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Background

Tourette Syndrome (TS) is a childhood onset chronic disorder in which motor and vocal tics co-occur. Cannabinoids are a potential therapeutic option for otherwise treatment resistant patients. However, there is an ongoing debate regarding potential side effects. This is particularly important in relation to activities being necessary for daily life such as driving a car.





Case presentation

We present the case of a 28-year-old male with TS and comorbid attention-deficit/hyperactivity disorder (ADHD) who was medicated by his treating physician with an extremely high dose of inhaled medicinal cannabis (MC) of up to 10 g/d. We were interested in the effects of MC on patient’s fitness to drive as well as corresponding serum levels of tetrahydrocannabinol (THC) and its metabolites. Therefore, clinical assessments and computer-based tests (Vienna Test System) were performed at different time points at two consecutive days before and after intake of MC at a dose that was determined by the patient according to clinical need. On day 1, he inhaled a total dose of 3.3 g and 4.1 g MC, respectively, before driving tests were performed. Until the end of the day, he used a total dose of 8.8 g. On day 2, he took no MC before all tests were completed. Remarkably, according to the German Federal Highway Research Institute guidelines, the patient was considered fit to drive in all domains assessed at all time points at day 1 and 2. Higher doses of MC – and corresponding very high THC serum levels – resulted in best results with respect to patient’s driving ability. THC serum levels ranged from 19 ng/ml (at day 2 without MC intake at this day) to 364 ng/ml (at day 1 after intake of a total of 3.3 g MC at the same day). No clinically relevant side effects occurred.





Conclusions

This case study demonstrates that patients with TS plus comorbid ADHD may be fit to drive even after intake of high doses of MC. In any case, however, every driver, who uses MC, is obliged to check fitness to drive before driving a vehicle.
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Background

According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), Tourette syndrome (TS) is a childhood-onset tic disorder with a minimal duration of one year in which vocal and motor tics co-exist (1). The majority of patients are also diagnosed with comorbidities such as attention deficit/hyperactivity disorder (ADHD), obsessive-compulsive disorder (OCD), depression, or anxiety.

Although the pathogenesis of TS is not fully understood, the most consistently reported finding is related to changes in the dopaminergic system. However, increasing evidence suggests that abnormalities in the activity of the endocannabinoid system (ECS) may also be related to the occurrence of tics (2). This is supported not only by basic science research (3, 4), but also by genetic (5) and biofluid biomarker (2) studies in humans. However, the most important evidence is based on clinical effectiveness of cannabis-based medicine (CBM) (2). The majority of studies published so far are limited to case reports, case series, and uncontrolled open label studies (2), while to date, there are only five randomized controlled studies (RCTs) on the effectiveness of CBM in TS (6–10). In two small RCTs (N=12 and N=24, respectively) pure tetrahydrocannabinol (THC, dronabinol) - administered only once and over a time period of 6 weeks, respectively, up to 10 mg/d – resulted in a significant improvement of tics and obsessive-compulsive symptoms (OCS) (7, 9). Improvement of tics correlated positively with levels of 11-hydroxy-delta-(9)-THC (THC-OH). In a small RCT (N=12) the authors compared efficacy and tolerability of single doses of three different vaporized medicinal cannabis products and placebo and showed that pure THC and to a lesser degree a balanced THC:cannabidiol (CBD) product, but not pure CBD, have positive effects on premonitory urges and quality of life (8). In line with these results, according to another small RCT (N=22), treatment with an oral balanced THC: CBD oil over 6 weeks resulted in a reduction of tics, anxiety, OCD, and improved quality of life (9). Only recently, the so far largest RCT (N=97) has been published investigating efficacy and tolerability of the balanced cannabis extract nabiximols in TS (10). Although the primary endpoint was narrowly missed, a much larger number of patients in the nabiximols group compared to the placebo group met the responder criterion. Secondary and subgroup analyses demonstrated trends for improvements of tics, depression, and quality of life, particularly in males and patients with more severe tics and comorbid ADHD. Interestingly, also in ADHD in a small RCT (N=30) a significant improvement of hyperactivity and impulsivity could be demonstrated after treatment with nabiximols (11).

Remarkably, in all these studies no relevant safety issues were observed and treatment with THC containing drugs was well-tolerated. In most studies (2), not only improvement of tics, but also co-existing psychiatric symptoms were reported resulting in improved quality of life. In two additional studies (12, 13), no detrimental effects on neuropsychological performance were detected after acute and 6-week treatment, respectively, with up to 10 mg THC per day.

Since THC containing cannabinoids are used more widely in various medical conditions, there is an intense and controversial discussion whether CBM treatment may affect patients’ ability to drive. For recreational cannabis user, in many countries, THC limits have been defined (between 0.0 and 5.9 ng/ml), although threshold values are of limited informative value, since it is well established that there is no clear relation between the degree of driving impairment and the detected THC serum concentration (14, 15).

In a limited number of studies, it could be demonstrated that CBM such as nabiximols, when prescribed and supervised by a physician, do not impair driving performance in patients with multiple sclerosis (16, 17). In one case study the authors observed an improvement of the driving ability in a patient with TS after a single dose of THC (15 mg/d) (18). This result could be confirmed in a recent larger RCT (N=64) demonstrating that 13-weeks treatment with nabiximols does not impair skills relevant for driving in patients with TS and may even improve fitness to drive in a substantial number of patients (19). This data is in line with the general observation that people who use cannabis regularly are less impaired than irregular users (20).

