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Major depressive disorder (MDD) in the elderly is a major clinical problem. Depressed elderly subjects 
have shown modest antidepressant responses to transcranial magnetic stimulation (TMS) compared to 
younger adults. Deep TMS enables non-invasive stimulation of deep layers of the prefrontal cortex, and 
was approved for the treatment of MDD. The aim of this study was to examine the safety and efficacy of 
deep TMS add-on treatment for elderly MDD patients. Twenty daily H1-coil deep TMS treatments (18 Hz, 
120% MT) were delivered in fifteen (15) elderly depressive patients.  Clinical assessments were carried 
throughout the study and for an additional two weeks follow-up period. At the end of treatment period, 
there was a significant reduction on depression and anxiety rating scales. One subject reached 
remission and two reached response bordering remission. A trend toward significant improvement was 
found in the quality indicator disparity scale (QUIDS). At follow up, cognitive improvement was noted 
and treatment was well tolerated. In conclusion, an add-on H1-coil deep TMS treatment protocol in 
elderly MDD subjects indicated improvement in depressive symptoms.  
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INTRODUCTION 
 
Depression is a common, recurrent and chronic disorder 
and a leading contributor to functional impairment and 
disability (Ustun et al., 2004). Depression in ageing adults 
is often under-recognized and undertreated and is 
complicated by comorbid medical conditions and 
cognitive decline (Alexopoulos, 2005). Furthermore, late-
onset depression is associated with greater brain 
structural changes (Dahabra et al., 1998). Findings 
suggest that antidepressant treatment may be less 
efficient in the elderly (Nelson et al., 2008; Tedeschini et 
al., 2011), supported by association between older age 
and lower rate of response to all classes of 
antidepressants (Calati et al., 2013). In many instances, 
older patients do not respond to or cannot tolerate the 
dosage of antidepressant medication needed to produce 
response, due to side effects or to drug-drug  interactions 

(Lyness et al., 1996). 
Transcranial magnetic stimulation (TMS) is a non-

invasive treatment, with minimal side effects, making it 
particularly attractive as a potential treatment in the 
elderly. However, TMS studies designed specifically for 
older populations are surprisingly sparse (Abraham et al., 
2007; Manes et al., 2001; Mosimann et al., 2004; Nahas 
et al., 2004). Utilizing various TMS techniques and 
protocols, those studies yielded response rates of 26-
30% with a 30-35% reduction in the Hamilton depression 
rating scale (HDRS). Trials in elderly patients proved 
Repetitive transcranial magnetic stimulation (rTMS) 
treatment safe, while cognitive abilities were preserved 
and occasionally even improved. Nonetheless, previous 
trials found older age to be correlated with poor response 
(Aguirre et al., 2011; Figiel et al., 1998; Jorge et al., 2008; 
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Su et al., 2005).  

Deep TMS (dTMS) enables a safe non-invasive 
stimulation of deep layers of the pre-frontal cortex 
(Levkovitz et al., 2007, 2009), with favorable results in the 
treatment of MDD (Harel et al., 2014) and other 
psychiatric disorders (Bersani et al., 2013). 

Its higher penetration ability compared to other TMS 
coils (Roth et al., 2007, 2014) may provide a stronger 
stimulation and therefore more efficient in treating older 
patients. The aim of this study was to examine the safety 
and efficacy of H1-coil dTMS add-on treatment for elderly 
MDD patients. 
 
