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Contrasting patterns of deficits in visuospatial
memory and executive function in patients with
major depression with and without ECT referral
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Background. The pretreatment neuropsychological profile of drug-resistant patients with major depressive disorder
(MDD) referred for electroconvulsive therapy (ECT) may differ from that of their drug-respondent MDD
counterparts. Such differences could help in identifying distinct MDD subtypes, thus offering insights into the
neuropathology underlying differential treatment responses.

Method. Depressed patients with ECT referral (ECTs), depressed patients with no ECT referral (NECTs) and non-
psychiatric Controls (matched groups, n=15) were assessed with memory and executive function tests from the
Cambridge Neuropsychological Test Automated Battery (CANTAB).

Results. ECTs scored significantly lower than NECTs in the Mini-Mental State Examination (MMSE; p=0.01).
NECTs performed worse than Controls in the Paired Associates Learning (PAL) task (p<0.03; Control/NECT
p<0.01) and the Spatial Recognition Memory (SRM) task (p<0.05; Controls/NECTs p<0.05); ECTs performed
between Controls and NECTs, not differing from either. In the Intra/Extradimensional (IED) set-shifting task, ECTs
performed worse that Controls and NECTS (IED: p <0.01; Controls/ECTs p<0.01), particularly in the shift phases,
which suggests reduced attentional flexibility. In Stockings of Cambridge (SOC), ECTs abandoned the test early more
often than Controls and NECTs (H=11, p<0.01) but ECTs who completed SOC performed comparably to the other
two groups.

Conclusions. A double dissociation emerged from the comparison of cognitive profiles of ECT and NECT patients.
ECTs showed executive deficits, particularly in attentional flexibility, but mild deficits in tests of visuospatial
memory. NECTs presented the opposite pattern. This suggests predominantly frontostriatal involvement in ECT
versus temporal involvement in NECT depressives.
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Introduction for individual patients (Mayberg, 2003 ; Konarski et al.
2009; Li et al. 2010). Prediction based on clinical fea-
tures also remains problematic (Joyce & Paykel, 1989).
However, literature reviews suggest that a careful
account of MDD phenotypes encompassing neuro-
psychological profiling may hold promise (Porter et al.
2007; Clark et al. 2009).

In line with this view, the purpose of the current
study was to investigate the neuropsychological
underpinnings of treatment-resistant/refractory de-
pression. However, the conceptual and operational

Despite significant advances in therapeutics, almost
half of patients with major depressive disorder (MDD)
fail to show a satisfactory response to treatment (Rush
et al. 2006), and the prediction of treatment outcome
remains unsatisfactory. Neurobiological predictors
based on functional neuroimaging hold promise, but
have not yet produced useful treatment algorithms
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divergent to date (Berlim & Turecki, 2007). We there-
fore added the criterion of referral for electro-
convulsive therapy (ECT) to the conventional criteria
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of pharmacoresistance used in the majority of con-
trolled trials (Berlim & Turecki, 2007). ECT is an ef-
fective treatment of MDD (APA, 2001), leading to a
reduction in depression scores of >60% (Lerer et al.
1995; Sackeim et al. 2000; McCall et al. 2004 ; Falconer
et al. 2010). Because reservations regarding the side-
effects of ECT have restricted its use to pharmaco-
resistant MDD, it is reasonable to consider ECT
referral as a stringent criterion of pharmacoresistance.

A second reason for focusing on MDD patients with
ECT referral was precisely the reservations regarding
ECT use. These arise from reported adverse effects on
cognition (Rami-Gonzajez et al. 2001; UK ECT Review
Group, 2003; Robertson & Pryor, 2006), although con-
trolled trial evidence on ECT-related, lasting cognitive
deficits is very limited (Halliday et al. 1968; Ng et al.
2000; Sackeim et al. 2007). Accordingly, recent reviews
have concluded that the degree of cognitive impair-
ment residual to ECT cannot be estimated reliably
at present (UK ECT Review Group, 2003; Robertson
& Pryor, 2006; Falconer et al. 2010). The definitive
evaluation of cognitive deficits caused by ECT there-
fore calls for further research, which must take ac-
count of two methodological issues.

