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1.1. Major depressive disorder

Major depressive disorder (MDD) is a psychiatric disorder characterized by negative and 
pessimistic thoughts, feelings of worthlessness and guilt. Psychomotor changes are im-
portant clinical features of a depressive episode as well. MDD adversely affects a person’s 
family and work life, sleeping and eating habits and general health. A major depressive 
episode (MDE) is recurrent in the majority of patients and at its worst, depression can lead 
to suicide. According to DSM-5 (1), a person must experience five or more symptoms dur-
ing the same 2-week period and at least one of the symptoms should be either  depressed 
mood or loss of interest or pleasure:

- Depressed mood most of the day, nearly every day.
- Markedly diminished interest or pleasure in all, or almost all, activities most of the 

day, nearly every day.
- Significant weight loss when not dieting or weight gain, or decrease or increase in 

appetite nearly every day.
- Insomnia or hypersomnia nearly every day
- Psychomotor agitation or retardation nearly every day (observable by others, not 

merely subjective feelings of restlessness or being slowed down).  
- Fatigue or loss of energy nearly every day.
- Feelings of worthlessness or excessive or inappropriate guilt (which may be 

delusional) nearly every day.
- Diminished ability to think or concentrate, or indecisiveness, nearly every day.
- Recurrent thoughts of death, recurrent suicidal ideation without a specific plan, or 

a suicide attempt or a specific plan for committing suicide.

To be diagnosed as MDD, these symptoms must cause clinically significant distress or im-
pairment in social, occupational, or other important areas of functioning. They can also not 
be the result of substance abuse or another medical condition. 

MDD is a relatively prevalent psychiatric disorder, with a 12-month prevalence of 5-7% in 
Belgium (2). At the European level, there are similar prevalence rates and it was calculated 
that MDD is responsible for 3.8% of all disability-adjusted life years, and for 11% of years 
lived with disability. That makes MDD the leading cause of disability worldwide, and a major 
contributor to the global burden of disease (3). 

1.2. Psychomotor functioning in MDD

Psychomotor retardation and agitation are core symptoms of MDD (1). The relevance of 
psychomotor symptoms has been described in several reviews over the past few years 
(4–7). Psychomotor symptoms have unique significance. Because of their high discrimina-
tive validity, they may be the only symptom cluster in MDD that can distinguish depression 
subtypes. 
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Psychomotor signs have been defined as all those activities in which movement or 
action, i.e. planning, programming, and execution, is the principal component rather 
than thinking or feeling (5). The term ‘psychomotor’ encompasses wider involvement of 
perceptual processes and cognitive-control mechanisms, which underlines that motor 
control involves more than an adjustment of timing and initiating muscle contractions. 
To further fine-tune the definition, a combination of psychomotor assessment tools 
comprising psychomotor rating scales and experimental tasks from each domain, 
measuring motor as well as cognitive aspects should preferably be used (4–7).

Despite being a core symptom of MDD, psychomotor symptoms are difficult to meas-
ure and their clinical observation is rater-dependent and therefore subjective. The 
CORE Assessment of Psychomotor Change (CORE) is a rating scale developed to as-
sess observable psychomotor symptoms in a uniform and standardized way in patients 
with MDD. The scale provides a global impression of psychomotor functioning (in three 
different domains – retardation, agitation, and non-interactiveness) and was designed 
to distinguish between non-melancholic (NMD) and melancholic depression (Mel-D) 
(8,9). However, the CORE relies on the subjective judgment of the investigator. Several 
other methods have been developed aiming to ensure more objective measurement 
of psychomotor functioning (5). This could allow the detection of abnormalities that 
escape the clinical eye. Such objective measurements could improve the classification 
of depressive subtypes, assist in monitoring the evolution of a depressive episode and 
play a role in treatment selection (7). 

Many of the objective measurement methods that have been developed focus on the 
domains of gross and fine motor activity (5). Gross motor activity refers to the move-
ment of the entire body that enables general movement and balance. Fine motor skills, 
on the other hand, are involved in fine movements such as writing and drawing. Previ-
ous research has applied drawing tasks in depressed samples to reveal substantial fine 
motor retardation in patients with MDD (10–14). Several studies have measured gross 
motor activity in psychiatric disorders by means of wrist accelerometry (15,16) and 
found lower gross psychomotor activity in depressed patients than in healthy controls 
(4,17–19). Psychomotor symptoms are also part of other psychiatric disorders, such as 
schizophrenia (20,21). 

Several factors must be taken into account when studying psychomotor functioning 
in MDD. First of all, some authors claim that differences in psychomotor disturbance 
can be attributed to variations in symptom severity, rather than being distinguishing 
features of depression subtypes in themselves (22,23). Others do not agree, however 
(24,25). The second factor to take into account is age. Cognitive and psychomotor re-
tardation often occur in the process of normal aging (7,26) and it has been suggested 
that aging and depression have an additive effect on psychomotor performance (12). 
The final factor that is believed to have an influence on psychomotor performance 
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in depressed populations is pharmacotherapy. Psychotropic drugs can contribute to 
improvements in psychomotor and cognitive performance in the long term, mostly due 
to clinical recovery. On the other hand, certain drugs such as benzodiazepines have 
been found to impair psychomotor performance (27,28). 

Studies examining the role of psychomotor retardation in treatment outcome have found 
differential results. Current literature regarding antidepressants is inconclusive, though tri-
cyclic antidepressants may be considered for the treatment of patients with psychomotor 
retardation (6). Available evidence also suggests that depressed patients with psychomotor 
retardation may respond well to electroconvulsive therapy (ECT)(29). 

1.3. Depression subgroups

MDD is not a homogeneous disease. Several subtypes have been identified based on, 
amongst others, the presence of melancholic or psychotic symptoms. In patients with 
DSM-defined Mel-D, a loss of pleasure in (almost) all activities is seen with a mood that 
lacks reactivity. Besides that, patients with Mel-D often experience profound despair, they 
feel worse in morning hours, wake up early, have marked psychomotor retardation or agi-
tation, significant anorexia and/or excessive feelings of guilt (1). In patients with psychotic 
depression, delusions and/or hallucinations are present that are either mood-congruent or 
mood-incongruent (1).

