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Purpose:  In  this  study  the  potential  of  diphenhydramine  in  reducing  respectively  preventing  vertigo  and
nausea  induced  by  the  ultra-high  static  magnetic  field  at 7  T  was  evaluated.
Materials  and  methods:  In  a  prospective,  double  blinded,  placebo  controlled,  cross-over  randomized  study
eywords:
igh-field MRI
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the sensations  of  34  volunteers  before,  during  and  after  exposure  to  the  static  magnetic  field  with  and
without  drug  respectively  placebo  administration  were  quantified.  Fast  table  motion  was  applied  to
increase  the  incidence  of  otherwise  sparse  reports  of  field  related  sensations.
Results:  The  strength  of  vertigo  can  be  reduced  by the  application  of  diphenhydramine.
Conclusion:  Diphenhydramine,  even  at a  low  dose,  reduces  the strength  of  vertigo  at  ultra-high  static
magnetic  fields,  may  be  used  preventively,  and  could  pave  the  way  to  even  higher  field  strength.

© 2011 Elsevier Ireland Ltd. All rights reserved.
. Introduction

A continuing and major trend in MR  is the use of higher and
igher static magnetic field strength to achieve higher signal-
o-noise ratio [1].  This can be exploited e.g. for higher spectral
esolution in MRS, higher spatial resolution in MR  imaging, shorter
can times, or increased sensitivity and spatial specificity of the
OLD response for functional MRI  [2–4]. At present, MR systems
ith field strength of up to 3 T are a standard diagnostic tool

nd ultra-high-field-strengths, mainly 7 T, are used for research in
uman subjects [5].  However, it is conceivable, that they will be

ntegrated in clinical applications in the foreseeable future [1].
With the continuing increase in field strength, different side

ffects related to subjective sensations of the patients become
elevant. This could negatively affect patient compliance and accep-
ance for this new technology [6].

Of all the system hardware components, the magnet with its
igher field strength, larger size and longer bore is the main dif-

erence to clinical scanners. The gradient system performance is
imilar to 1.5 T and 3 T systems [6].  The electromagnetic RF pulses

ave a higher frequency of approximately 300 MHz, but according
o IEC limits the power absorption is regulated identically to lower
eld systems. The acoustic noise caused by the interaction of the
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E-mail address: markus.thormann@med.ovgu.de (M.  Thormann).
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gradient system with the static magnetic field can potentially be
higher. However, due to effective noise damping within the space
of the absent RF body coil, is can be reduced to values similar to 3 T
scanners [7].

Previous studies examining sensations related to the static mag-
netic field have found an increasing number of side effects at field
strength of 4 T an higher [6]. Side effects typically related to the
ultra-high static magnetic field are vertigo, nausea, metallic taste
and light flashes, called phosphenes [8].

Vertigo is, with up to 25% of the examined subjects, the most fre-
quently reported high-field related sensation and the second most
field-related disturbing factor for subjects [6].  For a high degree of
acceptance it is important to minimize or avoid these physiologic
effects if possible.

The current hypothesis for the cause of vertigo as induced by the
ultra-high magnetic field is based on two different mechanisms.
These are magnetic susceptibility differences between vestibular
organs and surrounding fluid and induced currents, acting on the
vestibular hair cells. These mechanisms produce misleading signals
in the brainstem, similar to motion sickness [9].

Diphenhydramine (DPH) is a first generation antihistamine, fre-
quently used to prevent motion sickness. It works by blocking the
effect of histamine at H1 receptor sites in the CNS. DPH is avail-

able as an over-the-counter-drug and has relatively rare side effects
[10], including anticholinergic effects such as dry mouth, throat or
nose, thickening of mucus in nose or throat. Sedative effects may
become relevant at DPH blood levels of 30 ng/ml or higher [11,12].

dx.doi.org/10.1016/j.ejrad.2011.08.001
http://www.sciencedirect.com/science/journal/0720048X
http://www.elsevier.com/locate/ejrad
mailto:markus.thormann@med.ovgu.de
dx.doi.org/10.1016/j.ejrad.2011.08.001
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Table 1
General sensations.

