
BackgroundBackground Studies have comparedStudies have compared

electroconvulsive therapy (ECT) andelectroconvulsive therapy (ECT) and

repetitive transcranialmagneticrepetitive transcranialmagnetic

stimulation (rTMS) withregard to clinicalstimulation (rTMS) withregard to clinical

efficacyinthetreatmentofdepression, butefficacyinthetreatmentofdepression, but

no studyhas yet addressed the differentialno studyhas yet addressed the differential

impacton cognition.impacton cognition.

AimsAims To compare the neurocognitiveTo compare theneurocognitive

effects of unilateral ECTandrTMS.effects of unilateral ECTandrTMS.

MethodMethod ThirtypatientswithThirtypatientswith

treatment-refractorynon-psychotictreatment-refractorynon-psychotic

majordepressionreceived an average ofmajordepressionreceived an average of

tentreatmentswith either unilateral ECTtentreatmentswith either unilateral ECT

or left prefrontalrTMS andwere assessedor left prefrontalrTMS andwere assessed

forobjective and subjective cognitiveforobjective and subjective cognitive

impairments before and about aweekimpairments before and about aweek

after treatment.after treatment.

ResultsResults TreatmentresponsewasTreatmentresponsewas

comparable (46% ofthe ECT group andcomparable (46% ofthe ECT group and

44% ofthe rTMS group showed a44% ofthe rTMS group showed a

reduction of 50% ormore in Hamiltonreduction of 50% ormore in Hamilton

Rating Scale for Depression scores).InRating Scale for Depression scores).In

patients treatedwithrTMS, cognitivepatients treatedwithrTMS, cognitive

performance remained constantorperformance remained constantor

improved andmemorycomplaintsimproved andmemorycomplaints

alleviated, whereas inthe ECT groupalleviated, whereas inthe ECT group

memoryrecall deficits emerged andmemoryrecall deficits emerged and

memorycomplaints remained.memorycomplaints remained.

ConclusionsConclusions In contrastto unilateralIn contrastto unilateral

ECT, rTMShas no adversememoryECT, rTMShas no adversememory

effects.effects.
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Electroconvulsive therapy (ECT) is highlyElectroconvulsive therapy (ECT) is highly

effective in the treatment of severe depres-effective in the treatment of severe depres-

sion (UK ECT Review Group, 2003). Dur-sion (UK ECT Review Group, 2003). Dur-

ing the past decade, transcranial magneticing the past decade, transcranial magnetic

stimulation has emerged as a new anti-stimulation has emerged as a new anti-

depressant treatment (e.g. Bermandepressant treatment (e.g. Berman et alet al,,

2000). Some randomised trials suggest that2000). Some randomised trials suggest that

repetitive transcranial magnetic stimulationrepetitive transcranial magnetic stimulation

(rTMS) might be as effective as ECT in the(rTMS) might be as effective as ECT in the

treatment of non-psychotic depressiontreatment of non-psychotic depression

(Grunhaus(Grunhaus et alet al, 2000, 2003; Janicak, 2000, 2003; Janicak et alet al,,

2002). However, recent reviews and meta-2002). However, recent reviews and meta-

analyses show temperate enthusiasm foranalyses show temperate enthusiasm for

transcranial magnetic stimulation as antranscranial magnetic stimulation as an

alternative to ECT (e.g. Martinalternative to ECT (e.g. Martin et alet al,,

2003; Schlaepfer2003; Schlaepfer et alet al, 2003) and emphasise, 2003) and emphasise

the need for further studies.the need for further studies.

In weighing the benefits and risks ofIn weighing the benefits and risks of

different treatment methods, cognitive side-different treatment methods, cognitive side-

effects are an important issue. Electrocon-effects are an important issue. Electrocon-

vulsive therapy has been shown to inducevulsive therapy has been shown to induce

anterograde amnesia, retrograde amnesiaanterograde amnesia, retrograde amnesia

and subjective memory complaints (e.g.and subjective memory complaints (e.g.

Squire & Slater, 1983; LisanbySquire & Slater, 1983; Lisanby et alet al,,

2000). Although such deficits tend to cease2000). Although such deficits tend to cease

within weeks to months, a review ofwithin weeks to months, a review of

patients’ perspectives on ECT (Rosepatients’ perspectives on ECT (Rose et alet al,,

2003) indicates that persistent memory2003) indicates that persistent memory

impairment following this therapy may beimpairment following this therapy may be

more frequent than is evident from testingmore frequent than is evident from testing

with standard neuropsychological batteries.with standard neuropsychological batteries.

In contrast, rTMS seems not to have anyIn contrast, rTMS seems not to have any

substantial cognitive side-effects (e.g.substantial cognitive side-effects (e.g.

TriggsTriggs et alet al, 1999). However, a comprehen-, 1999). However, a comprehen-

sive comparison of cognitive side-effects issive comparison of cognitive side-effects is

lacking so far.lacking so far.

METHODMETHOD

ParticipantsParticipants

Thirty patients referred to the Psychia-Thirty patients referred to the Psychia-

tric University Hospital of Bonn withtric University Hospital of Bonn with

treatment-resistant, non-psychotic majortreatment-resistant, non-psychotic major

depressive disorder participated in thedepressive disorder participated in the

study. All patients met the followingstudy. All patients met the following

inclusion criteria:inclusion criteria:

(a)(a) a DSM–IV diagnosis of major depres-a DSM–IV diagnosis of major depres-

sive disorder (American Psychiatricsive disorder (American Psychiatric

Association, 1994), as assessed by anAssociation, 1994), as assessed by an

experienced clinical psychiatrist;experienced clinical psychiatrist;

(b)(b) no additional Axis I diagnosis;no additional Axis I diagnosis;

(c)(c) unsuccessful treatment response to atunsuccessful treatment response to at

least two different types of antidepres-least two different types of antidepres-

sants, each given in a sufficient dosagesants, each given in a sufficient dosage

range for at least 4 weeks;range for at least 4 weeks;

(d)(d) age over 18 years;age over 18 years;

(e)(e) no previous treatment with ECT orno previous treatment with ECT or

rTMS.rTMS.

The patient sample consisted of 16 men andThe patient sample consisted of 16 men and

14 women; the average age was 47 years14 women; the average age was 47 years

(range 25–69) (Table 1).(range 25–69) (Table 1).

All patients were referred for ECT orAll patients were referred for ECT or

rTMS at the University Hospital of BonnrTMS at the University Hospital of Bonn

after prior treatments with antidepressantafter prior treatments with antidepressant

drugs had failed. The department offersdrugs had failed. The department offers

both of these therapies, and is one ofboth of these therapies, and is one of

only a few specialised treatment centresonly a few specialised treatment centres

in Germany to do so. All participantsin Germany to do so. All participants

approached our clinic with the speci-approached our clinic with the speci-

fic wish – or a referring doctor’sfic wish – or a referring doctor’s

recommendation – to receive either rTMSrecommendation – to receive either rTMS

or ECT, and received the treatment of theiror ECT, and received the treatment of their

choice if no clinical exclusion criterion waschoice if no clinical exclusion criterion was

present. The study consisted of consecu-present. The study consisted of consecu-

tively admitted cases within a specifiedtively admitted cases within a specified

period, going into either the rTMS or theperiod, going into either the rTMS or the

ECT group with comparable likelihood.ECT group with comparable likelihood.