Parker et al. (2000) describe a hierarchical model for distinguishing depression subtypes 
by the presence of three specific features (30). A depressed mood is presumed to be pres-
ent across all three subtypes and can therefore not provide distinction. The distinction 
between NMD and Mel-D is marked by the presence of psychomotor disturbance in melan-
cholia (8,30,31). Psychomotor disturbance appears to be more prominent in the depressive 
subtype with psychotic symptoms than in patients who do not have psychotic symptoms 
(8,32). The latter subtype is however distinguished by the presence of psychotic symptoms. 
To summarize, psychomotor disturbance and psychotic symptoms construct the hierar-
chical model and members of the residual NMD subtype lack both features (30) (Figure 1-1). 
Underlying, each subtype is assumed to be characterized by disruptions in the three rele-
vant neurotransmitter systems (serotonin, noradrenaline, and dopamine) but their relative 
contributions vary. Serotonin seems to play an important role in NMD, whereas melancholic 
and psychotic depression additionally have contributions from the noradrenergic and do-
paminergic systems, respectively (33).
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Clinical Feature Depressive Subtype

Psychotic 
features

Psychotic 
depression

Observable 
psychomotor 
disturbance

Melancholic 
depression

Mood state 
features

Nonmelancholic 
depression

Figure 1‑1 ‑ Hierarchical Model for Distinguishing Depression Subtypes (30)

Among depressed inpatients, psychotic features are rather prevalent with approximately 
35% meeting diagnostic criteria (34). Lifetime prevalence varies between 0.35% and 1% in 
the general population, with higher rates in older age (35). The hierarchical model used to 
distinguish depression subtypes implies that patients with psychotic symptoms also have 
psychomotor symptoms or melancholia (33). Although most of the depressed patients with 
psychotic features indeed have Mel-D or observable psychomotor disturbance, a small 
group of depressed patients with psychotic symptoms does not present with these melan-
cholic features. The prevalence of psychosis is higher in melancholic patients (51.1%) than in 
nonmelancholic patients (17.7%), but patients with NMD and psychotic symptoms definitely 
exist (36).

Although motor retardation is considered to be one of the key elements of the melancholic 
subtype of depression (37), it remains unclear whether differences in objective psychomo-
tor performance can actually distinguish between depression subgroups. 

1.4. Treatment of MDD and the role of ECT

Psychopharmacological treatments are effective in cases of moderate or severe major 
depression. Unfortunately, there are three major problems with psychopharmacological 
interventions. First, often there is a delay of several weeks between the start of treatment 
and the first beneficial effects (38). The second issue is the limited adherence to the ther-
apy (39) and last but not least, resistance to antidepressant treatment remains an impor-
tant issue in clinical practice (40). Response rates for commonly used antidepressants are 
moderate and remission rates are even lower (41,42). Moreover, the patients that take more 
steps to respond or remit show more relapse in long-term follow up (42).

The search for a more effective treatment method, with a limited delay of onset and the 
possibility to control adherence to treatment, has led clinicians back to ECT. The efficacy 
of ECT (compared to placebo and simulated ECT) was convincingly demonstrated (43). 
Treatment with ECT is significantly more effective than pharmacotherapy as well (43,44). 
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Besides that, ECT has a faster onset of action than treatment with antidepressants. Only 
about a third of patients with MDD treated with any single antidepressant attains full symp-
tom remission in 8-week medication trials, while the same percentage of patients achieve 
remission with ECT after 2 weeks of treatment (45). 

In major depression treatment guidelines, ECT is generally recommended following non-re-
sponse to pharmacotherapy. In case of very severe depressive symptoms, high suicidality, 
urgency (not eating or drinking), a good response in a past depressive episode or patient 
preference, ECT can be used as first-line treatment. Guidelines differ in whether or not they 
recommend ECT for specific subtypes of depression such as psychotic and melancholic 
depression (46). 

1.5. Technical aspects of treatment with ECT

The duration of a treatment course with ECT is variable and depends on its effect, which is 
preferably evaluated every week during the course. Treatments should be continued until 
remission is reached or when there is no further improvement during the last three treat-
ments and the patient had at least 10 treatments. The course can also be stopped when 
there is no clinical effect after 10 treatments (47). Treatments are given twice a week, based 
on literature concluding that treating three times a week has no advantage in antidepres-
sant effect over twice weekly schedules (43,48). Because treating patients three times a 
week does seem to result in a somewhat faster response (with however more cognitive side 
effects)(49), increasing treatment frequency can be considered in life-threatening cases.

Anesthetics

It is recommended to use a fast and short-acting hypnotic. The choice of a specific hypnot-
ic has to be made by the anesthesiologist and the psychiatrist depending on the potential 
influence on the course of ECT and the expected side effects. There are several options, but 
it is not known which IV anesthetic medication leads to the greatest improvement in de-
pression scores with minimal side-effects (50). Methohexital has long been the most widely 
used anaesthetic for ECT, but problems with its supply have led to an increased usage of 
other hypnotics. Compared to methohexital, advantages of Propofol are its short duration 
of effect, the relative hemodynamic stability and anti-emetic properties (51). Etomidate 
is slightly proconvulsive and also has no major hemodynamic effects (47,52). Ketamine is 
an alternative, which could accelerate the antidepressive effect (especially when used as 
add-on anesthetic). However, it should be cautiously used due to the increased risk of car-
diovascular and psychiatric side-effects (53). According to a recent literature review, best 
quality seizures would be provoked with Etomidate as an anesthetic (54). Succinylcholine is 
the muscle relaxant routinely used in ECT. 
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Electrode position

A recent meta-analysis showed no difference in efficacy between high-dose right unilateral 
(RUL) ECT and moderate-dose bitemporal (BT) ECT. RUL ECT has some advantages regard-
ing cognitive side-effects (55). Because BT ECT does postulate a faster decrease in depres-
sive symptoms (56), this treatment option is preferred when a rapid response is needed. 
RUL ECT should be given at five times and BT ECT at two times seizure threshold (47). 

Dosing

The stimulus dose is often based on the age method for RUL treatment and the half-age 
method for bilateral interventions (57). However, recent research suggests dose titration has 
advantages over the age-based methods with better response, lower peak doses and lower 
total cumulative dose (58). Therefore, dose titration is the dosing method of first choice. 

