
very effective even when not given with an antidepressant medication. However, the 
addition of an antidepressant medication may augment the ECT response. 
 
rTMS-  The effectiveness of rTMS increases with the number of rTMS sessions. It may 
be necessary to have as many as 30 TMS sessions. Initial studies of TMS were probably 
under-dosed. Many of those studies looked at the effectiveness of only 10 or 15 TMS 
sessions. More recent data indicate that by increasing the number of sessions or the 
number of pulses per session can significantly increase the effectiveness of TMS. Initial 
studies of TMS required that patients discontinue their current antidepressant 
medication. In practice TMS is now primarily used as an augmentation strategy for 
antidepressant medication that has either been not effective or only partially effective. 
The response and remission rates in these studies are clearly greater than in the studies 
of rTMS that required discontinuation of the antidepressant medication. See the 
powerpoint presentation for further references. 
 
DBS-  I’ve not research the literature on these issues in the brain stimulation. 
 
tDCS-   I’ve not researched the literature on these issues in direct current stimulation. 
 
 
3.What adverse events, including withdrawal from treatment, are associated with 
nonpharmacologic treatments for TRD? 
 
ECT-  The potential side effects of electroconvulsive therapy have been well studied. 
The side effects of been summarized well in Up-To-Date. Patients may experience a 
temporary memory disturbance. As noted above, this memory disturbance has been 
markedly decreased with the introduction of the ultra-brief right unilateral technique. 
While memory disturbance can occur with ECT, the cognitive problems associated with 
depression, should not be underestimated. Because ECT is very effective in treating 
depression, on average patients experience an improvement in neurocognitive 
functioning.  Patients receiving ECT may experience a headache, nausea, muscle 
soreness, and temporary disorientation following an ECT session.    The mortality rate 
from ECT is very low, approximately one in 10,000 or one and 20,000 treatments. 
Because depression is associated with increased mortality, ECT is associated with a 
reduction in mortality rates in depressed populations compared to depressed patients 
who did not receive ECT.15  
 
rTMS-  rTMS has a very good side effect profile that is described in the powerpoint. 
 
DBS-  The side effects are described well in Up-To-Date. 
 
tDCS- I am not familiar with the side effects of tDCS. 
 
4. Does the effectiveness of nonpharmacologic treatments for TRD vary by 
subpopulation defined by such factors as: age, race/ethnicity, gender, disease 
severity, disease duration, depression diagnosis (unipolar or bipolar depression), 
symptom type (e.g., psychotic, postpartum), comorbidities, or number and type of 
prior treatments (including other nonpharmacologic treatments)? 
  
ECT-  ECT has been found effective across a wide range of subpopulations16. ECT may 
be more effective in older depressed patients and in depressed patients with psychotic 



features compared to non-psychotic depressed patients.  ECT is equally effective in 
unipolar and bipolar depressed patients.  As noted above, some studies show that 
medication resistance significantly worsens the response to ECT; others do not. 
 
rTMS-  rTMS appears be effective primarily in non-psychotic depressed patients. 
 
DBS-  I am not familiar with the efficacy of DBS in subpopulations. 
 
tDCS-   I am not familiar with the efficacy of tDCS in subpopulations. 
 
 
5.What are the cost implications and cost-effectiveness of nonpharmacologic 
therapies for TRD? 
 
ECT-   Although ECT is more expensive than an antidepressant medication, ECT is 
cost-effective for selected patients. Because ECT is more effective and works more 
quickly than antidepressant medication, ECT can decrease the duration of 
hospitalization and markedly lower those costs. For depressed outpatients, ECT’s 
effectiveness can decrease the number of antidepressant trials and the associated 
outpatient visits and medication costs.   In addition, maintenance ECT is able to lower 
the risk of rehospitalization rates and lower costs.17  Cost-effectiveness should take into 
account the degree of medication-resistance of the patient population.18 Increasing 
medication resistance increases the health care costs. Although the initial costs of ECT 
are greater than for rTMS, ECT was found more cost-effective than rTMS in one British 
study.19 
 
rTMS-  Although the initial costs of ECT are greater than for rTMS, ECT was found more 
cost-effective than rTMS in one British study.19 
 
 
DBS-   I am not familiar with cost-effectiveness studies of DBS. 
 
tDCS-   I am not familiar with cost-effectiveness studies of tDCS. 
 
Personal Perspective:  I retired from the University of Washington as Professor Emeritus 
in 2012 and am now in private practice.  I administer ECT to about 2 patients per month.  
As a young doctor, I did research on ECT that found that ECT was more effective than 
antidepressant medication20 and that ECT lowers the mortality rate in depression 
compared to patients with depression not treated with ECT15. I was Director of the 
Inpatient Psychiatry Service for most of the years from 1980 to 2012 and Director of the 
ECT Service at Harborview Medical Center from 1980 to 2012. It was very gratifying to 
see patients respond well to ECT.    However, it was also a challenge to provide this 
service to the Medicaid population in Western Washington.  Over the last 7 years, 
Harborview has been the only hospital in Western Washington to offer ECT to Medicaid 
patients.   I had heard from other clinicians that the primary reason that other hospitals 
stopped this service was because of the poor reimbursement for ECT from Medicaid. 
Harborview Medical Center was probably offering ECT to Medicare patients at a 
financial loss.   Now, with limited bed availability at Harborview, many patients who 
would benefit from ECT do not have ECT available to them.  It is unfortunate that 
Medicaid patients do not have access to the most effective treatment for major 
depression . 



