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Background: Depressive episodes, especially when resistant to pharmacotherapy, are a hard challenge to face for clinicians and a leading cause of disability worldwide. Neuromodulation has emerged as a potential therapeutic option for treatment-resistant depression (TRD), in particular transcranial magnetic stimulation (TMS). In this article, we present a case series of six patients who received TMS with an accelerated intermittent theta-burst stimulation (iTBS) protocol in a public healthcare setting.

Methods: We enrolled a total number of six participants, affected by a treatment-resistant depressive episode, in either Major Depressive Disorder (MDD) or Bipolar Disorder (BD). Patients underwent an accelerated iTBS protocol, targeted to the left dorsolateral prefrontal cortex (DLPFC), 3-week-long, with a total of 6 days of overall stimulation. On each stimulation day, the participants received 3 iTBS sessions, with a 15-min pause between them. Patients were assessed by the Hamilton Rating Scale for Depression (HAM-D), the Montgomery-Asberg Depression Rating Scale (MADRS), the Hamilton Rating Scale for Anxiety (HAM-A), and the Mania Rating Scale (MRS). At baseline (T0), at the end of the second week (T1), and at the end of the cycle of stimulation (T2).

Results: The rANOVA (repeated Analysis of Variance) statistics showed no significant effect of time on the rating scale scores, with a slight decrease in MADRS scores and a very slight increase in HAM-A and HAM-D scores. No manic symptoms emerged during the entire protocol.

Conclusions: Although accelerated iTBS might be considered a less time-consuming strategy for TMS administration, useful in a public healthcare setting, our results in a real-word six-patient population with TRD did not show a significant effect. Further studies on wider samples are needed to fully elucidate the potential of accelerated iTBS protocols in treatment-resistant depression.
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INTRODUCTION

Depressive episodes, either in Major Depressive Disorder (MDD) or in Bipolar Disorder (BD), are recognized as leading causes of disability worldwide (1, 2), having a significant economic and social burden (3). Although numerous therapeutic approaches are currently available for depressive episodes, it is estimated that more than 30% of patients affected by MDD fail to respond to pharmacological therapy (4–6), and up to 40% of patients with bipolar depression are classified as non-responders (7, 8).

Clinicians are frequently forced to manage treatment-resistant depression (TRD), which is usually defined as the failure to respond to at least two pharmacological trials at an adequate dose for at least 6 weeks (5, 9). When a depressive episode appears in the context of a Bipolar Disorder, resistance is defined as the failure to respond to at least two separate monotherapeutic trials at an adequate dose for at least 8 weeks, or one monotherapy with one combination treatment (8).

In this scenario, neuromodulation has emerged as a potential therapeutic option. Among neuromodulation techniques, repetitive Transcranial Magnetic Stimulation (rTMS) is the most commonly employed. It induces an electrical current in a targeted region of the brain through a magnetic field generated by a coil, positioned on the scalp (10). rTMS delivers trains of stimuli at high frequencies (i.e., more than 5 Hz) or low frequencies (i.e., <5 Hz), which are thought to exert excitatory or inhibitory effects on the underlying cortex, respectively (11).

A specific way of delivering rTMS is Theta Burst Stimulation (TBS), which uses triplets of pulses (i.e., bursts) at high frequency (in the 30–50 Hz range), with an inter-burst interval of 200 ms (5 Hz). TBS can be performed using continuous (cTBS) protocols, which reduce the excitability of the underlying cerebral cortex, or with intermittent protocols (iTBS), which have enhancing properties (10, 12). Theta rhythms facilitate long-term potentiation (13–16), thus TBS protocols are thought to induce more rapid and long-lasting effects on synaptic plasticity than conventional rTMS (17). Recently, the non-inferiority of iTBS compared to excitatory rTMS has been demonstrated in treating depressive episodes in MDD (18). Moreover, TBS protocols last 3 min, conventional 10 Hz rTMS sessions 37.5 min (19). Therefore, TBS seems to be more advantageous in terms of cost-utility (18) and appears of particular interest in public healthcare settings, where these issues are crucial.