Fourteen patients were treated with ECTFourteen patients were treated with ECT

and 16 received rTMS. The two groupsand 16 received rTMS. The two groups

did not show significant differences ondid not show significant differences on

any of the variables measured; mostany of the variables measured; most

importantly, they were comparable withimportantly, they were comparable with

regard to age, gender, level of depression,regard to age, gender, level of depression,

level of education and verbal IQ (Table 1).level of education and verbal IQ (Table 1).

Furthermore, the cognitive status levels ofFurthermore, the cognitive status levels of

the two groups at baseline were almostthe two groups at baseline were almost

identical, allowing us to study the changesidentical, allowing us to study the changes

induced by ECT or rTMS. Allinduced by ECT or rTMS. All

participarticipants gave informed consent topants gave informed consent to

repeated neurocognitive assessment.repeated neurocognitive assessment.

In order to disentangle treatment-In order to disentangle treatment-

related changes in performance from testrelated changes in performance from test

repetition effects, a control group of 15repetition effects, a control group of 15

healthy volunteers, matched by age, gender,healthy volunteers, matched by age, gender,

level of education and verbal IQ to thelevel of education and verbal IQ to the

patient groups (see Table 1), was alsopatient groups (see Table 1), was also

assessed twice, with the same intervalassessed twice, with the same interval

between testings as the patients.between testings as the patients.

Clinical ratingsClinical ratings
and neuropsychological tasksand neuropsychological tasks

Patients and controls were assessed with anPatients and controls were assessed with an

extensive test battery before and about aextensive test battery before and about a

week after completion of the treatment.week after completion of the treatment.
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Pre-treatment testing took place 1–3 daysPre-treatment testing took place 1–3 days

before the first treatment session, and thebefore the first treatment session, and the

post-treatment testing was done 8.8 dayspost-treatment testing was done 8.8 days

on average after the last ECT or rTMSon average after the last ECT or rTMS

session with equal intervals between thesession with equal intervals between the

last treatment and post-treatment testinglast treatment and post-treatment testing

for both groups (for both groups (PP¼0.68, NS). The clinical0.68, NS). The clinical

effects of ECT and rTMS were assessedeffects of ECT and rTMS were assessed

using the 17-item Hamilton Rating Scaleusing the 17-item Hamilton Rating Scale

for Depression (HRSD; Hamilton, 1967;for Depression (HRSD; Hamilton, 1967;

German version by the Collegium Inter-German version by the Collegium Inter-

nationale Psychiatriae Scalarum, 1978)nationale Psychiatriae Scalarum, 1978)

and the Beck Depression Inventory (BDI;and the Beck Depression Inventory (BDI;

BeckBeck et alet al, 1961; German version by, 1961; German version by

HautzingerHautzinger et alet al, 1994). The ratings were, 1994). The ratings were

made by the treating clinical psychiatrist.made by the treating clinical psychiatrist.

Cognitive effects of ECT and rTMS wereCognitive effects of ECT and rTMS were

assessed with a comprehensive neuro-assessed with a comprehensive neuro-

psychological battery (see Appendix) withpsychological battery (see Appendix) with

special emphasis on memory functions.special emphasis on memory functions.

Cognitive testing was done by aCognitive testing was done by a

psychologist masked to the treatmentpsychologist masked to the treatment

assignments.assignments.

TreatmentsTreatments

Electroconvulsive therapyElectroconvulsive therapy

Electroconvulsive therapy was given inElectroconvulsive therapy was given in

accordance with current clinical guidelinesaccordance with current clinical guidelines

(American Psychiatric Association, 1990;(American Psychiatric Association, 1990;

Folkerts, 1997), using a Thymatron IIIFolkerts, 1997), using a Thymatron III

DG stimulator (Somatics Inc., Illinois,DG stimulator (Somatics Inc., Illinois,

USA), which delivers a brief-pulse bi-USA), which delivers a brief-pulse bi-

directional current. All treatments weredirectional current. All treatments were

given under anaesthesia with propofolgiven under anaesthesia with propofol

(2 mg/kg), muscle relaxation with(2 mg/kg), muscle relaxation with

suxamethoniumsuxamethonium (1 mg/kg) and 100%(1 mg/kg) and 100%

oxygenation. Medication was notoxygenation. Medication was not

changed during treatment. Antidepressants,changed during treatment. Antidepressants,

low-potency neuroleptics and non-low-potency neuroleptics and non-

benzodiazepine hypnotics were allowed.benzodiazepine hypnotics were allowed.

Stimulation was always unilateral on theStimulation was always unilateral on the

right hemisphere (all patients were reportedright hemisphere (all patients were reported

to be right-handed for several manual activ-to be right-handed for several manual activ-

ities). Seizure threshold was determined byities). Seizure threshold was determined by

a titration method and was age-based.a titration method and was age-based.

Stimulation intensity was 2–2.5 times theStimulation intensity was 2–2.5 times the

seizure threshold. Therapy was givenseizure threshold. Therapy was given

twice-weekly with a minimum interval oftwice-weekly with a minimum interval of

48 h between treatments. Decisions con-48 h between treatments. Decisions con-

cerning the number of treatments werecerning the number of treatments were

made by the psychiatrist in attendance; par-made by the psychiatrist in attendance; par-

ticipants received a mean of 9.9 (s.d.ticipants received a mean of 9.9 (s.d.¼2.7)2.7)

treatments.treatments.

Transcranial magnetic stimulationTranscranial magnetic stimulation
Transcranial magnetic stimulation wasTranscranial magnetic stimulation was

given with a Magstim Rapid machinegiven with a Magstim Rapid machine

(Magstim Co. Ltd, Whitland, UK). To(Magstim Co. Ltd, Whitland, UK). To

make the frequencies of ECT and rTMSmake the frequencies of ECT and rTMS

comparable, patients were treated two orcomparable, patients were treated two or

three times per week; they received a meanthree times per week; they received a mean

of 10.8 (s.d.of 10.8 (s.d.¼1.4) treatments. Medication1.4) treatments. Medication

was kept constant as well. Stimulationwas kept constant as well. Stimulation

was applied over the left dorsolateral pre-was applied over the left dorsolateral pre-

frontal cortex with an intensity of 100%frontal cortex with an intensity of 100%

and a frequency of 10 Hz (20–30 trains ofand a frequency of 10 Hz (20–30 trains of

2 s duration per treatment session, 5 s inter-2 s duration per treatment session, 5 s inter-

train interval). Stimulation frequency wastrain interval). Stimulation frequency was

identical to that in previous studies compar-identical to that in previous studies compar-

ing rTMS and ECT (Grunhausing rTMS and ECT (Grunhaus et alet al, 2000,, 2000,

2003; Janicak2003; Janicak et alet al, 2002)., 2002).

