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TO: Division of Dockets Management (HFA-305)
Food & Drug Administration
5630 Fishers Lane, Room 1061

Rockville MD 20852
FROM: Somatics LLC

910 Sherwood Drive #23

Lake Bluff IL 60044

DATE: 7/1/2009

: Docket No. FDA-2009-M-0101
21CFR Regulation 882.5940
Establishment Registration Number 1420295
Premarket Submission Number K945120
Premarket Submission Number K955576

The following information is submitted in response to the FDA order for submission of safety
and effectiveness information for certain class III medical devices [Docket No. FDA-2009-M-
0101], and specifically in this instance the electroconvulsive therapy (ECT) device.

1. Identification.

Electroconvulsive therapy (ECT), previously known as ""shock therapy" or "electroshock
therapy" is the oldest of the presently used biological treatments in psychiatry, having been
first introduced into U.S. psychiatric practice almost 70 years ago. It is administered via an
electroconvulsive therapy device that delivers a controlled dose of electricity to the head of an
anesthetized and fully oxygenated patient to induce a generalized discharge of brain neurons
lasting about a minute. This "seizure" or "convulsion" is similar to an epileptic seizure
except that the muscle contractions are reduced or eliminated by muscle-relaxing
medications.

During the early years of ECT before anesthesia and muscle-relaxants were introduced,
dislocations, fractures, and dental damage sometimes occurred, and the experience of
receiving the treatment without anesthesia caused some patients to become fearful of it.
Since the introduction of modern anesthesia techniques for ECT in the late 1950s the
procedure is much like any other carried out under brief anesthesia. In fact, most patients
queried in one carefully done study said they preferred having ECT to a visit to the dentist
(Freeman and Kendell, 1980).

The first ECT devices introduced in the U.S. in the 1940s delivered a sine-wave stimulus
based on the alternating current found at wall outlets. Beginning in the late 1960s the more
efficient brief pulse square wave stimulus began to replace the sine wave stimulus because it
produced the same therapeutic effect with an improved safety profile, particularly with
regard to memory and cognitive functioning.

Somatics' Thymatron ECT device is intended to be used in the ECT procedure by a
physician to treat patients suffering from severe major depressive disorder. The
Thymatron device is a free-standing, table-top medical electronic device. It includes
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transformers, electronic displays, a printer, and modular circuit boards with
microprocessors, memory chips, optical isolators and other electronic components, in a
case. On powering up it automatically performs tests of its own integrity. It delivers a brief
pulse square wave stimulus of 0.9A constant current, of maximum charge 504 mC (99.4
Joules at 220 ohms impedance) and minimum charge 5.0 mC. The Thymatron device prints
the patient's electroencephalogram (EEG), electrocardiogram (ECG), pulse rate, and
electromyogram (EMG, for muscle movements) during treatment on a paper strip chart
that emerges from the front panel of the device.

The exceptionally careful and detailed meta-analysis of the efficacy and safety of ECT in
depressive disorders performed by The UK ECT Group (2003) provides an excellent general
overview and introduction to the present submission. A meta-analysis combines the results
of multiple scientifically-valid studies on a subject into a single study, using a widely-accepted
statistical technique. In this way it is often possible to detect effects that are hard or
impossible to discern in the original studies because of too small a sample size.

The conclusions of the UK ECT Group were that real ECT was significantly more effective
than simulated ECT; ECT was significantly more effective than pharmacotherapy; overall
mortality was lower in patients who received ECT than those who did not; and previous
ECT or total lifetime ECTs were not associated with structural brain changes.

Each of these points, as well as other related points, will be further considered below in an
analysis of individual scientifically-valid studies.

2. Risks to Health.

i) The Thymatron ECT Device

Somatcs 'scfe yex perence with the Thymatron EC T dev ice

Since September 27, 1984, when FDA approved the Somatics Thymatron ECT device for
marketing, more than 4,300 Thymatron devices have been sold worldwide. During that
time Somatics has maintained complete safety files on the Thymatron device, including
those required by the FDA's Good Manufacturing Practice regulation, the Canadian
Standards Association, the German TiiV testing agency, and KEMA Registered Quality.
The latter three agencies regularly make on-site inspection visits to review manufacturing
practices, documentation, and established quality control procedures for compliance with
applicable published standards. In the ensuing 25 years there has been no occurrence of a
reportable adverse event (death or serious injury) related to the use of a Thymatron ECT
device, no reported occurrence of catastrophic ECT component failure, and no product
recall issued.

R Sk redu ction with the Thymatron EC T D evice

a) Risk of prolonged seizures and cardiac arrhythmias
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The two most frequent complications during an ECT treatment session are excessively long
seizures and irregular heart rhythms (Nuttall et al, 2004), both of which can be detected by
routine monitoring during the treatment. A brain-wave monitor (electroencephalogram,
EEG) enhances the safety of ECT by allowing the treating doctor to detect a prolonged
seizure as it occurs so that it can be terminated with intravenous medication. Likewise, a
heart monitor (electrocardiogram, ECG) allows the treating doctor to detect irregular
heartbeat patterns as they occur so that they can be managed with intravenous medication.
The Somatics Thymatron device includes integral EEG and ECG monitors that start
recording automatically as soon as the ECT stimulus is delivered and continue until they
are turned off by the doctor.