Accelerated TMS (aTMS) is another strategy to improve the conventional TMS protocols. It consists of delivering multiple sessions on the same day, to condense the overall stimulation time and accelerate the clinical response (20). To date, aTMS has shown encouraging results, as reported by a recent meta-analysis (21).

Combining the two abovementioned strategies, the use of TBS in an accelerated protocol might be an option in order to further optimize the cost-utility of rTMS (4, 22). Indeed, a recent accelerated iTBS protocol, improved by the use of neuronavigation, has shown promising results in TRD (23).

In this case-series, we presented and discussed the effectiveness of an accelerated iTBS protocol employed in a group of six real-world patients with TRD recruited in public service.



MATERIALS AND METHODS


Participants

We enrolled a total number of six participants, affected by a depressive episode, either in MDD or in BD, diagnosed according to the Diagnostic and Statistical Manual fifth edition (DSM-5) criteria. Each patient was evaluated by a psychiatrist, who collected a detailed medical history and performed a Structured Clinical Interview for DSM, clinical version (SCID-CV) before enrolment. The patients were recruited in the outpatient services of the Psychiatry Unit of the Department of Neurosciences and Mental Health at Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy. Participants before their enrolment signed a written informed consent.



Inclusion and Exclusion Criteria

The inclusion criteria were: (a) age: between 21 and 70 years; (b) right-handedness; (c) current depressive episode according to DSM-5 criteria, either in MDD or in BD; (d) no pharmacological change in the last 4 weeks before the beginning of the stimulation cycle; (e) pharmacological resistance (i.e., at least two adequate trials of antidepressants in MDD); (f) at least two separate monotherapeutic trials, or one monotherapy with one combination treatment, in BD.

The exclusion criteria were: (a) diagnosis of schizophrenia or other psychotic disorders; (b) diagnosis of neurological disorders; (c) diagnosis of substance use disorder in the last 6 months, according to DSM-5 criteria; (d) contraindications to TMS according to the Consensus Recommendations for the safe and effective application of rTMS (24).



Protocol

The study started in October 2019 and ended in October 2020. TMS stimulation was delivered using an STM9000 Magnetic Stimulator (ATES Medical Device, Italy) with a 70 mm butterfly cooled coil.

Accelerated iTBS was delivered to the left dorsolateral prefrontal cortex (DLPFC), in a 3-week protocol, with 3 days of stimulation during the first week, 2 days of stimulation during the second week, and 1 day of stimulation in the last one, for a total of 6 days of stimulation. A total of 18 stimulation sessions were performed. On each stimulation day, the participants received 3 iTBS sessions, with a 15-min pause between them. This procedure was similar to an accelerated rTMS protocol demonstrated to be as effective as the standard rTMS protocol in a recent study (20).

The site of stimulation was found 5 cm anterior to the site of motor threshold (MT) determination, in a parasagittal plane. We delivered, at 80% of the motor threshold (MT), triplet 30 Hz bursts, repeated at 5 Hz; 2 s on and 12.3 s off; 600 pulses per session, 1,800 pulses per day of stimulation. All these parameters were set according to international safety guidelines (25).

The protocol was approved by the local Ethics Committee.



Rating Scales

Clinical evaluation was performed by means of the following scales: (a) Hamilton Rating Scale for Depression [HAM-D; (26)]; (b) Montgomery-Asberg Depression Rating Scale [MADRS; (27)]; (c) Hamilton Rating Scale for Anxiety [HAM-A; (28)]; (d) Mania Rating Scale [MRS; (29)].

The rating scales were administered at baseline (T0), at the end of the second week (T1), and at the end of the cycle of stimulation (T2). The MRS was mainly used as a clinical tool to monitor possible switches to manic or hypomanic episodes.

