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INTRODUCTION

Overview of PTSD

Post-traumatic stress disorder (PTSD) is a debilitat-
ing neuropsychiatric disorder characterised by re-expe-
riencing traumatic events, avoidance behaviours, neg-
ative changes in cognition and affect, and hyperarousal 
(Jakovljević et al., 2012, Ressler et al., 2022). Such ex-
periences often leave lasting psychological effects. The 
lifetime prevalence of PTSD among adults is estimated 
to be 6-7%, although this rate may vary depending on 
environmental stressors and cultural contexts. Women 
have a higher risk of developing PTSD than men, largely 
due to increased exposure to sexual assault. Among mil-
itary personnel, particularly war veterans, the prevalence 
can be as high as 30% (Jakovljević et al., 2012, Ressler 
et al., 2022). According to DSM-5, PTSD is diagnosed 
following exposure to a traumatic event such as actual 
or threatened death, serious injury, or sexual violence. 
Symptoms are classified into four main clusters: intru-
sion (e.g., flashbacks, nightmares), avoidance, negative 
changes in mood and cognition, and hyperarousal (e.g., 
irritability, sleep disturbances). Although many individ-
uals initially experience acute stress symptoms, most 
recover naturally. However, approximately 10–20% de-
velop persistent PTSD symptoms (American Psychiatric 
Association [APA], 2013; Norris & Sloane, 2007; Ressler 
et al., 2022). 

The neurobiological basis of PTSD involves disrupted 
interactions between the amygdala, hippocampus and pre-
frontal cortex. Traumatic experiences lead to heightened 
sensitivity to threat signals, leaving individuals in a con-
stant state of fear or stress. Hyperactivity in the amygdala 
contributes to persistent fear responses, while hypoactiv-
ity in the medial prefrontal cortex (mPFC) weakens the 

regulation of these responses. In typical functioning, the 
mPFC inhibits excessive amygdala activity, but in PTSD 
this regulatory mechanism is impaired (Shin et al., 2006; 
Kredlow et al., 2022). In addition, hippocampal atrophy, 
which is common in people with PTSD, impairs the abil-
ity to discriminate between threatening and non-threaten-
ing stimuli (Shin et al., 2006, Kredlow et al., 2022). 

Conventional Treatment Approaches

No single pharmacological treatment completely al-
leviates the core symptoms of PTSD. However, the US 
Food and Drug Administration (FDA) has approved ser-
traline and paroxetine for symptom management. These 
medications are often integrated into broader treatment 
plans that include both trauma-focused and non-trau-
ma-focused therapies to manage comorbid anxiety and 
depression (Kelmendi et al., 2017; Krystal et al., 2017). 
Trauma-focused interventions, such as Prolonged Expo-
sure (PE) and Cognitive Processing Therapy (CPT), di-
rectly address trauma-related thoughts, memories, and 
emotions. Non-trauma-focused approaches, including 
relaxation techniques, stress inoculation training (SIT), 
and interpersonal therapy, aim to reduce symptoms with-
out directly addressing traumatic memories (APA, 2004; 
National Institute for Health and Care Excellence [NICE] 
2005; Institute of Medicine, 2007). A major challenge 
in the treatment of PTSD is the high dropout rate, with 
one meta-analysis reporting that approximately 18% of 
patients discontinue treatment prematurely (Hembree et 
al., 2003; Imel et al., 2013). Furthermore, the adverse 
effects of psychotherapeutic interventions remain poor-
ly understood, and residual symptoms often persist after 
treatment, with therapeutic benefits lasting between 6 and 
20 months (Cusack et al., 2016; Rauch et al., 2023). 
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Transcranial Magnetic Stimulation (TMS) 
and Dorsolateral Prefrontal Cortex 
(DLPFC) Targeting in PTSD Treatment

Transcranial magnetic stimulation (TMS) has emerged 
as a promising non-invasive treatment modality for PTSD 
due to its minimal side effects, rapid onset of action, and 
growing evidence of efficacy in treatment-resistant cases. 
TMS operates on Faraday’s principle of electromagnetic 
induction, wherein a magnetic coil placed on the scalp 
generates rapidly changing electrical currents. These cur-
rents produce a magnetic field that penetrates the scalp, 
skull, and cerebrospinal fluid with minimal resistance, in-
ducing electrical currents at the cortical level. These cur-
rents depolarize neurons and trigger action potentials that 
propagate through neural circuits (Zeeuws et al., 2010; 
Camprodon & Pascual-Leone, 2016).