 
MATERIALS AND METHODS  
 
Subjects 
 
Patients signed a written informed consent to a protocol 
approved by the local ethics board. Inclusion criteria 
included: Age 64 or above; DSM-IV diagnosis of current 
major depression episode (unipolar or a bipolar); Score of 
Hamilton depression rating scale (HDRS-21) ≥ 20 
(Hamilton, 1960); Resistant depression, as defined by 
failed treatment of at least 6 weeks with at least one 
antidepressant in accepted dose, and/or intolerance to 
two or more antidepressants; Negative answers on safety 
screening questionnaire for TMS (Keel et al., 2001). 
Exclusion criteria included: substantial suicidal risk or 
attempted suicide in the past year; psychotic depression; 
previous negative response to electroconvulsive therapy 
(ECT); dementia; any major neurological disorder; use of 
hearing aids; history of drug abuse or alcoholism; and an 
active unstable medical condition. Patients continued 
anti-depressant medication, on which they were stable for 
at least 6 weeks prior to the trial. If they were not on 
psychiatric medication, none was started. Bipolar patients 
had to continue previous treatment with a mood-stabilizer 
in an adequate dose.  
 
 
Objectives and outcome measures 
 
Primary outcomes were safety and remission, judged by 
HDRS-21 <9 score. Secondary objectives were mood 
response, evaluated by 50% reduction in HDRS-21, 
Hamilton anxiety rating scale (HAM-A; Hamilton, 1959), 
Quick Inventory of Depressive Symptomatology (QIDS; 
Rush et al., 2003), Geriatric depression scale (GDS; 
Yesavage et al. 1982), Clinical global impression  scale 
(CGI; Guy 1976) and cognitive ability, evaluated by The 
mini mental state examination (MMSE) (Folstein et al., 
1975). Measurements were assessed at baseline, mid-
treatment, end of treatment and two weeks following 
completion of trial. The initial clinical evaluation was 
performed by the primary investigator and a research 
assistant, while follow-up  assessments  were  completed 

 
 
 
 
by the research assistant.  
 
 
dTMS Protocol 
 
All subjects received pre-frontal deep rTMS using the 
H1L-Coil, placed 6 cm anterior to point of minimal motor 
threshold, i.e. position where the stimulator power output, 
required to produce a motor evoked-response (MEP), 
was minimal. Treatment included 55 trains of 18 Hz at 
120% of motor threshold with a 2 s pulse train and 20 s 
inter-train interval. Subjects received treatment for 4 
weeks, 5 days a week, resulting in 20 sessions in total. 
 
 
Statistical analysis 
 
The means and standard deviations (SD) of continuous 
variables were compiled. Changes from baseline were 
analyzed using paired-samples t-test. Also, P-values of 
≤0.05 were considered significant and Nominal P-values 
are presented.  
 
 
RESULTS 
 
Between April 2012 and March 2014, fifteen subjects 
participated in the trial (an additional subject was 
excluded from analyses due to receiving smaller number 
of trains per session (42 vs. 55). One subject dropped out 
after 2 weeks due to non-improvement. Fourteen 
subjects completed the treatment and were analyzed for 
efficacy. The mean age was 72.4 years (SD 4.8). Six 
participants were male and 8 were female. Furthermore, 
the mean duration of the current depressive episode was 
9.4 months (SD 7 months). Four were diagnosed with 
bipolar depression, and the rest had unipolar disease.  

A paired-samples t-test showed that mean HDRS-21 
score was significantly reduced between screen visit 
(Mean=23.14, SD=3.30) and Visit 20 (Mean=18.07, 
SD=5.93) (t(14) = 2.626, P = 0.0210), with a mean 
change of - 5.07 (SD=7.23; Figure 1). Scores of only 10 
patients were received at the follow up, and the 
difference was not significant (t(10) = 1.585, P = 0.1485), 
with a mean change of -3.60 (SD=7.18). Notably, of the 
fourteen patients eligible for analysis, one reached full 
remission and two showed clinical response bordering 
remission (with final HDRS scores of 8 and 9).  

HAM-A score was also significantly reduced between 
screen visit (M=18.64, SD=6.27) and visit 20 (M=13.36, 
SD=4.99) (t(14) = 2.844, P = 0.0138), with a mean 
change of -5.29 points (SD=6.96; Figure 2). At the follow 
up, the difference was not significant (t(10) = 1.549, P = 
0.1558), with a mean change of -4.20 (SD=8.57). 

