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DEPRESSION

Behandling med antidepressiva

. Pa3 trods af flere farmakologiske behandlingsmuligheder opnar en del af patienterne fortsat ikke fuld remission

« Remissionsraten med den nuvarende standardbehandling med antidepressiva hos patienter, som tidligere har

SVigtet pg to behandlinger er 13-149% (warden et al. Curr Psychiatry Rep, 2007)
« Dropout rates - bivirkninger
« Somatisk komorbiditet kan begraense valg af antidepressiva

« Stort behov for andre behandlingsmuligheder



NEUROMODULATION
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rTMS - repetitiv transkraniel magnetisk stimulation

Ikke-invasiv hjernestimuleringsteknik
Fokal stimulering af udvalgte omrader af centralnervesystem.

Bygger i princippet pa elektromagnetisk induktion og

indebaerer, at hjernevaevet noninvasivt udsaettes for en

strgmpavirkning via et dynamisk varierende magnetfelt.

While the shape of the TM5 coil and the target areas on the skull have changed somewhat in recent years, the basic approach remains roughly the
same. Clinicians apply a painless magnetic pulse to the skull by means of a coil. The flux induces an electric field that modifies neuronal activity.
Image credit: Shutterstock/Pepermpron.



rTMS - repetitiv transkraniel magnetisk stimulation

- Det magnetiske felt inducerer svage elektriske stramme, som pavirker
signaloverfgrelsen mellem nervecellerne i hjernebarkens gverste lag og bevirker,
via interneurale forbindelser, andringer i subkortikale omrader, som indgar i

depressionens sygdomsmekanisme.

. Hvis behandlingen gentages, kan der skabes varige funktionsaendringer i de

neurale netveerk.
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rTMS-protokoller

TMS Protocol

Single pulse TMS | |
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Inhibitory =====) Hgjre DLPFC: saxnker aktivitet i det underliggende hjernevaev (25 min)

Excitalory =====) Venstre DLPFC: gger aktivitet i det underliggende hjernevaev (19 min)

1111 | —

Excitatory ====) Venstre DLPFC: gger aktivitet i det underliggende hjernevaev (3 min)



Historie...

1985- fgrste TMS udstyr — Anthony Barker, Sheffield Universitet

1990- ....: forskning, optimering af teknologien og protokoller

2008 - rTMS FDA-godkendt - TRD

2018 - iTBS FDA-godkendt - TRD

2018 - rTMS FDA-godkendt - TR-OCD

2022 -SAINT Neuromodulation System FDA-godkendt - TRD




rTMS - Evidensbaseret behandling

large multi-center trial led to initial
FDA approval in USA
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Real-world outcomes

Conolly et al, 2012: responsrate 50% (100 patienter)
Fitzgerald et al, 2016: responsrate 45% (1100 patienter)
Griffths et al, 2019: responsrate 40% (73 patienter)

Donse et al, 2018: responsrate 66% rTMS+psykoterapi (196 patienter)
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Table 1. Description of FDA-cleared transcranial magnetic stimulation protocols to treat psychiatric

disorders.
Ses. Pulses Schedule Target Examples of TMS Manufacturers
Disord Frequency
(Duration) (No Ses.) Region (Coils)
NeuroStar
L-DLFFC -ih.\\
Magstim (e.g., HORIZON® Coils)
10Hz rTMS L-DLFFC K
3000 AR
(18" 48" to 377 307) Brainsway (H1 coil)
45 11-26s BL-DLPFC
Major (L-DLPEC)
Depressive —
Magventure (e.g., B65 coil)
Episode
L-DLPEC *
Intermittent Theta Burst 0 NeuroStar Magstim | Magventure
. 1/d (20-30 d) L-DLFFC ] L5
@9 Fa | O
Magventure (B65 coil
i 18000 Accelerated: ® )
L-DLFFC
s T Bs (9 27) 10/d (5d)
20Hz rTMS
Brainsway (H1 coil)
1980 1=:1/d (20 d) BL-DLFFC
| | 200127 nd: D (12w -DLPEC,
With —_— ¢ ) ( " ® ) m
25 20s
Comeorbid
10Hz rTMS
Anxiety NeuroStar
3000 1=:1/d (30 4
(18" 48") 2nd: ~2fw (3 w) i \\
45 11-26s
Brainsway (H7 coil)
20Hz 1TMS ACC/mPFC .
Obsessive -
| 2000
Compulsive 1/day (29 d)
(18 Magventure (DB-80 coil)
Disord
25 20s ACC/mPFC &
10Hz rTMS
Brainsway (H4 coil)
Smoking 1800 1= 1/d (15d) BL-IPFC
Cessation (17" 48™) 2nd: 1fwr (3 w) BL-Insula @
3s 15s

‘—minutes; "—seconds; ACC—anterior cingulate cortex; BL—bilateral; CE—Conformité Européenne; d—day;
DLPFC—dorsolateral prefrontal cortex; FDA—Food and Drug Administration; Hz—Hertz; L—left; IPFC—lateral

Cotovio, G. et al..; Regulatory Clearance and Approval of Therapeutic Protocols of
Transcranial Magnetic Stimulation for Psychiatric Disorders. Brain Sci. 2023, 13, 1029.