The first issue is the use of inadequate neuro-
psychological instruments in previous studies. Global
neuropsychological tests such as the Mini-Mental
State Examination (MMSE; Folstein et al. 1975) lack
the sensitivity to circumscribe memory deficits. More
specialized tests such as the Auditory-Verbal Learning
Test (AVLT; Rey, 1964) and various forms of paired
associates with short retention intervals lack the
flexibility to detect the nature and level of ECT-
induced cognitive impairments (Goldstein et al. 1977;
Robertson & Pryor, 2006; Falconer et al. 2010). It has
therefore been recommended that future ECT evalu-
ation should be based on neuropsychological batteries
offering the resolution needed for testing patients
with a suspected history of brain injury or disease
(Robertson & Pryor, 2006). A recent study (Falconer
et al. 2010) contributed to the resolution of this issue by
introducing the Cambridge Neuropsychological Test
Automated Battery (CANTAB) in the evaluation of
ECT. CANTARB is highly appropriate as it detects and
differentiates frontal from temporal and amygdalo-
hippocampal dysfunction (Sahakian et al. 1990; Sahgal
et al. 1991; Robbins et al. 1994 ; Lange et al. 1995; Owen
et al. 1995, 1996, 1997 ; Fowler et al. 1997 ; Rahman et al.
1999; Clark et al. 2009). It is also sensitive to deficits
associated with depression (Elliott et al. 1996; Porter
et al. 2003; Barnett et al. 2005; Clark et al. 2009). Using
CANTARB, Falconer et al. (2010) indeed noted a spatial
memory impairment 1 month post-ECT. As the study
is one of few to detect anterograde memory loss more
than 2 weeks post-ECT, the finding suggests that
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CANTARB is a sensitive instrument for evaluating the
cognitive effects of ECT on aspects of memory.

The second methodological issue hindering the
assessment of ECT-related cognitive deficits is that
those can only be assessed against a ‘baseline’ of
depression, which itself produces such deficits
(Clark et al. 2009). Some of these deficits reportedly
persist after recovery with treatment other than ECT
(Reischies & Neu, 2000; Neu et al. 2001 ; Steffens et al.
2004; Biringer et al. 2005; Clark et al. 2005; Paelecke-
Habermann ef al. 2005; Nakano ef al. 2008). Cognitive
deficits residual to depression may be subsumed
in deficits attributed to ECT, unless proper control
procedures are used. Instruments developed to dis-
tinguish between depression- and ECT-related defi-
cits, such as the Squire Memory Questionnaire (SMQ);
Squire et al. 1979), are of debatable usefulness
(Robertson & Pryor, 2006). To establish the sensitivity
of a neuropsychological procedure such as CANTAB
to ECT-related cognitive deficits, care must be taken to
ensure that the CANTAB-based, pretreatment profile
of ECT candidates does not differ from the corre-
sponding neuropsychological profile of MDD patients
of comparable severity who are drug respondent and
therefore do not attract ECT referral. The study by
Falconer ef al. (2010) did not address this issue.

The current study used CANTAB to compare the
neuropsychological profile of MDD patients with ECT
referral to the profiles of () matched MDD patients
who did not attract ECT referral and (b) demo-
graphically matched non-psychiatric controls. Ad-
ditionally, given that the cognitive deficits associated
with both MDD and ECT are not restricted to memory
but also include executive dysfunction, the study used
a battery of CANTAB tests addressing visuospatial
learning and memory (as Falconer et al. 2010) but
also cognitive flexibility, spatial working memory and
planning. These added tests access frontal function
more directly and are particularly relevant given that
the spatial memory deficit detected 1 month post-ECT
by Falconer et al. (2010) suggests frontal rather than
temporal lobe impairment (Owen et al. 1995).

The study hypothesis was that MDD pharma-
coresistant ECT candidates, prior to treatment, may
present a CANTAB-based neuropsychological profile
different from that of matched, drug-respondent
MDD patients and non-psychiatric controls. This
may help to access the neuropsychological under-
pinnings of pharmacoresistant MDD, and possibly
bear predictive potential in terms of MDD treatment
outcome. If, however, no neuropsychological differ-
ences were detected, this would support the claim that
CANTARB is an appropriate and sensitive instrument
for the definitive evaluation of ECT-related cognitive
deficits.
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Table 1. Demographic and clinical characteristics of study participants

Normal MDD-NECT  MDD-ECT
controls patients patients Statistical
(n=15) (n=15) (n=15) test F or z value [4

(a) Demographic characteristics

Age (years) 4933+11.62 4780+11.70  4853+11.17 ANOVA F(2,42)=0.07 0.94
Education (years) 12.00+4.14 10.93+4.46 11.53+3.94 ANOVA F(2,42)=0.25 0.78
(b) Illness characteristics
Illness onset (age) 32.47+10.02  32.47+9.28 ANOVA F(1,28)=0.00 1.00
Illness duration (years) 15.334+9.36 16.13+8.98 ANOVA F(1,28)=0.06 0.81
No. of episodes 7.07+5.84 4.87+2.62 Mann-Whitney  z adjusted=—0.44  0.66
No. of hospitalizations 1.73+1.16 3.27+1.67 Mann-Whitney  z adjusted=—2.72  0.007
Familiality 46.67 33.33 $ 0.56 0.46
(c) Pharmacotherapy
SSRIs 60.00 33.33 $ 2.14 0.14
SNRIs 46.67 66.67 $ 1.22 0.27
Tricyclics 26.67 40.00 $ 0.60 0.44
Benzodiazepines 66.67 60.00 1 0.14 0.71
Antipsychotics 46.67 80.00 e 3.59 0.06
Anticonvulsants 33.33 26.67 22 0.16 0.69
Lithium 6.67 6.67 $ 0.00 1.00
(d) Psychometric characteristics
HAMD-24 27.60+5.64 31.93+6.45 ANOVA F(1,28)=3.83 0.060
MMSE 28.87 +1.46 26.87+2.72 ANOVA F(1,28)=7.67 0.01

MDD, Major depressive disorder; ECT, electroconvulsive treatment; MDD-NECT, MDD patients without ECT referral;
MDD-ECT, MDD patients with ECT referral; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin norepinephrine
reuptake inhibitor; HAMD-24, 24-item Hamilton Depression Rating Scale; MMSE, Mini-Mental State Examination.