The mean QIDS score showed a trend toward 
significant difference between Screen visit (M=21.92, SD 
=  4.11)   and  Visit  20  (M = 1 8.08,  SD = 7.39)  (t(13)  =  
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Figure 1. Change in HDRS-21 score between screening visit (sc), after 10 
sessions (v10) and after 20 sessions (v20). Shown are mean±SE. 

 
 
 

 
 
Figure 2. Change in HAM-A score between screening visit (sc), after 10 sessions 
(v10) and after 20 sessions (v20). Shown are mean±SE. 

 
 
 

2.031, P =0.065). At follow up, the results were M=17.50, 
SD=7.96, compared to Screen visit t(10) = 1.589, P 
=0.1466. No significant changes were found in the GDS 
score (P =0.7418 at visit 20 and P=0.1026 at follow-up).  

There were no significant differences in MMSE score 
between baseline and visit 20 (t(11) = 0.2479, P 
=0.8088). Yet there was a significant average 
improvement at the 2 weeks follow up of 1.11 points 
compared to baseline (t(8) = 2.443, P =0.0404) and of 1.0 
points compared to visit 20 (t(8) = 2.449, P =0.0400).  
 
 
DISCUSSION 
 

This study examined safety and efficacy of H1-coil dTMS 
add-on treatment for elderly depression.  Following  a  20 

session protocol on 14 elderly patients, a statistically and 
clinically significant reduction was found in depression 
and anxiety scores on the HDRS-21 and HAM-A. Yet, of 
the fourteen patients, one reached full remission and two 
showed clinical response bordering remission. A trend 
toward significant improvement was found in the quality 
indicator disparity scale (QUIDS) score. Upon follow up, 
cognitive improvement was noted and treatment was well 
tolerated, without serious adverse events.  

Previous superficial rTMS trials in the elderly were 
somewhat disappointing (Aguirre et al., 2011; Figiel et al., 
1998; Jorge et al., 2008; Manes et al., 2001; Mosimann 
et al., 2004), hypothetically due to high scalp-to-PFC 
distance. Brain atrophy at old age is a well-known 
phenomenon (Earnest et al., 1979; Yamaura et al., 
1980), which results in  increased  distance  between  the  
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skull and cortex. Consequently, older age is correlated 
with increased pre-frontal cortex (PFC) distance (Kozel et 
al., 2000). Moreover, microstructural white matter 
abnormalities may be linked to lower rates of remission in 
geriatric depression (Alexopoulos et al., 2002). Since the 
strength of the magnetic field generated by TMS coils 
decreases exponentially, high distance between the coil 
and cortex is associated with an increase in the motor 
threshold, in a linear fashion (Stokes et al., 2007, 2013). 

Greater antidepressant efficacy is associated with 
higher stimulation intensity (Padberg et al., 2002) and 
higher frontal gray matter volumes (Jorge et al., 2008). 
Greater coil-PFC distance, resulting in decreased 
stimulation, may be responsible for the lower 
responsiveness of elderly patients. Mosimann et al. 
(2002) showed that increased distance between the PFC 
and skull is associated with a poor anti-depressant 
response. By adjusting TMS intensity to PFC distance, 
the coil-cortex distance was no longer a variable and the 
negative correlation between age and clinical response 
disappeared (Nahas et al., 2004). Hence our theory was 
that the deeper stimulation provided by dTMS may 
overcome increased cortex-scalp distance in the aged. 
Study results were similar to previous figure 8 coil trials, 
though we presume adjustment of dTMS stimulation 
intensity with amount of pre-frontal atrophy in-mind may 
increase the clinical efficacy of this technique in the 
future. 