Contents lists available at ScienceDirect

Clinical Neurophysiology

ELSEVI

ER journal homepage: www.elsevier.com/locate/clinph

Evidence-based guidelines on the therapeutic use of repetitive
transcranial magnetic stimulation (rTMS): An update (2014-2018) o

Jean-Pascal Lefaucheur®"*, André Aleman®, Chris Baeken “*", David H. Benninger¥, Jéréme Brunelin",
Vincenzo Di Lazzaro', Sada R. Filipovic’, Christian Grefkes ™! Alkomiet Hasan ™, Friedhelm C. Hummel "7,
Satu K. Jadskeldinen 9, Berthold Langguth®, Letizia Leocani °, Alain Londero ', Raffaele Nardone "*",
Jean-Paul Nguyen ™Y, Thomas Nyffeler #**<", Albino ]. Oliveira-Maia*-*?*“, Antonio Oliviero*,

Frank Padberg ™, Ulrich Palm ™%, Walter Paulus *", Emmanuel Poulet "</, Angelo Quartarone %,

Fady Rachid *", Irena Rektorova®'“™, Simone Rossi®", Hanna Sahlsten ®°, Martin Schecklmann’,

David Szekely **, UIf Ziemann *¢

Table 2. Summary of recommendations of TMS5 in psychiatric disorders.

Definite antidepressant effect of HE-TMS of the
left DLPFC (Level A)

Probable antidepressant effect of LE-TMS of the
right DLPFC (Level B) and probably no
differential antidepressant effect between right
LE-TMS and left HE-TMS (Level B)

Definite antidepressant effect of rTMS of the
DLPFC in unipolar depression (Level A), but
no recommendation for bipolar depression

Antidepressant effect of rTMS of the DLPFC is
probably additive to the efficacy of
antidepressant drugs (Level B) and possibly
potentiating (Level C)

Possible effect of HF-TMS of the right DLPFC
(Level C)

Possible effect of LE-TMS of the left TPC (Level
C)

Probable effect of HE-TMS of the left DLPFC
(Level B)

Possible effect of HE-rTMS of the left DLPFC

on cigarette craving and consumption (Level C)
HF—high-frequency; LF—low-frequency ; TM5—transcranial magnetic stimulation; DLPFC—dorsolateral pre-
frontal cortex; TPC—temporoparietal cortex; FTSD—post-traumatic stress disorder. Level A (“definitely effective
or ineffective”) required at least two Class [ studies or ore Class I study and at least two Class II studies; Level B
(“probably effective or ineffective”) required at least two Class 1l studies or the combination of one Class [ or I
study and at least two Class Il studies; and Level C (“possibly effective or ineffective”) required at least two Class
Il studies or any combination of two studies of different Classes I, II, or IIL Table adapted from Lefaucheur J-F
etal. (2020) [40] “Evidence-based guidelines on the therapeutic use of repetitive transcranial magnetic stimulation
(rTMS): An update (2014-2018)." Clinical Neurophysiology 131 (2020) 474-528.




MALGRUPPE I REGION MIDT

Voksne patienter med moderat til sveer depression, hvor et af fglgende kriterier er opfyldt:

- Persisterende depression pa trods af behandling med antidepressiv medicin fra minimum to forskellige
farmakologiske klasser givet i tilstraekkelig dosering i mindst 4-6 uger

- Persisterende depression, hvor man har afprgvet antidepressiv medicin fra minimum to forskellige farmakologiske

klasser, men matte seponere pa grund af uacceptable bivirkninger

TMS er ikke egnet til behandling af patienter med svaer depression med psykotiske symptomer,
svaer agitation eller akut gget selvmordsrisiko.

OBS

Der er ikke tilstraekkelig evidens for effektivitet af TMS i denne patientgruppe



SIKKERHED - Kontraindikationer

- Implanteret elektronisk/medicinsk udstyr i hovedet eller inden for 30 cm af behandlingsspolen kan pavirkes af
det inducerede magnetiske felt (f.eks. cochlear-implantater eller pacemaker).

- Ledende ferromagnetiske eller andre magnetfglsomme metaller implanteret i hovedet eller inden for 30 cm
af behandlingsspolen (aneurismeklips, stents, fragmenter fra projektiler, cerebrale shunts, m.m.)

- Aktuelt misbrug/overforbrug af stoffer eller benzodiazepiner.

« Moderate til sveere elektrolytforstyrrelser




SIKKERHED- Risikofaktorer Ris

« Fglgende tilstande kan gge risikoen for krampeanfald, og patienten kan derfor ikke henvises til TMS, uden at
der fgrst drgftes med TMS-ansvarlig overlaege, og risikovurdering dokumenteres:

- Epilepsi eller anamnese med krampeanfald.
- Andre organiske hjernelidelser, f.eks: hjerneinfarkt, hjerneblgdning, hjernetumor, intrakraniel hypertension,

tidligere sveert hovedtraume, tidligere neurokirurgiske intervention.