Values are given as mean +standard deviation or percentage.

Method ECTs (n=15)

Participants These were MDD patients with more than two epi-
sodes, referred for ECT. Three of them presented with
mood-congruent psychotic features. As part of the
standard pre-ECT evaluation procedure, upon ad-
mission, ECT referral was re-examined by two at-
tending psychiatrists not participating in the study.

All patients signed informed consent forms. The
patients were female, as the study was carried out
in the Women’s Mental Health Unit of Eginition
Hospital. All were diagnosed as having an episode in
the context of MDD, according to DSM-IV-TR criteria
(APA, 2000). Exclusion criteria were (a) ECT within
the past 5 years, (b) co-morbid bipolar disorder,
schizophrenia or schizo-affective disorder, (c) central
nervous system disorders (dementia, Parkinson’s,
epilepsy, brain tumours, organic brain syndrome),
(d) major medical illness (cerebrovascular disorders,

Diagnosis was confirmed by the Standard Clinical
Diagnostic Interview (SCID-1/P; First et al. 2002) and it
was documented that ECTs had failed to respond to
at least two courses of adequate dosages of anti-
depressant medications of different classes, for at
least 6 weeks (the most frequently used definition of
pharmacoresistant depression; Berlim & Turecki,
2007). Severity of depression was assessed by the
24-item Hamilton Depression Rating Scale (HAMD-
24; Hamilton, 1960). As part of the procedure, ECT
candidates underwent complete blood cell count, se-

serious endocrine disorders, malignancies), and (e)
alcohol or other substance dependence. All patients
were on psychotropic medication on admission
(Table 1).

rum chemistry analysis, thyroid function tests, plasma
cholinesterase measurement, chest radiography, elec-
These were female volunteers matched for age and  trocardiography, electro-encephalography (EEG), brain
educational level with ECT candidates. Exclusion = computed tomography, cardiovascular and neuro-
criteria were as above, plus a psychiatric history. logical evaluations.

Controls (n=15)
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NECTs (n=15)

These were MDD patients with more than two epi-
sodes, assessed with SCID-I/P and HAMD-24. All
were being evaluated for admission to the Eginition
Women’s Mental Health Unit. None had received ECT
referral. They were matched with ECT candidates for
age, education and age of illness onset.

Instruments
Psychometric scales

Severity of depression of ECTs and NECTs was as-
sessed by the HAMD-24. Global cognitive functioning
was assessed by the MMSE.

Neuropsychological tests

A five-test CANTAB battery was used (60-70 min
duration). Testing began with a motor screening test
(MOT) introducing subjects to the touch screen, while
assessing difficulties in vision, movement or com-
prehension. Two visuospatial memory tasks [Paired
Associates Learning (PAL) and Spatial Recognition
Memory (SRM)] and two executive function tasks
[Intra/Extradimensional (IED) set shifting and Stock-
ings of Cambridge (SOC)] followed, in the same order
for all participants. Test summaries are given below
(see also Owen et al. 1995).

PAL assesses the ability to form associations be-
tween shapes and their locations on the screen (visual
learning—-memory). Subjects must indicate the square
in which each shape was previously presented, start-
ing with one shape in one of six squares, and ending
with eight shapes in eight squares. PAL is sensitive
to changes in medial temporal lobe functioning and
discriminates between early Alzheimer’s disease and
depression (Swainson et al. 2001).

SRM tests recognition memory as the ability to rec-
ognize the correct spatial location of a square pre-
sented on five occasions sequentially, followed by a
paired series of novel and previously shown squares.
SRM is primarily sensitive to frontal lobe dysfunction
and relatively insensitive to temporal lobe damage
(Owen et al. 1995).

IED examines attentional flexibility. It includes
visual discrimination acquisition and reversal, atten-
tional set formation, maintenance and shifting. Its
intra- and extradimensional shift phases are primarily
sensitive to changes in frontostriatal function.

SOC tests spatial working memory and planning. It
assesses the ability to rearrange a set of balls according
to a sample in the minimum number of moves. SOC
gives a measure of frontal lobe function.
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Procedure

Psychometric and neuropsychological assessments
were carried out by trained psychologists, blind as to
the MDD patients” future treatment plan. CANTAB
tests were administered according to CANTAB man-
ual protocols, on a touch-sensitive screen. The
CANTAB measures used are shown in Table 2.
Testing took place between 09:00 and 15:00 hours.
Controls were only subjected to neuropsychological
assessment.

Statistical analysis

The 1999 Statistica for Windows package, version 5.5
(Statsoft Inc., USA), was used.