Electroconvulsive therapy (ECT) is prevalent and 
effective in elderly depression. Even so, it is associated 
with cardiac and pulmonary complications (Kerner and 
Prudic, 2014) and may induce cognitive harm (Rose et 
al., 2003) in this already cognitively fragile population. 
TMS on the contrary, is less distressful for the patients as 
it does not involve anesthesia or post-treatment 
confusions and is not associated with medical 
complications (Janicak et al., 2008; Loo et al, 2008). TMS 
was successful in the maintenance of ECT (Cristancho et 
al., 2013) and its treatment was as effective at 6-months 
follow-up (Dannon et al., 2002). In addition, rTMS alone 
offers an economic benefit over ECT alone in treating 
resistant depression (Kozel et al., 2004). All of the above 
suggests deeper understanding, and further research into 
the TMS technique could make TMS the treatment of 
choice for drug resistant elderly MDD. 

As this is a pilot study, its major limitations include its 
size and the absence of a sham-treatment arm. 
Nevertheless, although the small number of participants 
prevents clear delineation of patient and disease-specific 
response factors, dTMS was shown to be safe and 
effective in elderly patients suffering from MDD.  
 
 

Conclusion 
 
An add-on H1-coil deep TMS treatment protocol in elderly 
MDD subjects indicated improvement in depressive 
symptoms.  Our  results  support  the  need  for  a  larger- 

 
 
 
 
scale sham-controlled study with adjustment of dTMS 
stimulation intensity with amount of pre-frontal atrophy to 
further evaluate dTMS efficacy in old age MDD. 
 
 
ACKNOWLEDGEMENT  
 
We thank the team of the Cognitive and Emotional 
Laboratory at Shalvata for their effort and participation.    
 
 
Statement of Interest  

 
Professor Levkovitz was a consultant from 
Brainsway Ltd. until 01/07/2014. Dr. Yiftah Roth is 
the chief scientist for Brainsway Ltd. 
 
 
REFERENCES 
 
Abraham G, Milev R, Lazowski L, Jokic R, du Toit R, Lowe A (2007). 

Repetitive transcranial magnetic stimulation for treatment of elderly 
patients with depression: an open label trial. Neuropsychiatr. Dis. 
Treat. 3(6):919-924. 

Aguirre I, Carretero B, Ibarra O, et al. (2011). Age predicts low-
frequency transcranial magnetic stimulation efficacy in major 
depression. J. Affect. Disord. 130(3):466-469. 

Alexopoulos GS (2005). Depression in the elderly. Lancet. 
365(9475):1961-1970. 

Alexopoulos GS, Kiosses DN, Choi SJ, Murphy CF, Lim KO (2002). 
Frontal white matter microstructure and treatment response of late-
life depression: a preliminary study. Am. J. Psychiatry 159(11):1929-
1932. 

Bersani FS, Minichino A, Enticott PG, et al. (2013). Deep transcranial 
magnetic stimulation as a treatment for psychiatric disorders: a 
comprehensive review. Eur. Psychiatry: J. Assoc. Eur. Psychiatr. 
28(1):30-39. 
Roth Y, Pell GS, Chistyakov AV, Sinai A, Zangen A, Zaaroor M 
(2014). Motor cortex activation by H-coil and figure-8 coil at different 
depths. Combined motor threshold and electric field distribution 
study. Clin. Neurophysiol.: official J. Int. Fed. Clin. Neurophysiol. 
125(2):336-343. 

Calati R, Crisafulli C, Balestri M, et al. (2013). Evaluation of the role of 
MAPK1 and CREB1 polymorphisms on treatment resistance, 
response and remission in mood disorder patients. Prog. Neuro-
psychopharmacol. Biol. Psychiatry 44:271-278. 

Cristancho MA, Helmer A, Connolly R, Cristancho P, O'Reardon JP 
(2013). Transcranial magnetic stimulation maintenance as a 
substitute for maintenance electroconvulsive therapy: a case series. 
J. ECT. 29(2):106-108. 

Dahabra S, Ashton CH, Bahrainian M, et al. (1998). Structural and 
functional abnormalities in elderly patients clinically recovered from 
early- and late-onset depression. Biol. Psychiatry 44(1):34-46. 

Dannon PN, Dolberg OT, Schreiber S, Grunhaus L (2002). Three and 
six-month outcome following courses of either ECT or rTMS in a 
population of severely depressed individuals--preliminary report. Biol. 
Psychiatry 51(8):687-690. 