Sensations Drug Drug-
control

Placebo Placebo-
control

Nervousness before starting 6 5 3 2
Feeling of insecure standing

after exp.
7 6 3 7

Narrowness of the bore 2 2 4 3
Sweating 2 2 1 4
Feeling of heat 3 2 2 2
Palpitations 2 2 2 2
Feeling of coldness 1 0 1 0
Claustrophobia 0 0 1 0
Muscle twitching 0 1 0 0
Unpleasantness generally

during moving in
5 9 6 4

Unpleasantness generally 4 7 3 2
M. Thormann et al. / European Jo

The aim of this study was to evaluate whether diphenhydramine
an reduce respectively prevent vertigo and nausea induced by the
ltra-high static magnetic field at 7 T.

. Materials and methods

IRB approval was obtained from the local Ethics Committee. All
olunteers gave written informed consent prior to their participa-
ion in the study.

The study was designed as a prospective double-blinded,
lacebo controlled cross-over randomized study. The volunteers
ere randomized in two groups, a drug-group and a placebo-group.

ach group consisted of 17 subjects. All participants as well as all
ersons involved in drug administration and examination were
linded from drug or placebo assignment. The medication con-
isted of 20 mg  diphenhydramine–HCl (diphenhydramine sol., 2 ml,
evert, Germany) dissolved in 200 ml  water or the placebo of 2 ml

aline solution dissolved in 200 ml  water to provide similar taste
nd was administered orally.

Subjects were recruited on the basis of the study inclusion and
xclusion criteria: The volunteers were between 18 and 65 years of
ge, did not have any contraindications against MR  examinations,
specially pacemakers or metal fragments and did not take any
rugs or alcohol prior the examination.

The experiments were performed on a whole-body 7 T system
Siemens Medical Solutions, Erlangen, Germany) without the appli-
ation of gradients or radiofrequency pulses during the exam. The
canner bore had a diameter of 60 cm and a length of 3.6 m.

All subjects were moved into the scanner two  times on two  dif-
erent days. In randomized order, subjects received either the drug
r placebo on one day and no medication on the other day. The
ubjects were moved into the bore in the supine head first position
nd were instructed to keep the eyes closed.

On the day of the drug respectively the placebo application the
0-field exposure started 20 min  after oral intake.

The table was moved manually at a velocity of 0.2 m per second,
.e. 10 s into the center of the magnet. This is approximately six
imes faster than the standard velocity. After moving to the mag-
et center, the subject was lying in the scanner for one minute and
he speed back out of the magnet was identical at 0.2 m/s. The table
perator remained in the examination room, so that communica-
ion and supervision was ensured.

After each experimental step (moving into the static mag-
etic field, resting in the isocenter, and moving out), the subjects
eported any sensations in a questionnaire. The subjects described
nd rated the appearance of different possible physiologic sen-
ations such as vertigo, nausea, metallic taste, light flashes and
ossible side effects of the drug, e.g. drowsiness or dry mouth, on

 10-point-scale separately for the different examination phases.
he 10-point-scale reflects an intensity level from 0 = no sensa-
ion to 9 = very strong sensation. Additionally, the subjects were
sked to report any other cause of discomfort such as bore nar-
owness or temperature. In ten subjects the blood plasma level of
iphenhydramine was determined within 10 min  after the B0-field
xposure.

. Statistical analysis

SPSS statistics software, version 17 (SPSS Inc., USA) was used for
ll data analyses. Data were analyzed non-parametrically. Strength

f vertigo was compared using paired Wilcoxon test, occurrence of
ertigo was evaluated using McNemar test.

All tests were two sided and a p value of 0.05 was referred to be
he level of significance.
during moving out

4. Results

34 healthy volunteers (male, n = 12; female, n = 22; mean age,
28 years; range, 22–57 years) were recruited for this study. All 34
subjects completed both examination days. Therefore 68 question-
naires have been included in the evaluation.