Stimulus parameters

Most frequently, a brief pulse (BP, 0.5-1.0ms) stimulus is used. Ultrabrief pulse (UBP, 0.3ms) 
ECT has recently been extensively investigated as a treatment option that can combine 
efficacy with limited cognitive side effects. However, a meta-analysis showed that BP ECT 
was slightly more effective than UBP ECT but led to more cognitive side-effects (59).

Seizure adequacy

The therapeutic effect of ECT requires a stimulus above seizure threshold and a generalized 
motor seizure of at least 20 seconds. On the EEG one should see early onset slow waves, 
high amplitude, low frequency, postictal silence, waxing, and waning. Furthermore, accom-
panying tachycardia should be present. A study looking at seizure adequacy markers and 
prediction of ECT response found that higher quality of hemispheric brain wave synchronic-
ity and wave amplitude were associated with higher symptomatology decrease (60). 

1.6. Predictors of response to ECT

Administering ECT as a first-line treatment to depressed patients, whose clinical profile 
predicts a good response to ECT, can prevent patients from suffering from a severe depres-
sive disorder for months or years while searching for the correct psychopharmacological 
treatment. ECT is well suited for a personalized approach that could increase its efficacy, as 
well as reduce the impact of side effects. This personalized approach could be based on the 
identification of subpopulations of patients sharing common clinical and biological features 
that predict a good ECT outcome (61). In this doctoral thesis, we mainly focus on clinical 
predictors of response to treatment with ECT, although data on both clinical and biological 
predictors were gathered. Therefore, the current literature on both biological and clinical 
ECT response predictors is discussed briefly in this section. 
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1.6.1. Biological predictors

Based on different hypotheses of mechanisms underlying depression, a few biological vari-
ables seem of interest in the prediction of treatment response. 

Increasing evidence supports a stress-related model of depression. Limbic structures 
influence mood and decreased levels of brain-derived neurotrophic factor (BDNF) and 
other growth factors could result in atrophy of these structures. The hippocampus is one 
of the limbic structures with a supposed role in mood disorders, playing a role in learning 
and memory as well as regulation of the hypothalamic-pituitary-adrenal (HPA) axis. Both of 
these functions are disturbed in major depression. Additionally, the hippocampus is con-
nected to the amygdala and prefrontal cortex, two structures even more directly involved 
in emotion and cognition and thereby contributing to other depressive symptoms (62). 
Lowered serum BDNF seems to be a peripheral manifestation of depression, but serum 
concentrations do not correlate with depression symptom severity (63). BDNF seems to in-
crease after treatment with ECT (64), suggesting that neurotrophic effects might be a final 
common pathway in MDD treatment. The neurotrophic action of electroconvulsive therapy 
could reverse neuronal atrophy and as a consequence contributes to the therapeutic effect 
(62). However, the increase of BDNF and hippocampal enlargement lack a correlation with 
an improvement of depressive symptoms suggesting that ECT has neurotrophic effects 
regardless of clinical response (64,65). Enhancing neurogenesis could enable a dysfunction-
ing hippocampus to restore control over the HPA-axis, allowing recovery (66). 

To summarize, stress lowers BDNF expression and as a consequence, neuroplasticity is 
limited potentially resulting in (hippocampal) atrophy. Dysfunctioning of the hippocampus 
hampers control over the HPA-axis and higher cortisol levels limit BDNF expression. ECT 
seems to intervene by increasing BDNF levels (67) resulting in enhanced neuroplasticity 
and restored control over the HPA-axis (Figure 1-2). 

 Hippocampus

 BDNF  Cortisol

 Hippocampus

 Cortisol BDNF

ECT

Figure 1‑2 – Stress‑related changes in depression before, and after ECT.

Although they are involved in the mechanism underlying depression and its treatment, the 
above factors have (as far as we know) not been studied in one and the same patient popu-
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lation. To increase understanding of the role of the separate components and to determine 
whether or not they can play a role (alone or in combination) in ECT response prediction 
models, it could however be valuable to assess a combination of these factors in a  severe-
ly depressed population scheduled for treatment with ECT: baseline BDNF serum levels 
and genotypes (68), brain volumetry (69) and functioning (70,71) and performance of the 
HPA-axis (72,73). 

1.6.2. Clinical predictors

In clinical practice, the time and money to assess biological variables with a potential role 
in ECT response prediction are not always available. Therefore, easy-to-assess clinical vari-
ables associated with treatment outcome could be even more valuable. Consequently, this 
is the main focus of this doctoral thesis. Several large trials have addressed this subject in 
the past years. 

In a recent meta-analysis (74) longer episode duration and presence of medication failure 
predicted a poor ECT outcome. Greater age and presence of psychotic symptoms only 
seemed to be weakly associated with a better response to ECT. Bipolar diagnosis, gender, 
age of onset and the number of previous episodes were not associated with treatment 
outcome. The analyses of depression severity and melancholic features were inconclusive 
due to heterogeneity between the studies. 

Studies looking at the best way to use these predictors are scarce. Finding the best defini-
tion of a predictor for incorporation in prediction models is however of great importance for 
the adequacy and predictive capacity of these models. The most promising predictors are 
in our opinion age, depression severity, psychomotor functioning, psychotic symptoms, and 
treatment resistance. 

Age can either be used as a continuous variable or in the form of age groups (75) and seems 
to be a predictor of rapid remission (76). The predictive value of the different subgroups of 
psychomotor symptoms (retardation, agitation) is not clear (6,77). In past projects, often 
only clinical judgment of the treating psychiatrist or the clinician-rated CORE (scale for 
assessment of psychomotor functioning)-scores were used to assess psychomotor func-
tioning (6). One study found that CORE-defined melancholia predicted a beneficial ECT out-
come (78). Research on more objectively measured psychomotor retardation and agitation 
could be of added value to determine the value of psychomotor functioning as a predictor 
of ECT outcome. Patients with psychotic symptoms also seem prone to respond to ECT 
(79,80). Up to recently, however, there was no instrument to measure the severity of the 
psychotic component of MDD. The development of the Psychotic Depression Assessment 
Scale (PDAS) changes this. The scale covers both the psychotic and depressive domains 
of psychotic depression (81,82). One could expect that increasing severity as measured by 
the PDAS is more sensitive as a predictor than the simple presence or absence of psychotic 
symptoms. The PDAS was however not tested on its capacity to predict ECT outcome. An-
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other predictor that seems relevant is treatment resistance. Treatment resistance is usually 
defined as more than two failed antidepressant trails and as such its presence is associated 
with a relatively poor response to ECT (74). Instead of a dichotomous definition of treatment 
resistance, it can also be described as a continuum (83). The Maudsley Staging Method 
(MSM) differs from other staging models in that it incorporates two clinical factors associ-
ated with treatment resistance, i.e. depression severity and episode duration, in addition to 
treatment factors (84). According to Fekadu et al (2009), authors of the MSM, staging treat-
ment resistance only in relation to the number of antidepressants used says little about the 
specific nature of the depression itself. The MSM has never been used specifically in an ECT 
population to test its predictive capacity. 