Earnest MP, Heaton RK, Wilkinson WE, Manke WF (1979). Cortical 
atrophy, ventricular enlargement and intellectual impairment in the 
aged. Neurology 29(8):1138-1143. 

Figiel GS, Epstein C, McDonald WM, et al. (1998). The use of rapid-rate 
transcranial magnetic stimulation (rTMS) in refractory depressed 
patients. J. Neuropsychiatr. Clin. Neurosci. Winter 10(1):20-25. 

Folstein MF, Folstein SE, McHugh PR (1975). "Mini-mental state". A 
practical method for grading the cognitive state of patients for the 
clinician. J. Psychiatry Res. 12(3):189-198. 

Hamilton M (1959). The assessment of anxiety states  by  rating.  Br.  J. 



 
 
 
 

Med. Psychol. 32(1):50-55. 
Hamilton M (1960). A rating scale for depression. J. Neurol. Neurosurg. 

Psychiatry 23:56-62. 
Harel EV, Rabany L, Deutsch L, Bloch Y, Zangen A, Levkovitz Y (2014). 

H-coil repetitive transcranial magnetic stimulation for treatment 
resistant major depressive disorder: An 18-week continuation safety 
and feasibility study. World J. Biol. Psychiatry: the official J. World 
Fed. Soc. Biol. Psychiatry 15(4):298-306. 

Janicak PG, O'Reardon JP, Sampson SM, et al. (2008). Transcranial 
magnetic stimulation in the treatment of major depressive disorder: a 
comprehensive summary of safety experience from acute exposure, 
extended exposure, and during reintroduction treatment. J. Clin. 
Psychiatry 69(2):222-232. 

Jorge RE, Moser DJ, Acion L, Robinson RG (2008). Treatment of 
vascular depression using repetitive transcranial magnetic 
stimulation. Arch. Gen. Psychiatry 65(3):268-276. 

Keel JC, Smith MJ, Wassermann EM (2001). A safety screening 
questionnaire for transcranial magnetic stimulation. Clin. 
Neurophysiol.: official J. Int. Fed. Clin. Neurophysiol. 112(4):720. 

Kerner N, Prudic J (2014). Current electroconvulsive therapy practice 
and research in the geriatric population. Neuropsychiatry 4(1):33-54. 

Kozel FA, George MS, Simpson KN (2004). Decision analysis of the 
cost-effectiveness of repetitive transcranial magnetic stimulation 
versus electroconvulsive therapy for treatment of nonpsychotic 
severe depression. CNS spectrums. 9(6):476-482. 

Kozel FA, Nahas Z, deBrux C, et al. (2000). How coil-cortex distance 
relates to age, motor threshold, and antidepressant response to 
repetitive transcranial magnetic stimulation. J. Neuropsychiatr. Clin. 
Neurosci. 12(3):376-384. 

Levkovitz Y, Harel EV, Roth Y, et al. (2009). Deep transcranial magnetic 
stimulation over the prefrontal cortex: evaluation of antidepressant 
and cognitive effects in depressive patients. Brain stimul. 2(4):188-
200. 

Levkovitz Y, Roth Y, Harel EV, Braw Y, Sheer A, Zangen A (2007). A 
randomized controlled feasibility and safety study of deep 
transcranial magnetic stimulation. Clin. Neurophysiol.: official J. Int. 
Fed. Clin. Neurophysiol. 118(12):2730-2744. 

Loo CK, McFarquhar TF, Mitchell PB (2008). A review of the safety of 
repetitive transcranial magnetic stimulation as a clinical treatment for 
depression. Int. J. Neuropsychopharmacol. / official scientific journal 
of the Collegium Internationale Neuropsychopharmacologicum. 
11(1):131-147. 

Lyness JM, Bruce ML, Koenig HG, et al. (1996). Depression and 
medical illness in late life: report of a symposium. J. Am. Geriatr. Soc. 
44(2):198-203. 