20 of the volunteers did not participate in an MRI  examination
previously, 8 have already been in a 1.5 T, 4 in a 3 T and 2 in a
7 T scanner. Only the two subjects who already participated in a
7 T study, reported vertigo respectively metallic taste in any prior
MR examination. The other subjects did not report any previous
experience of side effects during MRI.

Before MRI  testing, 6/34 subjects reported that they become ver-
tiginous easily, 24 negated symptoms and 4 answered “I do not
know”.

12 volunteers previously used medication against vertigo,
thereof 6 dimenhydrinate, 2 metoclopramide and 4 did not know
the name of the drug. The doses were unknown. From the 6 volun-
teers, who  previously used dimenhydrinate, 2 felt drowsiness after
taking the drug.

None of the volunteers terminated the examinations prema-
turely. Oral administration of the drug was  well tolerated by all
subjects.

32 of 34 subjects kept their eyes closed during the first and
the second examination. All subjects reported the position on the
patient table as comfortable.17 subjects received the drug and 17
participants the placebo medication. The average time between
drug intake and examination start was 24 min (range, 17–38 min).

25 subjects reported sensations related to the high static mag-
netic field exposure. None of the subjects reported tachycardia or
faint.

Overall 25 of 34 volunteers reported vertigo at this high table
speed, 15 in the drug-group and 9 in the placebo-group.

The occurrence of vertigo did not differ significantly between the
drug respectively the placebo group and the control group during
all four phases, moving into, resting in, moving out of the scanner,
and after the examination (Table 2).

However, differences in the maximum intensity and therewith
the ranges of vertigo was  detected. The major difference occurred
during moving into the scanner (p = 0.012). The maximum intensity
decreased from 9 to 5 and the median from 2 to 0 compared to the
control B0-exposure (Fig. 1).

The drug group showed a trend towards decrease compared to
the drug-control group during resting in the scanner (p = 0.074),
with a decrease of the maximum intensity from 7 to 5, and dur-

ing moving out of the scanner (p = 0.094), with a decrease of the
maximum intensity from 7 to 3 (Figs. 2 and 3).
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Table  2
Number of volunteers reporting vertigo.

Vertigo in
general

Vertigo during
moving in

Vertigo during
resting

Vertigo during
moving out

Vertigo after
examination

Drug 15 7 1 5 5
Drug-control 14 10 11 5 5
Placebo 9 5 6 2 3
Placebo-control 8 4 6 0 3

m
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g
t

c

F

Fig. 1. Strength of vertigo during moving into the scanner. p = 0.012.

The placebo-group did not show a significant difference during
oving into the scanner (p = 0.5), resting in the scanner (p = 0.94)

nd moving out of the scanner (p = 0.5). During all three phases, the
lacebo group showed a higher maximum rate compared to the
lacebo-control group.

After the examination, no significant difference in the median
f the intensity was present in any of the groups. However, the
aximum rating of the strength of vertigo was higher in the control

roup, compared to the drug group (Fig. 4). The same occurred in

he placebo group.

Nausea appeared twice in the placebo group and once in the
ontrol-examination of the drug-group. It did not appear under

ig. 2. Strength of vertigo during rest in the isocenter of the scanner. p = 0.074.
Fig. 3. Strength of vertigo during moving out of the scanner. p = 0.094.

drug administration. However, even though this suggests a trend,
based on these low frequencies, no adequate statistical analysis
could be performed.

Other physiologic sensations, typically related to field strength
of 7 T, occurred, but did not show a correlation to the drug respec-
tively the placebo administration. Light flashes appeared 3 times
in the placebo and twice in the placebo-control group; metallic
taste was described once in the drug-control group and once in
the placebo group.
General sensations, related to MR-examinations, independent
to the field strength, appeared, but did not show any correlation to
the different groups (Table 1).

Fig. 4. Strength of vertigo after examination. p = 0.125.
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Table  3
Newly reported (potentially drug related) sensations after diphenhydramine
application.