Besides the relatively extensively investigated predictors mentioned above, there is limited 
evidence for a few others that are however promising. According to a recent review, high 
suicidality is associated with a better response to treatment with ECT (61). Presence of a 
borderline personality disorder is generally associated with poorer outcome (85). 

1.7. Side-effects

Treatment with ECT is often well-tolerated. Adverse events such as nausea, headache, and 
myalgia after treatment are usually mild and self-limiting and can be treated symptomati-
cally. Prolonged seizures can occur, but the most common cause of morbidity and mortality 
after ECT are cardiovascular complications, although they are often uneventful in patients 
without pre-existing risk factors (86).  It is important to note that the ECT-related mortality 
rates were estimated at 2.1 per 100 000 treatments (87). Therefore we can conclude that 
death as a consequence of treatment with ECT is extremely rare, knowing that the mortal-
ity rate of general anesthesia related to surgical procedures is estimated at 3.4 per 100 000 
(88).

Cognitive side-effects of treatment with ECT are rather common. Right after treatment, 
ECT can cause postictal confusion or even delirium. These conditions tend to resolve with-
in 1 hour after the procedure (86). Subacute cognitive side-effects include anterograde and 
retrograde amnesia. Anterograde amnesia typically resolves within two months after an 
ECT course is completed (89,90). The assessment of cognitive deficits secondary to ECT is 
complicated by several issues related to the illness it is used to treat. Depression itself is 
associated with cognitive impairment (91). When depression is treated and the related cog-
nitive impairment resolves, there can be impairment at the same time secondary to ECT, 
which makes interpreting cause and effect difficult. Besides that, many patients experience 
significant residual cognitive impairment even when recovered of their MDD (92). Cognitive 
side effects can impair the judgment of ECT response and possibly result in premature ter-
mination of the treatment (93).

Retrograde amnesia is the most common persistent adverse effect of ECT. Shortly after 
ECT, some of the patients have gaps in the memory of events that occurred before the 
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treatment, and retrograde amnesia may extend back several months or years. Although 
retrograde amnesia often improves during the first few months after ECT, for many patients, 
recovery is incomplete, with prolonged amnesia regarding events that occurred close to 
the time of treatment. Objective measures found the memory loss to be relatively short 
term (<6 months post-treatment), the subjectively reported memory problems are more 
persistent (>6 months post-treatment)(94). This would suggest that ECT as currently prac-
ticed does not cause significant lasting retrograde amnesia (95).

Cognitive impairment as a consequence of ECT can be reduced by using the unilateral 
placement of electrodes and by limiting the number of treatments (96–98). Given the dif-
ference between objectively measured cognitive function and subjectively experienced 
impairment, both have to be evaluated (99).  At least one-third of patients report persistent 
memory loss (100).

1.8. General research goal

The current literature suggests that it may be possible to predict the ECT outcome based 
on clinical variables. For this reason, we used an extensive set of different measures to 
describe baseline patient and depression characteristics with the goal to test whether a 
successful response prediction model could be created with a combination of these clinical 
features and to develop a decision-making tool that would afford a more accurate indica-
tion of ECT outcome. 

1.9. Outline of the thesis

Before starting our clinical studies, we reviewed the literature on promising ECT response 
and remission predictors, among which were age, psychotic symptoms, depression sever-
ity, and melancholia (Chapter 3). Based on the results of this meta-analysis, we began our 
search for the most accurate response prediction model, diving deeper into the separate 
predictors to try and disentangle their relative contributions. We look for the most accurate 
definition of treatment resistance (Chapter 4) and psychotic symptoms (Chapter 5) as po-
tential predictors, with a third factor, psychomotor functioning (Chapter 6) being investigat-
ed more extensively: we explore its potential to distinguish depression subgroups (Section 
6.1), look for correlations between the assessment methods used (Section 6.2) and, last but 
not least, evaluate its capacity to predict ECT outcome (Section 6.3). In the subsequent 
part of this doctoral dissertation, we focus on the relative contributions of the different pre-
dictors (Chapter 7), taking steps towards the creation of an adequate prediction model. In 
the final chapter (Chapter 8), we briefly describe the effect of ECT on cognitive functioning. 
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2.1. Study design

We designed a prospective observational study for patients with a depressive disorder that 
are treated with ECT. The study name was PROTECT, an acronym for PRediction Of Treat-
ment response to ECT in depression and cognitive side effects. Prior to the ECT course, 
depression characteristics such as episode duration and treatment resistance, psychotic 
symptoms, psychomotor functioning, cortisol levels, BDNF and inflammatory markers, 
brain structure, and vascular burden were assessed. Mood and cognitive functioning were 
measured before, during and one week after the ECT course. On top of that, a follow-up visit 
was planned at 3 and 6 months after the ECT course. The study was registered at ClinicalTri-
als.gov (identifier: NCT02562846). The study and main researcher were financed by a col-
laboration between Antwerp University and Duffel University Psychiatric Hospital. A time 
schedule of this project is displayed in Table 2-1. 

