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INTRODUCTION

Major depressive disorder (MDD) is a leading cause 
of disability worldwide, affecting more than 280 million 
individuals (World Health Organization, 2023). Despite 
advances in psychopharmacology, treatment-resistant 
depression (TRD) remains a significant clinical chal-
lenge, affecting 30% to 60% of patients with MDD (Mi-
haljević et al., 2020). TRD is defined as an inadequate re-
sponse to at least two different classes of antidepressants 
administered at adequate doses and durations. Patients 
with TRD often experience persistent depressive symp-
toms, cognitive dysfunction, functional impairment, and 
an increased risk of suicidality (Jakuszkowiak-Wojten et 
al., 2019).

Repetitive transcranial magnetic stimulation (rTMS) 
and ketamine are two emerging treatments that demon-
strate potential effectiveness. Collectively, the combina-
tion of these therapies may provide additive benefits in 
managing TRD, as suggested by existing literature. rTMS 
is a non-invasive neurostimulation technique that mod-
ulates cortical excitability by stimulating the left dorso-
lateral prefrontal cortex (DLPFC), an area implicated 
in depression (Filipčić et al., 2018). It enhances neuro-
plasticity and functional connectivity within mood-reg-
ulating circuits (Kumar Mudgal et al., 2022). Ketamine, 
an N-methyl-D-aspartate (NMDA) receptor antagonist, 
has demonstrated rapid and robust antidepressant effects 
through enhanced glutamatergic transmission, synapto-
genesis, and increased brain-derived neurotrophic factor 
(BDNF) release (Mihaljević et al., 2020).

Recent studies suggest combining rTMS and ket-
amine may produce synergistic effects, improving treat-
ment response and durability (Jakuszkowiak-Wojten et 
al., 2019; Mikellides et al., 2022; Mikellides et al., 2024). 
However, clinical cases evaluating this combination in 
real-world settings remain limited.

This report presents a case of severe TRD with psy-
chotic features successfully treated with combined rTMS 
and intramuscular ketamine, resulting in substantial 
symptom remission and functional recovery.

CASE PRESENTATION

The patient described in this report provided written 
informed consent to participate in this study. A 55-year-
old Caucasian female presented with persistent severe 
episodes of MDD with psychotic symptoms according 
to DSM-5 criteria. She had a five-year history of severe 
MDD that was resistant to treatment. Previous interven-
tions included consultations with psychologists and psy-
chiatrists, alongside multiple antidepressant regimens 
trialled over 6 to 9 months with minimal improvement. 
Initially, a diagnosis of schizoaffective disorder was con-
sidered; however, following an extensive clinical assess-
ment conducted in December 2022, this was revised to 
severe depression with psychotic symptoms.

On examination, the patient reported low mood, fa-
tigue, anhedonia, insomnia with distressing dreams, sui-
cidal ideation, and psychotic features, including visual 
hallucinations. Her symptoms had escalated over the 
preceding three years despite trials of various antidepres-
sants, antipsychotics, mood stabilizers, benzodiazepines, 
and adjunctive medications. The patient’s detailed medi-
cation regime is summarised in Table 1 below. 

Table 1:

Medication Dose 
Mirtazapine 30 mg daily
Venlafaxine 150 mg daily
Clomipramine 150 mg daily
Vortioxetine 20 mg daily
Olanzapine 10 mg daily
Lithium carbonate 1000 mg daily
Haloperidol 10 mg daily
Escitalopram 20 mg daily

Given the severity and unresponsiveness of her symp-
toms, a combined treatment protocol involving rTMS and 
intramuscular ketamine was initiated alongside ongoing 
antidepressant therapy. rTMS was administered using an 
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FDA-approved triple 3-minute theta-burst stimulation 
protocol twice weekly during the acute phase, totalling 
30 sessions, followed by an additional 12 maintenance 
sessions over several months. The treatment was well 
tolerated, with only mild, transient side effects such as 
occasional mild headaches and brief shooting pain at the 
stimulation site, resolving spontaneously.

Intramuscular ketamine injections were administered 
on the same day as rTMS sessions, starting at 0.5 mg/
kg for the first session, increasing to 0.75 mg/kg for the 
second, and reaching 1 mg/kg for subsequent treatments. 
The acute phase consisted of 12 sessions, followed by an 
18-month maintenance phase with gradually tapered fre-
quency. Ketamine treatment was similarly well tolerated, 
with mild and short-lived side effects such as dizziness and 
transient sensory disturbances resolving within two hours.

The combined treatment yielded significant improve-
ments. The patient’s subjective mood ratings increased 
from 3-4/10 at baseline to 7-8/10 post-treatment, accom-
panied by the complete resolution of hallucinations and 
distressing dreams. Sleep patterns normalized, with the 
patient achieving 8-9 hours of restful sleep per night. 
Functionally, she resumed engaging in hobbies such as 
swimming, Zumba, and enrolling in a cooking course, 
though she chose not to return to work due to residual 
anxiety and cognitive overthinking.

CONCLUSION

This case highlights the efficacy and tolerability 
of combining rTMS and ketamine in treating a patient 
with TRD and psychotic features. Despite numerous 

unsuccessful pharmacological treatments, the patient 
experienced significant symptom remission, improved 
sleep, and enhanced functional recovery following this 
combination therapy. These outcomes align with existing 
evidence suggesting ketamine’s rapid synaptogenesis and 
NMDA receptor antagonism complement rTMS-induced 
cortical modulation and neuroplasticity (Mikellides et 
al., 2022; Mihaljević et al., 2020; Kumar Mudgal et al., 
2022).

While these findings are promising, further research 
is necessary to refine treatment protocols, evaluate long-
term outcomes, and explore individualized treatment 
strategies. Optimizing rTMS coil selection, ketamine 
dosing regimens, and maintenance strategies may fur-
ther improve clinical outcomes (Kaczmarek et al., 2021). 
This case supports the growing evidence that combining 
neuromodulatory and pharmacological interventions is a 
viable option for patients with TRD unresponsive to con-
ventional therapies (Sender et al., 2017).
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