Demographic and clinical data

Age and years of education were compared for the
three groups by one-way analyses of variance
(ANOVAs). ECTs and NECTs were further compared
with respect to illness history indices through one-way
ANOVAs. Familiality and drugs received at intake
were compared by y* tests. ECTs and NECTs were
compared for HAMD-24 and MMSE scores by one-
way ANOVAs.

Neuropsychological data

CANTAB datasets were examined for normality (the
Kolmogorov-Smirnov test). If the criterion was not
met, data were transformed appropriately [log;, for
latencies, 1/(x+0.5) for counts, arcsine (1/x) for rates]
and retested. Failing the criterion again, the dataset
was analysed by Kruskal-Wallis ANOVA. On the
other measures ECTs, NECTs and Controls were
compared through one-way ANOVAs. Significant
group effects were examined by contrast testing. Effect
sizes were calculated using Cohen’s d (X-ECTs—X-
NECTSs)/[(SD-ECTs +SD-NECTs)/2].

Results
Sample characteristics

There were no significant group differences in demo-
graphics (Table 1a). NECTs reported (non-sig-
nificantly) more episodes of illness than ECTs
(Table 1b). ECTs had significantly more hospitaliza-
tions than NECTs (1.73+1.16 and 3.27 +1.67; Mann—
Whitney U test: n=15, z adjusted =2.72, p=0.007). A
difference in pharmacotherapy approaching signifi-
cance was noted for antipsychotics [y*(df=1)=3.59,
p=0.06] (Table 1c).
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Controls NECTs ECTs Effect size
CANTAB measure p (n=15) (n=15) 4 (n=15) p  (Cohen’s d)
(a) Paired Associates Learning (PAL)
Total errors (adjusted) t 31.93 (10.30) 76.80 (13.37)  ** 56.20 (10.47) 0.45 (low)
Errors: one shape 0.07 (0.07) 0.40 (0.19) 0.13 (0.09) 0.50 (low-
moderate)
Errors: two shapes 0.47 (0.22) 1.47 (0.47) 1.13 (0.39) 0.20 (low)
Errors: three shapes 4.47 (1.85) 4.93 (1.56) 4.53 (1.67) 0.06 (low)
Errors: six shapes 10.73 (3.46) 23.07 (5.32) 17.00 (3.64) 0.35 (low)
Errors: eight shapes t 16.20 (5.70) 42.27 (6.70) w* 33.40 (6.27) [*] 0.35 (low)
First trial memory score T 15.60 (1.25) 11.40 (0.80) ** 12.60 (1.12) [*] 0.32 (low)
Total trials (adjusted) t 16.93 (1.79) 23.87 (1.76) ** 22.13 (1.79) *0.25 (low)
Stages completed 7.67 (0.23) 7.20 (0.24) 7.40 (0.21) 0.23 (low)
Stages completed : first trial [F] 4.93 (0.28) 3.87 (0.31) 4.27 (0.19) 0.30 (low)
(b) Spatial Recognition Memory (SRM)
Total correct (%) T 72.33 (3.45) 59.67 (3.79) * 68.67 (3.63) 0.63 (moderate)

Correct latency

(¢) Intra/Extradimensional (IED) shift

Total errors (adjusted) + 22.00 (3.84)
Discrimination errors (stages 143 +4) 1.47 (0.40)
Reversal errors (stages 2+5+7) 3.73 (0.28)
Shift errors (stages 6+ 8) [+] 11.93 (2.06)
Total trials (adjusted) T 90.07 (6.67)
Completed stage trials 83.40 (3.78)
Stages completed T 8.80 (0.14)
(d) Stockings of Cambridge (SOC)
Premature drop-outs (counts shown) T 0
Total problems solved (minimum moves) 7 7.53 (0.53)
Two-move problems solved T 2.00 (0.00)
(minimum moves)

Three-move problems solved Tt 1.47 (0.17)
(minimum moves)

Four-move problems solved 2.13 (0.27)
(minimum moves)

Five-move problems solved 1.80 (0.31)

(minimum moves)

4338.73 (549.86) 4935.60 (433.66)

3854.10 (393.68)

27.47 (4.62) 59.87 (14.84) **  0.86 (robust)
2.87 (0.75) 7.60 (3.87) 0.50 (low-
moderate)
4.67 (0.74) 10.40 (4.76) 0.27 (low)
10.93 (1.98) 18.80 (3.35)  [*] 0.76 (moderate-
robust)
95.33 (10.59) 156.87 (25.86)  **  0.87 (robust)
89.13 (8.59) 83.53 (9.23) 0.16 (low)
8.73 (0.18) 7.27 (0.70) 0.85 (robust)
0 6
6.60 (0.43) 527(0.79)  *  0.64 (moderate)
1.87 (0.09) 140 (0.24)  **  0.98 (robust)
1.60 (0.13) 0.67(0.19)  * 1.49 (robust)
1.93 (0.25) 1.60 (0.31) 0.32 (low)
1.27 (0.30) 1.20 (0.30) 0.06 (low)

CANTAB, Cambridge Neuropsychological Test Automated Battery ; ECT, electroconvulsive therapy; Controls, non-
psychiatric control group; NECTs, depressed patients with no ECT referral; ECTs, depressed patients with ECT referral.