In addition to the paper EEG record the Somatics Thymatron device has an auditory EEG
monitor that allows the user to tell without looking at the patient or the paper EEG
whether or not the seizure has stopped. In a study of 82 consecutive ECTs the auditory
EEG of the Thymatron device allowed the investigators to determine the occurrence and
the duration of the induced EEG seizure with a high degree of accuracy when tested
against the paper EEG standard (Swartz and Abrams, 1986).

b) Risk of excessive dose due to component failure

In the extremely rare event of catastrophic failure of an ECT device component there exists
the remote possibility for an ECT device to deliver an electrical stimulus dose substantially in
excess of that set by the operator, potentially causing excessive memory disturbance. To
prevent such an occurrence the Somatics Thymatron device includes an independent
separate redundant safety circuit that automatically measures the electrical charge at the
output terminals each time the stimulus button is pressed and prevents delivery of any
stimulus charge that exceeds by more than 5% that set by the operator.

To test the integrity of the electrical connection to the patient, the Somatics Thymatron
device includes a static impedance test initiated by a button press. The test current is too
small to be felt by a fully awake person. This test helps assure good electrode contact and
prevent excessive heat release onto the skin.

Publshed rsk assessmens f the Thymatron EC Tdevice

a) Risk of hippocampal damage

Endeetal(R00)used proion magne tc esonance spectroscopic imaging o st dy hppocampalejfecs f ihe
Thymatron EC Tdevice as weféced nnN -ace ylaspariie signal.Inl17 patens rece vinge ihe runilaeralor
bilaeralEC T (allcfwhom inproved with teamen ),nod jferences we e foi nd from 4 controlsi becs in

h ppocampalN -ace ylasparaie signal, and il s provd ing noevidence forE( T-ndv ced h ppocampalatiophy or
cellleaih.

b) Risks to everyday memory and semantic memory

The most commonly investigated potential risk of ECT concerns its possible impact on
memory and cognitive functioning. Research on this risk with respect to ECT devices in
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general is reviewed in Section 2.ii. below. The following study reviews this risk specifically
with respect to the Thymatron ECT device.

Schatetal(207)used a Thymation EC Tdevice w tieat 83DSM -IV med cation fiee patens wihy n.polar
depiess ion who had been eval aied atbase line on es& ¢f behavioral @eve iyd ay) memoiy and sem an tic memo1iy
wou flency). One yearcferacoi 1se cfbilaeralor v nilaéralEC T ne ihe reve 1yd aymemoiy scoies nor
sem an tic mem oty scotes we ie tedu ced from base lne— in fact, bilae ralEC T was associaied wiih s ign ficanty
inproved seman tic (bu tnoteveiyday) memoiyscoies.

It should be noted that the risk of adverse memory effects is controlled through a variety of
mechanisms. It is standard clinical practice that the physician administering ECT assess
the patient’s mental status, including memory and cognitive functioning, before the start of
the first ECT treatment and each day while the patient is undergoing treatment. If a
significant adverse change in cognitive functioning is observed, the physician has several
choices available to ameliorate or reduce this change, including reducing the number of
treatments per week, temporarily interrupting treatment for a number of days, reducing
the stimulus dose, changing the treatment electrode placement or stimulus parameter
settings, changing anesthetic medications or doses, changing concurrent medications, and
decreasing the total number of ECT treatments given.

ii) The generic ECT device

RskcfDeathorSerions Inj 1y

ECT is a safe treatment. The most recent hospital-based statistics are from the Mayo
Clinic (Nuttall et al, 2004). This report described no permanent injuries and no deaths in
17,394 consecutively administered ECTs to 2,279 patients over a 14-year period.

The most recent state-based statistics are from Texas for the S years ending 1998 (Shiwach,
Reid, and Carmody, 2001). These statistics show two deaths per 49,048 treatments. A
report from California (Kramer, 1999) for the decade ending 1994, noted three deaths per
160,847 treatments. Both figures reflect the fact that receiving ECT is substantially safer
than giving birth, as reflected in the most recently reported U.S. statistic of 12.1 deaths per
100,000 live births for the year 2003 (Hoyert, 2007).

R3kio thed rain

Because the brain is the intended recipient of the electrical stimulus of ECT it is necessary
to consider whether ECT might conceivably cause brain injury, either directly via the
electrical stimulus itself, or indirectly, via the induced seizure.

Direct brain injury from ECT could only occur through temperature elevation from heat
liberated by the electrical stimulation or from cerebral anoxia occurring during the
induced seizure. During the passage of the electrical stimulus for ECT the high
impedance of the skull relative to the skin and subcutaneous tissues causes most of
the stimulus current to be shunted through the scalp (Weaver, Williams and Rush,
1976). Considering the worst-case (i.e., smallest volume) calculation that regards the
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heat generated in the brain to be evenly distributed through a cylinder of end area
20 cm? (the standard stimulus electrode surface area in use in the U.S.) and length of
13 ¢m (the typical trans-cranial distance between bitemporal stimulus electrodes),
the maximum FDA-allowed output of modern brief-pulse ECT devices (100 Joules at
220 ohms impedance) would elevate deep tissue temperature by less than 0.092°C
(Swartz, 1989).