Repetitive TMS (rTMS) delivers magnetic pulses in a 
series over specific cortical regions. Depending on the fre-
quency, it can either increase (excitatory) or decrease (in-
hibitory) neuronal activity (Rossi et al., 2009; Zorzo et al., 
2019; Işık et al., 2024). High-frequency rTMS (≥10 Hz), 
in particular, has been shown to enhance cortical excitabil-
ity and functional connectivity within prefrontal-limbic 
circuits, contributing to improved emotional regulation 
(Pascual-Leone et al., 2000; Fitzgerald et al., 2006).

Functional neuroimaging studies have identified a dys-
regulated neural circuit in individuals with PTSD, primar-
ily involving the amygdala, hippocampus, ventromedial 

prefrontal cortex (vmPFC), and dorsolateral prefrontal 
cortex (DLPFC) (Shin et al., 2006; Koenigs & Grafman, 
2009). As illustrated in Figure 1, the amygdala exhibits 
hyperresponsiveness, contributing to heightened fear and 
threat responses. In contrast, both the vmPFC and DLPFC 
are typically hyporesponsive, reducing top-down regula-
tory control over emotional reactivity. The hippocampus, 
which plays a key role in contextual memory processing, 
also demonstrates structural and functional abnormalities 
in PTSD. The impaired functioning of this circuit under-
lies many of the core PTSD symptoms, including emo-
tional dysregulation, intrusive memories, and heightened 
arousal. Given the DLPFC’s critical role in modulating 
this network, it has become a primary target in neuro-
modulation therapies such as rTMS.

By stimulating the DLPFC, rTMS may help restore 
this regulatory balance, thereby reducing core PTSD 
symptoms such as hyperarousal, re-experiencing, and 
negative mood alterations (Boggio et al., 2010; Leong 
et al., 2020; McGirr et al., 2021). While early studies 
primarily targeted the left DLPFC based on depression 
protocols, emerging evidence suggests that right DLPFC 
stimulation may be more effective for PTSD, given its 
stronger involvement in emotional reactivity and arousal 
modulation (Kozel et al., 2019; Philip et al., 2019). More-
over, targeting the DLPFC may facilitate neuroplasticity 
and promote long-term improvements in cognitive-emo-
tional processing and trauma integration (Philip et al., 
2022).
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Figure 1. Key brain regions implicated in posttraumatic stress disorder (PTSD). The image illustrates the amygdala (red), 
hippocampus (green), ventromedial prefrontal cortex (vmPFC; green circle), and dorsolateral prefrontal cortex (DLPFC; 
yellow circle), which form a dysregulated neural circuit commonly identified in individuals with PTSD. Functional 
neuroimaging studies have demonstrated hyperactivation of the amygdala and hypoactivation of the prefrontal regions, 
contributing to impaired fear regulation and emotional processing (Koenigs & Grafman, 2009; Shin et al., 2006).
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In light of the aforementioned literature, this report 
presents the case of a 38-year-old female patient diag-
nosed with PTSD who underwent a 10-session high-fre-
quency (10 Hz) rTMS protocol targeting the right DLPFC. 
Although the patient initially showed a positive response 
to treatment, her co-occurring alcohol dependence posed 
a challenge to the therapeutic process. The aim of this 
case report is to explore the clinical applications and po-
tential benefits of rTMS in the treatment of PTSD, sup-
ported by current evidence. Written informed consent was 
obtained from the patient for the publication of this report.