In order to avoid interfering factors, pharmacotherapy was implemented and maintained during the whole treatment.



Data Analysis

The iTBS protocol effectiveness was assessed (i) at the subject level, by qualitatively comparing the rating scale scores over time, (ii) at the group-level, by quantitatively comparing the rating scale scores at different time points. In (ii), for each rating scale, a model with time as within-subject factor and the intercept as between-subject factor was fitted to the multiple scale measurements per subject (response variables). The model was interrogated through a repeated-measures analysis of variance (rANOVA). In the event of significant effects of time on the rating scale scores (p < 0.05), post-hoc pairwise time comparisons were performed.




RESULTS

The sample demographic and longitudinal clinical characteristics are reported in Table 1. Our group of patients was composed of four women and two men. Four patients were affected by MDD, two by BD II, with a mean age of 58.3 years and a standard deviation of 10.06 years. Two patients were taking mood stabilizing drugs (lithium or lamotrigine), five patients an atypical antipsychotic (quetiapine), two patients a second antidepressant, and two patients benzodiazepines.


Table 1. Demographic, clinical, and pharmacological variables of each subject.
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The subject-level HAM-D, HAM-A, and MADRS scores from baseline to follow-up are shown in the bar diagrams of Figure 1. The group-level score distributions, shown in Figure 2, indicate a large inter-individual variability of the effects of accelerated iTBS on depressive and anxiety symptoms over time. The rANOVA statistics showed no significant effects of the time factor on the rating scale scores (HAM-D: F = 0.115, p = 0.749, HAM-A: F = 0.270, p = 0.626, MADRS: F = 0.981, p = 0.367), therefore no post-hoc pairwise comparisons (T0 vs. T1, T0 vs. T2, etc.) were performed. From T0 to T2, a slight decrease in MADRS scores was observed, accompanied by very slight increases in HAM-A and HAM-D scores. No manic symptoms appeared during the entire protocol.


[image: Figure 1]
FIGURE 1. Bar diagrams showing subject-level depression and anxiety symptom scores before, during, and after iTBS protocol administration. On the X axis are displayed the subjects, on the Y the total scores. HAM-D, Hamilton Depressive Rating Scale; HAM-A, Hamilton Anxiety Rating Scale; MADRS, Montgomery-Asberg Depressive Rating Scale.
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FIGURE 2. Group distribution (average ± standard deviation) of HAM-D, HAM-A, and MADRS scores before (T0), during (T1), and after (T2) iTBS protocol administration. HAM-D, Hamilton Depressive Rating Scale; HAM-A, Hamilton Anxiety Rating Scale; MADRS, Montgomery-Asberg Depressive Rating Scale.


The MRS, as expected, was consistent with a total score of 0 from T0 to T2 in each patient.



DISCUSSION

In this preliminary case series, we explored the effect of accelerated iTBS in six patients affected by drug-resistant MDD or BD. A robust pattern of improvement in terms of depressive symptoms did not emerge. The small sample size could have hampered the detection of the putative antidepressant effects of our protocol. Besides, three “technical” reasons could be highlighted.

First, a parameter that might have negatively impacted is the burst frequency of iTBS protocol, which was set to 30 Hz due to technical limitations of our equipment. Although 30-Hz iTBS frequency has been previously reported to be effective in reducing depressive symptoms (30–33), it is possible that a frequency closer to 50 Hz might have enhanced the iTBS efficacy. However, to date, a direct comparison between different iTBS frequencies has not been performed yet; future studies are warranted to further elucidate this issue.