Here we present the case of a 28-year-old male with TS and comorbid ADHD who reported benefit from treatment with inhaled medicinal cannabis flowers (MC) in terms of tic severity as well as attention. Since he used an extremely high dose of up to 10 g THC dominant MC per day, we were interested in assessing his fitness to drive at different time points before and after MC inhalation and to objectively measure clinical symptoms including tics and ADHD.





Case presentation

The patient was a 28-year-old male whose tics started at the age of 7. In childhood, he was diagnosed with ADHD, while the diagnosis of TS was established when he was 16. When he presented for the first time in our clinic at the age of 17, he suffered from a variety of motor tics such as arm flapping, head shaking, throwing his head backwards, turning his head, nose wrinkling, blinking and rolling his eyes, stretching his knee, pulling his shoulders up and vocal tics such as grunting, whooping, and pronouncing the syllable “hm”. His motor tics caused a headache. In addition, mild OCS were observed, but there was no indication for anxiety disorder, depression, substance use disorder (SUD) or sleeping disorder. Due to his symptoms he experienced bullying, had difficulties at school, and finally decided to drop out of school. His father also had mild tics and ADHD.

In childhood, he received treatment with methylphenidate for his ADHD symptoms for many years but stopped medication in his teenage years due to symptom improvement. For the treatment of tics, tiapride (max. dose 600 mg/d, duration of treatment 7 months), risperidone (max. dose 8 mg/d, duration of treatment 2 months), aripiprazole (max. dose of 35 mg/d, duration of treatment 5 years), acupuncture, and habit reversal training (HRT) were used. Although treatment with antipsychotics was somewhat beneficial for his tics (tiapride reduced motor tics, risperidone reduced vocal tics, aripiprazole reduced both), he decided to stop pharmacotherapy because of side effects, mainly sedation and lethargy both of which had detrimental effects on his driving abilities. In contrast, according to the patient’s report, HRT had no effect on his tics. At the age of 21, he started self-treatment with street cannabis using about 1 g per day. Three years later, treatment with MC prescribed and supervised by a physician was implemented. However, in recent years MC dose was constantly up-titrated to a daily dose of up to 10 g MC resulting – according to patients’ description - in a reduction of his tics of more than 90%, improved concentration and sleep, and feeling calmer and less prone to stress. While presenting again in our clinic, he smoked or vaporized different THC-dominant strains (THC content 19-25%, hybrid and indica varieties) such as Gorilla Glue. Since starting self-treatment with cannabis, he has been trying to catch up on his degree and now is working. Importantly, treatment was well tolerated with no significant side effects. According to ICD-10, diagnostic criteria for cannabis addiction were not fulfilled.





Test procedure/methods

Fitness to drive was assessed using the Vienna Test System, which is approved by the German Federal Highway Research Institute (BASt) (21). The following specific driving skills were assessed: (i) reaction time using the Choice Reaction Test (RT), (ii) stress behavior and resilience using the Determination Test (DT), and (iii) visual orientation in traffic and perception speed using the Adaptive Tachistoscopic Traffic Perception Test (ATVAT). For all domains, a percentile rank (PR) above 15 is considered sufficient according to legal regulations in Germany. A percentile rank on at least one of the domains of < 16 requires a more detailed examination and is considered unfit for driving (22). We decided to perform assessments on day 1 after different time points following MC intake and, in addition, on the following day (day 2) without prior MC medication at that day. We decided for this order to exclude that positive effects after MC intake could be attributed to a possible learning effect.

In parallel, we assessed clinical symptoms: (i) tics using the Total Tic Score (TTS) of the Yale Global Tic Severity Scale (YGTSS) (23) and the modified Rush Video-Based Tic Rating Scale-Revised (MRVS-R) (24), (ii) OCD using the Yale Brown Obsessive Compulsive Scale (Y-BOCS) (23), (iii) Clinical Global Impression Severity (CGI-S) and Improvement Scale (CGI-I) (25) and YGTSS-Global Severity Score (GSS) for quality of life and overall well-being (Table 1A), and (iv) ADHD using the computerized Quantified Behavior Test (Qb Test) test (26) (Table 1B). The Qb Test is a computer-aided test to measure the main symptoms of ADHD: activity, attention, and impulsivity. The results are given in Q-scores with normal performance being scored between -1.0 and 1.0, better than normal performances scored below -1.0, and atypical above 1.0 points (27). This test has been widely validated in patients with ADHD. We selected this test since it enables evaluation of symptoms at a short time interval.