Table 2‑1 ‑ Time schedule PROTECT

S T-1 T0 T1 T2 T3 -TW- Tstop Tfu1 Tfu2

Socio- 
demographics X

Clinical  
characteristics

Somatic and 
psychiatric history X

VBI + AB-index X

MINI X

MSM X

HDRS X X X X X X X X X

MADRS X X X X X X

PDAS X X

Apathy scale X X

MANSA X X X X

Psychomotor  
functioning

BFCRS X X

CORE X X X X X X

Drawing tasks X X X X X X

24hr motionwatch X X X X X

CPT X X X X X
(Table continues on page 20)
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S T-1 T0 T1 T2 T3 -TW- Tstop Tfu1 Tfu2

Cognition

MOCA X X X X X

HVLT-R X X X X X

AMI-part C X X X X

SDST X X X X X

PRMQ X X X X

Orientation recovery time After each ECT

ECT procedure & seizure  
characteristics After each ECT

MRI X X

Blood sample X X

Hair sample X X

S= Screening. T‑1 = the week before the start of ECT. T0 = the day before ECT starts. T1 = after 1 week (2 ECTs). T2 
= after 2 weeks (4 ECTs). T3 = after 3 weeks (6 ECTs). ‑TW‑ = weekly after T4. Tstop is the week after the last ECT, 
cognitive testing and the blood sample will be done exactly one week after the last ECT. Tfu1 is the follow‑up 
visit after 3 months. Tfu2 is the follow‑up visit after 6 months. Medication use will be registered throughout 
the duration of the project. ECT procedure = electrode placement, type of anesthesia and dosage. Seizure 
characteristics = motor and EEG duration. The other abbreviations are explained under the heading 2.6 
(Assessment). 

2.2. Recruitment

All psychiatrists providing patients with ECT treatment were informed about the study. 
The psychiatrists planning ECT treatment and the ECT-team receiving the patient names 
briefed the main researcher when a patient was planned to be treated with ECT for MDD. 
All these patients were screened for inclusion in our study and when eligible, asked for their 
informed consent. Patients were recruited between August 2015 and August 2017.

2.3. Selection of patients

2.3.1. Inclusion criteria

To be eligible for study inclusion, patients must meet the following inclusion criteria:

- Admitted to University Psychiatric Hospital Duffel or consulting for ambulatory 
ECT.

- ECT indication is major depressive disorder or major depressive episode in bipolar 
disorder (according to DSM-5 criteria).

- Male or female between 18 and 85 years of age.
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- Baseline HDRS-score ≥ 17.
- Be medically stable on the basis of physical examination and vital signs performed 

during the pre-ECT screening procedure.
- Have signed an IC form indicating that they understand the purpose of and 

procedures required for the study and are willing to participate in this study. In 
case of incapacity, a close relative will be asked to give informed consent.

2.3.2. Exclusion criteria

Potential patients who meet one or more of the following criteria will be excluded from 
participating in the study:

- Drug or alcohol dependence or a primary psychotic disorder as detected in the 
MINI interview at screening (<6 months before ECT).

- Currently enrolled in a study with an investigational study drug.
- Has any condition that, in the opinion of the investigator, would compromise the 

wellbeing of the subject or prevent the subject from meeting or performing study 
requirements.

2.4. Participant flow

We screened 120 patients that were scheduled for ECT for a depressive disorder between 
August 1, 2015, and September 1, 2017. Forty-seven patients were not included for several 
reasons. Eight patients did not start ECT and 5 started too soon to do all necessary study 
assessments. Sixteen patients were not considered eligible because of screening failure 
(not meeting inclusion criteria or presence of one of the exclusion criteria) and 18 patients 
refused participation in the study (Figure 2-1).

120 patients 
indicated for 

ECT

47 patients excluded
N = 18 Refusal to participate
N = 16 Screening faillure
N = 8 ECT not started
N = 5 Sudden start of ECT

8 dropouts
N = 5 Side effects
N = 3 Not-ECT-related

65 patients 
completed  

ECT treatment

73 included 
patients

Figure 2‑1 – Participant flow. ECT = electroconvulsive therapy.
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There were several reasons for screening failure (Figure 2-2). Three patients were too se-
verely depressed to participate, mostly because of catatonic states in which they did not 
speak or interact with caregivers. One patient did not speak Dutch and two were excluded 
because of recent (<6 months) dependency on alcohol and/or cannabis. The other patients 
were excluded because they did not have the -correct- diagnosis. They were either not that 
severely depressed (HDRS<17; N=2), had a depression in the light of a schizo-affective disor-
der (N=6) or had rapid cycling bipolar disorder (N=2). 

Recent 
dependency

2

Diagnostic 
reason

10

Not 
testable

3

Language
1

Figure 2‑2 ‑ Reason for screening failure

Seventy-three patients signed informed consent forms and participated in the study, they 
will be referred to as the intention-to-treat (ITT) sample. Eight patients could not complete 
the ECT course because of side-effects (N = 5) or reasons not related to the ECT (N = 3). The 
completer sample accordingly comprised 65 patients (Figure 2-1, Figure 2-3).
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57 53
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Done Dropout

Figure 2‑3 ‑ Dropout during the study.
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A follow-up visit was scheduled 3 months after the last ECT, and another one three months 
later. Of the completer sample, 57 patients could be retested at three months (87.7%) and 
53 at six months (81.5%). Patients were either asked to come back to the psychiatric hospi-
tal for retesting or visited at home when they were not able or willing to come back to the 
psychiatric hospital.  

2.5. Treatment

2.5.1. Drugs

During the ECT course, patients continued their antidepressant and/or antipsychotic med-
ication. Agents and doses were preferably not changed 4 weeks prior to and during ECT 
(including the final assessment).

2.5.2. ECT

ECT was delivered twice weekly according to recent guidelines (101) using a brief-pulse 
(0.5ms) constant-current Thymatron IV system (Somatics LLC, USA). Electrodes were 
placed right unilateral (RUL), bifrontal (BF) or bitemporal (BT) when a fast antidepressant 
effect was needed (55). Patients that were initially treated with RUL ECT were switched 
to BT ECT if the response was inadequate after six treatments. In the case of intolerable 
(cognitive) side effects as a consequence of BT ECT, patients that started with BT ECT 
sometimes switched to RUL electrode positions. Prior to the ECT start, the stimulus dose 
was established by means of the age method for RUL-electrode placement and the half-
age estimation method for bilateral electrode positions(57). Etomidate was the anesthetic 
of first choice (0.15mg/kg), with propofol (1mg/kg) being used when etomidate was not 
(well) tolerated. Ketamine (1-2mg/kg) was sporadically used at  the request of the treating 
psychiatrist in case of a lack of clinical response (decrease in mood ratings < 50%) after 12 
sessions. Succinylcholine (0.5mg/kg) was used as a muscle relaxant.