A second parameter that might have influenced our results is the duration of the interval between sessions (15 min in our protocol). Indeed, contrasting results are present in the literature. On one hand, it has been found that in an accelerated protocol with 15-min intervals, the cortical excitability significantly increased up to 60 min post-stimulation (34). On the other hand, it has been reported that time intervals longer than 15 min are necessary to induce long term potentiation (LTP) in low-threshold synapses (35). This is consistent with a previous study showing that intervals from 40 to 50 min are required for the process of protein synthesis underlying the LTP effects (36). Therefore, the 15-min pause between stimulation sessions we used, which was similar to an accelerated rTMS protocol demonstrated to be as effective as the standard rTMS protocol in a recent study (20), could have been suboptimal.

Third, the heterogeneity in treatment regimens across our patients might have also limited the identification of significant effects of accelerated iTBS on clinical symptomatology. However, after enrolment in the study protocol, the doses of this variety of pharmacological treatments were not modified, thus reducing their possible confounding effects.

In conclusion, although accelerated iTBS is a less time-consuming approach for TMS administration useful in a public healthcare setting where time and personnel resources are often limited, our preliminary results in a real-world population affected by TRD did not show significant benefits on patients' symptomatology. Further studies on wider samples and exploring the effects of different accelerated iTBS parameters are needed to make definite conclusions on such a new and unexplored topic.


Limitations

Our paper shows limitations which must be taken into account when reading our preliminary research. First, the reduced number of patients, even if producing significant data, might have produced limited amount of information. Another important aspect which might have impacted on our results is the absence of neuronavigation, which usually provides a more accurate administration of TMS. Further studies are necessary to implement our protocol with a more wide sample size.
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Demographics
Age: 48

Sex: male

Age: 58
Sex: male

Age: 44
Sex: female

Age: 65
Sex: female

Age: 67
Sex: female

Age: 43
Sex: female

Clinical data

Diagnosis: unipolar TRD
Duration of ilness: 4 years
Duration of last episode:
48 months

Diagnosis: unipolar TRD
Duration of ilness: 20 years
Duration of last episode:

5 months

Diagnosis: TRD in BD type Il
Duration of ilness: 24 years
Duration of last episode:

4 months

Diagnosis: TRD in BD type Il
Duration of ilness: 10 years
Duration of last episode:

3 months

Diagnosis: unipolar TRD
Duration of ilness: 29 years
Duration of last episode:

8 months

Diagnosis: unipolar TRD
Duration of ilness: 23 years
Duration of last episode:

5 months

Current therapy

Clomipramine
Bupropion

Quetiapine
Paroxetine
Mirtazapine

Lamotrigine
Quetiapine
Duloxetine

Quetiapine
Venlafaxine

Quetiapine
Clomipramine

Lithium
Quetiapine
Clomipramine

T0

HAM-D: 16
MADRS: 12
HAM-A: 18
MRS: 0
HAM-D: 19
MADRS: 27
HAM-A: 19
MRS: 0
HAM-D: 12
MADRS: 25
HAM-A: 13
MRS: 0
HAM-D: 13
MADRS: 24
HAM-A: 14
MRS: 0
HAM-D: 14
MADRS: 25
HAM-A: 8
MRS: 0
HAM-D: 21
MADRS: 39
HAM-A: 10
MRS: 0

T

HAM-D: 14
MADRS: 8
HAM-A: 12
MRS: 0
HAM-D: 20
MADRS: 25
HAM-A: 19
MRS: 0
HAM-D: 12
MADRS: 23
HAM-A: 13
MRS: 0
HAM-D: 18
MADRS: 25
HAM-A: 13
MRS: 0
HAM-D: 15
MADRS: 28
HAM-A: 15
MRS: 0
HAM-D: 19
MADRS: 34
HAM-A: 16
MRS: 0

HAM-D: 13
MADRS: 23

HAM-A: 15
MRS: 0

TRBD, treatment-resistant bipolar depression; BD, Bipolar Disorder; HAM-D, Hamilton Depression Rating Scale; MADRS, Montgomery-Asberg Depression Rating Scale; HAM-A,
Hamilton Rating Scale for Anxiety; MRS, Mania Rating Scale.
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