Table 1 | Results of clinical assessment at different doses of medicinal cannabis.
	A. Results of clinical assessments at day 1 (with) and day 2 (without cannabis intake)



	
	Scale range
	Day 1: After intake of 3.3 g MC
	Day 2: Without MC intake (last intake 14h before)


	YGTSS: TTS
            GSS
	0-50
0-100
	38
48
	41
71


	Y-BOCS
	0-40
	3
	3


	MRVS-R
	 
	19
	26


	CGI-S
	1-7
	5 -> markedly ill
	6 -> seriously ill


	CGI-I
	1-7
	 
	6-> much worse


	B. Qualified Behavior (Qb) Test for the assessment of ADHD


	
	Day 1: After intake of 4.1 g MC
	Day 2: Without MC intake (last intake 15h before)


	
	Q-Score
	Percentile
	Q-Score
	Percentile


	Qb Activity
	1.8
	97
	1.9
	97


	Qb Impulsivity
	2.1
	98
	2.2
	99


	Qb Attention
	-0.5
	31
	0.6
	72


	C. Fitness to drive: Results of the Vienna Test System at different time points before and after intake of MC


	
	Day 1
	Day 2


	
	After intake of 3.3 g MC
	After intake of 4.1 g MC
	Without MC intake (last intake 13 h before)


	RT
	74 %
	63 %
	30 %


	DT
	78 %
	94 %
	74 %


	DT (missed reactions)
	54 %
	93 %
	79 %


	ATAVT
	75 %
	95 %
	87 %





YGTSS, Yale Global Tic Severity Scale; TTS, Total Tic Score (motor + phonic tics); GSS, Global Severity Score (TTS + overall impairment); YBOCS, Yale Brown Obsessive Compulsive Scale; MRVS-R, Rushed Video-Based Tic Rating Scale-Revised; CGI-S, Clinical Global Impression Severity Scale; CGI-I, Clinical Global Impression Improvement Scale.

RT, Choice-Reaction Test; DT, Determination Test; ATAVT, adaptive Tachistoscopic Traffic Perception Test, a percentile rank on at least one of the domains < 16 is considered unfit for driving.



Blood samples were taken at different time points before and after MC intake at day 1 and 2 to determine levels of THC and its metabolites THC-OH and 11-nor-9-carboxy-Δ9-tetrahydrocannabinol (THC-COOH). The investigation was conducted using serum samples based on an accredited method. Tandem mass spectrometry (LC-MS/MS) with deuterated standards was applied.

We decided on a specific order of the tests to receive comparable and informative results. The experimental setup is shown in Figure 1. On day 1, the patient was asked to use MC “as usual” and according to clinical need before and after test performance aiming to have the best possible treatment effect on both tics, ADHD, and driving ability. Accordingly, he smoked 2.3 g MC (Gorilla Glue, hybrid, THC: CBD=22.3%:<1.0% and Jack Herer, hybrid, THC: CBD=19.7%:<0.1%) in the morning before tests started and another 1 g MC (Gorilla Glue) directly before the start of the first assessment. Thereafter, tests were started with the Vienna Test System for the first time followed by clinical assessments including the YGTSS, MRVS-R, Y-BOCS, CGI-S and CGI-I. Thereafter, the patient smoked another 0.8 g MC (Gorilla Glue) resulting in a total dose of 4.4 g MC so far that day, before participating in the Qb test for ADHD and once again in the Vienna Test System. After completion of all tests and last blood take, he inhaled (smoked and vaporized) another 4.7 g MC (Gorilla Glue) resulting in a total dose of 8.8 g MC at day 1.

[image: Timeline displays two days of assessments and cannabis intake. Day 1 includes MC intake at 9 am, 11 am, and 5 pm totaling 8.8 g, with blood samples and assessments occurring throughout the day. Day 2 has no MC intake, but features blood samples and assessments from 1 pm to 3 pm. Assessments include VTS, CA, and Qb.]
Figure 1 | Timeline of the cannabis intake and assessments.

On the second day, the same tests were performed in the same order as on day 1, but without MC intake on that day. Accordingly, last MC intake was 13 hours before testing started.

In addition, we performed several self-assessments one week before the above described tests to determine current clinical symptoms (Table 2): Beck Anxiety Inventory (BAI) (28) and Beck Depression Inventory (BDI-II) (26) for anxiety and depression, Conners’ Adult Rating Scale (CAARS) for attention and activity (29), Wender Utah Rating Scale (WURS-K Hase) (30) for ADHD in childhood, Pittsburgh Sleep Quality Index (PSQI) for sleeping disorders (31), Premonitory urge for Tics Scale (PUTS) (32), Rage-Attack Questionnaire (RAQ) (33) for rage attacks, Gilles de la Tourette Syndrome-Quality of Life Scale (GTS-QoL) (34), and the questionnaire on general state of health SF 12 (35).


Table 2 | Baseline assessments once week before driving tests.
	Assessment
	Construct measured
	Scale range
	Results



	BAI
	Anxiety
	[0 – 63]
	6 -> minimal, not clinically relevant


	BDI
	Depression
	[0 - 63]
	6 -> minimal


	CAARS
	Attention, hyperactivity, and impulsivity
	 
	Inattention below average, hyperactivity and impulsivity average


	GTS-QoL
	Quality of life
	[1 - 100]
	70


	WURS-K HASE
	ADHD in childhood
	 
	28 -> no profound symptoms of ADHD in childhood


	PSQI
	Sleep quality
	[0 - 21]
	3 -> good


	PUTS (items 1-9)
	Premonitory urges
	 
	29


	RAQ
	Rage attacks
	[0 - 66]
	14


	SF 12
	General state of health
	 
	physical score: 49,75
psychic score: 53,05
-> average





BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; CAARS, Conners’ Adult Rating Scale; GTS-QoL, Gille de la Tourette Syndrome-Quality of Life Scale; WURS-K HASE, Wender Utah Rating Scale; PSQI, Pittsburgh Sleep Quality Index; PUTS, Premonitory Urge for Tics Scale; RAQ, Rage-Attack Questionnaire; SF 12, Questionnaire on general state of health SF 12.







