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Accelerated high frequency repetitive transcramalnetic stimulation (aHF-rTMS)
was proven to produce fast clinical effects in homauffering from psychiatric
illnesses. Although dogs also frequently preserftabi®ral symptoms similar to
mental illnessyTMS treatment was not yet investigated in this species. The aim of
this study was to apply an aHF-rTMS treatment dkierfrontal cortex in an anxious
aggressive dog. Since aHF-rTMS is used to treategmand mood disorders in
humans and shows changes in neuronal activity andanoamine concentrations, it
was hypothesized that the dog’s behavior would awprafter such a treatment. This
improvement was expected to be accompanied byatities in regional cerebral
blood flow (rCBF) as well as in monoamine levelO8F and serumAn aHF-rTMS
protocol was applied twice (3 weeks separated) theeteft frontal cortex (5 sessions,
20Hz, 110% CMT) in a 5-year-old neutered male Belgmalinois dog showing
anxious aggressive behavior. Each protocol wasepezt and followed by a behavior
assessment and HTTc]HMPAO-SPECT scan. A Z-score for each volumenséiiest
(VOI) at each time point was obtained, whereby|ss¢ore > 3.09R-value of 0.001)
indicated significant differences. Monoamines aneirt metabolites were quantified
in cerebrospinal fluid (CSF) and serum using ligcimlomatography coupled to
electrochemical detectiorAn improvement of the dog's aggressive behavior was
detected. At baseline, only a decreased rCBF ofetfiiérontal cortex was noticeable
(Z-score = -3.87). Twenty-four hours after thetfjpsotocol, the perfusion in the left
frontal cortex was normalized and decreased in atibal region (Z-score = -
6.97). Three weeks after each stimulation protocoldeviations in the rCBF were
found. Parallel time-dependent changes of 3,4-aiwygphenylacetic acid (DOPAC)
concentrations in serum and CSF were obserVbis. case study demonstrates that a

single day aHF-rTMS treatment reduces a dog's askaggressive behavior. This
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behavioral change was accompanied by immediatdamgdlasting alterations in the
rCBF and DOPAC concentration. This study confirthe tnteraction between the
frontal cortex and the subcortical region in bebavin dogs and puts DOPAC

forward as possible biomarker.

dog; rTMS; SPECT, dopamine; behavior
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Case presentation
A 5-year-old neutered male white coated Malinoig (®2kg) was presented

with anxious aggressive behavior.

History and presenting signs

The patient is, together with his 16 siblings, #oeidental offspring between
his half-brother and his mother. Neither parentwstw behavioral problems. The
owner purchased the dog at the age of 8 weeksn@tine first year of his life, the
dog received behavioral training and showed noss@fnabnormal behavior. At the
age of 1, the dog started to show aggression cadbimth anxious behavior in
several situations (e.g., when meeting unfamilemge or when separated from the
owner). The aggression started out mildly and essltowards attempting to bite
people and dogs without apparent warning signs.t Miothe aggressive behavior was
seen while walking with the dog. Indoors, no aggi@s was seen against its owners
or the other dog living in the house. Aggressiebdvior was first seen towards other
dogs, followed by bikes and cars, and finally tadgahumans. Prior to his aggressive
behavior appearing no behavioral signs (snarlingrkibg, growling), with the
exception of fixation toward a close or distantgoer or object, are seen. Once fixated
onto the person or object, the patient would apgrdhis target. The dog sometimes
barked at the object or people prior to its aggvesbehavior, when he is in the
presence of the other dog. The dog also barkecea@ple passing by the owner’'s
house. Two biting incidents took place, during whphysical harm was caused to a
person. As a reaction towards his aggressive behavie owner trained the dog to

bite when asked. After that behavioral trainingg ttog has been able to release his
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bite when asked by the owner. Besides this trajnn treatments (behavioral or

pharmaceutical) were administered.

Physical evaluation

After thorough clinical examination, no clinicalradrmalities were found. The
dog’s blood analysis showed no deviations fromrbem. A 3T MRI showed no
visible structural abnormalities in the dogs braimhereas a functional
[*°"Tc]HMPAO-SPECT showed a decreased left frontalyséoh (when compared to
a control group). The control group consisted oh&@lthy dogs ranging from 1 to 8

years old.