Moreover, the actual brain temperature increase from an ECT stimulus is only a
fraction of 0.092°C because the tissue volume through which the stimulus current
passes is greatly increased by dispersion of the voltage along the scalp, and the
stimulus charge greatly reduced by the aforementioned shunting through the scalp.

And, because ECT has for more than 50 years been administered concurrent with full
oxygenation of the patient to consistently yield a partial oxygen pressure of at least 100
mm Hg (Posner, Plum and Van Poznak, 1969), cerebral anoxia is eliminated as a possible
cause of brain injury during ECT.

R3kcfbraincellnj 1y

When brain cells are injured there are detectable increases in blood levels of a variety of
proteins and protein enzymes; these can be measured before and after ECT in an attempt
to determine whether ECT causes such damage.

Gilinyetal( 20 )measi 1ed semm bved ¢f( -teactive proie in ( RP ) and several in trace ll arenzymes,

inchd ing aikaline phosphatase AL?P ), lacae dehyd rogenase L DH ), alan ine am inotransferase AL 1), asparaie
am ino transferase AS 1), and creatine kinase ( K), before and Smin, § m in, 4h,1 day, Zays,and 3days cfer
ECT inl Sconsecu tive patens. A llconcen trations emained wihi1 the nommalrange neveiy patent,excepifor
five sampeéswithe vaed ( K zve 5. H owever,becai se ( KM} and ( K3} fractions iemaied low i ihose
sampes,ske & talmu sc& was ihe presi med sow rce f the ( K e évation.These d ata provde no si pporifor ihe

poss biliy ihatE( T cai ses e iihe rd irectbrain ce ll 2akage orabrain iiflammaiory response .

Zachrssonetal(R010)deénn ned ihe concentrations in ihe cewebrospinalfl d ( SF) ¢f ihtee establshed
matrke 1s cf new ronalglialdegene ration: i proe in (aw ), nev refilament N FL ), and § -100 be o proe in, in 9
depiessed paten s who wece ved ihe rapei tic cov 15es (fE( T.A Someasi ted was the ( SF Senm abimin rato, a
weféction cf poentialbbod -brain barrer § 1 8 ) dysfi nction Ne iher éve 5 ¢f( SF-tm ,( SFNFL and ( SF § -
100 beta proe in,nor the CSFS abimin ratio,were s ign ficanty changed byE( T, provd ing no biochem ical
evdence cfnei ronalglialdamage orb § } dysfi nction foliowing a ihe rapeu tic coi 1se ¢fE(C T.

b ertou schotetal( 997) measi 1ed sen m nei ron-spec ficenolase NSE), asensitve marke rcfnen ronal
damage, n 7 patens withmajorde piess ve d sorde rwhoweite teaed withE( T for ihe first tine. EC T was

adm in§ered evely Zdays, ihiee tines aweeku nderstand aul cond itions and blbod sampks we 1e d rawn at ihe
foliowing tines.Forihe fiustE( T:1 5and 1 m in beforwe EC T,and 1, 510,1 § £, 23 3,456 ,75 9,10 §1 ¢
min,and 81 2 AdhcferEC T.Forallsi bsequentE( Ts:1 m in before and 4h cferveveiyE( T. A fieran
average ¢f 10 EC Ts perpatent, thete was nod jference insenm NSE Eve § before and atall tines fo liow ing ihe
fiustEC T,norwete anyd jferences foind nsewm NSE 2ve § before and cfereach s bsequentE( T, ind icating
thatE( Tdoes notca se nev ronald amage .

M ye lin basic proe n § an an tigen thatconstit es 1% cf ihe mye lin sheaih, and is inmy noweactviy it senm
and cewebrospinalfl d core lnies with the degree ¢f cen tralne rvoi s sysem d amage thatocci 1s with s troke and
cewebral rav ma.H oye,? ratt, and Thomas (I 9&) fou nd nod jference i serialysampid sen m mye lin bas ic
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proe in inmi noteactviy be ween asampé ¢f1 3patensundergoingE( T and asampi f1 4nomalcontro§,
norwas any pie - o postE( T innciease it mean reactviy obse wed in ihe patentsampé .

RSkcfbrainstm ci rald am age

Magnetic Resonance Imaging (MRI) provides a clear opportunity for non-invasive high-
resolution viewing of brain structure in patients receiving ECT.

( cjfeyetal(d 94) blind y-ana yzed sevialM RIs obtained before and cfier eamentand at 6-monihfolow p in
35depressed patens rece ving con 1ses cfbref-pi Se bilaeralEC T.No aci & orde layed change in brain

st ci 1e were fou nd, as measy red by alerations cf he walvol mes ¢f the aeralventric és, ihe hind ventricé,
the fron il bbes, the emporal bbes, or ihe amygd ala-h ppocampalcompéx . In five s bgcs, paimw se giobal
comparsons eveaed an appaient increase i si becortical hype rinensiy, which ihe av thots e 1pre ed as most
like ¥ wefiecting progiession ¢f ongo ng ce webrovasci lard sease dv ring folow p.

RSkcfcreatng anepiépte foci s in the brain

It has been suggested on hypothetical grounds that the repeated seizure inductions of ECT
might create ("kindle") a permanent epileptic focus in the brain of some patients receiving
this treatment. Ethical considerations prohibit the study of human brain kindling, so the
relevant data must come from animal studies.