Data analysisData analysis

Data analysis was done using the StatisticalData analysis was done using the Statistical

Package for the Social Sciences, forPackage for the Social Sciences, for

Windows version 10.0. To compare theWindows version 10.0. To compare the

two treatment methods, analyses of var-two treatment methods, analyses of var-

iance (ANOVAs) with repeated-measures,iance (ANOVAs) with repeated-measures,

between-groupbetween-group tt-tests (Welch-corrected for-tests (Welch-corrected for

unequal variances) and within-groupunequal variances) and within-group tt-tests-tests

were performed. In addition, the numberswere performed. In addition, the numbers

of responders in both groups were com-of responders in both groups were com-

pared using a chi-squared test. Patientspared using a chi-squared test. Patients

were considered to be responders to treat-were considered to be responders to treat-

ment if their HRSD scores had decreasedment if their HRSD scores had decreased

by at least 50% from baseline levels. Oneby at least 50% from baseline levels. One

person in the ECT group withdrew fromperson in the ECT group withdrew from

the study because of severe orientationthe study because of severe orientation

and memory problems after two ECT treat-and memory problems after two ECT treat-

ments; these data were not included in thements; these data were not included in the

analysis.analysis.

RESULTSRESULTS

Clinical effectivenessClinical effectiveness

Both treatment methods resulted in aBoth treatment methods resulted in a

marked reduction of depression, as assessedmarked reduction of depression, as assessed

by HRSD score, BDI score and responseby HRSD score, BDI score and response

rates. In the ECT group the mean HRSDrates. In the ECT group the mean HRSD

scores decreased by 35% from 22.4scores decreased by 35% from 22.4

(s.d.(s.d.¼3.1) to 14.5 (s.d.3.1) to 14.5 (s.d.¼5.7),5.7), PP550.001. In0.001. In

the rTMS group the mean HRSD scorethe rTMS group the mean HRSD score

decreased by 39%, from 21.3 (s.d.decreased by 39%, from 21.3 (s.d.¼3.5)3.5)

to 13.0 (s.d.to 13.0 (s.d.¼4.9),4.9), PP550.001 (Fig. 1). The0.001 (Fig. 1). The

ANOVA showed a significant time effectANOVA showed a significant time effect

((FF(1,27)(1,27)¼65.25,65.25, PP550.001), but no group0.001), but no group

effect and no interaction. Similar resultseffect and no interaction. Similar results

were found for self-ratings of depressionwere found for self-ratings of depression

on the BDI. In the ECT group the meanon the BDI. In the ECT group the mean

BDI scores decreased by 7.6 points (24%)BDI scores decreased by 7.6 points (24%)

and in the rTMS group the decrease wasand in the rTMS group the decrease was

6.4 points (27%). The ANOVA revealed a6.4 points (27%). The ANOVA revealed a

significant time effect (significant time effect (FF(1,24)(1,24)¼8.40,8.40,

PP550.008), but no significant group effect0.008), but no significant group effect

and no interaction.and no interaction.

Patients were considered to be respon-Patients were considered to be respon-

ders to treatment if their final HRSDders to treatment if their final HRSD

score had decreased by 50% or more fromscore had decreased by 50% or more from

baseline. According to this criterion,baseline. According to this criterion,

46% of the ECT group and 44% of the46% of the ECT group and 44% of the

rTMS group were treatment respondersrTMS group were treatment responders

((ww22
(1)(1)¼0.02,0.02, PP¼0.90, NS).0.90, NS).

Neuropsychological effectsNeuropsychological effects

Before treatment, the two groups withBefore treatment, the two groups with

depressive disorder did not differ from eachdepressive disorder did not differ from each

other on any of the neuropsychologicalother on any of the neuropsychological

measures (Table 2). After treatment, signif-measures (Table 2). After treatment, signif-

icant differences between the ECT andicant differences between the ECT and

rTMS treatment groups emerged for speci-rTMS treatment groups emerged for speci-

fic memory functions; these differencesfic memory functions; these differences
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Table1Table1 Demographic and clinical variablesDemographic and clinical variables

ECT groupECT group
((nn¼14)14)

rTMS grouprTMS group
((nn¼16)16)

Control groupControl group
((nn¼15)15)

ECTECTvv..
rTMSrTMS
PP11

PatientsPatients vv..
controlscontrols

PP11

Age, years: mean (s.d.)Age, years: mean (s.d.) 46.7 (11.0)46.7 (11.0) 47.7 (13.1)47.7 (13.1) 48.9 (13.8)48.9 (13.8) 0.8280.82822 0.6720.67222

Gender,Gender, nn
MaleMale 77 99 88 0.7320.73233 1.0001.00033

FemaleFemale 77 77 77

HRSD score: mean (s.d.)HRSD score: mean (s.d.) 22.3 (3.0)22.3 (3.0) 21.3 (3.5)21.3 (3.5) 0.3930.39322

Level of education,Level of education, nn
No graduationNo graduation 00 00 11 0.8490.84933 0.2800.28033

Elementary schoolElementary school 66 99 44

Secondary schoolSecondary school 33 33 33

A-levelsA-levels 33 33 33

A-levels and course of studiesA-levels and course of studies 22 11 44

Verbal IQ (WSTscore):Verbal IQ (WSTscore):
mean (s.d.)mean (s.d.)

101.9 (17.0)101.9 (17.0) 99.9 (16.6)99.9 (16.6) 108.2 (17.5)108.2 (17.5) 0.7790.77922 0.1870.18722

ECT, electroconvulsive therapy; HRSD,Hamilton Rating Scale for Depression; rTMS, repetitive transcranial magneticECT, electroconvulsive therapy; HRSD,Hamilton Rating Scale for Depression; rTMS, repetitive transcranialmagnetic
stimulation;WST,Wortschatztest (Schmidt & Metzler, 1992).stimulation;WST,Wortschatztest (Schmidt & Metzler, 1992).
1. All1. All PP values not significant.values not significant.
2.2. tt-test.-test.
3.3. ww22 test.test.
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were consistently in favour of rTMS.were consistently in favour of rTMS.

Significant differences between patientSignificant differences between patient

groups after treatment were found in fivegroups after treatment were found in five

measures of long-term memory recall ormeasures of long-term memory recall or

recognition, but not for any non-memoryrecognition, but not for any non-memory

measure (Table 2).measure (Table 2).