Behavioral evaluation

The dog’s behavior was assessed using the validedethe behavioral
guestionnaire completed by the owner (Hsu and 8e2@03; Duffy and Serpell,
2012), providing information concerning the dog’s behavior and terapent in 13
scales (Table 1). This questionnaire contains 10é&stipns grouped into seven
sections: training and obedience, aggression, &mar anxiety, separation-related
behavior, excitability, attachment and attentioreké®g and miscellaneous. The
responses to the questions were scored with ar-freiquency scale or a 5-point
semantic differential scales. Based on table 1dtdgeproved to be highly trained and
obedient and showed no aggressive behavior tovthedswners or familiar dogs. On
the other hand, the dog scored high in the secstmasger-directed aggression and

dog-directed aggression/fear.
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The owner was asked to complete a second questier(sae supplementary
files) that allowed insight into the dogs’ reactimnvards the owner’s absence (actual
and virtual) and noises including (1) thundersto(8), gunshots, (3) fireworks, and
(4) other noises (Overall et al., 2001; Overalll200verall et al., 2016; Scheifele et
al., 2016). Responses towards these questions (erges, (2) no, (3) unknown. If
“yes” was answered, the owner was asked to estitha@drequency of the dog’s
reaction towards the stimulus. The owner could @h@mong the frequencies (1)
100% of the time, (2) <100 % of the time but >6(%3),40% to 60% of the time, (4)
0 % of the time but <40%. In addition, the ownerswasked to specify his dog’s
reaction and frequency of exposure to each noigssiBle reactions were salivate,
hide, defecate, tremble, urinate, vocalize, destpage, escape, freeze, will not eat
food, pupil dilation, and/or pant. Answers to threguency of exposure were (1)
never, (2) occasionally/once a month, (3) reguladyfew times a month, (4)
frequently/multiple times a week. Based on thigisacquestions, a global separation
anxiety intensity rank (SAIR) and anxiety intengiank (AIR) were calculated. These
were calculated based on the portrayed behavidtiphetl by a weight of 4, 2.5, 1.5,
1 and O for the frequency. The maximum score ferSAIR and AIR was 48 and 208
respectively. The second questionnaire includeggression screen to assess the
dog’s reactivity, severity and intensity towardvezal stimuli (51). Reactivity was
defined as the proportion of stimuli to which thegdreacts compared to the total
number of listed stimuli. In order to calculate #eerity, the owner was asked to tick
off his dog's response towards various stimuli. dftde reactions were (1) no
reaction, (2) snarl, (3) lip lift, (4) bark, (5)awl, (6) snap, (7) bite, (8) withdraw or
avoid and (9) not applicable. The specific behaviceived a weight factor of 1

(barking and growling), 2 (snarling and lip liftihgr 4 (snapping and biting). The
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severity of the dog’s behavior was calculated byidiing the total reaction score
(summation of all the weight factors) by total nuenbf possible reactions towards all
stimuli (9x51). Intensity was obtained by dividitige total reaction score with the

total number of stimuli (51)

Diagnosis

Based on the dog’s history, the physical examinattbe MRI images, the
9Tc-HMPAO SPECT (d,1 hexamethylpropylene amine oxsingle photon emission
computed tomography) scan and the questionnairesdtly was diagnosed with
anxious aggressive behavior specifically towards-familiar people and animals.
Treatment

Neuronavigation protocol

Neuronavigation is a technique whereby three-dinsengformation about
neurological structures enclosed by the skull erntértebral column is provided. This
study focuses on the non-invasive stimulation efl#ft frontal cortex. Therefore, the
left frontal cortex had to be externally locatedhameuronavigation. In order to obtain
this information, a tomographical dataset (MRI) haol be acquired. The
neuronavigation and external localization was penta as described by Dockx et al.
(2017).

[*™Tc] HMPAO-SPECT scan

The patient underwent fout’['Tc]HMPAO-SPECT scans. A baseline, one 24
hours and one three weeks after the last aHF-rT&4Sien was given. Two days after
the last SPECT scan the aHF-rTMS treatment wasagglied over the left frontal
cortex. Three weeks after the last session of élsersd protocol, the patient received

