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ABSTRACT
Background: Craving for alcohol is associated with 
abnormal activation in the dorsolateral prefrontal 
cortex. Deep transcranial magnetic stimulation 
(dTMS) has shown promise in the treatment of 
depression. There are few treatment options for 
treatment-resistant dysthymic disorder comorbid 
with alcohol use disorder. 

Objective: To investigate the possible anticraving 
efficacy of bilateral dorsolateral prefrontal cortex 
high-frequency dTMS in 3 patients with comorbid 
long-term DSM-IV-TR dysthymic disorder and 
alcohol use disorder.

Method: Three patients with alcohol use disorder 
with dysthymic disorder in their detoxification 
phase (abstaining for > 1 month) underwent 
twenty 20-minute sessions of 20 Hz dTMS over 
the dorsolateral prefrontal cortex over 28 days 
between 2011 and 2012. Alcohol craving was 
rated with the Obsessive Compulsive Drinking 
Scale and depressive symptoms with the Hamilton 
Depression Rating Scale. 

Results: All 3 patients responded unsatisfactorily 
to initial intravenous antidepressant and 
antianxiety combinations but responded 
after 10 dTMS sessions, improving on both 
anxiety-depressive symptoms and craving. This 
improvement enabled us to reduce antidepressant 
dosages after dTMS cycle completion.

Discussion: High-frequency bilateral dorsolateral 
prefrontal cortex dTMS with left prevalence was 
found to produce significant anticraving effects 
in alcohol use disorder comorbid with dysthymic 
disorder. The potential of dTMS for reducing 
craving in patients with substance use disorder 
deserves to be further investigated.
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A lcohol craving is an irresistible urge to drink or intense thoughts 
about alcohol1 and is a primary factor in generating and maintaining 

alcohol dependence and alcohol-taking behavior, as well as relapse.2 
Craving in alcohol use disorder is associated with hyperactivation of areas 
related to emotional responses to alcohol-related cues,3,4 in particular, of 
the dorsolateral prefrontal cortex.5

Mood and substance use disorders are each associated with significant 
societal and personal costs,6 which increase in the case of comorbidity.7 
The presence of dysthymia induces a 5-fold increase in costs of substance 
use disorders.8

The lifetime prevalence of dysthymic disorder in the Epidemiologic 
Catchment Area survey was  3.1%, with greater risk among women younger 
than age 65 years and in unmarried, young, and low-income individuals.9 
Treatment options for dysthymic disorder and comorbid alcohol use 
disorder are limited to antidepressant drugs, but their effect size is rather 
weak.10

Although several anticraving drugs for alcohol dependence are 
available, their effectiveness is limited,11 hence the need to develop new 
therapeutic interventions. Several studies showed the potential anticraving 
effects of repetitive transcranial magnetic stimulation (rTMS) in substance 
dependence.12–15 TMS appears to be a promising candidate for treating 
addictive behaviors16,17 and other brain diseases.18 In the drug addiction 
domain, the therapeutic potential of rTMS has been tested in nicotine 
dependence,14,15 cocaine addiction,13 and alcoholism.12 TMS variants 
and direct electric stimulation proved to be effective in reducing alcohol 
craving in patients with alcohol use disorder when stimulation was carried 
bilaterally to the dorsolateral prefrontal cortex,4,12,19,20 but reduction is only 
transient when stimulation is delivered to the dorsal anterior cingulate21 
and is absent when it is delivered to the dorsolateral prefrontal cortex only 
on the right side.22 TMS was shown to improve depressive and anxiety 
symptoms in patients with alcohol use disorder.23 Deep TMS (dTMS), 
which differs from rTMS in that it uses an H coil that is able to concentrate 
electrical fields in deeper brain structures than rTMS, improved depressive 
symptoms in patients with unipolar24–28 and bipolar depression.29,30 
However, the value of dTMS has not been tested in substance or alcohol 
use disorders.