Values are given as mean (standard error).

Significant main effect: ¥ p <0.05; 71 p <0.01; significant contrast with Controls: * p <0.05, ** p <0.01; [{], [*]: approaching

significance: p <0.06-0.08.

Performance in psychometric scales (Table 1d)

ECTs had higher HAMD-24 scores than NECTs, a
difference approaching significance [F(1,28)=3.83,
p<0.060]; it is noteworthy that HAMD-24 scores of
ECTs were almost identical (31.93+6.45 v. 31.3+6.9)
to those reported in one of the largest ECT trials
(Sackeim et al. 2007). MMSE scores for ECTs were sig-
nificantly compromised compared to those for NECTs
[F(1,28)=7.67, p<0.01].
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Performance in neuropsychological tests
MOT

The three groups did not differ in MOT measures.

PAL (Table 2a)

The measure of adjusted total errors produced a sig-
nificant group effect [F(2,42)=3.84, p=0.03]. Contrast
testing revealed a deficit of NECTs against Controls
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Fig. 1. (a) In Paired Associates Learning (PAL), a significant group effect in total errors [F(2,42)=3.84, p <0.05] was due to a
deficit in depressed patients with no electroconvulsive treatment referral (NECTs) compared to Controls. Analysis of PAL stage
errors indicated that this deficit was specific to the most demanding eight-shape PAL stage [F(2,42)=4.52, p <0.05; Controls
v. NECTs: F(1,42)=8.73, p <0.005]. Depressed patients with ECT referral (ECTs) performed at an intermediate level, differing
from neither Controls nor NECTs at any stage. (b) In the measure of adjusted total trials alone [F(2,42)=4.11, p <0.05], both
NECTs and ECTs performed significantly worse than Controls [F(1,42): Controls v. NECTs =7.59, p <0.001; Controls v.
ECTs=4.27, p <0.05]. Data shown are means and 0.95 confidence intervals; * p <0.05, ** p <0.01.

[Control/NECT: F(1,42)=7.6, p<0.01]. ECTs did not
differ from either group. When stage errors were ex-
amined (Fig. 1a), a significant group effect was noted
only at the eight-shape stage [F(2,42)=4.52, p=0.02],
reflecting a NECT deficit [Controls/NECTs: F(1,42) =
7.65, p <0.01]. The first trial memory score also yielded
a significant group effect [F(2,42)=4.06, p=0.03], re-
flecting a significant NECT deficit [Control/NECTs:
F(1,42)=7.65, p <0.01]. In both cases, ECTs performed
intermediately, their difference from Controls verging
on significance [Controls /ECTs respectively: F(1,42) =
3.80; F(1,42)=3.90, p <0.06]. The total trials measure
was significant [F(2,42)=4.11, p=0.02; Fig. 1b]. ECTs
and NECTs were both inferior to Controls [F(1,42):
Controls/NECTs=7.59, p<0.01; Controls/ECTs=
4.27, p<0.05].

SRM (Table 2b)

The measure of the percentage correct responses
yielded a group effect [F(2,42)=3.32, p <0.05] due to a
significant deficit of NECTs versus Controls [Control/
NECT: F(1,42)=6.10, p=0.02]. ECTs performed be-
tween Control and NECT levels.

IED (Table 2c)

The adjusted measures of total errors (Fig. 2a)
and total trials [respectively, F(2,42)=4.91, p=0.01;
F(2,42)=5.01, p=0.01] yielded significant group ef-
fects. NECTs did not differ significantly from Controls
whereas ECTs’ performance was significantly com-
promised on both measures [Controls/ECTs respect-
ively: F(1,42)=8.40 and 8.11, p<0.01; NECTs/ECTs
respectively: F(1,42)=6.15, p<0.05; F(1,42)=6.88,
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p=0.01]. The measure of Stages Completed gave the
same pattern [Kruskal-Wallis: H (2, n=45)=8.34,
p=0.02]. To determine whether the emerging ECT
deficit was specific to discrete IED tasks (discrimi-
nation: stages 1+3+4; reversal: stages 2+5+7; set
shifting: stages 6+8), separate one-way ANOVAS
were carried out. The three groups performed com-
parably in discrimination and reversal learning.
The group effect in the IED shift phases approached
significance [F(2,42)=2.84, p=0.07], again due to in-
creased ECTs’ errors (Fig. 2b).