another {°"Tc]HMPAO-SPECT scan.
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Twenty-four hours prior to each SPECT scafiMo generator was eluted and
approximately 1,85 GBq °"TcO, was added to the exametazime
(hexamethylpropylene amine oxime (HMPAO); Cerete@Gg, Healthcare LTD, UK).
The dog was first muzzled and IM premedicated wighmedetomidine (37&/n?
body surface). When sedated, an IV catheter waseglan a cephalic vein and on
average 357.27 MBq (SD = 54.62 MBq) of"[Tc]HMPAO was intravenously
injected. After 15-20 minutes, propofol was IV adistered to induce general
anesthesia and was maintained with isoflurane ipgex through a rebreathing
system. The dog was monitored for respiratory aledt®cardiographic function
throughout the scan. A triple head gamma canietad, Trionix, Twinsburg, OH,
USA), equipped with low energy ultrahigh-resolutigrarallel hole collimators
(tomographic resolution FWHM=9 mm), was used tousteqthe data. The camera
collected data over a circular 360° rotation intepsand-shoot mode during 20
minutes (120 steps, 10 sec per step, 3° steps)#8-al28 matrix. Afterwards, the
data were iteratively reconstructed and a Buttettwiiter (cut-off 1.4 cycli/cm, order
5) was applied.

After the acquisition of the images, a templatetaming 11 brain regions
(volumes of interest, VOIs) (both frontal, tempornaérietal and occipital lobes, the
cerebellum, olfactory bulb and the subcortical areas fitted onto the dataset using
BRASS software (Brain Registration and AutomatedEGP Semiquantification,
Nuclear diagnostics, Sweden). The regional cerebi@d flow (rCBF; perfusion
index (P1)) was semi-quantitatively obtained (noligaion of the regional activity to
the radioactivity of the entire brain).

A Z-score was obtained for each VOI at each timatpeith SPECT images

of healthy dogs ranging from 1 to 8 years old (omingroup). The Z-score was
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calculated using the following equation: Z-scoré[mean control group] — [value
patient])/ (standard deviation control group). Ttw#-off value was at |Z| > 3.09
(comparable to @&-value of 0.001) indicating significant differencas the rCBF

when compared to the control group.

Peripheral and central monitoring of the mono-aminergic system
Immediately following each’{™Tc]JHMPAO-SPECT scan, cerebrospinal fluid (CSF)
and serum were acquired. The CSF tap was perfoandte cisterna magna using a
19 G needle after the patient was positioned ihtrigteral recumbency. While still
under anesthesia and right lateral recumbencyGri#kdle was used to draw blood
from the vena jugularis externa. An anti-oxidatmixture containing 0.1M perchloric
acid (Merck, Darmstadt, Germany), 0.05%,BRATA (Sigma Aldrich, Saint Louis,
USA) and 0.05% sodium metabisulfite (Merck, Darrdst&ermany) was made. 900
ul and 25ul of this mixture were added to 1@0serum and 10Ql CSF respectively.
The diluted samples were immediately frozen (-8@I${@s) until further analysis.
Prior to the analysis, the samples were thawedcenttifuged at 15000 rpm for 15
minutes. The supernatant was transferred and dilli2 (CSF) and 1/5 (serum) with
0.5 M acetic acid (Fisher scientific, Bishop meadoad, UK).
Total noradrenaline (NAD), dopamine (DA), 3,4-dingelyphenylacetic (DOPAC),
4-hydroxy-3-methoxyphenylacetic acid (homovanibicid, HVA), serotonin (5-HT)
and 5-hydroxyindoleacetic acid (5-HIAA) were measlin CSF and serum based on
previously reported methods (El Arfani et al., 2034rdi et al., 2018). The samples
were injected automatically on a reversed phaseidigchromatography system
(autosampler ASI-100 and HPLC pump P680 A HPG/ZnBkx, Amsterdam, The

Netherlands) with electrochemical detection (po&nt+ 700mV) (Amperometric
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Detector LC-4C, BAS, Indiana, USA). The separatimas achieved using a
narrowbore C18 column (Alltech®, AlltimM¥, 5 um, 150 x 2.1mm, Grace, Deerfield,
IL, USA). The mobile phase buffer contained 0.1 ddism acetate (Carl Roth GmbH
+ Co, Karlsruhe, Germany), 20 mM citric acid (SigAddrich, Saint Louis, USA), 1
mM sodium octane sulfonic acid (Carl Roth GmbH + ®arlsruhe, Germany), 1
mM dibutylamine (Sigma Aldrich, Saint Louis, USAnhd 0.1 mM NaEDTA
adjusted to pH 3.7 (mobile phase composition: 9ffebu 3 methanol (v/v)). The

sample concentration was expressed as ng monoahddgl.