Kraghetal(l 99.) inplanied e bctrodes in the amygd aloe f 32ras hatwe e then random y aliocaied w 1ece ve
1 2weeky genu ine orsham e &ctroconw & e shocks (EC S). Thiee monihs cfierihe lastE( S, kind Ing was
initimed arificialy n all ihe ras bydaiystiny lation via the implanied e ectrodes: ras pre tieaed with geni ine
ECS ddnotkind & faser ihan sham E( § -tieaied ras— i fact, raihe r than a facilimied deve bpmentcf kind ng
folowingE( S, aswtstcalysign ficant inh b ition ¢f kind ling was fou nd in the geny ine EC § gron p.

Postetal( 9&)demonstraed amarked proectie ejfectagainstkind ling lastingu p o Sdays cfera7day
coi 15e cfonce daiYE(CS i ras.M oweover,when EC § was adm inn & 1ed before ihe stiny lation given o ndv ce
kind ling, ih § phenomenon was compk e y blocked .

Considering the potent antikindling properties of ECS in rodents, it is highly unlikely that
ECT causes kindling in man.

RSkcfpersSientorpemanentmemoty ioss

All forms of ECT are capable of causing immediate adverse effects on memory shortly
after each individual treatment and after a course of treatments, and some of the clinical
approaches to ameliorating such adverse effects are outline in the last paragraph of section
2.i above. The question is whether any of these short-term memory effects are detectable as
long as 6 months after the final treatment, which is the generally-accepted interval for
classifying such memory changes as "persistent" rather than "temporary".

Memory (amnestic) effects of ECT consist of two main types: anterograde, for events
occurring after a treatment or course of treatments, and retrograde, for events occurring
just before the first treatment, or for personal (autobiographical) and public events
occurring during the weeks, months, or years before the first treatment. The studies
reviewed below are limited to the stimulus wave-form of ECT now exclusively used in
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virtually all U.S. hospitals—the brief pulse, square-wave stimulus. Further, it should be
noted that this review only considers the effects of bilateral (i.e., bitemporal or bifronto-
temporal) treatment electrode placement, the method that invariably produces the more
pronounced immediate anterograde and retrograde memory effects in every published
comparison. If persistent amnesic effects are not detectable after bilateral ECT, they will
not be detectable after any other form of ECT either.

L sanbyetal(P200) random ¥y ass gned 55patens wihmajordepiessive d Sowder io low-orhighdose right
wnilaeralorbilaeralE( T and esed them atbase lne on memoiy bate res containing boih a obgraphical
and pi blicevens . Twomonihs «ferE( T ihese nvestgatorsd d noifind statstcalysign ficant(p<i .)
woisen ing cf e ithe rai obiographicalor pu blic eventmemoiy fore ithe r fonn ¢fEC T ate ithe rd osage &ve L.

( aév,N igal and § hapira (1 9¢1) adm i1 5 e 1ed a comprehens ve est batery cfmemoiy and oihe rcogn itive
finctions fo 7 med ication free paten s wihmajprdepiession before and shorty cferamean cou 1se ¢f 9
bilaeral bref-p e EC Ts adm in5 e 1ed accoul ing o adosage titration procedn 1e . They reex am ined 1 4patens
1 monih and 6monihs c(ferihe conclsion f the teamentcoi 1se A nierograde memoiy was s ign ficanty
mpaired mmed iae y following ihe cou 1se ¢fEC T,bu tatl monih folow v p, pe fomnance had inproved i pre -

EC T &ve % and exceeded them atihe 6monihfoliow p.

( akv,N igal and § hapira (1 91) a¥o nclded e trograde memoiy es s foraw wbiographicaland p blic even §
using a esthateiy thatcovered ihe period cfseveralyears priov wE(C T. A lihow ghsign fican t in paimenifor
ai wbiographicalibs tnotpi blic) even s was recorded inmed ine y folowing a con 1se ¢fE( T, ths impaimment
had d sappeared 1 monih laer, foliowed by im provemen tove r base line shown atihe 6monih éstinéwal.

Sackeinetal(l 9861 9Gb) employed avare y cf recalland 1ecognition és§ forwouls,shapes, and faces hat
had o be £amed 1 5m i s prior o bref-p 3e, ji st-above -ihieshod wnilaeralorbiemporalE( T.P atéens
wete teésed inmediaey cféeroreniation had 1e 4 med, atwhich tine no i trograde amnesic ejfecs we re

de zced and inprovemen tove r base line was recouled on one f ihe 1 rograde memoiy tasks .0 f con 1se, f

e trograde amnesia was notde éced inmed ine y «ferE(C T, itcov d notpeisstcfiemwans.Ths factwas
confimed byS acke in etal(l 99.) i afolowy psidy inwhich ai obiographicalmemoiy assessmen s prior 0
EC Tshowed nodeciemens 2nonihs cferacoi ise cfeiher jistabove -thieshod or 25tines ihteshod
biemporalEC T.

Thus, follow-up studies up to 6 months after a course of bilateral brief-pulse square-wave
ECT find no evidence for persistent anterograde or retrograde amnesia.