CASE REPORT

A 38-year-old female patient presented to our clinic 
with complaints of recurrent flashbacks, anxiety, hostility, 
nightmares and severe sleep disturbance. She reported a 
history of multiple traumatic events that had significantly 
affected her mental health. Following the divorce of her 
parents at the age of 14, she lived with her stepmother and 
stepsiblings, during which time she was sexually, physi-
cally and emotionally abused. In addition to her child-
hood adversities, the patient faced significant challenges 
during her marriage and motherhood. From the age of 28, 
she reported heavy alcohol use as a coping mechanism to 
deal with traumatic experiences and flashbacks. Her first 
admission to our clinic followed an episode of alcohol 
intoxication that occurred after she attacked her husband 
with a knife during a domestic dispute. The patient had 
difficulty maintaining sobriety and had been hospitalised 
several times. Despite several attempts at treatment, her 
symptoms had not improved in recent years. On clini-
cal assessment, she appeared tense and irritable, avoid-
ing eye contact and displaying a defensive posture. Al-
though there were no obvious signs of physical neglect, 
discussion of past traumatic events caused her to become 
agitated and to have difficulty regulating her emotions. 
The patient had previously received several interventions, 
including psychopharmacological treatments such as se-
lective serotonin reuptake inhibitors (SSRIs), pregabalin, 
and prothipendyl. She also attended regular psychother-
apy sessions. However, the severity of her symptoms 
limited her response to these interventions. Because of 
the continued risk of harm to herself or others, she gave 
written informed consent to begin rTMS therapy. 

The rTMS protocol was designed according to evi-
dence-based guidelines for the therapeutic use of rTMS 
in PTSD (Lefaucheur et al., 2020). Stimulation intensity 
was set at 100% of motor threshold at a frequency of 10 
Hz. Each session consisted of 20 minutes of stimulation, 

for a total of 2000 pulses per session. The patient com-
pleted 10 sessions over two weeks, with one session per 
day, excluding weekends. She tolerated the treatment 
well, with mild headache being the only reported side ef-
fect. The patient showed a marked improvement in PTSD 
symptoms during the rTMS treatment. Initially, she re-
ported experiencing daily flashbacks; however, by the 
end of treatment, the frequency decreased to five flash-
backs per day and eventually ceased altogether. The reso-
lution of her nightmares greatly reduced her distress and 
contributed to a more positive emotional state. Upon dis-
charge, she expressed a strong desire to continue rTMS 
treatment on an outpatient basis. Despite the initial pos-
itive response, the patient resumed alcohol consumption 
shortly after discharge, resulting in a relapse of symp-
toms and a readmission to hospital. Unfortunately, due to 
an early discharge during her subsequent hospitalisation, 
the planned continuation of rTMS treatment could not be 
implemented. While her initial response to rTMS was en-
couraging, her relapse into alcohol use as a means of cop-
ing with flashbacks undermined the therapeutic process 
and highlighted the need for comprehensive management 
of co-occurring substance use.

DISCUSSION 

This case report examines the effects of 10 sessions of 
high-frequency (10 Hz) rTMS targeting the right DLPFC 
in a 38-year-old female patient with treatment-resistant 
PTSD and co-occurring alcohol use disorder (AUD). Pri-
or to rTMS, the patient experienced limited improvement 
with both pharmacological and psychotherapeutic inter-
ventions and continued to struggle with severe flashbacks, 
anxiety, nightmares, and sleep disturbances.

Following rTMS treatment, a notable reduction in 
traumatic flashbacks and nightmares was observed, in-
dicating a direct therapeutic benefit of the intervention. 
The 10-session rTMS protocol applied to the right DLP-
FC appeared to exert a rapid ameliorative effect on core 
PTSD symptoms, likely due to its impact on emotional 
regulation and neural excitability. The literature supports 
that stimulation of the right DLPFC exerts an inhibito-
ry effect on the amygdala, reducing hyperarousal and 
improving emotional regulation (Koenigs & Grafman, 
2009; Boggio et al., 2010). Additionally, high-frequency 
rTMS promotes neuroplasticity, strengthening synaptic 
connections and facilitating better processing of traumat-
ic memories (George & Post, 2011).