BIVIRKNINGER

« Som regel milde, og nogle patienter oplever slet ingen bivirkninger.
.« Mange ars forskning i metoden viser, at behandlingen ikke medfgrer langsigtede bivirkninger,

herunder kognitive bivirkninger

Oftest oplevede bivirkninger:
« Lokalt ubehag i forbindelse med behandlingen i form af traekninger i ansigtsmuskulaturen og oplevelsen af stgd
« Hovedpine efter behandlingen er almindeligt forekommende, iszer i de fgrste behandlingssessioner, og vil forventelig aftage.

« Svimmelhed
« Treethed

Rossi et al. Clin Neurophysiol, 2021



BIVIRKNINGER

Sjaeldne bivirkninger:

- Forbigdende hgrenedseettelse kan forekomme meget sjaldent, isaer i de tilfeelde, hvor patienter afviser

anvendelse af grepropper under behandling.
« Synkope- Vasovagal respons ifm. eksempelvis gget angst, hypoglycemi, hyperventilation og dehydrering.

« Krampeanfald - Risikoen er meget lav (1 per 10.000), og krampeanfaldet er som regel af kort varighed

og giver ikke yderligere komplikationer.

Rossi et al. Clin Neurophysiol, 2021



rTMS-forilgb

- TMS-serie: en daglig behandlingssession, pa alle hverdage i 6
uger; 30 behandlinger.

« Remission eller respons: udtrapningsfase

 Evt vedligeholdelses TMS




Hvor bevager vi os hen?

}




Stanford Neuromodulation Therapy (SNT)

- A Double-Blind Randomized Controled Trial (2021)

Figure 1: SAINT Shown to Outperform Other Treatments e . i
Stanford Accelerated Intelligent Neurmodulation Therapy (SAINT) produces a rapid, th ure 3: Dura b[llty Of SA' NT
robust remission compared with TMS and ECT, the “gold standard" treatment for . 29 patienter med TRD 80

patients with treatment-resistant depression.

. 10 iTBS behandlinger om dagen i 5 dage
_ . 14 iTBS / 15 sham (placebo) 60
s 30% +  Remission: 79% iTBS vs 13,3% sham :

Remission rate

I 0
ECT
0
(1 week)*
End Tweek 2 weeks 3 weeks 4 weeks
0 0 40 60 80 of SAINT Post-SAINT Post-SAINT Post-SAINT Post-SAINT
Remission rate 2022: FDA-godkendelse, men....
*Met criteria for remission during at least one time point after SAINT Source: Richard Bermudes, M.D.
Source: Richard Bermudes, M.D.
Figure 2: SAINT changes the positioning, pulses per session, and
sessions per day compared with conventional TMS
Conventional TMS places the TMS coil at
/ the F3 EEG location.
e ® [T With SAINT, resting-state functional MRI
Positioning e was used to individually target the region Hvorfor virkede det?
of the left dorsolateral prefrontal cortex . i _ 2
most functionally anticorrelated with the Placeri ng. af SPo : e_)n fMRI:
subgenual anterior cingulate cortex. ° Antal af |mpl-.||ser- (600 Ys 1800)
With conventional theta burst, . Antal af daglige behandlinger? (1 vs 10)
pulsag jiarsasslai 600 pulses are delivered in - With SAINT, 1800 pulses are delivered in
P each TMS session over 35 each TMS session over 10 minutes.
minutes.

With conventional TMS,
Sessions perday  patients receive 1 session
every 24 hours.

Source: Richard Bermudes, M.D.

- With SAINT, patients receive
10 sessions spaced 60 minutes apart.



Lovende perspektiver ....
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SEVIER journal homepage: hitp://www.journals.elsevier.com/brain-stimulation

Neuromodulatory treatments for psychiatric disease: A m
comprehensive survey of the clinical trial landscape .

« rTMS til behandling af andre psykiske lidelser? (PTSD,
negative symptomer ved skizofreni,...)

Gavin }.B. Elias ™', Alexandre Boutet "', Roohie Parmar *, Emily H.Y. Wong *,
Jiirgen Germann * ", Aaron Loh *", Michelle Paff *, Aditya Pancholi *, Dave Gwun %,
Clement T. Chow *, Flavia Venetueci Gouveia %, Irene E. Harmsen ™ °, Michelle E. Beyn °,
Emiliano Santarnecchi ¢, Alfonso Fasano ™%, Daniel M, Blumberger "',

Sidney H. Kennedy "/, Andres M. Lozano * ", Venkat Bhat ™"/ "
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This amazing wave of brain stimulation methods
continues to swell and grow.

Brain stimulation methods are helping
psychiatrists to treat our patients, decrease
patients’ distress, battle stigma, and discover
how the brain works in health and disease.

What a wonderful ride it has been and will
continue to be!

Mark George, MD. From Heretical Idea to Mainstream Psychiatry: Brain Stimulation
anama r@ rm.dk Has Ridden a Wave. American Psychiatry Association, October 2021.
https:/ /doi.org/10.1176 /appi.pn.2021.11.26