Drug Placebo Control

Tiredness 1 0 0
Drowsiness 4 0 5
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Xerostomia 2 1 1
Headache 1 1 4

Tiredness, drowsiness and anticholinergic side effects that had
een associated with diphenhydramine were reported in the drug,
lacebo and both control groups without any tendency towards the
rug administration (Table 3).

None of the measured plasma concentrations of diphenhy-
ramine exceeded the drowsiness level of 30 ng/ml (median
5.1 ng/ml, range, 11.8–20.7).

. Discussion

To our knowledge, this is the first study that evaluates the effi-
acy of a drug for the prevention of vertigo, occurring in a strong
tatic magnetic field.

In a previous study it was shown, that approximately 25% of
ubjects exposed to the field of a whole body 7-T MRI  report ver-
igo, especially during table motion [6].  In order to provoke a high
ncidence of vertigo-reports, the table speed was increased by a fac-
or of 6, compared to our standard procedure. With this predefined
peed, almost 75% of the volunteers reported vertigo during the
otion into the magnet, resting, moving out or after the B0-field

xposure.
This study suggests that prophylaxis with the antihistamine

iphenhydramine reduces the strength of vertigo during exami-
ations in an ultra-high-field MR-scanner.

The antihistamine diphenhydramine is a drug with effects
epending on the dose. For blood plasma levels below 30 ng/ml,
ntiemetic effects without being sedative have been reported [13].
n our volunteers a plasma level of 15 ng/ml was  reached after
pproximately 30 min, which did not suppress but reduce the inci-
ence and rating of vertigo relative to unmedicated conditions.
lacebo did not reduce vertigo significantly.

In the analysis also volunteers, who did not notice vertigo in
ny of the different phases and after the B0-exposure and therefore
ould not get any improvement of the drug, were included. Never-
heless, significant differences in the strength of vertigo could be
etected.

Reports of vertigo did not completely disappear for the drug
ose applied. We  used a dose as low as possible to achieve a sig-
ificant effect on the sensation of vertigo and to avoid relevant
ide effects, mainly drowsiness and tiredness. A higher dose of
iphenhydramine (recommended dose: 25–50 mg  [14]) is possible,
resumably reducing vertigo even further. However the potential
ide effect of increased drowsiness has to be considered. Whereas
his may  not be problematic or even helpful for anatomy stud-
es, such side effects may  interfere with neuro-cognitive functional
tudies. On the other hand, subjects’ indisposition due to vertigo
r even nausea will likely also have an effect on brain function or
ubject performance. Thus, the consequences of DPH administra-
ion as a preventive measure for such exams have to be evaluated
urther and need to be considered in comparison to field strength
elated confounds.

A high rate for vertigo during table motion was  reported. This

upports the proposed mechanisms, that relate vertigo sensations
o temporal changes of the magnetic flux in inner ear structures [9],
s the only difference to previous studies was the increased table
peed.

[

[
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Other side effects of the ultra-high static magnetic field, such
as light flashes and metallic taste, as well as general sensations,
occurring during a MR-examination appeared without any corre-
lation to the drug or placebo administration.

The vertigo incidence rate and strength is currently not a major
limitation for 7 T examinations in research subjects and patients.
However, unpleasant sensations will likely increase at higher field
strength [15,16]. Human MRI-systems with 9.4 T, 10.5 T and 11.7 T
are currently operational or being installed [17,18].  The preventive
application of diphenhydramine may  be an efficient measure to
allow examination of human subjects at such high or even higher
field strength. Future studies may  also evaluate other drugs with
higher efficacy for the prevention of high magnetic field related dis-
comfort. Possible examples are scopolamine with d-amphetamine
[19] or drugs with lower side effects for which an effect on motion
sickness is controversial [19,20].

6. Conclusion

Diphenhydramine, even at a low dose, reduces the strength
of vertigo at ultra-high static magnetic fields without increased
drowsiness and may  be used as prevention for high field MR  studies.
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