CASE REPORTS
We admitted 3 patients with comorbid long-term DSM-IV-TR 

dysthymic disorder and alcohol use disorder in their detoxification phase 
(abstaining for > 1 month) to the alcohology service of the day hospital of 
Villa Rosa, Suore Hospitaliere of the Sacred Heart of Jesus, Viterbo, Italy. 
For all 3 patients, dysthymic disorder was temporally related to adverse 
life events and preceded the onset of alcohol use disorder. They were all 
treated with 100 mg/d of intravenous trazodone plus other intravenous 
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and oral medications, and all had shown unsatisfactory 
clinical response before being offered add-on dTMS, which 
has been found to benefit depressive symptoms and alcohol 
addiction–related mood symptomatology.

The DSM-IV-TR diagnoses were established after 
structured interviews with all patients (Structured Clinical 
Interviews for DSM-IV Axis I and II Disorders31,32). Patients 
were evaluated for depression with the Hamilton Depression 
Rating Scale33 and for alcohol craving with the Obsessive 
Compulsive Drinking Scale.34 All patients had experienced 
craving when abstaining from alcohol in the past.

All patients provided written informed consent for the 
collection of their data for research, participation in the 
study, and subsequent publication of the study results. Their 
sociodemographic and clinical characteristics, including their 
scores on the 2 assessment tools across the hospitalization 
and follow-up, are shown in Table 1.

Case 1
Mr A, a 53-year-old man with dysthymic disorder and a 

20-year history of alcohol addiction with no family history 
of psychiatric disorders, came to our attention in September 
2011 due to the development of Wernicke’s encephalopathy. 
At hospitalization, he manifested confusion, confabulation, 
and gait disturbances (ataxia). Mr A also manifested sadness, 
depressed mood, insomnia, anxiety, and weakness.

Mr A worked in a hotel as a concierge, was a moderate 
smoker, and was the father of a 31-year-old son with whom 
he had few contacts. Mr A lost his mother at age 10 years 
and had a tense relationship with his father since that time. 
He had been experiencing dysthymic symptoms since the 
age of 22 years, characterized by depressed mood, feelings 
of inadequacy, guilt, irritability, and impairment in role and 
social functioning. His alcohol use history started at the age 
of 30 years when he was working in cinema production and 
was fired. Alcohol use progressed to addiction within 3 years 
and continued to worsen progressively, eventually leading to 
Wernicke’s encephalopathy. Mr A required hospitalization 
for 3 months, during which time he received intravenous 
diazepam 20 mg/d, trazodone 100 mg/d, and tiapride 150 
mg/d; he also received oral multivitamin complexes and 
abstained from alcohol. With this treatment, his neurologic 

symptoms soon subsided, and his electroencephalogram was 
normal; however, residual depressive symptoms persisted.

Mr A underwent a full cycle of dTMS and improved in 
depression and craving (deflected mood, irritability, and 
severe anxiety) starting by the second week of treatment. 
At the end of the dTMS sessions, his clinical condition had 
strongly improved (Table 1), allowing us to reduce trazodone 
to 50 mg/d, tiapride to 100 mg/d, and diazepam to 4 mg/d. 
At 6-month follow-up, Mr A was well with no depressive 
symptoms and minimum alcohol craving.

Case 2
Mr B, a 47-year-old man with dysthymic disorder and 

panic attacks since the age of 20 years and a history of alcohol 
abuse since the age of 30 years, presented to our day hospital in 
December 2012 with generalized anxiety, somatic symptoms, 
irritability, and dysphoric and depressed mood. His dysthymia 
manifested as hopelessness and social withdrawal. He had no 
organic disease other than hiatal hernia. Mr B had lived in 
an orphanage until he was adopted at the age of 8 years. 
His relationship with his adoptive family had always been 
poor. At age 19 years, he was sued by his adoptive mother 
for extortion and spent 3 months in jail. During adolescence, 
he occasionally used cannabis. Mr B married at age 25 years 
and had 2 healthy sons. He had worked in a hospital until the 
age of 30 years, when he was fired. He then started drinking 
about 2 L/d of wine until age 44 years; for the following 
2 years, he gradually increased alcohol consumption to 5 
L/d. Mr B received intravenous clomipramine 100 mg/d, 
diazepam 20 mg/d, trazodone hydrochloride 100 mg/d, and 
tiapride hydrochloride 150 mg/d for 3 months, but his mood 
and anxiety symptoms responded poorly. He underwent a 
full cycle of dTMS and showed symptom improvement after 
about 2 weeks of treatment (10 sessions). After completion 
of the dTMS cycle, Mr A’s improvement allowed us to adjust 
his medication to oral clomipramine 175 mg/d, olanzapine 
10 mg/d, and diazepam 4 mg/d. At 6-month follow-up, 
depressive symptoms and alcohol craving were absent.