When patients agreed, mood and side-effect ratings were briefed to the treating psychia-
trist. The endpoint of the ECT treatment was determined by the clinician, who based the 
decision on these ratings. During the ECT course, the mood was rated weekly and ECT was 
continued until patients were either asymptomatic (HDRS17 ≤ 7) or showed no further im-
provement during the last three sessions. Another reason to stop ECT was the occurrence 
of intolerable side-effects. 

2.6. Assessment

2.6.1. Diagnostic procedure

The diagnosis of MDD or a major depressive episode in bipolar disorder according to DSM 
5 was confirmed by consensus between an experienced psychiatrist and the main inves-
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tigator, based on observations, patient interviews, and data from the referring GP or psy-
chiatrist. To support the diagnosis and to screen for psychiatric comorbidity, a Mini-Inter-
national Neuropsychiatric Interview 6.0 (MINI 6.0) was completed (102). This is a short but 
accurate validated structured diagnostic interview.

2.6.2. Measures of depression severity and definition of treatment 
outcome

Different scales were used to measure baseline depression severity, the evolution of de-
pressive symptoms and the treatment outcome: The Hamilton Rating Scale for Depression 
(HDRS), the Montgomery-Asberg Depression Rating Scale (MADRS) and the Psychotic 
Depression Assessment Scale (PDAS). 

The HDRS-17 items is one of the most commonly used instruments for assessing depres-
sion severity. It is a valid and reliable clinician-rated measure that has been used extensive-
ly in clinical research and in clinical practice for assessment of the severity of depression, 
changes in its severity over time and efficacy of treatment (103). Based on a large study of 
psychiatric outpatients with major depressive disorder, the following severity ranges were 
suggested: no depression (0–7); mild depression (8–16); moderate depression (17–23); and 
severe depression (≥24) (104). Response according to the HDRS-17 is defined as a decline of 
at least 50% on the scale, remission as a score ≤ 7.

The MADRS was designed to be particularly sensitive to treatment effects and consists of 
10 items. Higher MADRS scores indicate more severe depression, and each item yields a 
score of 0 to 6. The overall score ranges from 0 to 60. Its capacity to differentiate between 
responders and non-responders to antidepressant treatment seems to be better than the 
HDRS (105). Response is defined as a decline of at least 50% on the MADRS, remission is 
defined as a MADRS score < 10 (106).

Since psychotic depression is an important indication for ECT, we considered it important 
to quantify psychotic symptoms. The PDAS is a composite rating scale, covering both the 
psychotic and depressive domains of psychotic depression. It consists of 6 items of the 
HDRS and 5 items of the Brief Psychiatric Rating Scale (BPRS) and is a sensitive measure of 
treatment response in psychotic depression (81,82). 

The HDRS was done as part of the screening procedure for eligibility, right before the start 
of ECT, weekly during the course and after the last ECT. The MADRS was also done at base-
line, weekly during ECT and after the last ECT. The PDAS was administered before the first 
and after the last ECT of the acute treatment course. 

2.6.3. Psychomotor assessment

Patients had been observed for about one hour before psychomotor functioning was 
assessed by the main researcher, an MD trained in psychiatry. For patients on two of the 
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participating wards (approximately 10% of measurements), psychomotor functioning was 
(when possible) assessed by the psychomotor therapists of these wards that were trained 
to rate the CORE. The CORE is used to measure observable psychomotor functioning, the 
cardinal feature of melancholia (9). It was developed as a diagnostic tool, to classify melan-
cholic and non-melancholic subtypes of depression (8,31). During the assessment, eighteen 
observable clinical features related to psychomotor functioning are scored on a 4-point 
scale based on severity ranging from 0 (absence of symptom) to 3 (severe). The CORE 
generates scores in three psychomotor categories: retardation, agitation, and non-interac-
tiveness. A cut-off of 8 is used to define melancholic depression. The validity of the Dutch 
version of the CORE as a measure of psychomotor disturbance has been confirmed (107). 

Besides observer-rated psychomotor functioning, psychomotor functioning was also ob-
jectively measured as described in the following two sections. The whole psychomotor test 
battery was completed at baseline, after 1, 2, and 3 weeks of treatment with ECT and at the 
end of the ECT course. The CORE was completed every week during the ECT course. 

Gross motor performance 

Gross motor performance was measured by means of the MotionWatch8 (CamNtech Inc, 
UK), which registers the movement of the limb to which it is attached and can be used to 
quantify the intensity and duration of physical activity. Earlier studies support the use of 
accelerometry tools as an objective measure of gross psychomotor functioning (108). 

During our study, the MotionWatch (Figure 2-4) was worn around the wrist of the patient’s 
non-dominant arm for 24 consecutive hours (109). Activity counts were stored in 2-second 
intervals. Analyses were performed using the most recent version of the MotionWare soft-
ware. Approximate wake-up and bedtimes were set so that the software could calculate 
daytime and nighttime activity levels. 

Figure 2‑4 ‑ Motionwatch 8
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Fine motor performance

We used a digital drawing task to measure fine motor performance. In the line copying task 
(LCT), patients were asked to copy straight lines that had one of four possible orientations 
(vertical, horizontal or oblique in both directions). Besides a simple line copying task, a 
copying task with complex letters, figures and patterns was done (FCT). The lines and fig-
ures were presented on a standard monitor positioned in front of the patient and had to 
be copied as fast as possible within the confines of one of 20 target boxes (40 x 50 mm) 
on a sheet of paper placed on a graphic tablet. The stimuli appear on the screen when the 
subjects place the pen in a start circle below the target box’s lower left-hand corner. Once 
the pen lands in the target box, the stimulus disappears. After the subjects have completed 
the reproduction, they have to place the pen in a similar-sized finish circle above the box ś 
upper right-hand corner, thereby ending the trial. Next, they need to move the pen into the 
start circle of the adjacent box to start off the next trial (Figure 2-5).

Figure 2‑5 ‑ Wacom graphic tablet, line copying task.

The use of a graphic tablet (WACOM Intuos Pro) and a pressure-sensitive pen connected 
to a laptop allowed us to calculate variables such as initiation time and movement time (IT 
and MT). IT mainly reflects the cognitive component of the performance and is defined as 
the time between the presentation of the stimulus and the beginning of the first drawing 
movement. MT reflects the motor component and is defined as the time between the be-
ginning of the first drawing movement and the end of the last drawing movement. Motor 
retardation affects both cognitive and motor processes, as reflected by increases in both IT 
and MT (7). 