SOC (Table 2d)

ECTs had a high drop-out rate in the early SOC stages
(six drop-outs, four at the two-move, two at the three-
move stage: patients refused to continue and SOC
was manually interrupted), whereas all Controls and
NECTSs completed the SOC (Kruskal-Wallis ANOVA:
H (2, n=45)=11.00, p=0.004). Given that once a sub-
ject dropped out she received a score of zero in sub-
sequent stages, the high ECT drop-out rates affected
the data so that subsequent analyses had to be re-
stricted to measures of problems solved in minimum
moves, global and stage specific (two-, three-, four- or
five-move stages). A significant group effect emerged
for total problems solved [F(2,42)=3.55, p=0.04,
Fig. 3]. Contrast testing showed a significant deficit in
ECTs [Controls/ECTs: F(1,42)=7.03, p <0.01]. NECTs
performed at an intermediate level, differing from
neither group. In the stage analyses (Fig. 3), significant
effects were noted at the two-move [Kruskal-Wallis:
H (2, n=45)=6.799, p=0.03] and three-move stages
[F(2,42)=9.63, p=0.001], where ECTs performed sig-
nificantly worse than Controls and NECTs [F(1,42),
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Fig. 2. (a) In the Intra/Extradimensional (IED) shift task, the adjusted measure of total errors yielded a significant group effect
[F(2,42):4.91, p<0.01]. This was due to the compromised performance of depressive patients with electroconvulsive treatment
referral (ECTs) compared to either Controls [Controls v. ECTs: F(1,42) =8.40, p <0.01] or to depressive patients without ECT
referral [NECTs: NECTs v. ECTs, F(1,42)=6.15, p <0.05]. NECTs did not differ from Controls. (b) Analysis of errors in discrete
IED tasks revealed normal performance of both ECTs and NECTs (p>0.15) in the acquisition of a simple discrimination

(IED stages 1+43+4) and in discrimination reversal (IED stages 2+5+7). A deficit approaching significance was noted in

IED [stages 6 +8: F(2,42) =2.84, p <0.07] due to increased errors in the ECT group. Data shown are means and 0.95 confidence

intervals; * p<0.05, ** p<0.01.

Controls/ECTs=16.46, NECTs/ECTs =12.10, p=0.001].
The three groups performed comparably at the more
difficult four- and five-move stages, even though early
ECT drop-outs were represented in the data by a score
of zero.

Discussion

The primary aim of this study was to investigate
whether the factor of ECT referral on grounds of
pharmacoresistance would yield quantitative or quali-
tative neuropsychological differences in MDD patient
groups. This could contribute to the neuropsychologi-
cal phenotyping of MDD, which we suggest holds
promise for prediction of treatment outcome. A second
aim was to anchor the neuropsychological profile
of MDD-ECT candidates to those of matched MDD-
NECT patients and of non-psychiatric controls, using
CANTAB. Thus, a conceptual baseline would be es-
tablished, facilitating subsequent assessment of the
therapeutic and/or adverse cognitive effects of ECT
(Robertson & Pryor, 2006).

Comparison of clinical profiles

ECT candidates provided the basis for selection
of NECT and Control participants: our three groups
were matched for age, education and general health
status. The mean age was relatively low (48.56 +11.25
years), and therefore effects of depression on neuro-
psychological functioning would not be expected to be
as severe as those encountered in elderly depressives
(Christensen et al. 1997; Porter et al. 2007), obscuring
group differences through floor effects. A shortcoming
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of our study in terms of generalizability of the results
is its small sample size and its limitation to females.
We opted for females for reasons of availability, but
also to reduce variance, because evidence indicates
gender differences in cognitive and affective func-
tioning (Wager et al. 2003; Postma et al. 2004). To
minimize the impact of the small sample size we have
provided effect sizes (Table 2) in addition to conven-
tional statistics.

We were partly successful in matching our clinical
groups for illness history (Table 1). Both groups con-
sisted of patients undergoing episodes severe enough
to warrant hospitalization. They were comparable in
reported illness age of onset and duration, but differed
in number of previous episodes and hospitalizations.
NECTSs reported (non-significantly) more episodes,
but the fewer episodes of ECTs had led to significantly
more hospitalizations. Hospitalizations, current and
past, constitute a factor associated with increased
severity of depression and of impairment in CANTAB
tests, including IED (Purcell et al. 1997), delayed
matching to sample, spatial span and response to
failure (Elliott et al. 1996).

All patients were receiving pharmacotherapy at the
time of assessment (Table 1). NECTs were more fre-
quently on ‘first-line’ pharmacotherapy with selective
serotonin reuptake inhibitors (SSRIs) and benzodiaze-
pines, although several took serotonin norepinephrine
reuptake inhibitors (SNRIs) and/or atypical anti-
psychotics. ECTs were more likely to receive tricyclics
or SNRIs, supplemented by atypical antipsychotics.
This pattern, though not yielding significant differ-
ences in our groups, reflects the pharmacological re-
sistance contributing to ECT referral; it is common
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Fig. 3. In Stockings of Cambridge (SOC) depressive patients
with electroconvulsive treatment referral (ECTs) solved
significantly fewer problems using minimum moves
compared to Controls and depressive patients with no ECT
referral (NECTs) [F(2,42)=3.55, p <0.05; Controls v. ECTs:
F(1,42)=7.03, p<0.01]. The ECT deficit was restricted to

the easier SOC stages of problems soluble in two
[Kruskal-Wallis: H (2, n=45)=6.799, p=0.05] and three
moves [F(2,42)=9.63, p<0.001: Controls v. ECTs,
F(1,42)=16.46; NECTs v. ECTs F(1,42)=12.10, p <0.001].
NECTS did not differ from Controls. The three groups did
not differ in the more difficult stages of problems soluble in
four and five moves. The early stages ECT deficit was
probably due to significantly more early abandons of the test
by ECTs compared to Controls and NECTs [Kruskal-Wallis:
H (2, n=45)=11.00, p <0.001). Data shown are means

and 0.95 confidence intervals; * p <0.05, ** p<0.01;
Kruskal-Wallis: * p<0.05.