Manes F, Jorge R, Morcuende M, Yamada T, Paradiso S, Robinson RG 
(2001). A controlled study of repetitive transcranial magnetic 
stimulation as a treatment of depression in the elderly. Int. 
Psychogeriatr. / IPA. 13(2):225-231. 

Mosimann UP, Marre SC, Werlen S, et al. (2002). Antidepressant 
effects of repetitive transcranial magnetic stimulation in the elderly: 
correlation between effect size and coil-cortex distance. Arch. Gen. 
Psychiatry 59(6):560-561. 

 
 

 

Shefet et al.          207 
 
 
 
Mosimann UP, Schmitt W, Greenberg BD, et al. (2004). Repetitive 

transcranial magnetic stimulation: a putative add-on treatment for 
major depression in elderly patients. Psychiatry Res. 126(2):123-133. 

Nahas Z, Li X, Kozel FA, et al. (2004). Safety and benefits of distance-
adjusted prefrontal transcranial magnetic stimulation in depressed 
patients 55-75 years of age: a pilot study. Depress. Anxiety 
19(4):249-256. 

Nelson JC, Pikalov A, Berman RM (2008). Augmentation treatment in 
major depressive disorder: focus on aripiprazole. Neuropsychiatr. 
Dis. Treat. 4(5):937-948. 

Padberg F, Zwanzger P, Keck ME, et al. (2002). Repetitive transcranial 
magnetic stimulation (rTMS) in major depression: relation between 
efficacy and stimulation intensity. Neuropsychopharmacology: official 
publication of the American College of Neuropsychopharmacology. 
27(4):638-645. 

Rose D, Fleischmann P, Wykes T, Leese M, Bindman J (2003). 
Patients' perspectives on electroconvulsive therapy: systematic 
review. Bmj. 326(7403):1363. 

Roth Y, Amir A, Levkovitz Y, Zangen A (2007). Three-dimensional 
distribution of the electric field induced in the brain by transcranial 
magnetic stimulation using figure-8 and deep H-coils. J. Clin. 
Neurophysiol.: official publication of the American 
Electroencephalographic Society 24(1):31-38. 

Rush AJ, Trivedi MH, Ibrahim HM, et al. (2003). The 16-Item Quick 
Inventory of Depressive Symptomatology (QIDS), clinician rating 
(QIDS-C), and self-report (QIDS-SR): a psychometric evaluation in 
patients with chronic major depression. Biol. Psychiatry 54(5):573-
583. 

Stokes MG, Barker AT, Dervinis M, et al. (2013). Biophysical 
determinants of transcranial magnetic stimulation: effects of 
excitability and depth of targeted area. J. Neurophysiol. 109(2):437-
444. 

Stokes MG, Chambers CD, Gould IC, et al. (2007). Distance-adjusted 
motor threshold for transcranial magnetic stimulation. Clin. 
Neurophysiol.: official J. Int. Fed. Clin. Neurophysiol. 118(7):1617-
1625. 

Su TP, Huang CC, Wei IH (2005). Add-on rTMS for medication-resistant 
depression: a randomized, double-blind, sham-controlled trial in 
Chinese patients. J. Clin. Psychiatry 66(7):930-937. 

Tedeschini E, Levkovitz Y, Iovieno N, Ameral VE, Nelson JC, 
Papakostas GI (2011). Efficacy of antidepressants for late-life 
depression: a meta-analysis and meta-regression of placebo-
controlled randomized trials. J. Clin. Psychiatry 72(12):1660-1668. 

Ustun TB, Ayuso-Mateos JL, Chatterji S, Mathers C, Murray CJ (2004). 
Global burden of depressive disorders in the year 2000. Br. J. 
Psychiatry: J. Ment. Sci. 184:386-392. 

Yamaura H, Ito M, Kubota K, Matsuzawa T (1980). Brain atrophy during 
aging: a quantitative study with computed tomography. J. Gerontol. 
35(4):492-498. 

 
 
 
 
 
 
 

 

 
 

 