Results

In all domains of the Vienna Test System, the patient achieved a percentage score of above 16 at all time points on day 1 and 2 and thus is considered as fit to drive independently of the amount and time point of cannabis intake and THC serum levels (Table 1C). Even intake of very high doses of MC – and corresponding very high THC serum levels – had no negative impact on patient’s driving ability. While there was no relevant difference between the measurements at day 1 and day 2, reaction time was considerably worse at day 2 without immediately preceding MC intake.

THC serum levels ranged from 59 ng/ml to 364 ng/ml at day 1 depending on the total amount of MC and the time difference between MC intake and blood take and were 19 ng/ml at day 2 with no MC intake at that day. Levels of 11-OH-THC and THC-COOH showed no relevant variations at day 1 (11-17 ng/ml and 58-65 ng/ml, respectively), but fell to 3.1-3.4 ng/ml and 42-48 ng/ml, respectively, at day 2 (Table 3).


Table 3 | Measurement of serum levels of THC and its metabolites 11-OH-THC and THC-COOH, numbered from I to VII.
	Blood sample
	Amount of MC at that day before blood take [g]
	THC [ng/ml]
	11-OH-THC [ng/ml]
	THC-COOH [ng/ml]



	Day 1
	I
	2.3
	59
	11
	63


	II
	3.3
	364
	16
	64


	III
	3.3
	144
	17
	65


	IV
	4.1
	287
	14
	65


	V
	4.1
	63
	11
	58


	Day 2
	VI
	0
	19
	3.4
	48


	VII
	0
	19
	3.1
	42





THC, Tetrahydrocannabinol; 11-OH-THC, 11-Hydroxy-Δ 9-tetrahydrocannabinol; THC-COOH, 11-nor-9-carboxy-Δ9-tetrahydrocannabinol; MC, medicinal cannabis.



Clinical characteristics at day 1 and day 2 are presented in Table 1A. Patient’s tics (according to YGTSS-TTS and MRVS-R) were slightly less severe at day 1 compared to day 2, while his overall well-being was much better at day 1 (according to YGTSS-GSS and CGI-S). ADHD symptoms (according to Qb-Test) were similar at both days, but attention was better at day 1 (for details see Table 1B). Additional clinical characteristics assessed one week before are presented in Table 2.





Discussion

We present the case of a patient with TS using extremely high doses of MC (up to 10 g/d) for several years, who reported marked reductions of his tics and comorbid ADHD symptoms after use of MC. According to driving tests performed, he can be considered as fit to drive both on a day when using 3.3 g MC and 4.1 g MC, respectively, before testing as well as at the following day without additional prior MC use. Remarkably, his fitness to drive was even better on day 1 while taking MC and having THC serum levels of up to 364 ng/ml.

While in the majority of patients with TS, minimal or no difficulties with driving occur, in patients with more severe and complex motor tics, driving may be significantly impaired (36). In contrast, it is well-known that patients with ADHD are often unfit to drive, mainly due to inattention and reduced reaction time, but also because of impulsivity and impaired motor control (37). However, fitness to drive can be improved by pharmacotherapy with methylphenidate and lisdexamfetamine (38–40).

On the other hand, there is no doubt that use of cannabis may have negative impact on driving skills. However, it is well known that that there is no direct correlation between THC serum levels and used amount of cannabis, respectively, and impairment in driving, which makes it difficult or even impossible to define a meaningful legal THC threshold value. Furthermore, due to tolerance and consecutive downregulation of central cannabinoid CB1 receptors,impact of cannabis varies significantly between regular and non-regular user with much less negative effects on physiological and cognitive functions in regular user (40).

Our case study in a patient with TS and comorbid ADHD - although he used very high doses of MC and his corresponding THC serum levels were extremely high - is completely in line with the observation of reduced impairment of cannabis in healthy regular user compared to occasional user (41) as well as a small number of case studies in patients with TS (18) and ADHD (42), respectively, describing beneficial effects of THC on patients’ driving performance and recent studies in different patient groups including multiple sclerosis (16) and TS (10) reporting no detrimental effects of prescribed and supervised treatment with nabiximols on driving skills. The highest THC serum level measured was 364 ng/ml. It can be speculated that clinical effects and the development of tolerance might be different in patients with TS and ADHD compared to healthy people, since it has been suggested that in TS there is an impairment in the ECS (43). This case report confirms the necessity of the medication privilege, which implies being spared from penal sanctions when using CBM under supervision of a physician while driving a car independently from THC serum levels.