rTMStreatment

The aHF-rTMS treatment was applied, under generastaesia, twice (three
weeks separated). The dog was muzzled, a cephatiteter was placed and
buthorphanol was IV administered (0.2 mg/kg; Dat@g Intervet Belgium NV).
When sedated, the dog was given midazolam IV (0gZkgy Dormicum®; Roche
Nederland B.V.). This was immediately followed By injection of propofol (1-2
mg/kg given to effect) to induce general anestheSiace it was chosen to set the
stimulation intensity of the treatment based onek@tability of the motor cortex, the
motor threshold (CMT) of the left motor cortex wadetermined. After the induction
of the general anesthesia, the spot for determitinegMT was identified as the
cortical area that provoked the clearest muscubatraction in the right proximal
front limb. Once the hotspot was identified, thechiae output (Magstim Company
Limited) was set at an intensity that provoked 1G8f%muscular twitches. This output
was stepwise decreased with 5%, 2% and 1% unéldivt of 10 consecutive pulses

induced a visible muscular twitch (Rossini et 2015).

10
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Once the measurement of the CMT was finished, éméec of the left frontal
cortex, based on the topographical information frtime neuronavigation, was
identified with a marker on the fur. The centerao$tandard figure-of-eight coil was
placed over the mark with the handle pointing adlaxihe applied aHF-rTMS
protocol consists out of five sessions (frequen@0#&lz, intensity = 110% CMT). A
waiting period of 12-15 minutes was set between $egsions. Each session held 40
trains (12 second intertrain interval) during 1€xands each. In total 1560 pulses
were given per session. This protocol is also wsedally and experimentally at our
medical university hospital (Baeken et al., 2018eken et al., 2015).

Behavioral assessment

After applying each aHF-rTMS treatment, the owwas asked to fill in the
canine behavioral questionnaire and the questiomfi@cusing on separation anxiety,
noise phobia, reactivity and aggression. Sinceiogdlnimprovement of an rTMS
treatment is mostly seen within 2 to 6 weeks, tinney was asked to fill in the
guestionnaires 3 weeks after the last rTMS sessamgiven (O'Reardon et al., 2007;

Feffer et al., 2018).

Follow up

The owner noticed behavioral changes two to threeka after the first
stimulation session. The most prominent reportedngk was a reduction of the
fixation onto persons, dogs or objects. Even manesduction in aggressive behavior
towards unfamiliar dogs, humans and objects wageatbtseveral weeks after the
second aHF-rTMS protocol was administered. The oweorted that the dog did no
longer show the urge to approach the person oettdirgpad seen. This was in sharp

contrast to its initial behavior. Even more, thegdstopped portraying avoidance

11
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behavior when a human dropped food on the flooemépproached by another dog
while eating or playing with a toy and when appfeat by a human or other dog
when sleeping. The C-BARQ revealed a positive imeneent of the dog’s
aggressive behavior towards strangers and dogde(TabThe second questionnaire
indicated a decrease in dog’s SAIR, AIR and red&gtiiable 1). No aversive effects
were noticed.

At baseline, a significant lower rCBF at the leftrital cortex was noticeable
(Z-score = -3.87). Twenty-four hours after thetfeslF-rTMS treatment was applied,
the rCBF of the left frontal did not differ any Ilger from the mean rCBF of the
control group (Z-score = 0.04). At this time poitiite patient’s subcortical region was
significantly lower than the mean of the contrabgp (Z-score = -6.97). Three weeks
after the first aHF-rTMS treatment was applied, tGBF left frontal cortex remained
comparable the rCBF of the control group (Z-scor€58) (Table 2). Three weeks
after the second stimulation session, no deviationthe rCBF were found when

compared to the control group (Table 2).

The CSF showed mild increases in the concentrati@hydroxyindoleacetic
acid (5-HIAA) 24 hours after the first aHF-rTMS atenent was given (Table 3). In
both CSF and serum 3,4-dihydroxyphenylacetic d8ldRAC) and homovanillic acid
(HVA) increased 24 hours after the aHF-rTMS treatin@ times baseline value).
Three weeks after each treatment, the DOPAC and HdviAcentrations decreased
again to almost baseline value (Table 3).

