivable, the
only human study supporting it consists of four volunteers, who
not only had a comparably high breath alcohol concentration
of 1.43-1.97 %. but also an average alcohol consumption of
16 unit-s/week, which could bias the results (Mander et
al., 1985). The second study supporting this hypothesis was
an animal study that implied a decrease in the cerebral water
content in fish exposed rapidly (<6 min.) to high alcohol
concentrations of 5 g/kg. Of course, this study is not safely
transferable to humans (Isobe et al., 1994).

Even though we could not show a direct impact of
alcohol on the cerebral water content, our results may
imply an indirect pathway: We detected a weak negative
correlation between fluid balance and cerebral water content,
which is in line with previous research by Reetz et al. (2015),
who found that blood dialysis and consecutively changed
body fluid balance has an impact on cerebral water content.
Since it is known that alcohol promotes water excretion via
vasopressin, alcohol thus may have an indirect influence on the
water balance of the brain (Eisenhofer and Johnson, 1982).
In our case, however, the significant result comes mainly
due to an outlier and must therefore be interpreted with
caution. The long-term effects of repeated changes in the
cerebral water balance are unknown; however, it is conceivable
that long-term changes such as atrophy and functional disorders
may result.

Consequently, our data suggest that acute water loss due to
alcohol intake should be compensated for not only during studies
dealing with the topic but also in everyday-life situations in order
to counteract a reduction in the cerebral water content.

Limitations

The major limitation of our study is the comparatively low
breath alcohol concentration of 1 %o, which was chosen
because we anticipated that it would result in symptoms of
intoxication without provoking severe adverse events. We did
not assess the effects of vasodilation and perfusion on
measured water changes. A larger blood volume might
contribute to increase the measured water content and mask
a possible decrease of water content in the tissue.

Conclusion

The results of our study show no significant change in brain
water content and brain volume after acute ethanol intake in
healthy volunteers, indicating that a moderate to slightly-severe
breath alcohol concentration of approximately 1 %o is not
associated with cerebral oedema. This is true for the whole brain
as well as specific regions known to be affected by acute or
chronic alcohol intake. Alcohol intake may indirectly influence the
cerebral water content by chang-ing the fluid balance via
vasopressin.

Future studies could focus on the subacute effects in the brain
water content which would imply a longer follow up interval,
i,e. 12 h, 24 h. Also, diffusion and perfusion modifications
could be addressed and round off the picture, especially with an
even larger sample size or slightly increased alcohol levels.

Data aivailability
The data underlying this article are available upon reason-
able request.
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