Anterograde memory functionAnterograde memory function

Significant differences to the disadvantageSignificant differences to the disadvantage

of ECT were found in two variables of theof ECT were found in two variables of the

Auditory Verbal Learning Test (AVLT;Auditory Verbal Learning Test (AVLT;

Rey, 1964): loss after interference (trial 5Rey, 1964): loss after interference (trial 5

minus trial 6) and loss after delay (trialminus trial 6) and loss after delay (trial

5 minus trial 7). In the ANOVA, the5 minus trial 7). In the ANOVA, the

groupgroup66time interaction was significanttime interaction was significant

for both measures (for both measures (FF(1,23)(1,23)¼7.81,7.81, PP¼0.0100.010

412412

Fig. 1Fig. 1 Clinical improvement shown by reductions in Hamilton Rating Scale for Depression (HRSD) scoresClinical improvement shown by reductions in Hamilton Rating Scale for Depression (HRSD) scores

following (a) electroconvulsive therapy (ECT) and (b) transcranialmagnetic stimulation (rTMS).following (a) electroconvulsive therapy (ECT) and (b) transcranial magnetic stimulation (rTMS).

Table 2Table 2 Cognitivemeasures in the three study groupsCognitivemeasures in the three study groups

MeasureMeasure11 Test scores: mean (s.d.)Test scores: mean (s.d.)

Control groupControl group ECT groupECT group rTMS grouprTMS group tt-test: ECT-test: ECT vv. rTMS. rTMS22

PrePre PostPost PrePre PostPost PrePre PostPost PrePre PostPost

Learningand anterogradememoryLearning and anterogradememory
AVLTAVLT
Immediate recall (trials 1^5)Immediate recall (trials 1^5) 59.4 (10.0)59.4 (10.0) 62.0 (11.0)62.0 (11.0) 42.1 (8.5)42.1 (8.5) 46.7 (8.5)46.7 (8.5) 39.6 (10.0)39.6 (10.0) 44.2 (14.4)44.2 (14.4) NSNS NSNS

Recall after interference (trial 5 minus trial 6)Recall after interference (trial 5 minus trial 6) 1.2 (1.2)1.2 (1.2) 0.8 (1.3)0.8 (1.3) 2.8 (2.2)2.8 (2.2) 3.9 (1.9)3.9 (1.9) 3.2 (1.9)3.2 (1.9) 1.8 (2.0)1.8 (2.0) NSNS ****

Recall after delay (trial 5 minus trial 7)Recall after delay (trial 5 minus trial 7) 1.1 (1.6)1.1 (1.6) 0.1 (0.6)0.1 (0.6) 2.4 (1.8)2.4 (1.8) 4.2 (1.6)4.2 (1.6) 3.2 (1.6)3.2 (1.6) 2.4 (2.0)2.4 (2.0) NSNS **

Recognition hitsRecognition hits 14.4 (1.4)14.4 (1.4) 14.1 (2.0)14.1 (2.0) 12.8 (2.1)12.8 (2.1) 12.7 (1.8)12.7 (1.8) 13.2 (1.9)13.2 (1.9) 12.6 (2.6)12.6 (2.6) NSNS NSNS

Recognition false alarmsRecognition false alarms 0.3 (1.3)0.3 (1.3) 0.1 (0.4)0.1 (0.4) 4.4 (5.8)4.4 (5.8) 4.9 (6.1)4.9 (6.1) 6.1 (5.9)6.1 (5.9) 5.5 (6.2)5.5 (6.2) NSNS NSNS

MPTMPT
Recall trial 3Recall trial 3 20.3 (4.9)20.3 (4.9) 20.3 (4.5)20.3 (4.5) 11.4 (5.9)11.4 (5.9) 10.7 (5.9)10.7 (5.9) 13.2 (6.9)13.2 (6.9) 12.2 (7.2)12.2 (7.2) NSNS NSNS

Delayed recallDelayed recall 18.9 (5.3)18.9 (5.3) 19.2 (4.1)19.2 (4.1) 9.5 (4.7)9.5 (4.7) 8.2 (4.5)8.2 (4.5) 11.9 (6.7)11.9 (6.7) 10.9 (6.8)10.9 (6.8) NSNS NSNS

RetrogradememoryRetrogradememory
Retrograde AVLTRetrograde AVLT
RecallRecall 4.3 (3.7)4.3 (3.7) 2.5 (2.6)2.5 (2.6) 1.7 (2.2)1.7 (2.2) NANA NSNS

Recognition hitsRecognition hits 12.5 (2.1)12.5 (2.1) 10.8 (2.5)10.8 (2.5) 9.3 (3.5)9.3 (3.5) NANA NSNS

Recognition false alarmsRecognition false alarms 1.8 (1.6)1.8 (1.6) 5.0 (3.0)5.0 (3.0) 1.1 (1.1)1.1 (1.1) NANA **

Four-card taskFour-card task
Free recallFree recall 2.0 (1.4)2.0 (1.4) 0.4 (0.5)0.4 (0.5) 1.4 (1.2)1.4 (1.2) NANA **

RecognitionRecognition 3.1 (0.7)3.1 (0.7) 2.3 (0.7)2.3 (0.7) 2.6 (0.5)2.6 (0.5) NANA NSNS

AMIAMI
Recall scoreRecall score 27.3 (2.2)27.3 (2.2) 27.9 (2.3)27.9 (2.3) 26.9 (1.8)26.9 (1.8) 26.6 (2.4)26.6 (2.4) 26.3 (2.6)26.3 (2.6) 27.0 (2.6)27.0 (2.6) NSNS NSNS

SubjectivememorySubjectivememory
SSMQSSMQ 2.7 (10.2)2.7 (10.2) 2.3 (8.0)2.3 (8.0) 7720.7 (19.0)20.7 (19.0) 7715.2 (25.2)15.2 (25.2)7716.8 (16.9)16.8 (16.9) 3.8 (11.8)3.8 (11.8) NSNS **

Other cognitive functionsOther cognitive functions
MMSEMMSE 29.1 (1.0)29.1 (1.0) 29.2 (1.1)29.2 (1.1) 27.9 (1.7)27.9 (1.7) 28.3 (1.3)28.3 (1.3) 26.9 (3.4)26.9 (3.4) 27.9 (3.0)27.9 (3.0) NSNS NSNS

Trail MakingTest ATrail MakingTest A 37 (19)37 (19) 36 (18)36 (18) 56 (24)56 (24) 53 (22)53 (22) 51 (32)51 (32) 51 (32)51 (32) NSNS NSNS
Trail MakingTest BTrail MakingTest B 82 (39)82 (39) 76 (34)76 (34) 162 (134)162 (134) 144 (96)144 (96) 164 (149)164 (149) 161 (149)161 (149) NSNS NSNS
Digit span (WAIS^R)Digit span (WAIS^R) 17.1 (4.8)17.1 (4.8) 18.1 (4.6)18.1 (4.6) 12.6 (3.0)12.6 (3.0) 13.7 (4.1)13.7 (4.1) 11.3 (3.0)11.3 (3.0) 12.8 (4.5)12.8 (4.5) NSNS NSNS