to switch patients not showing improvement follow-
ing an antidepressant course (usually an SSRI) to a
different class (e.g. SNRI) with encouraging results
(Papakostas et al. 2008).

The possibility that differences in SNRIs or atypical
antipsychotics may contribute to the neuropsycho-
logical differentiation of our MDD groups must be
considered. Antidepressants differentially affect cog-
nition depending on their receptor-binding profiles
(Furlan et al. 2001; Cassano et al. 2002; Riedel et al.
2005; Gualtieri & Johnson, 2007). However, SSRIs and
SNRIs seem to have comparable, beneficial effects
on mental processing speed and motor performance,
with superior SNRI benefit in episodic and working
memory (Herrera-Guzman et al. 2009).

With respect to antipsychotics, there is evidence
that some atypical ones simulate cognitive deficits in
healthy individuals (Mehta ef al. 1999). However, in
schizophrenia, data strongly suggest that atypical ones
in particular either have no effect or improve executive
functioning (Meyer-Lindberg et al. 1997; Burke et al.
1998; Cuesta et al. 2001; Velligan et al. 2002; McGurk
et al. 2004; Mishara & Goldberg, 2004; Tyson et al.
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2004; Woodwart et al. 2005; O’Grada & Dinan, 2007).
In depression, data on the cognitive effects of anti-
psychotics are sparse but in the same direction (Olver
et al. 2008 ; Frasch ef al. 2009).

Thus, the fact that MDD-ECT patients were receiv-
ing SNRIs and atypical antipsychotics in greater pro-
portion than their MDD-NECT counterparts and still
demonstrated an executive deficit strengthens rather
than weakens our finding: the confounding effects
of this difference would be expected to lead to an
underestimate of executive deficits exhibited by MDD-
ECT patients. However, the superior performance of
ECTs versus NECTs in visuospatial memory tasks may
be attributable to the factor of atypical antipsychotics,
to the extent that these also seem to ameliorate
performance in these tasks (Keefe et al. 2006). It seems
unlikely, however, that antipsychotics would con-
currently ameliorate visuospatial memory and com-
promise executive deficits.

In summary, our MDD groups suffered recurrent
depressive episodes for the same length of time in
comparable life periods, but ECTs had a more serious
illness course, including more hospitalizations and a
broader range of pharmacological treatments. This
suggests more severe, resistant depression in ECTs
and was corroborated by higher HAMD-24 scores.
Severity of depression influences certain aspects of
neuropsychological performance (Porter et al. 2007).
Therefore, a down-the-board CANTAB deficit of ECTs
versus NECTs in our study would have been difficult
to interpret, all the more so because MMSE global
cognitive functioning was significantly compromised
in ECTs. We did not, however, observe such uniform
deficits.

Comparison of neuropsychological profiles

Given the greater severity of depression, the broader
range of psychotropic medication and MMSE deficit in
our ECT group, their CANTAB performance would be
expected to be inferior to that of Controls and possibly
of NECTs. Instead, a double dissociation emerged
in the profiles of the two MDD groups. In the two
memory tests ECTs showed non-significant deficits
against Controls on all but one measure of PAL and
SRM. By contrast, NECTs were significantly inferior to
Controls in all but one measure of both tests (Table 2,
Fig. 1). As ECTs outperformed NECTs in PAL, which
is a good detector of early Alzheimer’s (Swainson et al.
2001), the possibility that the MMSE deficit of ECTs
reflects a higher incidence of preclinical dementia can
be excluded.

The opposite pattern emerged in the tests examin-
ing executive function (Table 2, Figs 2 and 3). NECTs
performed like Controls on all global measures of IED,
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whereas ECTs were significantly inferior to both
groups. This deficit was not generalized to all IED
components: ECTs were unimpaired in discrimination
acquisition and reversal, but showed an increase ap-
proaching significance in errors during the IED shift
phases (p<0.07; Fig. 2). This suggests an attentional
flexibility deficit. The SOC performance of ECTs was
also significantly inferior to that of the other two
groups. This deficit seemed to be limited to increased
rates of early drop-outs, resulting in score reductions
in the initial, easiest, SOC stages: the three groups did
not differ in subsequent, more difficult, SOC stages.
ECT candidates who completed SOC (nine out of 15)
in fact sustained their group’s performance to levels
comparable to Controls, although drop-outs were re-
presented in the analysis with zero scores. Hence, the
SOC deficit noted seems attributable not to executive
dysfunction per se, but possibly to increased sensitivity
to negative feedback in the ECT group (Elliott ef al.
1996; Clark et al. 2009).