The following limitations of our case study have to be addressed: (i) we cannot judge treatment effects of MC on tics and ADHD, since treatment was not initiated by the authors and no clinical assessments had been performed after cessation of MC treatment; (ii) since patient’s driving ability without MC treatment has not been tested, no statement is possible with respect to his driving skills without any treatment; (iii) although at day 1, intake of cannabis was supervised by one of the authors, we cannot guarantee that the amount and chemovar of MC used was correctly indicated by the patient; (iv) since driving tests were done several times at two consecutive days, retests effects cannot be excluded; (v) although at day 2 without MC use, withdrawal symptoms were unlikely, since THC serum level was still relatively high (19 ng/ml) and no such symptoms were reported by the patient or observed clinically, onset of first withdrawal symptoms cannot entirely be ruled out; (vi) although in this patient diagnostic criteria for cannabis addiction according to ICD-10 were not fulfilled and use of MC was clearly medically, dual-use of cannabis cannot entirely be excluded. In future studies, motives of MC use should be further investigated using new instruments such as the Medicinal Cannabis Negative Consequences Scale (MCNCS) (44) to identify problematic MC use, and (vii) although the Vienna Test System is the state of the art psychometric test battery recommended for assessing fitness to drive, on-road driving tests are superior in predicting validly driving ability. Future research should include assessments of fitness to drive in patients with tics under MC influence in bigger samples, ideally in the setting of randomized studies. Another important future direction of research would be to compare patients with different diagnoses and comorbidities such as tics, ADHD and/or OCD as it could be speculated that impact of MC on symptoms as well as fitness to drive could differ in these groups of patients. Finally, it would be of interest to compare the influence of well-established medications for tics and ADHD, antipsychotics and amphetamines, respectively, and CBM on patients’ fitness to drive.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The requirement of ethical approval was waived by as this is single case report, no ethical approval was necessary for the studies involving humans because As this is single case report, no ethical approval was necessary. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

CS: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. NS: Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Writing – original draft, Writing – review & editing, Conceptualization, Funding acquisition, Software, Supervision, Validation, Visualization. CF: Formal Analysis, Investigation, Methodology, Project administration, Writing – review & editing. JT: Investigation, Methodology, Project administration, Writing – review & editing. AB: Conceptualization, Formal Analysis, Methodology, Resources, Supervision, Writing – review & editing. KM-V: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. AP: Investigation, Project administration, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, and/or publication of this article.




Acknowledgments

We appreciate participation of the patient in our study.





Conflict of interest

KM-V has received financial or material research support from EU FP7-HEALTH-2011 No. 278367, FP7-PEOPLE-2012-ITN No. 316978, DFG: GZ MU 1527/3-1 and GZ MU 1527/3-2, BMBF: 01KG1421, National Institute of Mental Health NIMH, Tourette Gesellschaft Deutschland e.V., Else-Kröner-Fresenius-Stiftung, GW pharmaceuticals, Almirall, Abide Therapeutics, Emalex Biosciences, Inc., Noema Pharma, CannaXan, and Therapix Biosiences. She has received consultant’s and other honoraria from Abide Therapeutics, Adjupharm, Alexion, AlphaSights Ltd., AMP Alternative Medical Products GmbH, Asavita GmbH, Becanex, Boehringer Ingelheim International GmbH, Bionorica Ethics GmbH, CannaMedical Pharma GmbH, Canopy Grouth, Columbia Care, CTC Communications Corp., DHMS Direct Health Medical Services Ltd., Demecan, Enua pharma, DHMS Direct Health Medical Services Ltd., Ethypharm GmbH, Eurox Group, Global Praxis Group Limited, Hormosan Pharma GmbH, Lundbeck, Marry Jane, MCI Germany, Neuraxpharm, Noema Pharma, Sanity Group, Stadapharm GmbH, Synendos Therapeutics AG, Syqe, Tilray, and Zambon. She is an advisory/scientific board member for Alexion, Branchenverband Cannabiswirtschaft e.V. BvCW, CannaMedical Pharma GmbH, Bionorica Ethics GmbH, CannaXan GmbH, Canopy Growth, Columbia Care, Ethypharm GmbH, Hormosan Pharma GmbH, IMC Germany, Leafly Deutschland GmbH, Neuraxpharm, Sanity Group, Stadapharm GmbH, Synendos Therapeutics AG, Syqe Medical Ltd., Therapix Biosciences Ltd., and Tilray. She has received speaker’s fees from Agaplesion Frankfurter Diakonie Kliniken gemeinnützige GmbH, Almirall, Aphria Deutschland GmbH, Arbeitsgemeinschaft Cannabis als Medizin ACM, Astra Zeneca, Bedrocan, Bundesverband pharmazeutischer Cannabinoidunternehmen BPC, Camurus, canymed GmbH, CEREBRO SPAIN BIDCO S.L, Cogitando GmbH, Deutsche Gesellschaft für Psychiatrie und Psychotherapie, Psychosomatik und Nervenheilkunde DGPPN, Diplomado Internacional de Endocannabinología Programa Universitario de Investigación en Salud - PUIS, UNAM, Dresden International University DIU, Emalex, EpiCampusNord, Eurox Deutschland GmbH, Ever pharma GmbH, Four20 Pharma, Georgia Medical Cannabis Project GMCP, Grow Group PLC, Landesamt für Soziales, Jugend und Versorgung Mainz, Hessische Landesstelle für Suchtfragen e.V. HLS, Landschaftsverband Westfalen-Lippe, LIO Pharmaceuticals GmbH, Medizinischer Dienst Westfalen Lippe, Meinhardt Congress GmbH, PR Berater, Salus gGmbH - Fachklinikum Bernburg, Spectrum Therapeutics GmbH, streamedup! GmbH, Swiss Alpinopharm, SynopticCon GmbH, targoEvent GmbH, Takeda GmbH, Tilray, VFnK – Verein zur Förderung neurologisch Kranker e.V., von Mende Marketing GmbH, Wayland Group, and WeCann. She has received royalties from Deutsches Ärzteblatt, Der Neurologie und Psychiater, Elsevier, Medizinisch Wissenschaftliche Verlagsgesellschaft Berlin, and Kohlhammer. She served as a guest editor for Frontiers in Neurology on the research topic “The neurobiology and genetics of Gilles de la Tourette syndrome: new avenues through large-scale collaborative projects”, is an associate editor for “Cannabis and Cannabinoid Research” and an Editorial Board Member of “Medical Cannabis and Cannabinoids” und “MDPI-Reports” and a Scientific board member for “Zeitschrift für Allgemeinmedizin”. AB received speakers honoraria, financial research support and travel grants from Recordati Pharma GmbH and Schuhfried GmbH within the last three years. He received royalties from Medizinisch Wissenschaftliche Verlagsgesellschaft Berlin, is a member of the executive board of the Deutsche Gesellschaft für Verkehrsmedizin and in the panel of experts of the Bundesanstalt für Straßenwesen BASt.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Association AP. Diagnostic and Statistical Manual of Mental Disorders—(DSM-IV-TR). 4th edition. Washington DC: American Psychiatric Association (2000).