Letter^number spanLetter^number span 18.2 (2.7)18.2 (2.7) 18.9 (3.4)18.9 (3.4) 14.1 (3.4)14.1 (3.4) 13.9 (3.6)13.9 (3.6) 13.0 (3.9)13.0 (3.9) 13.0 (5.1)13.0 (5.1) NSNS NSNS

Word fluency (LPS)Word fluency (LPS) 40.0 (15.1)40.0 (15.1) 39.9 (14.7)39.9 (14.7) 29.6 (11.2)29.6 (11.2) 27.9 (10.1)27.9 (10.1) 29.3 (11.2)29.3 (11.2) 28.5 (9.9)28.5 (9.9) NSNS NNSS

AMI, Autobiographical Memory Interview; AVLT, Auditory Verbal LearningTest; ECT, electroconvulsive therapy; LPS, Leistungs-Pruf-System; MMSE,Mini-Mental State Examination;AMI, Autobiographical Memory Interview; AVLT, Auditory Verbal LearningTest; ECT, electroconvulsive therapy; LPS, Leistungs-Pru« f-System; MMSE,Mini-Mental State Examination;
MPT,Memory for PersonsTest; NA, not applicable; NS, not significant; rTMS, repetitive transcranialmagnetic stimulation; SSMQ, Squire Subjective Memory Questionnaire;WAIS^MPT,Memory for PersonsTest; NA, not applicable; NS, not significant; rTMS, repetitive transcranialmagnetic stimulation; SSMQ, Squire Subjective Memory Questionnaire;WAIS^
R,Wechsler Adult Intelligence Scale ^ Revised.R,Wechsler Adult Intelligence Scale ^ Revised.
**PP550.05, **0.05, **PP550.01.0.01.
1. See Appendix for details.1. See Appendix for details.
2. Contrasts at baseline and about1week after treatment.2. Contrasts at baseline and about1week after treatment.
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andand FF(1,23)(1,23)¼15.56,15.56, PP¼0.001), whereas the0.001), whereas the

effectseffects ofof time and group were nottime and group were not

significant (Fig. 2(a)).significant (Fig. 2(a)).

Retrograde memory functionRetrograde memory function

After treatment, participants in the ECTAfter treatment, participants in the ECT

group made significantly more errors thangroup made significantly more errors than

those in the rTMS group in recognisingthose in the rTMS group in recognising

words learned before treatmentwords learned before treatment

((PP¼0.025). After treatment, they also re-0.025). After treatment, they also re-

called significantly fewer items from thecalled significantly fewer items from the

visual card task administered before treat-visual card task administered before treat-

ment, compared with the rTMS groupment, compared with the rTMS group

((PP¼0.012) (Fig. 2(b)).0.012) (Fig. 2(b)).

Subjective memory complaintsSubjective memory complaints

After treatment, participants given ECTAfter treatment, participants given ECT

reported no change in memory problemsreported no change in memory problems

compared with before treatment (compared with before treatment (PP¼0.38,0.38,

NS), whereas the rTMS patients judgedNS), whereas the rTMS patients judged

their own memory much more positivelytheir own memory much more positively

after treatment (after treatment (PP¼0.002). The ANOVA0.002). The ANOVA

of the subjective memory measure showedof the subjective memory measure showed

a significant time effect (a significant time effect (FF(1,23)(1,23)¼11.04,11.04,

PP¼0.003) and a group0.003) and a group66time interactiontime interaction

approaching significance (approaching significance (FF(1,23)(1,23)¼3.68,3.68,

PP¼0.067) in the absence of any group effect0.067) in the absence of any group effect

(Fig. 2(c)).(Fig. 2(c)).

In summary, significant between-groupIn summary, significant between-group

differences were found in anterogradedifferences were found in anterograde

verbal memory, in two retrograde memoryverbal memory, in two retrograde memory

parameters and in participants’ subjectiveparameters and in participants’ subjective

estimation of their own memory abilities.estimation of their own memory abilities.

In contrast to memory, other cognitiveIn contrast to memory, other cognitive

functions measured remained constant infunctions measured remained constant in

both treatment groups; we found no signif-both treatment groups; we found no signif-

icant group, time or interaction effect inicant group, time or interaction effect in

these variables (Table 2).these variables (Table 2).

Association of memoryAssociation of memory
and depressionand depression

WeinerWeiner et alet al (1986) found no relationship(1986) found no relationship

between subjective and objective memorybetween subjective and objective memory

measures in patients given ECT, and con-measures in patients given ECT, and con-

cluded that self-rated memory changescluded that self-rated memory changes

may be more a function of clinical symp-may be more a function of clinical symp-

toms than of objectively demonstrabletoms than of objectively demonstrable

changes in memory function. We exploredchanges in memory function. We explored

this issue, correlating the subjectivethis issue, correlating the subjective

memory complaints, rated with the Squirememory complaints, rated with the Squire

Subjective Memory Questionnaire (SquireSubjective Memory Questionnaire (Squire

et alet al, 1979), with the level of depression, 1979), with the level of depression

(BDI and HRSD scores) and with the as-(BDI and HRSD scores) and with the as-

sessed neuropsychological variables. Thesessed neuropsychological variables. The

patients’ memory complaints correlatedpatients’ memory complaints correlated

with depression as well as with several cog-with depression as well as with several cog-

nitive measures. The patients’ self-ratings ofnitive measures. The patients’ self-ratings of

memory functions correlated significantlymemory functions correlated significantly

with their self-ratings of depression (BDI:with their self-ratings of depression (BDI:

rr¼770.67,0.67, PP550.01), but less so with the0.01), but less so with the

clinician ratings of depression (HRSD:clinician ratings of depression (HRSD:

rr¼770.31,0.31, PP¼0.13). Self-rating of memory0.13). Self-rating of memory

also correlated with the ability to learnalso correlated with the ability to learn

and recall new verbal and visual materialand recall new verbal and visual material

(AVLT sum of trials 1–5:(AVLT sum of trials 1–5: rr¼0.42,0.42,

PP550.05; AVLT trial 7 after delay:0.05; AVLT trial 7 after delay:

rr¼0.46,0.46, PP550.05; Memory for Persons Test,0.05; Memory for Persons Test,

delayed recall,delayed recall, rr¼0.48,0.48, PP550.05), and with0.05), and with

the ability to correctly recognise wordsthe ability to correctly recognise words

learned before treatment (retrogradelearned before treatment (retrograde

AVLT, false alarms:AVLT, false alarms: rr¼770.61,0.61, PP550.05),0.05),

but not with their autobiographical mem-but not with their autobiographical mem-

ory (ory (rr¼0.07,0.07, PP¼0.75, NS). Importantly,0.75, NS). Importantly,

the correlations between subjective andthe correlations between subjective and

objective memory did not change markedlyobjective memory did not change markedly

when controlling for self-rated (BDI)when controlling for self-rated (BDI)

depression by partial correlations.depression by partial correlations.