In this case, the patient’s significant reduction in both 
flashbacks and nightmares contributed to improvements 
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in her overall emotional state and quality of life. Moti-
vated by her progress, the patient expressed a desire to 
continue rTMS treatment on an outpatient basis.

However, despite these initial improvements, the 
treatment outcomes were later compromised by a relapse 
into alcohol use. This clinical development underscores 
the complexity of treating comorbid PTSD and AUD. 
Research suggests that alcohol use significantly disrupts 
prefrontal cortex functioning, impairs impulse control, 
and interferes with the cognitive-emotional regulation 
necessary for trauma recovery (Sullivan & Pfefferbaum, 
2005). As the prefrontal cortex plays a critical role in de-
cision-making and emotion regulation, alcohol-induced 
damage to this region may exacerbate PTSD symptoms 
and reduce the effectiveness of rTMS. Furthermore, on-
going alcohol use may counteract the neuroplastic effects 
of rTMS, weakening synaptic connections and limiting 
long-term treatment efficacy (Hanlon et al., 2015, Koob 
& Volkow., 2016).

In this case, the patient’s initial symptom relief can 
be primarily attributed to the neurophysiological effects 
of rTMS. However, the subsequent relapse into alcohol 
use—rather than an inherent limitation of rTMS—ap-
pears to have been the main factor leading to symptom 
recurrence and treatment resistance. This distinction is 
crucial for understanding the separate and interacting 
roles of neuromodulation and substance use in treatment 
outcomes.

The high prevalence of AUD in individuals with 
PTSD is well documented, with research suggesting that 
approximately 42% of PTSD patients meet criteria for 
AUD (Pietrzak et al., 2011). This case highlights the need 
for integrated approaches that simultaneously address 
both PTSD and co-occurring substance use disorders to 
ensure sustained recovery.

While this case demonstrates the potential benefits of 
rTMS in the treatment of PTSD, several limitations must 
be considered. First, the findings are based on a single 
case, which limits the generalisability of the results. Fu-
ture research with larger and more diverse patient popu-
lations, including individuals of different ages, genders, 
and trauma histories, is essential to provide more robust 
evidence for the efficacy of rTMS. Second, the patient’s 
AUD complicated the treatment process, making it diffi-
cult to isolate the effects of rTMS on PTSD symptoms.

The presence of a substance use disorder may have in-
fluenced treatment outcomes, and future research should 
explore the impact of comorbid conditions on the efficacy 

of rTMS in the treatment of PTSD. In addition, the long-
term effects of the rTMS protocol used in this case remain 
unclear. Although the patient experienced significant 
symptom relief during the short-term intervention, her re-
lapse into alcohol use prevented an assessment of the long-
term sustainability of the treatment. Future studies should 
include longer follow-up periods to assess the durability 
of rTMS results. Comparative studies investigating the ef-
ficacy of different stimulation frequencies, intensities, and 
session protocols would also be beneficial in optimising 
treatment strategies. Finally, further research is needed to 
develop integrated treatment models that combine rTMS 
with interventions for co-occurring psychiatric disorders, 
such as AUD. As substance use disorders may interfere 
with the therapeutic effects of rTMS, multidisciplinary ap-
proaches addressing both addiction and PTSD symptoms 
are crucial. Future studies should evaluate the effective-
ness of integrated treatment frameworks to maximise the 
benefits of rTMS in clinical practice.

CONCLUSIONS 

This case report highlights the potential of high-fre-
quency rTMS as a safe and effective treatment for PTSD, 
particularly in alleviating persistent symptoms such as 
flashbacks and nightmares. However, as demonstrated in 
this case, the long-term success of rTMS depends on the 
concurrent treatment of comorbid conditions such as al-
cohol dependence. Addressing these underlying issues is 
essential to achieve sustainable therapeutic outcomes and 
optimise the benefits of rTMS in the treatment of PTSD.
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