	 Szejko N, Saramak K, Lombroso A, Müller-Vahl KR. Cannabis-based medicine in treatment of patients with Gilles de la Tourette syndrome. Neurol Neurochir Pol. (2022) 56:28–38. doi: 10.5603/PJNNS.A2021.0081, PMID: 34708399


	 Gorberg V, McCaffery P, Anavi-Goffer S. Different responses of repetitive behaviours in juvenile and young adult mice to Δ9-tetrahydrocannabinol and cannabidiol may affect decision making for Tourette syndrome. Br J Pharmacol. (2021) 178:614–25. doi: 10.1111/BPH.15302, PMID: 33125731


	 Gorberg V, Borisov V, Greig IR, Pertwee RG, McCaffery P, Anavi-Goffer S, et al. Motor-like tics are mediated by CB2 cannabinoid receptor-dependent and independent mechanisms associated with age and sex. Mol Neurobiol. (2022) 59:5070–83. doi: 10.1007/S12035-022-02884-6, PMID: 35666403


	 Szejko N, Fichna JP, Safranow K, Dziuba T, Żekanowski C, Janik P, et al. Association of a Variant of CNR1 Gene Encoding Cannabinoid Receptor 1 With Gilles de la Tourette Syndrome. Front Genet. (2020) 11:125. doi: 10.3389/FGENE.2020.00125, PMID: 32194619


	 Müller-Vahl KR, Schneider U, Koblenz A, Jöbges M, Kolbe H, Daldrup T, et al. Treatment of Tourette’s syndrome with Δ9-tetrahydrocannabinol (THC): A randomized crossover trial. Pharmacopsychiatry. (2002) 35:57–61. doi: 10.1055/S-2002-25028, PMID: 11951146


	 Müller-Vahl KR, Schneider U, Prevedel H, Theloe K, Kolbe H, Daldrup T, et al. Delta 9-tetrahydrocannabinol (THC) is effective in the treatment of tics in Tourette syndrome: a 6-week randomized trial. J Clin Psychiatry. (2003) 64:459–65. doi: 10.4088/JCP.V64N0417, PMID: 12716250


	 Abi-Jaoude E, Bhikram T, Parveen F, Levenbach J, Lafreniere-Roula M, Sandor P, et al. A double-blind, randomized, controlled crossover trial of cannabis in adults with tourette syndrome. Cannabis Cannabinoid Res. (2022) 8(5):835–45. doi: 10.1089/CAN.2022.0091, PMID: 36040329


	 Mosley PE, Webb L, Suraev A, Hingston L, Turnbull T, Foster K, et al. Tetrahydrocannabinol and cannabidiol in tourette syndrome. NEJM Evidence. (2023) 2. doi: 10.1056/EVIDOA2300012, PMID: 38320199


	 Müller-Vahl KR, Pisarenko A, Szejko N, Haas M, Fremer C, Jakubovski E, et al. CANNA-TICS: Efficacy and safety of oral treatment with nabiximols in adults with chronic tic disorders - Results of a prospective, multicenter, randomized, double-blind, placebo controlled, phase IIIb superiority study. Psychiatry Res. (2023) 323. doi: 10.1016/J.PSYCHRES.2023.115135, PMID: 36878177


	 Cooper RE, Williams E, Seegobin S, Tye C, Kuntsi J, Asherson P, et al. Cannabinoids in attention-deficit/hyperactivity disorder: A randomised-controlled trial. Eur Neuropsychopharmacol. (2017) 27:795–808. doi: 10.1016/j.euroneuro.2017.05.005, PMID: 28576350


	 Müller-Vahl KR, Koblenz A, Jöbges M, Kolbe H, Emrich HM, Schneider U, et al. Influence of treatment of Tourette Syndrome with Δ9-tetrahydrocannabinol (Δ9-THC) on neuropsychological performance. Pharmacopsychiatry. (2001) 34:19–24. doi: 10.1055/S-2001-15191, PMID: 11229617