      I have also done research on transcranial magnetic stimulation for 16 years 
beginning in 1996.   It is clear that TMS more effective than a sham control condition.  It 
is also clear that TMS has a better side effect profile than ECT.  However, TMS has not 
yet achieved the efficacy of ECT.  It is possible that more sessions or more pulses or a 
different type of TMS stimulation might allow greater efficacy, but so far ECT is more 
efficacious.    TMS appears to be as effective as antidepressant medications for 
medication-resistant depressed patients. 
 
Thank you for the opportunity to comment on these treatments.  If I can help in any way, 
please feel free to contact me. 
 
Sincerely yours, 
 
David H. Avery, M.D. 
Professor Emeritus 
University of Washington School of Medicine 
Psychiatric Medicine Associates 
Cell 206 607 7208 
Fax 206 386 3123 
averydh225@gmail.com  
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Brain Stimulation Approaches 
To Treatment-Resistant 

Depression 

David Avery, M.D.
Psychiatric Medicine Associates
Professor Emeritus
Department of Psychiatry and

Behavioral Sciences
University of Washington

Outline
• Electroconvulsive Therapy (ECT)
• Transcranial Magnetic Stimulation (TMS)
• Transcranial Direct Current Stimulation (tDCS)
• Pulsed Electromagnetic Field Therapy (PEMF)
• Transcranial Cranial Electrical Stimulation 

(tCES)
• Vagus Nerve Stimulation (VNS)
• Deep Brain Stimulation (DBS)
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Update on ECT
• Efficacy

-Right Unilateral
• Administration

-Ultrabrief Pulse
• Adverse effects

-Memory
• Does ECT alter brain structure?
• Proposed mechanisms of action

-Neuroplasticity

Mono = single medication regimen; Augm = combination medication treatment; 1Trivedi MH 
et al. (2006), Am J Psychiatry 163:28-40; 2Trivedi MH et al. (2006), N Engl J Med 354:1243-
1252; 3Rush AJ et al. (2006), N Engl J Med 354:1231-1242; 4Nierenberg AA et al. (2006), Am J 
Psychiatry 163:1519-1530; 5Fava M et al. (2006), Am J Psychiatry 163:1161-1172; 6McGrath 
PJ et al. (2006), Am J Psychiatry 163(9):1531-1541
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Medication-Resistant Depression
Not Uncommon.

• Major Depressive Disorder – 7 % 
prevalence in one year. (Kessler, 2005)

• 33% do not respond to multiple adequate 
antidepressant trials. (STAR*D, Rush, 
2006)

• About 2% of population has Medication-
Resistant Depression.

Medication-Resistant Depression
Associated with:

• Greater risk of suicide (Fawcett, 2001) 
• Increased mortality (Carney, 2009)
• Functional impairment (Miller, 1998) 
• Increased utilization of health care 

resources (Crown, 2002)
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ECT is the Most Effective 
Treatment for Major Depression

• Greater Degree of Response
– Effect size for ECT is 0.91 (UK Review Group, 2003)
– Effect size for  Antidepressants is 0.39-0.49 

(Khan;Berman, 2007)
• Greater Remission and Response Rates
• Faster Response

ECT  vs Simulated ECT (UK Review Group, 2003)
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1X per week ECT vs 3X per week
2X per week ECT vs 3X per week 
(UK Review Group, 2003)

Higher Dose ECT vs Lower Dose ECT
(UK Review Group, 2003)



David Avery, MD October 3, 2013

WA - Health Technologoy Assessment 7

ECT is equally effective 
in treating unipolar depression and bipolar depression. 

Dierckx et al, 2012

Relapse Rates following 
Remission with ECT During the

6-Month Followup
• With Placebo, 84%.
• With Nortriptyline, 60%
• With Nortriptyline plus lithium, 39%

Sackheim, 2001
The relapse rates from this study from the 1990s are higher
than those seen in the 1960s. 
Probably patients with higher levels of medication-resistance 
were being treated with ECT in the 1990s.
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FIGURE 2. Kaplan-Meier function of the cumulative probability of remaining without relapse 
for patients treated with continuation ECT plus pharmacotherapy versus pharmacotherapy-
alone in the intention-to-treat sample. Nordenskjold, 2013

Kellner 2006

Continuation ECT vs Continuation Pharmacotherapy



David Avery, MD October 3, 2013

WA - Health Technologoy Assessment 9

Treatment Responsive Disorders
• Major Depressive Illness with or without 

psychotic features
• Bipolar, depressed
• Bipolar, manic
• Schizoaffective Disorder
• Schizophrenia - acute onset, confusion
• Catatonia
• Parkinson’s Disease (bradykinesia, tremor, 

rigidity, gait disturbance, postural instability)
• Chronic pain associated with Major 

Depression

A Case-Matching Study of the 
Analgesic Properties of ECT

• Inpatients with Major Depression and Chronic 
Pain- Johns Hopkins University

• Case-Matched for age, gender, admission date, 
psychiatric diagnosis, and pain syndrome.