Comparison with healthy controlsComparison with healthy controls

The group of healthy controls was includedThe group of healthy controls was included

to control for test repetition effects and toto control for test repetition effects and to

see whether (and which) impaired cognitivesee whether (and which) impaired cognitive

functions would return to normal levelsfunctions would return to normal levels

after treatment in both groups. A compari-after treatment in both groups. A compari-

son of the cognitive functions of the partici-son of the cognitive functions of the partici-

pants with depression and the healthypants with depression and the healthy

controls at baseline showed highly signifi-controls at baseline showed highly signifi-

cant deficits on the part of the patients incant deficits on the part of the patients in

almost all measures. Repeated-measuresalmost all measures. Repeated-measures

ANOVAs comparing each treatment groupANOVAs comparing each treatment group

separately with the healthy control groupseparately with the healthy control group

revealed that the performance gap betweenrevealed that the performance gap between

the ECT and control groups with regard tothe ECT and control groups with regard to

anterograde memory increased (groupanterograde memory increased (group66
time interaction,time interaction, PP550.05 for recall after in-0.05 for recall after in-

terference andterference and PP550.001 for recall after0.001 for recall after

delay). In contrast, the difference betweendelay). In contrast, the difference between

the rTMS and control groups remained un-the rTMS and control groups remained un-

changed (the groupchanged (the group66time interactions weretime interactions were

not significant).not significant).

After treatment, the ECT and controlAfter treatment, the ECT and control

groups differed considerably in their abilitygroups differed considerably in their ability

to remember words or cards from pre-to remember words or cards from pre-

treatment testing (retrograde AVLT:treatment testing (retrograde AVLT:

PP¼0.049; four-card task:0.049; four-card task: PP¼0.001),0.001),

whereas the rTMS group showed retro-whereas the rTMS group showed retro-

grade memory functions identical to thosegrade memory functions identical to those

of the control group (retrograde AVLT:of the control group (retrograde AVLT:

PP¼0.33, NS; four-card task:0.33, NS; four-card task: PP¼0.26, NS).0.26, NS).

Similarly, the self-rating of memory func-Similarly, the self-rating of memory func-

tions by the rTMS group differed signifi-tions by the rTMS group differed signifi-

cantly from that in the control group onlycantly from that in the control group only

before treatment (before treatment (PP¼0.001); after treat-0.001); after treat-

ment the rTMS group rated their memoryment the rTMS group rated their memory

functions to be as good as those of thefunctions to be as good as those of the

healthy group (healthy group (PP¼0.69, NS). In contrast,0.69, NS). In contrast,

the ECT group rated their memory abilitiesthe ECT group rated their memory abilities

more negatively than the control groupmore negatively than the control group

both before (both before (PP¼0.001) and after treatment0.001) and after treatment

((PP¼0.039). The group0.039). The group66time interactiontime interaction

in the ANOVA comparing control andin the ANOVA comparing control and

rTMS groups was significant (rTMS groups was significant (PP550.001),0.001),

but this interaction was not significant inbut this interaction was not significant in

the ANOVA comparing the control andthe ANOVA comparing the control and

ECT groups (ECT groups (PP¼0.30, NS).0.30, NS).

DISCUSSIONDISCUSSION

The major conclusion to be drawn fromThe major conclusion to be drawn from

this study pertains to the cognitive effectsthis study pertains to the cognitive effects

of unilateral ECT and left prefrontal rTMSof unilateral ECT and left prefrontal rTMS

in patients with severe depression, since thisin patients with severe depression, since this

study was designed to assess these effectsstudy was designed to assess these effects

413413

Fig. 2Fig. 2 Memory functions andmemory complaintsMemory functions andmemory complaints

before (Pre) and about1week after (Post) treatmentbefore (Pre) and about1week after (Post) treatment

with electroconvulsive therapy (ECT) or repetitivewith electroconvulsive therapy (ECT) or repetitive

transcranialmagnetic stimulation (rTMS).Controltranscranial magnetic stimulation (rTMS).Control

group participants were tested twice at comparablegroup participants were tested twice at comparable

intervals. (a) Anterogradememory: Auditory Verbalintervals. (a) Anterogradememory: Auditory Verbal

LearningTest, delayed recall, trial 5 minus trial 7.LearningTest, delayed recall, trial 5 minus trial 7.

(b) Retrogradememory (four-card task): recall of(b) Retrogradememory (four-card task): recall of

visualmaterial seen before treatment. (c) Subjectivevisualmaterial seen before treatment. (c) Subjective

memory, relative to premorbid state (patients) ormemory, relative to premorbid state (patients) or

relative to1year earlier (controls): Squire Subjectiverelative to1year earlier (controls): Squire Subjective

Memory Questionnaire score (0, normalmemory).Memory Questionnaire score (0, normalmemory).

Means and standard errors are shown.Means and standard errors are shown.

https://doi.org/10.1192/bjp.186.5.410 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.186.5.410


SCHULZE - R AUSCHENBACH ET ALSCHULZE - R AUSCHENBACH ET AL

with sensitive neuropsychological mea-with sensitive neuropsychological mea-

sures. Because the antidepressant effect ofsures. Because the antidepressant effect of

both treatments was identical, and theboth treatments was identical, and the

groups did not differ prior to treatment,groups did not differ prior to treatment,

the cognitive changes over time and thethe cognitive changes over time and the

post-treatment group differences can bepost-treatment group differences can be

attributed to the different treatments. Inattributed to the different treatments. In

the ECT group, not a single cognitive vari-the ECT group, not a single cognitive vari-

able improved after treatment, and theable improved after treatment, and the

recall of newly learned material evenrecall of newly learned material even

became worse. In the rTMS group, somebecame worse. In the rTMS group, some

objective memory measures and the subjec-objective memory measures and the subjec-

tive memory rating improved in paralleltive memory rating improved in parallel

with the improvement in mood, andwith the improvement in mood, and

reached normal performance levels.reached normal performance levels.

Clinical effectivenessClinical effectiveness
of ECTand rTMSof ECTand rTMS

The two treatments appeared to be clini-The two treatments appeared to be clini-

cally equivalent in this group of patientscally equivalent in this group of patients

with treatment-resistant, non-psychoticwith treatment-resistant, non-psychotic

depression. Although the study was notdepression. Although the study was not

randomised, its finding of comparable anti-randomised, its finding of comparable anti-

depressant efficacy of ECT and rTMS is indepressant efficacy of ECT and rTMS is in

line with the results of all three randomisedline with the results of all three randomised

comparison studies published so farcomparison studies published so far

(Grunhaus(Grunhaus et alet al, 2000, 2003; Janicak, 2000, 2003; Janicak et alet al,,

2002). The rates of those responding to2002). The rates of those responding to

unilateral ECT are in the expected rangeunilateral ECT are in the expected range

for medication-resistant non-psychoticfor medication-resistant non-psychotic

depression (McCall, 2001), but might havedepression (McCall, 2001), but might have

been higher if a higher ECT dosage hadbeen higher if a higher ECT dosage had

been used (Sackeimbeen used (Sackeim et alet al, 2000). However,, 2000). However,

a higher dosage would probably increasea higher dosage would probably increase

the risk of cognitive adverse effects. A defi-the risk of cognitive adverse effects. A defi-

nitive answer to the question of clinicalnitive answer to the question of clinical

equipotency of ECT and rTMS will haveequipotency of ECT and rTMS will have

to await further studies.to await further studies.