3. Recommendation.

Somatics believes the ECT device should be reclassified into class II because special
controls, in addition to general controls, will provide reasonable assurance of safety and
effectiveness. There presently exists sufficient information to recommend the following
specifications based on almost 70 years' safe and effective use of ECT devices in the U.S.

bref pi Se,squ are wave s tini s

All published studies report the brief pulse, square wave stimulus to be more efficient at
seizure induction than the sine wave stimulus, achieving the same therapeutic effect with
significantly less memory and cognitive disturbance. Typical parameter settings are in the
ranges of pulsewidth 0 to 1.5 ms, frequency 0 to 140 Hz, and total stimulus duration 0 to 8
sec.
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constantcn rientsting s on ipn t

A constant current ensures delivery of a specified charge (in millicoulombs, mC) at each
stimulation, whereas with constant voltage the charge delivered varies with the skin
impedance of the patient, which can change from day to day.

max inum eneigydose 100 J@ 2 ohm inped ance

This is the present electrical energy dosage limitation of U.S.-made ECT devices, based on
recommendations made to FDA in 1982 by the American Psychiatric Association in its
failed ? e tition i Reclass fy EC T D evices to Class II. However, it should be considered that
several U.S.-based ECT investigators (Sackeim, 1991; Krystal, Dean, and Weiner, 2000;
Abrams, 2001) have recommended a higher maximum electrical dose in order to be able to
treat the large and increasing number of older patients with major depression, who have
much higher than average seizure thresholds. Moreover, other English speaking countries
(e.g., UK., Australia) have allowed ECT devices to be marketed with double the output of
U.S. devices: 200J @ 220 ohms impedance. In fact, the U.K. has made that particular
higher maximum dose mandatory for all ECT devices sold there.

pietieainentstini I se éctrode inpedance st

A test of impedance of the electrode-to-skin interface employing a current too small to be felt
by a fully awake person helps assure good contact and prevent skin burns. Typical clinical
measures routinely used to lower skin impedance and thus also reduce the risk of skin burn
include increasing pressure on the stimulus electrode(s), cleaning the skin and applying a
conductive gel or solution, repositioning the electrode(s), and gently abrading the skin under
the electrode(s) as with an emery board.

tieaimente éctrode si face aieano &ss than P cm?

In order to prevent excessive heat liberation at the electrode-to-skin interface and possible
resultant skin burns, the temperature at the electrode-to-skin interface should not exceed 50
deg. C. This constraint is reliably achieved if the stimulus electrode surface area is no smaller
than 20 cm?.

independentdosage ov ipy tmoniioring and controllng circi it
As described in 2i(b) above, this circuit repeatedly tests the dose at the output terminals
and aborts stimulus delivery if the output exceeds the user-set dose by more than 5%.

wo channe IEE G mon iior

Being able to assess for continuing cerebral seizure is important for preventing the memory
and cognitive risks of prolonged seizures. Because paroxysmal seizure activity can persist
in the brain after all visible muscle movements have ceased, the EEG is necessary for
monitoring for continuing seizure activity and for assessing the efficacy of any intravenous
anticonvulsant medications administered to terminate a prolonged seizure. Moreover,
because a generalized brain seizure involving both hemispheres is considered necessary for
the full therapeutic effect of ECT, two channels of EEG monitoring are needed to ensure
that the induced seizure is not limited to one hemisphere.
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stinu I s charge d Splay
To avoid delivery of a stimulus charge different from the one intended, the stimulus charge
selected by the user should be on display when stimulus delivery is initiated.

labe ling
WARNING: HAZARDOUS ELECTRICAL OUTPUT, READ USER’S MANUAL
BEFORE OPERATING. FOR USE ONLY BY A LICENSED PHYSICIAN PRIVILEGED
TO ADMINISTER ECT. A COPY OF THE USER’S MANUAL SHOULD BE
IMMEDIATELY AVAILABLE WHEN THIS DEVICE IS IN USE.

4. Summary of Reasons for Recommendation.

The Somatics Thymatron ECT device has already been in functional class II during its
entire lifetime of 25 years, during which its safety and effectiveness have been
demonstrated as outlined above and in paragraph 5 below.

For the last 20 years the Thymatron device was certified by the German testing agency
TV to IEC 60601.2.14, the internationally-accepted mandatory performance standard for
the ECT device. That particular performance standard was withdrawn several years ago,
leaving only the general standard for electromedical devices, IEC601.1, which the
Thymatron device also meets.

Since 1998 the Somatics Thymatron ECT device been subject to the special controls of
post-market surveillance and vigilance as monitored and certified by KEMA Registered
Quality, to the International Organization for Standardization (ISO) 9002 consensus
standard. KEMA has included in its survey all Thymatron devices sold in the U.S., and
FDA has historically incorporated international ISO consensus standards into special
controls guidance documents for the purpose of reclassifying certain class Il devices (e.g.,
the kneejoint patellofemorotibial prosthesis) to class II (Federal Register, 2003). KEMA is
also one of the organizations accredited by FDA to conduct inspections of class II and class
IIT manufacturing establishments.

5. Summary of valid scientific evidence on which the recommendation is based.

E ficacy cf the Thymation E( TD evice

Scientifically-valid investigations across 4 countries in well over 600 patients found patients
with major depression who were treated with a Thymatron ECT device enjoyed
substantial, objectively-measured improvement in the relatively narrow range of 67% to
95%.