As an estimate of the sensitivity of our four
CANTAB tests to the factor of ECT referral, we calcu-
lated effect sizes on the basis of means and standard
deviations of our ECT and NECT groups (Cohen’s d:
Table 2). PAL measures yielded low effect sizes (0.50
>d>0.06). The percentage correct measure of SRM
was a better differentiator, yielding a moderate d value
of 0.63. The global IED measures of total errors, total
trials and stages completed were good differentiators
between ECT and NECT performance, yielding robust
d values (0.86, 0.87 and 0.85 respectively). Discrimi-
nation and reversal errors yielded low effect sizes
(d=0.50 and 0.27). The measure of IED shift errors was
as good a differentiator of our clinical groups as IED
global measures (d=0.76). This supports our con-
clusion that the IED deficit in ECTs reflects mainly
compromised attentional flexibility. Finally, the only
SOC measures to yield robust effect sizes were the
easiest categories of problems (two to three moves:
d=0.98 and 1.49), while the more difficult categories
of four- and five-move problems produced very low
effect sizes (d=0.32 and 0.06). This supports our ar-
gument that the SOC deficit in ECTs is an artefact
of early drop-out rates, probably reflecting increased
sensitivity to negative feedback.

Implications for differential neuroanatomical
involvement

Inferences on the relationship of the cognitive per-
formance of our patient groups with brain functioning
are, of course, subject to confirmation by neuro-
imaging techniques. However, it is noteworthy that
this is not the first instance where the PAL/IED com-
bination has been effective in differentiating cognitive
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profiles within a clinical population previously con-
sidered uniform. Barnett et al. (2005) showed that
visuospatial learning and executive function (PAL and
IED respectively) were independently impaired in
first-episode psychosis, the pattern of deficit reflecting
differential clinical response. As neuropsychological
tasks in general, PAL and IED are not entirely domain
specific (Clark et al. 2009). However, Barnett et al.
(2005) argue for a broad dissociation between the
cognitive systems engaged by them, with a greater
burden on temporo-hippocampal processing in PAL
and a greater frontostriatal load in the extradimen-
sional shift stage of IED (Smith & Milner, 1981; Owen
et al. 1991, 1993; Lawrence et al. 1996, 1998; Miyashita
et al. 1998; Rogers et al. 2000; Wood et al. 2002).
Therefore, the PAL/IED combination is well suited for
examining disorders potentially involving either or
both frontostriatal and medial temporal lobe dysfunc-
tions. This is all the more important because different
relative loads of the two impairments may signal dis-
crete subtypes of the disorder and, perhaps, differen-
tial response to treatment. In that light, it is important
to establish whether memory and executive deficits
necessarily coexist in MDD, or may present inde-
pendently. Indeed, in our study the PAL/IED com-
bination highlighted a double dissociation in the
cognitive profiles of MDD patients with and without
ECT referral.

An additional observation was that our ECTs
were more likely than NECTs to abandon SOC early,
though unimpaired in the more difficult stages of SOC.
MDD patients demonstrate exaggerated responses to
negative feedback during neuropsychological testing
(Brittlebank et al. 1993 ; Murphy et al. 1999; Lembke &
Ketter, 2002), including an increased probability of
failing SOC trials subsequent to incorrect responding
(Elliott et al. 1997). It has been suggested (Clark et al.
2009) that depressive states may influence the impact
of negative feedback by affecting the connectivity
of the amygdala with prefrontal cortical regions
(Johnstone ef al. 2007; Siegle et al. 2007; Chen et al.
2008) and thus interfering with top-down control of
emotional behaviour (Johnstone et al. 2007). Our data
suggest that MDD-ECT candidates may have a deficit
in this axis.

In summary, our data suggest that MDD patients
receiving ECT referral present a cognitive profile dif-
ferent to that of drug-respondent MDD patients. This
neuropsychological profile suggests greater fronto-
striatal and milder temporo-hippocampal involvement
in these patients than in the general MDD population.
It also suggests that these patients may be character-
ized by dysfunctional amygdala—prefrontal cortex
connectivity. The fact that the ECTs/NECTs differ-
entiation seems qualitative rather than quantitative
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suggests that it is not attributable simply to the in-
creased illness severity associated with ECT referral.
Moreover, the differentiation cannot be attributed
to compromised global cognitive functioning in ECT
candidates, as reflected by their low MMSE scores
in the present study. Follow-up data of these ECT can-
didates 2 months post-ECT show that remission
of depression is accompanied by complete recovery of
MMSE scores and improvement of memory scores,
while the executive deficit characterizing ECT candi-
dates in the current study persists in magnitude
(Kalogerakou et al., unpublished observations).

In conclusion, these findings are salient to research
efforts towards the neuropsychological subtyping of
MDD, in addition to the evaluation of the therapeutic
and adverse cognitive effects of ECT treatment.
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