Anterograde memoryAnterograde memory

Patients treated with ECT showed morePatients treated with ECT showed more

anterograde memory problems at the post-anterograde memory problems at the post-

treatment assessment than did eithertreatment assessment than did either

patients treated with rTMS or healthy con-patients treated with rTMS or healthy con-

trols. In particular, they remembered fewertrols. In particular, they remembered fewer

words only after learning the interferencewords only after learning the interference

word list of the Auditory Verbal Learningword list of the Auditory Verbal Learning

Test (between Trials 5 and 6 of the AVLT),Test (between Trials 5 and 6 of the AVLT),

indicating a recall deficit rather than aindicating a recall deficit rather than a

working memory or learning deficit. Thisworking memory or learning deficit. This

extends findings by Hasse-Sanderextends findings by Hasse-Sander et alet al

(1998), who reported impaired verbal(1998), who reported impaired verbal

delayed recall 1–2 days after unilateraldelayed recall 1–2 days after unilateral

ECT (no longer follow-up was made), andECT (no longer follow-up was made), and

of Cronholm & Ottosson (1961), whoof Cronholm & Ottosson (1961), who

described specific deficits in the delayeddescribed specific deficits in the delayed

recall of newly learned words, figures andrecall of newly learned words, figures and

persons 1 week after bilateral ECT. Forpersons 1 week after bilateral ECT. For

the rTMS group, the lack of anterogradethe rTMS group, the lack of anterograde

memory effects is in line with previousmemory effects is in line with previous

studies (e.g. Triggsstudies (e.g. Triggs et alet al, 1999)., 1999).

Retrograde memoryRetrograde memory

The ECT patients, in contrast to the pa-The ECT patients, in contrast to the pa-

tients treated with rTMS or the controltients treated with rTMS or the control

group, also showed retrograde memorygroup, also showed retrograde memory

problems after treatment. They remem-problems after treatment. They remem-

bered fewer of the pictures and made morebered fewer of the pictures and made more

errors in recalling words learned beforeerrors in recalling words learned before

treatment. No difference emerged for auto-treatment. No difference emerged for auto-

biographical memory, which is in line withbiographical memory, which is in line with

previous studies demonstrating deficits inprevious studies demonstrating deficits in

recall of past events only after bilateralrecall of past events only after bilateral

ECT, not after unilateral therapy (SquireECT, not after unilateral therapy (Squire

et alet al, 1981; Weiner, 1981; Weiner et alet al, 1986; Lisanby, 1986; Lisanby

et alet al, 2000). The verbal and visual retro-, 2000). The verbal and visual retro-

grade memory tasks used here might begrade memory tasks used here might be

more sensitive to ECT-induced impair-more sensitive to ECT-induced impair-

ments than the Autobiographical Memoryments than the Autobiographical Memory

Interview, possibly because recent memoryInterview, possibly because recent memory

traces formed during the days before treat-traces formed during the days before treat-

ment are more vulnerable to ECT effectsment are more vulnerable to ECT effects

than are more remote memories (Squirethan are more remote memories (Squire etet

alal, 1981; Lisanby, 1981; Lisanby et alet al, 2000)., 2000).

Subjective memorySubjective memory

After treatment, the ECT patients com-After treatment, the ECT patients com-

plained more about memory problems thanplained more about memory problems than

the rTMS patients and the controls. Squirethe rTMS patients and the controls. Squire

et alet al (1979), Freeman(1979), Freeman et alet al (1980) and(1980) and

Squire & Slater (1983) also found subjec-Squire & Slater (1983) also found subjec-

tive cognitive side-effects after ECT. Aftertive cognitive side-effects after ECT. After

rTMS the patients’ subjective memoryrTMS the patients’ subjective memory

ratings equalled those of the healthy con-ratings equalled those of the healthy con-

trols, whereas after ECT the patients’trols, whereas after ECT the patients’

ratings were very negative. This groupratings were very negative. This group

difference cannot be explained by differentdifference cannot be explained by different

clinical effects of the two treatmentclinical effects of the two treatment

methods. At least in part, this group differ-methods. At least in part, this group differ-

ence in subjective memory appears to beence in subjective memory appears to be

related to objectively measurable memoryrelated to objectively measurable memory

impairments after ECT, because the subjec-impairments after ECT, because the subjec-

tive memory functions not only correlatedtive memory functions not only correlated

with the level of depression, which is awith the level of depression, which is a

common finding (e.g. Weinercommon finding (e.g. Weiner et alet al, 1986),, 1986),

but also with several objective memorybut also with several objective memory

measures (even when statistically control-measures (even when statistically control-

ling for the level of depression). Associa-ling for the level of depression). Associa-

tions between subjective and objectivetions between subjective and objective

memory measures after ECT have oftenmemory measures after ECT have often

found to be lacking (e.g. Prudicfound to be lacking (e.g. Prudic et alet al

2000), but some studies suggest that such2000), but some studies suggest that such

a relationship may exist, at least for certaina relationship may exist, at least for certain

forms of memory and for specific periodsforms of memory and for specific periods

after ECT (e.g. Freemanafter ECT (e.g. Freeman et alet al, 1980). Thus,, 1980). Thus,

complaints of patients about memorycomplaints of patients about memory

deficits (metamemory) may partly resultdeficits (metamemory) may partly result

from the experience of objective memoryfrom the experience of objective memory

failures after ECT, and should not be dis-failures after ECT, and should not be dis-

missed as being simply a sign of depressivemissed as being simply a sign of depressive

complaints.complaints.

Clinical implicationsClinical implications

With regard to objective and subjectiveWith regard to objective and subjective

memory function, patients with severememory function, patients with severe

depression appear to be cognitively betterdepression appear to be cognitively better

off 1 week after a course of rTMS than 1off 1 week after a course of rTMS than 1

week after a course of unilateral ECT,week after a course of unilateral ECT,

despite (in this study) an indistinguishabledespite (in this study) an indistinguishable

antidepressive effect of the two treatments.antidepressive effect of the two treatments.