V illamsetal (R0 )used aThymatron EC Tdevice o adminserl .5tines iheshod biemporalEC T o 1 5
patens wihDSM -V wn polarmajordepiession,obwining a 6& redu ction nH am ilion D e press ion sca &
scoies atihe end cf ihe ircon i1se ¢f teainent.

Ran jkesh,b arekawin, and A ki chakian (R0 .) random y ass igned 39DSM -IV patens wih majordepiess ion o
tece ve cou 1ses ¢f 8b fronml biemporalorvightinilaeralEC Tadm nsered wih a Thymation E(C Tdev ice .
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} lind y-obmined H am ilion D e press ion sca? ratings atbase line and «ferihe ShE( T reveakd 7% inprovement
for ihe entie sampé,withno sign ficantd jfe ence among ihe tieainentgroi ps.

Khoetal( R <) condu cied a e trospective chartevew st dy cf ihe esponse ¢f ¥ patens withDSH -IV
wnpolarmajrdepiession o teamentwitha Thymatron E( Tdevice v s ing age -based dos ing.H am ilion
Depiession § cak scoes obwmined before and (feramean coi 1se ¢f 7. .EC Ts showed 7) .4 inprovement, wiih
a 67 1emssion raeé achéved across the entite sampé .

Heikmanetal(R) )used aThymatron EC Tdevice o teat ADSM -V patens wihmajordepiession who we ie
random Y ass igned o high+ose rightunilneralE( T,moderaie dose rightunilneralE( T,or low+ose b frontal
ECT.} lind yobmined H am ilion D e press ion scaé scotes atbase line and «fierihe EC T cou 1se showed an
overall 66 inprovement wiih ihe best inprovement (7 % ) recouded forihe highdose righty nilaeralgioi p.

In ihe my Ilti-hospimIN Il finded ( ORE st dyPetrdesetal(R)1)used Thymatron EC Tdevices o treat 253
patenswihun polarmajordepiession with bilneralEC T at §% above ihieshod . The ove ralliem 3sion raie
for ihe sampk asde e ined by blind y-obtained H am ilion D epiession S caé ratings was & ,with paten s wih
psychoticdepiession enjoying a emarkabeé 9% 1em 8sion rae,compated wih 8% forpatens with non -
psychotic depiess ion .

A brams,S wartz, and Vedak (I 9¢1) condu cied a rand om -ass ignment,dov b -blind , con troléed com parson f ihe
antdepiessantpoénces of fied -highdose (37 8m( ) rightand iftinilaeralEC Tusinga Thymatron EC T
device in 1 paten s whosatifed crieriaformajordepiession withme lancho lia, cf whom 1 91ece ved right-
sded and 11, ¢ftsded ,E(C T.D epiession ratings wete blind ¥ obtained atbase line and inmed lae y fo low ing ihe
3 and GhEC Ts. P aten& receving eftunilaeralEC Tshowed an 8% inprovementifier 6 tieainens,
compated wihony 7% forrightunilueralE( T.A hhoi gh hs main teamentejfectd jfe rence was not

sign ficant, pos t-hoc és& d d show asign ficantadvaniage for ¢ftu nilneralE(C T from ihe 3ud o 6ih treaimens:
tftunilneralEC T worked faser laer in the co 15e .

Ejfcacy ¢fEC T in general

Data from scientifically valid studies using the form of ECT (bitemporal) generally
associated with the highest response rates demonstrate it to be a highly effective treatment
for depression. The following table shows the results for bitemporal ECT only of the 6 large
studies published in the modern era using structured diagnostic evaluation, systematic blind
outcome assessment on a reliable observer-administered depression rating scale, and brief-
pulse, square wave stimuli with specified dosage. The response rates achieved vary in a
narrow range from 70% to 87.8% with a mean of 83.7% and demonstrate the reliably high
efficacy of ECT in the treatment of depression.

RESPONSE RATES WITH BITEMPORAL ELECTROCONVULSIVE THERAPY

Study Sample size No. of responders Response rate (%)
Kellner et al., 2006 394 346 87.8

McCall et al., 2002 37 27 73

Abrams et al., 1991 18 14 71.8

Sackeim et al., 1987a 27 19 70.4

Sackeim et al., 1993 50 35 70

Sackeim et al., 2000 50 16 80

Toul 546 45 837
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Since none of the studies included a sham- or drug-treated control group, however, the
question arises whether this apparent efficacy might be merely a placebo effect.

To clarify this point it is necessary to review several types of studies: Genuine vs. sham
ECT in depression; ECT versus other FDA-approved treatments for depression
(antidepressant drugs and transcranial magnetic stimulation); and comparisons of
different forms of ECT in depression

1. Genuine vs. Sham ECT in Depression

The following sham ECT studies all satisfy strict methodological requirements, including
random assignment to treatment groups and double-blind, objective, outcome assessments.

Freeman,} asson, and ( righion ( 97 ) teaied 10 patens wih prinaiydepiession wiih e ithe r 2geni ine
(bilaeral partials ine wave) or X iny laed EC Tsdu ring the irfirstweek cf teament, cferwhich allpatens
tece ved geny ine biemporalEC T for the remainde rof the cou 1se .M ean scores on the H am ilton . the
V akefied, and the V su ald nalogi e depression scaks «fier the first 2ftreaiments we re s ign ficanty
werafier geni ine than afiersham E( T, and patens in the sham EC T grow pu ltinae y 1ece ived
sign ficantymore treaimens prescribed by clinic ians who we ie blind o grou p assignment.