	 Müller-Vahl KR, Prevedel H, Theloe K, Kolbe H, Emrich HM, Schneider U, et al. Treatment of tourette syndrome with delta-9-tetrahydrocannabinol (Δ9-THC): No influence on neuropsychological performance. Neuropsychopharmacology. (2003) 28:384–8. doi: 10.1038/SJ.NPP.1300047, PMID: 12589392


	 Ramaekers JG, Moeller MR, van Ruitenbeek P, Theunissen EL, Schneider E, Kauert G, et al. Cognition and motor control as a function of Δ9-THC concentration in serum and oral fluid: Limits of impairment. Drug Alcohol Depend. (2006) 85:114–22. doi: 10.1016/j.drugalcdep.2006.03.015, PMID: 16723194


	 Marcotte TD, Umlauf A, Grelotti DJ, Sones EG, Sobolesky PM, Smith BE, et al. Driving performance and cannabis users’ Perception of safety: A randomized clinical trial. JAMA Psychiatry. (2022) 79:201–9. doi: 10.1001/JAMAPSYCHIATRY.2021.4037, PMID: 35080588


	 Freidel M, Tiel-Wilck K, Schreiber H, Prechtl A, Essner U, Lang M, et al. Drug-resistant MS spasticity treatment with Sativex® add-on and driving ability. Acta Neurol Scand. (2015) 131:9–16. doi: 10.1111/ANE.12287, PMID: 25208898


	 Celius EG, Vila C. The influence of THC: CBD oromucosal spray on driving ability in patients with multiple sclerosis-related spasticity. Brain Behav. (2018) 8. doi: 10.1002/BRB3.962, PMID: 29761015


	 Brunnauer A, Segmiller FM, Volkamer T, Laux G, Müller N, Dehning S, et al. Cannabinoids improve driving ability in a Tourette’s patient. Psychiatry Res. (2011) 190:382. doi: 10.1016/j.psychres.2011.05.033, PMID: 21664699


	 Müller-Vahl KR, Pisarenko A, Ringlstetter R, Cimpianu CL, Fremer C, Weidinger E, et al. The effect of nabiximols on driving ability in adults with chronic tic disorders: results of a substudy analysis of the double-blind, randomized, placebo-controlled CANNA-TICS trial. (2024) 9(5):1349-59. doi: 10.1089/CAN.2023.0114, PMID: 38265476


	 McCartney D, Arkell TR, Irwin C, McGregor IS. Determining the magnitude and duration of acute Δ9-tetrahydrocannabinol (Δ9-THC)-induced driving and cognitive impairment: A systematic and meta-analytic review. Neurosci Biobehav Rev. (2021) 126:175–93. doi: 10.1016/j.neubiorev.2021.01.003, PMID: 33497784


	About the Vienna Test System - Schuhfried . Available online at: https://www.schuhfried.com/en/vienna-test-system/about-the-vienna-test-sytsem/ (Accessed July 6, 2025).


	 Gräcmann N, Albrecht M. Begutachtungsleitlinien zur Kraftfahreignung bearbeitet von. (2014).


	 Goodman WK, Price LH, Rasmussen SA, Mazure C, Fleischmann RL, Hill CL, et al. The Yale-Brown Obsessive Compulsive Scale. I. Development, use, and reliability. Arch Gen Psychiatry. (1989) 46:1006–11. doi: 10.1001/archpsyc.1989.01810110048007, PMID: 2684084


	 Riechmann R, Jakubovski E, Essing J, Haas M, Goetz CG, Stebbins GT, et al. The rush video-based tic rating scale-revised: A practice-oriented revision. Mov Disord Clin Pract. (2023) 10:802–10. doi: 10.1002/MDC3.13713, PMID: 37205238


	 Busner J, Targum SD. The clinical global impressions scale. Psychiatry (Edgmont). (2007) 4:28–37.


	 Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression. Arch Gen Psychiatry. (1961) 4:561–71. doi: 10.1001/ARCHPSYC.1961.01710120031004, PMID: 13688369


	Objective ADHD tests for children and adults (2024). Sweden: Qbtech. Available online at: https://www.qbtech.com/ (Accessed August 2, 2025).


	 Beck AT, Epstein N, Brown G, Steer R. Beck anxiety inventory. PsycTESTS Dataset. (2012). doi: 10.1037/T02025-000


	 Christiansen H, Kis B, Hirsch O, Matthies S, Hebebrand J, Uekermann J, et al. German validation of the Conners Adult ADHD Rating Scales (CAARS) II: Reliability, validity, diagnostic sensitivity and specificity. Eur Psychiatry. (2012) 27:321–8. doi: 10.1016/J.EURPSY.2010.12.010, PMID: 21392946


	 Retz-Junginger P, Retz W, Blocher D, Weijers HG, Trott GE, Wender PH, et al. Wender Utah Rating Scale (WURS-k) Die deutsche Kurzform zur retrospektiven Erfassung des hyperkinetischen Syndroms bei Erwachsenen. Nervenarzt. (2002) 73:830–8. doi: 10.1007/s00115-001-1215-x, PMID: 12215873