Adverse memory effects after ECT mayAdverse memory effects after ECT may

fully resolve after a longer interval, usuallyfully resolve after a longer interval, usually

after several months (Weeksafter several months (Weeks et alet al, 1980);, 1980);

nevertheless, if rTMS evolves into an alter-nevertheless, if rTMS evolves into an alter-

native treatment for some forms ofnative treatment for some forms of

medication-resistant depression, cliniciansmedication-resistant depression, clinicians

and patients should be aware of its reducedand patients should be aware of its reduced

risk for adverse memory effects, comparedrisk for adverse memory effects, compared

with unilateral ECT. Future comparisonwith unilateral ECT. Future comparison

studies of ECT, rTMS and magnetic seizurestudies of ECT, rTMS and magnetic seizure

therapy (Koseltherapy (Kosel et alet al, 2003) should include, 2003) should include

sensitive memory assessments and longersensitive memory assessments and longer

follow-up intervals to evaluate fully thefollow-up intervals to evaluate fully the

ratio of benefits and risks of these treatmentratio of benefits and risks of these treatment

methods.methods.

LimitationsLimitations

Because our study lacked a sham-treatedBecause our study lacked a sham-treated

patient control group and patients werepatient control group and patients were

not randomly assigned to treatments, nonot randomly assigned to treatments, no

conclusion should be drawn regarding theconclusion should be drawn regarding the

absolute or relative antidepressant effec-absolute or relative antidepressant effec-

tiveness of rTMS or ECT. Although thetiveness of rTMS or ECT. Although the

pattern of cognitive findings, in line withpattern of cognitive findings, in line with

previous work, suggests that unilateralprevious work, suggests that unilateral

ECT, in contrast to rTMS, specificallyECT, in contrast to rTMS, specifically

impairs several aspects of memory for atimpairs several aspects of memory for at

least a week after a treatment series, theleast a week after a treatment series, the

small number of participants in our studysmall number of participants in our study

renders this a preliminary finding requiringrenders this a preliminary finding requiring

confirmation in other samples.confirmation in other samples.

APPENDIXAPPENDIX

Neurocognitive test batteryNeurocognitive test battery

Learning and anterograde memory functionLearning and anterograde memory function

(a)(a) Auditory Verbal LearningTest (AVLT; Rey, 1964);Auditory Verbal LearningTest (AVLT; Rey, 1964);
Germanversion by HelmstaedterGermanversion by Helmstaedter et alet al (2001).(2001).

(b)(b) Memory for Persons Test (Bulla-Hellwig &Memory for Persons Test (Bulla-Hellwig &
Spanhofer, 1996); a German visual memory testSpanhofer, 1996); a German visual memory test
in which each of 12 different faces has to bein which each of 12 different faces has to be
associatedwith a name and an occupation.associatedwith a name and an occupation.

Retrograde memory functionRetrograde memory function

(a)(a) Autobiographical Memory Interview (KopelmanAutobiographical Memory Interview (Kopelman
et alet al,1990); shortened Germanversion.,1990); shortened Germanversion.
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(b)(b) Retrograde AVLT: at the post-treatment assess-Retrograde AVLT: at the post-treatment assess-
ment participants were asked to recall the 15ment participants were asked to recall the 15
AVLTwords they had learned before treatment.AVLTwords they had learned before treatment.
The task involved a free recall and a recognitionThe task involved a free recall and a recognition
task. This measure was introduced after thetask. This measure was introduced after the
study began, therefore only data from13 patientsstudy began, therefore only data from13 patients
(6 receiving electroconvulsive therapy, 7(6 receiving electroconvulsive therapy, 7
repetitive transcranial magnetic stimulation) andrepetitive transcranial magnetic stimulation) and
15 controlswere available.15 controlswere available.

(c)(c) Four-card task: before treatment, participantsFour-card task: before treatment, participants
were asked to reproduce a demonstratedwere asked to reproduce a demonstrated
arrangementof fourpicture cards fromthe River-arrangementof fourpicture cards fromtheRiver-
mead Behavioural Memory Test (Wilsonmead Behavioural Memory Test (Wilson et alet al,,
1991); after treatment they were asked details1991); after treatment they were asked details
about the‘test with cards’ (number of cards, kindabout the‘test with cards’ (number of cards, kind
of task, recall and recognition of depictedof task, recall and recognition of depicted
objects), and the number of correct details wasobjects), and the number of correct details was
scored.scored.

Subjective memory functionSubjective memory function
Squire Subjective Memory Questionnaire (SquireSquire Subjective Memory Questionnaire (Squire
et alet al, 1979): this 18-item self-rated scale of memory, 1979): this 18-item self-rated scale of memory
functions comprises items such as ‘My ability to holdfunctions comprises items such as ‘My ability to hold
in my memory things that I have learned is . . .’. Re-in my memory things that I have learned is . . .’. Re-
spondents were asked to compare their presentspondents were asked to compare their present
memory with their memory before they became illmemory with their memory before they became ill
(patients) or with their memory 1 year ago (con-(patients) or with their memory 1 year ago (con-
trols), on a nine-point scale fromtrols), on a nine-point scale from 774 (worse than4 (worse than
before) to +4 (better than before).before) to +4 (better than before).

Other neurocognitive functionsOther neurocognitive functions

(a)(a) Mini-Mental State Examination (FolsteinMini-Mental State Examination (Folstein et alet al,,
1975);Germanversion by Kessler1975);Germanversion by Kessler et alet al (1990).(1990).

(b)(b) Trail MakingTest A and B (Reitan,1979).Trail MakingTest A and B (Reitan,1979).

(c)(c) Digit span: Wechsler Adult Intelligence Scale ^Digit span: Wechsler Adult Intelligence Scale ^
Revised (Wechsler,1981).Revised (Wechsler,1981).

(d)(d) Letter^number span (GoldLetter^number span (Gold et alet al,1997).,1997).

(e)(e) Word fluency: Leistungs-Pruf-System (Horn,Word fluency: Leistungs-Pru« f-System (Horn,
1983).1983).
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& In peoplewith treatment-resistant depression, even unilateral electroconvulsiveIn peoplewith treatment-resistant depression, even unilateral electroconvulsive
therapy (ECT) is associatedwithmemory deficits1week after the last treatment.therapy (ECT) is associatedwithmemory deficits1week after the last treatment.

&& Repetitive transcranialmagnetic stimulation is not accompanied by suchmemoryRepetitive transcranialmagnetic stimulation is not accompanied by suchmemory
impairments.impairments.

&& Self-reportedmemory impairments after ECT can be related to objectiveSelf-reportedmemory impairments after ECT can be related to objective
memory deficits andmust not be dismissed as being depressive complaints only.memory deficits andmust not be dismissed as being depressive complaints only.

LIMITATIONSLIMITATIONS

&& Patient groups were not randomised and no patient control groupwas assessed,Patient groups were not randomised and no patient control groupwas assessed,
limiting conclusions about clinical efficacy.limiting conclusions about clinical efficacy.

&& Sample sizes were small.Sample sizes were small.

&& Therewas no long-term follow-up.Therewas no long-term follow-up.
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