L ambow m and Gill(l 97 ) ass igned 32patents with psychotic depiession 1o rece ive e ither 6 brief-pi e,
i ltra low-dose (ony10 jou es)unilaeralEC Ts oran equ alnimberof den tical anes thes ia indy c tions
withou t the passage c¢f e ectriciy.M ean i am ilion rating-scak scores obtained 24 hov 1s ¢cfier the s x th
treamentd d notd jfersign ficanty for the 2grou ps.

In the Northwick? ark EC T trial Johnstone etal(l 98 ) gave 7) patents withendogenou s de pression a
4-week con 1se of 8sine -wave biemporalE( Ts or 8anesthes ia indu c tions withou te ectrical

stiny lation M ean H am ilion depiession scak scores ofier 4weeks were sign ficanty lowe r in the

geny ine EC T grow p by abov t 26 poinis. The advantage of geni ine oversham EC T in this st dy was
mostmarked in the sibgrov pof patens withde l sionaldeptession (( linicalResearch( entre,1 9&),
the mostseverey illcf all patens withde press ion.

Vest(d 9d) treaied 22patens with prinary depiession with cou 1ses of 6 genu ine or 6sham E( Ts.
The patenis were blind y raied on bothdociors 'and nu 1ses 'vating scakes.and we te then swiiched to
the aliemae treamment [ ind icaed .Thete was a highystwtsticaly sign ficantand clinicaly inportant
inprovement in the genu ine compated with the sham EC T grow p, and 10 ov tcf 11 sham EC T paten s
(bi tno geny ine EC T patent) we re switched o the aliemaie me thod , from which they de rived ihe
expecied degree cf inprovement.

In the Leicesiershire trinl.} randonetal l 984std ed 95patents withmajorde pression who we ie
allocaied o p to 8geny ine biemporalsine wave EC Ts or 8sham E( Ts.A sign ficanty greaier
improvementin il am ilion de piession scai scotes was seen in the geni ine compaired with the sham
ECTgroupat 2and 4weeks. As in the Northwick? ark trinlabove, the largestgeni ine EC T advan tage
occi ried in the mostseverey illpatens— ithe sw bgrow p of patens withde l sionaldepression.

In the Nottingham E( Tstdy, Gregoiy,S hawcross and Gill (1 98.) random y ass igned € patens with
depiession 1o sine -wave EC Twithbiemporalorunilaeralplacementor to sham EC T.} oth geny ine

me thods weie si periov to sham EC T cfier 2 4, and 6 treainen s, as measi red by the blind y-
adm in5iered H am ilion and M onigomety-A sbergdepiression scakes.

Thus, S out of 6 scientifically valid studies of simulated compared with real ECT in the
treatment of depressive illness show both a statistically significant and clinically
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substantial advantage for genuine ECT in reducing depression scale scores during and
immediately following the treatment course.

It is not surprising that the single study (Lambourn and Gill, 1978) that failed to show an
advantage for real compared with sham ECT differs from all the others in having used
brief-pulse, ultra low-dose (10 J) unilateral ECT as the "active" treatment. A similar low-
dose technique using an even higher stimulus energy (mean = 18 J) was shown by
Sackeim et al. (1987a) to be clinically ineffective for right unilateral ECT, the same
application used by Lambourn and Gill (1978). Subsequent studies (e.g., Abrams,
Swartz, and Vedak, 1991) amply demonstrated that unilateral ECT must be administered
with high stimulus dosing to maximize efficacy.

Following a successful course of ECT it is standard practice to prescribe maintenance
antidepressant medication to prevent relapse, for example with nortriptyline, lithium, or
both. If this fails, continuation ECT may be tried, in which patients continue to receive an
outpatient ECT treatment every 1 to 4 weeks. A problem with most of the efficacy studies
reviewed above is that patients typically receive either no post-ECT maintenance therapy,
or receive a variety of "doctor's choice" treatments, including both ECT and drugs,
administered non-systematically. So it is also not surprising that evaluations performed
weeks or months after completion of the acute ECT treatment course usually fail to show
a significant advantage for ECT.

2. ECT vs. Other FDA-Approved Treatments for Depression

E( TverwsusAntdepressantD n gs

Foikersetal( 99) random y ass igned 39patens wihmajordepiession o tece ve e iher 25tines ihwesho d
wnilaeralEC T(N=.1) or eamentwiih ihe FD A -approved antdepiessantparoxe tire N =1 ). A fer 4weeks
thete was asi bstan tialand highy s ign ficantadvantage forE( T over paroxe tie: a 5% redu ction in blind y -
obwined H am ilion D epiession § ca scoe for the EC T gron p, compared wihony 2% for ihe paroxe tire groi p.

Gangad hav,Kapi v, and Kalyanasi ndaram (1 98)std ed Apatens wih prinaiyendogenou s de piess ion who
wete random Yy ass gned o rece ve a coi 1se ¢f gemy ine bilneralorsham EC T in conji nction with e ithe r place bo
capsi &s or in pram ine,1 § mgday The fist 6 ieainens were given over 2weeks, cferwhich gemi ine EC T
pls placebo was fou nd o be s ign ficanty si perior o sham EC T pl s in pram ine n bwering blind y-obwined

H am ilion de piess ion scak scoies . Ths neatydemons traed ihe ejficacy f geni ine veisi s sham EC T as we llas
the su periorejficacy ¢fEC T over in pram ine .