	 Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality index: A new instrument for psychiatric practice and research. Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4, PMID: 2748771


	 Woods DW, Piacentini J, Himle MB, Chang S. Premonitory Urge for Tics Scale (PUTS): Initial psychometric results and examination of the premonitory urge phenomenon in youths with tic disorders. J Dev Behav Pediatr. (2005) 26:397–403. doi: 10.1097/00004703-200512000-00001, PMID: 16344654


	 Palm L, Haas M, Pisarenko A, Jakubovski E, Müller-Vahl KR. Validation of the rage attack questionnaire-revised (RAQ-R) in a mixed psychiatric population. Front Psychiatry. (2021) 12:724802. doi: 10.3389/FPSYT.2021.724802, PMID: 34531770


	 Cavanna AE, Schrag A, Morley D, Orth M, Robertson MM, Joyce E, et al. The Gilles de la Tourette Syndrome-Quality of Life Scale (GTS-QOL): Development and validation. Neurology. (2008) 71:1410–6. doi: 10.1212/01.wnl.0000327890.02893.61, PMID: 18955683


	 Ware JE, Kosinski M, Keller SD. A 12-item short-form health survey: construction of scales and preliminary tests of reliability and validity. Med Care. (1996) 34:220–33. doi: 10.1097/00005650-199603000-00003, PMID: 8628042


	 Fernández de la Cruz L, Ringberg H, Anderson S, Stern JS, Mataix-Cols D. Driving with tic disorders: an international survey of lived experiences. Mov Disord Clin Pract. (2021) 8:412–9. doi: 10.1002/MDC3.13177, PMID: 33816671


	 Barkley RA, Murphy KR, Dupaul GJ, Bush T. Driving in young adults with attention deficit hyperactivity disorder: Knowledge, performance, adverse outcomes, and the role of executive functioning. J Int Neuropsychol Soc. (2002) 8:655–72. doi: 10.1017/S1355617702801345, PMID: 12164675


	 Biederman J, Fried R, Hammerness P, Surman C, Mehler B, Petty CR, et al. The effects of lisdexamfetamine dimesylate on the driving performance of young adults with ADHD: A randomized, double-blind, placebo-controlled study using a validated driving simulator paradigm. J Psychiatr Res. (2012) 46:484–91. doi: 10.1016/J.JPSYCHIRES.2012.01.007, PMID: 22277301


	 Barkley RA, Murphy KR, O’Connell T, Connor DF. Effects of two doses of methylphenidate on simulator driving performance in adults with attention deficit hyperactivity disorder. J Saf Res. (2005) 36:121–31. doi: 10.1016/j.jsr.2005.01.001, PMID: 15896352


	 Cox DJ, Merkel RL, Kovatchev B, Seward R. Effect of stimulant medication on driving performance of young adults with attention-deficit hyperactivity disorder: A preliminary double-blind placebo controlled trial. J Nervous Ment Dis. (2000) 188:230–4. doi: 10.1097/00005053-200004000-00006, PMID: 10790000


	 Colizzi M, Bhattacharyya S. Cannabis use and the development of tolerance: a systematic review of human evidence. Neurosci Biobehav Rev. (2018) 93:1–25. doi: 10.1016/J.NEUBIOREV.2018.07.014, PMID: 30056176


	 Fabritius M, Augsburger M, Chtioui H, Favrat B, Giroud C. Fitness to drive and cannabis: Validation of two blood THCCOOH thresholds to distinguish occasional users from heavy smokers. Forensic Sci Int. (2014) 242:1–8. doi: 10.1016/J.FORSCIINT.2014.05.014, PMID: 24999608


	 Müller-Vahl KR, Bindila L, Lutz B, Musshoff F, Skripuletz T, Baumgaertel C, et al. Cerebrospinal fluid endocannabinoid levels in Gilles de la Tourette syndrome. Neuropsychopharmacology. (2020) 45:8 45:1323–1329. doi: 10.1038/s41386-020-0671-6, PMID: 32272483


	 Feingold D, Gliksberg O, Brill S, Amit BH, Lev-Ran S, Kushnir T, et al. Conceptualizing problematic use of medicinal Cannabis: Development and preliminary validation of a brief screening questionnaire. Addictive Behav. (2024) 158. doi: 10.1016/j.addbeh.2024.108122, PMID: 39128420







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Streetz, Szejko, Pisarenko, Fremer, Teske, Brunnauer and Müller-Vahl. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/fpsyt-16-1595649-g001.jpg
at

O 6l @IO”

Day 1: after several intakes
of different amounts of MC

»* S ad
23g 1g 0sg 475 intoukssg
sam 10am 11am 128m 1pm 2m 3pm apm Spm 12m
Day 2: no MC intake at that vrs A a
day before assessments
9am 10am 11am 12am 1pm 2pm 3pm 4pm Spm 12m

4 el ot I: e T St G ol st QT for 00
3 mcintoke
) st somples





OEBPS/Images/fpsyt.2025.1595649_cover.jpg
& frontiers | Frontiers in Psychiatry

Case Report: Effect of medicinal cannabis
on fitness to drive in a patient with Tourette
Syndrome and ADHD





OEBPS/Images/crossmark.jpg
©

2

i

|