Discussion
This study showed that an aHF-rTMS treatment agpbieer the left frontal

cortex induced not only changes in the cerebrdupem at the simulation site but at

12
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remote locations as well. These changes lastedeast |13 weeks and were
accompanied by improvement of the dog’s behaviorenEmore, simultaneous
changes of DOPAC concentrations in CSF and serura aleserved.

The patient had, at baseline, a hypo-perfusedrafital cortex and showed anxious
aggressive behavior toward people and animals. dyecenfirming Vermeire et al.
(2009), who found a hypo-perfused frontal cortexamxious dogs. The patient’s
impaired frontal perfusion might have led to a leigbkmotional state (anxious) and a
loss of drive inhibition (aggressive behavior) (Bawski, 1965; Dabrowska, 1971;
Konorski, 1973). After applying aHF-rTMS over tredtlfrontal cortex, the patient’s
rCBF of the frontal cortex normalized, which was@opanied by an improvement of
his aggressive behavior. However, the patient'scerlral region showed, at
baseline, no perfusion abnormalities. Nonethelda®ctly after each stimulation
protocol, the perfusion of the subcortical regioluding a large part of the emotion
steering limbic system) decreased significantlyb{@a2). This remote effect of the
aHF-rTMS treatment confirms the connectivity betwedbe frontal cortex and the
subcortical region. More specifically, a functiomannectivity with the thalamus and
the basal ganglia since the subcortical VOI coedisif these regions. This was to be
expected due to the presence of reciprocal projdibers between the frontal cortex
and the mediodorsal nucleus of the thalamus andeeet the thalamus and the basal
ganglia (Narkiewicz and Brutkowski, 1967; Hintzenad, 2018). These local and
remote changes are in line with the findings in HIMS research in treatment
resistant depression (Catafau et al., 2001; Lad.e2003; Knoch et al., 2006; Kito et
al., 2008).

More, rTMS has been shown to induce an endogemmusase of dopamine (DA) in

the striatum dorsal hippocampus, nucleus caudatdshacleus accumbens (Strafella

13



306 et al., 2001; Keck et al., 2002; Pogarell et &00&), members of the limbic system.
307 This study demonstrated that rTMS modulated thecewoimation of the DA
308 metabolites HVA and DOPAC in CSF after each treatmi has been reported that
309 HVA concentrations in the CSF provide informatioh tbe DA turnover in the
310 striatum (You et al., 1998; Kuhar et al., 1999)reason for the absence of a change
311 in DA concentration itself could be the fact thia¢ tdetection capacity of the test is
312 suboptimal or a low concentration of DA. In thisdy, serum and CSF were acquired
313 24 hours after the last stimulation session, wieother studies assessed the changes
314 in DA directly after the last stimulation sessidstra@fella et al., 2001; Keck et al.,
315 2002; Strafella et al., 2003; Kanno et al., 200dga&tell et al., 2006). This, combined
316 with the short half-life of DA (Yavich et al., 20pand the fact that free DA is
317 immediately broken down (MAO, COMT) could have laul the absence of DA
318 changes in the serum and CSF. Nonetheless, sincé &\ DOPAC are DA
319 metabolites, an endogenous release of DA, after-rdMNFS over the left frontal
320 cortex in anxious aggressive dogs can be assuntesl.aSsumption is strengthened
321 by the fact that prefrontal DA also plays a roletl® neuronal response to fear,
322 anxiety and stress (Pezze and Feldon, 2004; Rival.et2008). Therefore, the
323 neuromodulative action of aHF-rTMS over the lefirftal cortex in canine anxious
324 aggressiveness could be facilitated by a releaBgd\of

325 The increase of DOPAC in the serum could be twofdlile DOPAC concentration
326 increased in the blood together with its conceiumnain the CSF coincided with
327 changes in the rCBF and clinical improvement. Tfoges changes in the serum could
328 represent the changes in the CSF. Subsequentlghpeal DA could serve as a valid
329 biomarker to monitor the clinical response of ariams aggressive patient to an aHF-

330 rTMS treatment. Secondly, DA is also present oetdite central nervous system

14
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(neuronal fibers, adrenal medulla and neuroendeaeils) and its release is mostly
regulated by the sympathetic noradrenergic ner@ddstein and Holmes, 2008;
Rubi and Maechler, 2010). This combined with the that rTMS can influence the
autonomic nervous system (Schestatsky et al., 2@i\&)s rise to the possibility that
in this study the serum DOPAC concentration wasagézl through activation of the
autonomic nervous system. Nonetheless, one woslahaes a concurrent increase in
NAD, which was not noted in this study.