In a e tiospective charttevewst dy Gagne etal (R0)) denifed 29paten s who tece ved contin ation EC T+
antdepiessantmed ication and compared hem with 29carefi Iy maiched con tiolpatens who 1ece ved ony
con tim ation antdepressans cfer nitialy respond ng o a cow 1se ¢(fEC T. Overa 4.yearfoliowu p period ihe
oi icome was sign ficanty be ter in the EC T+ antdepiessans grow p (9%  like Lhood ¢f con tiw ingw ithou t
1elapse orteci rience) than i ihose who 1ece ved antdepiessans alone (5% like hood ¢f contiw ingw ihou t
1e lapse or e rience).

EC Tvs.TranscranialM agne tc § tinu lation (IM S )

TMS, in which a magnetic field is applied to the head, is an FDA-approved treatment for
major depression.
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Ervantietal (R0 7) random y ass igned 46paten s wihDSM -V majordepiession o wece ve e heral 5day
coiise (f M § 1o the éftdorsolneralprefronialcorex n= ) oradociors choice con 1se ¢fE(C Tdelvered at
1.5tines se i 1e thieshod (n= 2).1 lind y-obtined i am ilion Rating$ caé D epiess ion scoies atbase line and
atihe end ¢f ihe teainentcoi 1se showed s ign ficanty greaer inprovement in the EC T grov pwithl 3(5% )
acheving 1em §sion compared wihon y fou v (17% ) in the TM § grou p.

3. Comparison of different Forms of ECT in Depression

Proof of the efficacy of a given treatment is not limited to studies comparing that treatment
with placebo or alternative approved active treatment. So long as scientifically valid
methods are employed, efficacy can be demonstrated by studies that compare two different
forms of a particular active treatment and find one form superior to the other.

One standard procedure for determining the stimulus dose for ECT requires preliminary
testing of the patient's threshold for developing a seizure and then administering a stimulus
dose at a particular multiple of that threshold. An alternate method administers a fixed
stimulus dose, set high enough to ensure a well-developed seizure on the first application.

M oderae ySu praihieshod vs . F xed H ighdose UnilaeralE( T in D epiess ion

Mcd alletal(200) random y ass igned 7 Zpatens wihmajordepiessive d Souler o 1ece ve rightinilueralEC T
ateither amoderae y si praihteshod dose (nean =1 36m illcow lombs,m( ) orafied highdose ¢f 4 3m( .
Aferan average cou 1se ¢f S7EC Ts 67% f ihe patens rece ving fxed highdose EC T 1esponded, com pared
with 3% c¢f ihose who tece ved moderae y si praihteshod dosing (p=1 ), ilu s demonstrating ihe ejficacy ¢f
fxed,highdose EC T in ihe tteamentcf majordepiession.

In bilateral (bitemporal) ECT, one treatment electrode is placed on each temple, whereas
in unilateral ECT both treatment electrodes are placed over the same side of the head,
almost invariably the right hemisphere. Although it is abundantly clear that unilateral
ECT is associated with fewer adverse memory effects than bilateral ECT, it remains to be
determined whether unilateral ECT is clinically as effective.

b demporalvs .RghtUnilaeralEC T inD epiession

Sackeimetal(d 98) condiced adov b -blnd, rand om -ass ignmentst dy comparing ihe 1 latve ejficacy cf
biemporaland rightu nilaeralE(C T, boih adm in 5 & 1ed wiih ji s t-above -ihieshod dosing.The wo cond itions d d
notd jfer in ihe du ration f generalized se i 1es or i1 the nimbercf teamens adm inseed o achéve clnical
tesponse . In 5Zpaten s with prinaitymajordepiess ive d Sorder,bilneralEC T was marked y and s ign ficanty
siperior o rightunilaeralEC T in tedv cing blind y-obtained H am ilion Rating$§ ca? scotes fordepression, il s
demonstrating ihe ejficacy f ji st-above -ihteshod biemporalE( T as a teameniformajordepiess ion .

4. Comparison of Different Forms of ECT in Depression

Proof of the efficacy of ECT can also come from scientifically-valid studies that
demonstrate a differential response rate to ECT of different forms of the same illness.
Demonstrating that one form of an illness responds significantly better to ECT than
another confirms the efficacy of ECT in the responsive form.
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In the sidycfPetrdesetal (201) cied above, patens with psycho tic de piess ion (ie ,u n foin yseveie major
depiession) ex hibied asign ficanty greaie riem ssion rae wih bilaeralE( T han patens with non -psychotic
depiession , ihi sdemons trating hatbilaéralE( T s an ejfective tieameniformajordepiession that § so seve e
it & psychoti.

Thus, numerous and varied scientifically valid studies in patients with major depression
provide a definitive answer to the question raised in the opening paragraph of this section
as to whether the reported great efficacy of ECT might be only a placebo effect: it clearly
is not. The data summarized above demonstrate that ECT is a reliable and substantially
efficacious treatment for major depression, and that its results in treating this disorder
compare very favorably with other FDA-approved treatments for major depression,
especially when severe.
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