Although we strived to do all psychomotor testing in the morning (since there are daily 
fluctuations in psychomotor functioning), this proved not to be feasible given the other 
challenges of testing in between ECT-sessions sometimes only 2 days apart. 

2.6.4. Cognitive assessment

Cognitive function has to be assessed on a regular basis when treating patients with ECT 
(101,110). Our test battery was based on recommendations of earlier research (92). We focus 
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on cognitive measurements within the domains relevant to our ECT population. We limited 
the number of cognitive tests to make it better tolerable for our population.

These are the elements of the cognitive testing battery:

- The Montreal Cognitive Assessment (MOCA) is used to test global cognitive 
function (111). With a cut off of 26/30, the MOCA is sensitive with regard to tracing 
cognitive decline. The MOCA is a scale that proved useful in monitoring cognitive 
impairment in depressed patients receiving ECT (112).

- The Symbol Digit Substitution Test (SDST) was done to test processing speed. A 
series of symbols is presented that has to be decoded as fast as possible within 
90 seconds, based on a key translating the nine different symbols into the digits 1 
to 9. The SDST is executed on a sheet of paper placed on a digitizer with a special 
pressure-sensitive pen, both connected to a laptop. The digitized recordings 
allow the computation of separate matching and writing times. The matching and 
writing times resemble the efficiency of a chain of cognitive and motor processes. 

- The Hopkins Verbal Learning Test-Revised (HVLT-R) was used to test anterograde 
memory, or the ability to learn new information. Three sets of 12 words (instead 
of five sets of 15 words at the Rey Auditory Verbal Learning Test (RAVLT)) were 
used. This test was originally developed for the elderly, but also seems to be better 
tolerated than the RAVLT by the depressed population(92). The outcome measure 
is the number of remembered words after each of the 3 times they are offered. 
Delayed recall of the words was tested 20 minutes later. 

- To measure retrograde amnesia, section C (the recent period - concerning 
memories of the past year) of the Autobiographic Memory Interview (AMI) was 
used. We selected the section recent memory since these are the memories 
that are most frequently affected by ECT (94,113). The specificity of the questions 
makes it possible to assess the answers objectively and to verify the accuracy of 
memories. 

Besides the above tests, we let the patient fill in the Prospective Retrospective Memory 
Questionnaire (PRMQ) (114) to know more about subjective memory complaints. The PRMQ 
has 16 questions, 8 retrospective, and 8 prospective items.

2.6.5. Assessment of treatment resistance

Treatment resistance in this study was assessed by the main researcher, completing the 
Maudsley Staging Method (MSM, Table 2-2)(84) prior to the start of ECT. This points-based 
staging model evaluates three elements of treatment resistance: the duration of the cur-
rent episode, the severity of the illness and treatment history. Treatment history comprises 
three elements: the number of failed antidepressants, whether or not augmentation strate-
gies (with antipsychotics or lithium) and/or ECT had been applied during this episode. Anti-
depressant trials for the current depressive episode were evaluated for adequacy according 

27

CHAPTER 2



to the instructions provided in the original MSM paper (84). When the patient was unable to 
provide the required data on treatment history and episode duration, the treating psychia-
trist or the family doctor was consulted. 

Table 2‑2 ‑ Maudsley Staging Parameters and Suggested Scoring Conventions (84)

Parameter/Dimension Parameter Specification Score

Duration Acute (≤ 12 months)
Sub-acute (13-24 months)
Chronic (> 24 months)

1
2
3

Symptom severity (at baseline) Subsyndromal
Syndromal

Mild
Moderate
Severe without psychosis
Severe with psychosis

1

2
3
4
5

Treatment failures

Antidepressants Level 1: 1-2 medications
Level 2: 3-4 medications
Level 3: 5-6 medications
Level 4: 7-10 medications
Level 5: > 10 medications

1
2
3
4
5

Augmentation Not used
Used

0
1

Electroconvulsive therapy Not used
Used

0
1

Total (15)

2.6.6. Biological assessment

Because the literature on vascular risk factors and ECT response is scarce, we chose to 
collect data about the vascular burden of our patients. A Vascular Burden Index (VBI) can 
help to identify individuals with increased vascular burden linked to decreased cognitive 
function indicating neurodegenerative processes. The following factors were evaluated:

- Lifetime diagnosis of diabetes, additional intake of antidiabetic medication and 
HbA1c levels ≥ 6.5%.   

- Lifetime diagnosis of hypertension, intake of antihypertensive medication.
- Positive medical history of hypercholesterolemia and/or intake of lipid-lowering 

medication.
- Lifetime diagnosis of atherosclerosis, atrial fibrillation, cardiac arrhythmia, 

myocardial infarction, congestive heart failure, and/or coronary heart disease.
- A body mass index (BMI) above 30.
- Personal history of smoking by “pack years” quantifying the packs (of 20 cigarettes) 

smoked per day multiplied by years as a smoker. Threshold at 15 pack years.
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In that way, a patient can have a VBI of 0, 1, or 2+ (115). Besides that, the ankle-brachial index 
(AB-index) was assessed to confirm chronic arterial obstructive disease. The patient is lying 
down (for 5-10 minutes) in a comfortable room. The blood pressure in the left and right arm 
and the left and right leg is measured. The highest systolic ankle pressure is divided by the 
highest systolic arm pressure. If there is good arterial circulation, the AE-index in rest is big-
ger than 1. If the index is smaller than 0.9, chronic arterial obstructive disease is suspected. 

Blood samples were taken from patients before and approximately one week after the last 
ECT. CRP, cytokines, and growth factors were measured in these samples. DNA extraction 
was done to assess BDNF polymorphisms. 

A subset of patients (N=19) underwent an MRI scan at baseline and at the end of the ECT 
course, to assess vascular damage, do volumetric analyses and to assess brain related ECT 
changes. The MRIs were done at a 3-Tesla scanner, at the University Hospital of Antwerp. 

Last but not least, a 10-20mg hair sample from the back of the head was taken in the week 
before ECT and at the follow-up assessment 3 months after the last ECT. The cortisol-ex-
posure of the last 3 months was determined in this sample (116) in collaboration with the 
laboratory of Prof. van Rossum (Erasmus MC, The Netherlands). 