A major limitation of this study is the number otluded subjects and the absence of
a sham-controlled group. Questionnaires, combinedith wfunctional and
morphological imaging, were used to assess themgaibehavior. It has to be kept in
mind that in order to evaluate the behavioral improent more precisely, regular
consultations with a small animal behavioral spestiashould be minimal
requirement, this preferably in a blinded placebotwlled experiment.

To conclude, a single day aHF-rTMS treatment alieeslocal and remote rCBF and
is accompanied by an improvement of the dog’s arsiaggressive behavior. An
increase of the DOPAC concentration in the CSF seadim coincides with an
improvement of the patient’s pathological behavibnerefore, DOPAC may be a

potential biomarker for treatment effects and @lgssibly for clinical improvement.
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543

Tablel

Baseline 1% rTMStreatment 2™ rTMStreatment
Traning and obedience 3.50 3.13 3.25
Owner-directed aggression 0.00 0.00 0.00
Stranger-directed aggression 3.20 2.70 2.80
Dog-directed aggression/fear 2.63 213 2.25
Familiar dog aggression 0.00 0.00 0.00
Chasing 2.50 2.00 2.00
Stranger-directed fear 0.75 0.75 0.75
Nonsocial fear 0.67 0.83 0.17
Separation-related problems 0.88 0.13 0.5
Touch sensitivity 0.50 0.75 0.75
Excitability 1.83 1.83 0.83
SAIR 2 0 1
AIR® 8 0 25
Reactivity 0.33 0.18 0.24
Severity 0.11 0.06 0.12
Intensity 4.33 3 4.75
544 Table 1: Results obtained by the both questionnaire. A decrease in stranger- and dog-directed
545 aggression, SAIR, AIR, reactivity and severity was noticeable. A: SAIR = separation anxiety intensity
546 ranks. B: AIR = anxiety intensity rank.
547
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548 Table2
Baseline 24 hours 3 weeks 6 weeks

Left temporal -0,65 0,29 -1,63 -1,05
Right temporal -1,00 0,40 -1,40 1,16
Cerebellum -0,57 -0,79 -0,75 -1,70
Subcortical 0,24 -6,97* 0,54 -0,77
Bulbus olfactorius 0,56 0,88 0,21 1,26
Left frontal -3,87* 0,04 -0,58 -1,86
Right frontal 0,94 -0,55 0,17 0,17
Left occipital 0,68 0,40 0,03 -0,41
Right occipital 1,18 0,11 -0,70 -0,22
Left parietal -0,39 0,34 2,95 0,82
Right parietal 1,77 1,23 3,69* 2,14

549 Table 2: Z-values for each VOI at each time point. * = |Z-value| > 3.06 (equivalent P-value of 0.001).

550
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551 Table3

Baseline 24 hours 3 weeks 6 weeks
Serum
NAD 3.62 4.55 4.16 6.23
DA? ND ND ND ND
DOPAC 26.39 122.41 33.067 27.90
HVA 30.63 42.86 24.72 29.79
5-HT 21.59 18.62 29.97 25.17
5-HIAA® ND ND ND ND
CS
NAD 1.45 1.63 1.54 4
DA? Na Na Na -
DOPAC 0.16 0.49 0.25 -
HVA 12.57 19.40 12.70 -
5-HT ND ND ND -
5-HIAA 2.20 3.70 2.35 -

552 Table 3: Concentrations (ng/100 pl) of the investigated monoamines and their metabolites
553 measured with liquid chromatography - electrochemical detection. NAD = Norepinephrine; DA =

554 Dopamine; DOPAC = 3,4-Dihydroxyphenylacetic acid; HVA = Homovanillic acid; 5-HT = Serotonin; 5-
555 HIAA = 5-Hydroxyindoleacetic acid; ND = not detected; -= missing value due to with blood

556 contaminated CSF.

557
558
559
560
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Accelerated high frequency repetitive transcranial magnetic stimulation (aHF-
rTMS)

aHF-rTMS over the left frontal cortex in an anxious aggressive dog induced
local and remote changes in the regional cerebral perfusion

The changes were long lasting and accompanied by improvement of
aggressive behavior

Increases in DOPAC concentrations in CSF and serum were observed after

aHF-rTMS
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