Case 3
Ms C, a 58-year-old woman with early-onset dysthymic 

disorder (at age 13 years) and a history of alcohol abuse since 
the age of 15 years, was referred to our service in January 
2012 complaining of increased alcohol intake and worsening 
of anxiety and depressive symptoms. The daughter of 2 
divorced parents, Ms C suffered physical abuse by her father 
when she was a child. Her brother committed suicide when 
he was 26 years old. Ms C is married, is the mother of a 
31-year-old son, and works as an antiquarian. She received 
intravenous diazepam 10 mg/d and trazodone 50 mg/d and 
oral olanzapine 10 mg/d and duloxetine 60 mg/d with no 
apparent benefit. She underwent a full cycle of dTMS and 
showed improvements in anxiety, depression, and craving 
by the second week of treatment. After completion of dTMS 
sessions, Ms C’s marked clinical improvement allowed us 
to adjust her medication to maintenance oral olanzapine 
10 mg/d, duloxetine 30 mg/d, and diazepam 4 mg/d. At 
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Deep transcranial magnetic stimulation (dTMS) is a ■■
technique that is increasingly reported to benefit psychiatric 
conditions such as mood disorders and substance use 
disorders.

When patients with concurrent alcohol use disorder and ■■
dysthymic disorder respond poorly to otherwise appropriate 
treatment, add-on dTMS may prove successful.

If dTMS is made more available, this new, currently little-■■
used technique may contribute to integrated treatment of an 
increasing number of patients with mood and substance use 
disorders.
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6-month follow-up, depressive symptoms had subsided and 
alcohol craving was absent.

dTMS TREATMENT
All 3 patients were abstaining from alcohol for more than 

1 month before the first dTMS session. The dTMS sessions 
were conducted using the Brainsway’s H1 coil Deep TMS 
System (Brainsway, Har Hotzvim, Jerusalem, Israel). The H1 
coil is designed to elicit neuronal activation in medial and 
lateral prefrontal regions, including the orbitofrontal cortex, 
with a preference for the left hemisphere.35 The H1 coils 
were positioned over the patient’s scalp. The optimal spot 
on the scalp for stimulation of the right abductor pollicis 
brevis muscle was located, and the motor threshold was 
established by delivering single stimulations to the motor 
cortex. The motor threshold was measured by gradually 
increasing the stimulation intensity (using single pulse mode, 
applying 1 pulse every 5 seconds [0.2 Hz]) and recording 
electrical activity in the abductor pollicis brevis using surface 
electrodes. Motor threshold was defined as the lowest 
stimulation intensity required to evoke motor potential of 
at least 50 μ V in 5 of 10 stimulations. The coil was then 
placed 5.5 cm anterior to the motor spot (ie, corresponding 
to the prefrontal cortex), and spatial coordinates were 
recorded with markings on a cap placed on the subject’s head 
to ensure placement reproducibility. Deep TMS treatment 
was delivered by an expert physician in trains of 20 Hz at 
120% of the measured motor threshold. Each dTMS session 
consisted of 55 trains with a 2-second duration for each, and 
a 20-second intertrain interval. The complete cycle of the 
dTMS treatment consisted of 5 consecutive session days in 
a week for 4 consecutive weeks for a total of 20 sessions. The 
treatment was well tolerated by the patients.