• N=25 in each group
• Depression ratings: 55.9% reduction with ECT, 

40.5% with antidepressants.
• Analgesic effect of ECT present even when 

controlling for antidepressant effect.

Wasan et al, 2004
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A Case-Matching Study of the 
Analgesic Properties of ECT

Predictors of Response

• Previous history of 
response

• Psychomotor 
retardation

• Psychotic Features
• Positive family hx
• Autonomous to 

circumstance

• Chronicity
• Reactive
• Unstable relationships
• Denial
• Axis II
• Medication 

Resistance?

Positive Negative
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Failure of an adequate trial of hetercyclics (but 
not SSRIs) was associated with a poor 
response to   Unilateral ECT (Prudic et al, 
1996).

Previous Antidepressant 
Treatment

• Never adequate trial
• Failed adequate trial

% Response to 
ECT

• 91%
• 63%

The remission rates
with bitemporal ECT (N=216) do not significantly 
decrease with increasing medication resistance.

(Rasmussen, et al.2007)
Number of Adequate Antidepressant Trials
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Star-D Remission Rates-4
Overall remission rate (QIDS-SR16)= 67%

(Rush, et al.2006)
(Failed Step 1) (Failed Step2) (Failed Step 3)(Citalopram)

The remission rates
with bitemporal ECT (N=216) do not significantly 
decrease with increasing medication resistance.

(Rasmussen, et al.2007)
Number of Adequate Antidepressant Trials
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Pre-ECT Workup
• History
• Physical Exam
• Electrolytes 
• Creatinine
• CBC
• Liver function tests
• Urinalysis
• EKG

Consider
• Brain CT

• EEG

• Spine X-Ray

• Chest X-ray

Relative 
Contradictions to ECT

• Intracranial neoplasm
• Recent cerebral vascular accident
• Subdural hematoma
• Recent myocardial infarction
• Angina
• Congestive heart failure
• Acute or chronic respiratory disease
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Administration of ECT
• NPO
• Hyperoxygenation
• Short acting anesthetic – Etomidate or Methohexital
• Succinylchlorine + blood pressure cuff techniques

Consider
• Caffeine
• Atropine
• Labetalol
• Esmolol

Avoid
• Lithium

• Anticonvulsants
esp. Benzodiazapines

(Consider Zolpidem for sleep)

Should an Antidepressant 
Medication be given with ECT?

• ECT response rates significantly better 
with concomitant antidepressant 
(venlafaxine or nortriptyline) compared 
with placebo.

• Sackeim et al, 2008.
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Studies Comparing Bilateral  
and Unilateral ECT

• Bilateral better than Unilateral 13

• Bilateral equal to Unilateral 14

• Unilateral better than Bilateral 2

Right Unilateral ECT at 6X seizure 
threshold is as effective as Bilateral 
ECT with significantly less cognitive 

disturbance.

ECT Remission Rate
Bilateral 65%
RUL- 6X 60%
RUL-2.5X 30%
RUL-1.5X 35%

Sackeim et al, 2000
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High Dose Right Unilateral ECTas 
Efficacious as Bitemporal ECT with 

Less Cognitive Disturbance

•Abrams et al, 1991(n=38)
•Sackeim et al, 1993(n=96)
•Sackeim et al, 2000(n=80)

Right Unilateral ECT Efficacy 
Increases with Intensity

• Right Unilateral (RUL) ECT given at 
seizure threshold is significantly less 
effective than RUL ECT given at 2.25 to 
12.6 times seizure threshold

• Cognitive disturbance also increases with 
intensity

McCall et al, 2000
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Pulse and sine wave comparison.  Energy = area under curve
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Ultrabrief Pulsewidth ECT
• Ultrabrief Pulsewidth: 0.25-0.3 msec
• More efficient induction of seizure than 1.0 

msec pulsewidth  
• > 1.0 msec PW falls within the refractory 

period of the neurons.
• Able to induce seizure with 1-10% of machine 

output with ultrabrief compared to 30-40% 
with 1.5 ms pulsewidth.

• Data from Columbia shows that right 
unilateral ultrabrief at 6x seizure threshold is 
as effective as bitemporal with less memory 
disturbance.

Sackeim et al., Brain Stimulation, 2008 

Ultrabrief ECT Study

• 90 depressed subjects randomized to:
– Brief Pulse (1.5 msec) - Right Unilateral 6X 

seizure threshold
– Ultrabrief Pulse (.30 msec) - Right 

Unilateral 6X seizure threshold
– Brief Pulse (1.5 msec) – Bitemporal 2.5 x 

seizure threshold.
– Ultrabrief Pulse (.30 msec) – Bitemporal 

2.5 x seizure threshold.
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Remission Rates One-Week Post ECT

Sackeim et al, 2008

Amnesia for Autobiographical Memory Post-ECT 

Sackeim et al, 2008