DISCUSSION
Patients with alcohol use disorder continue using alcohol 

despite experiencing alcohol-associated role impairment and 
adverse health consequences. Alcohol abuse and dependence 
are associated with neuropsychological impairment,36 
poor medication adherence,37 economic costs, and lost 

productivity.38 Alcohol use 
disorder represents a widespread 
and serious personal and public 
health problem in the United 
States.39 Mood and alcohol 
use disorder often co-occur, 
each complicating the course 
and outcome of the other.40,39 
Although causality is difficult 
to establish,41 mood disorder 
is believed to be most often the 
consequence of alcohol  use 
disorder.42 In our case series, 
dysthymic disorder always 
preceded the onset of alcohol 
use and abuse. Dorsolateral 
prefrontal cortex stimulation 

through dTMS was followed by decreased alcohol craving 
in our patients, but the mechanism through which this 
result was obtained remains to be established. All 3 patients 
showed a similar pattern in their response to the dTMS 
add-on, with improvements in both depressive symptoms 
and reduced craving by the tenth session. Improvement 
continued through the rest of the cycle in all 3 patients and 
persisted at follow-up despite dose reduction and change of 
formulation of antidepressant treatment.

This is the first report of the usefulness of stimulating the 
dorsolateral prefrontal cortex in alcohol craving. We found 
a decrease in alcohol craving in 3 consecutive patients with 
comorbid dysthymic disorder and alcohol use disorder who 
received add-on bilateral dTMS similar to the rTMS study 
by Mishra and colleagues.12 However, we may not infer as 
to the usefulness of dTMS in patients who are not treated 
with medications or other somatic treatment or who are 
not comorbid for dysthymic disorder because we could not 
compare our results with those of controls with alcohol use 
disorder only or those of untreated patients receiving dTMS 
only. Our case study showed improvement in depressive 
symptoms of patients with dysthymic disorder with comorbid 
alcohol use disorder; this finding parallels observations with 
rTMS in patients with alcoholic withdrawal syndrome23 and 
in depressive populations with dTMS.24–30 As mentioned 
previously, we are currently unable to speculate as to the 
mechanism of action of dTMS and with regard to the actual 
value of the technique in obtaining our results. Our report 
indicates the possible usefulness of add-on dTMS in patients 
with comorbid dysthymic disorder and alcohol use disorder. 
Further studies using sham comparisons are needed to assess 
the real value of this new technique in reducing depressive-
anxiety symptoms and craving in populations with mood 
disorders comorbid with alcohol use disorder.
Drug names: clomipramine (Anafranil and others), diazepam (Diastat, 
Valium, and others), duloxetine (Cymbalta), olanzapine (Zyprexa), 
trazodone (Oleptro and others).
Author affiliations: Department of Neurosciences, Mental Health, and 
Sensory Organs (NESMOS), Sapienza University, School of Medicine and 
Psychology, Sant’Andrea Hospital, Rome, Italy (Drs Rapinesi, Kotzalidis, 
Serata, Del Casale, Solfanelli, Brugnoli, Tatarelli, Angeletti, Ferracuti, and 

Table 1. Demographic and Clinical Characteristics of the 3 Patients With Comorbid 
Alcohol Dependence and Dysthymic Disorder
Characteristic Case 1 Case 2 Case 3
Gender Male Male Female
Age, y 53 47 58
Education, y 13 13 13
Alcohol abuse, y 22 17 45
Weeks since last drink 12 5 4
Family history of psychiatric disorders Negative Unknown (adoptive) Positive
Psychiatric comorbidity Dysthymic disorder Dysthymic disorder Dysthymic disorder
Past substance use history None Cannabis None
HDRS score at intake 27 25 28
HDRS score at discharge 5 3 3
HDRS score at 6-month follow-up 5 2 2
OCDS score at intake 25 20 18
OCDS score at discharge 4 3 3
OCDS score at 6-month follow-up 4 2 2
Abbreviations: HDRS = Hamilton Depression Rating Scale, OCDS = Obsessive Compulsive Drinking Scale.
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