2.7. Ethical considerations

After ECT had been indicated by the treating psychiatrist, the cognitive abilities of the pa-
tient had to be evaluated to decide on whether or not the patient was capable of providing 
IC. If so, the patient was informed about the study, including the procedures. After that, the 
patient was granted time to decide about participation, and the opportunity to ask ques-
tions. When the patient wanted to participate, written consent was required to proceed. 
When there was doubt about the capacity of the patient to give informed consent (for ex-
ample due to the presence of severe psychotic features), a close relative was also informed 
and asked for the written consent. A copy of the IC form was given to the patient. The IC 
could be withdrawn by the patient or a relative at any time without a given reason and with-
out consequences for further treatment. 

The Guidelines on Good Clinical Practice (GCP) were respected. GCP is an international 
ethical and scientific quality standard for designing, conducting, recording and reporting 
trials that involve the participation of human subjects. Compliance with this standard pro-
vides public assurance that the rights, safety, and well-being of trial subjects are protected, 
consistent with the principles that have their origin in the Declaration of Helsinki, and that 
the clinical trial data are credible.

The study protocol, IC form, subject recruiting materials and other requested material were 
provided to the local (Emmaus VZW) and independent ethics committee (University Hospi-
tal Antwerp). They were approved with study number EC 15/10/93. For all protocol changes 
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after that (excluding purely administrative ones, with no consequence for the patients, data 
or trial conduct), the change and adapted IC form have been submitted to the ethics com-
mittees for review and approval before implementation of the change. 
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Background
Electroconvulsive therapy (ECT) is considered to be the most
effective treatment in severe major depression. The identifica-
tion of reliable predictors of ECT response could contribute to a
more targeted patient selection and consequently increased ECT
response rates.

Aims
To investigate the predictive value of age, depression severity,
psychotic and melancholic features for ECT response and
remission in major depression.

Method
A meta-analysis was conducted according to the PRISMA
statement. A literature search identified recent studies that
reported on at least one of the potential predictors.

Results
Of the 2193 articles screened, 34 have been included for meta-
analysis. Presence of psychotic features is a predictor of ECT

remission (odds ratio (OR) = 1.47, P = 0.001) and response (OR =
1.69, P < 0.001), as is older age (standardised mean difference
(SMD) = 0.26 for remission and 0.35 for response (P < 0.001)). The
severity of depression predicts response (SMD = 0.19, P = 0.001),
but not remission. Data on melancholic symptoms were
inconclusive.

Conclusions
ECT is particularly effective in patients with depression with
psychotic features and in elderly people with depression. More
research on both biological and clinical predictors is needed to
further evaluate the position of ECT in treatment protocols for
major depression.
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There is no consensus on the position of electroconvulsive therapy
(ECT) in current depression treatment protocols. For depression
with psychotic features, ECT is the first-line treatment according
to several guidelines,1–3 whereas others recommend antidepressant
monotherapy4 or in combination5 with antipsychotics. In clinical
practice ECT is often used to treat patients with treatment-resistant
depression. In a recent meta-analysis the response rate was 58% for
patients with treatment-resistance depression and 70% for those
without.6 Despite many studies on possible predictors of response
to ECT, Kellner et al7 recently concluded that no useful clinical pre-
dictors have emerged. A possible explanation for this apparent lack
of clinical predictors is the fact that many studies investigating pre-
dictors are underpowered to find an effect. Furthermore, heterogen-
eity between studies may mask the ability of a clinical variable to
predict ECT response. Since many relatively small studies have
been performed, meta-analysis may be useful to calculate effect
sizes of possible predictors. A more accurate prediction of response
and remission would be helpful to guide decision-making and pref-
erably treat those patients likely to respond to ECT. This could sub-
stantially shorten depressive-episode duration.8 To our knowledge,
there have been nometa-analyses that look at prediction of response
and remission separately. The difference between the two is,
however, clinically relevant. Remission has become the gold stand-
ard for depression treatment, because patients who do not remit
have a poorer prognosis than those who do. They have a greater
chance of relapse and recurrence.9

Method

Age, depression severity, psychotic and melancholic features were
selected as potential predictors in this meta-analysis. They were
selected because of their possible clinical relevance and because
their role in the prediction of response and remission of depression

after ECT is unclear. In an earlier meta-analysis,6 older age and
psychotic features were weakly associated with greater ECT
response rates, but heterogeneity was notable. Analyses of
symptom severity and melancholic features were inconclusive as a
result of study heterogeneity in the same analysis.

This meta-analysis was conducted and reported according to
the PRISMA-P (preferred reporting items for systematic review
and meta-analysis protocols) and MOOSE guidelines10,11 (supple-
mentary Table 1; available at http://dx.doi.org/10.1192/bjp.2017.
28). Objectives and eligibility criteria were specified in advance
and documented in a protocol (available from the authors on
request).

Eligibility criteria

In order to obtain details of recent original studies on the predictive
effect of age, severity of depression, melancholic and psychotic
symptoms on the effectiveness of ECT (as it is currently practised)
in patients with depression we applied the following eligibility
criteria:

(a) studies assessing the effect of brief- or ultrabrief-pulse ECT on
depression severity, published in or after 1995, articles are
written in English;

(b) adults (>18 years of age) diagnosed with uni- or bipolar depres-
sion as confirmed by Research Diagnostic Criteria , DSM-III-R,
DSM-IV, DSM-IV-TR, DSM-5 or ICD-10 criteria;

(c) presence of psychotic or melancholic symptoms as confirmed
by a structured diagnostic or clinical interview;

(d) classification of patients as ‘responder/non-responder’ or
‘remitter/non-remitter’ based on scores on valid clinician-
rated depression scales (Hamilton Rating Scale for Depression
(HRSD) or Montgomery–Åsberg Depression Rating Scale
(MADRS)) that were administered before and soon after the
end of the ECT course;
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(e) effect sizes (or raw data enabling calculation of the effect size) of
single-response predictors were provided or could be obtained
by contacting the authors.

Data sources and study selection

We searched Embase, Medline, Web of Science, Cochrane, PubMed
publisher and Google scholar up to 17 February 2017. Articles pub-
lished before 1995 were discarded. We chose to select studies from
1995 onward to get an overview of predictors of ECT as it is cur-
rently practised. The indication for, and practice of ECT has
changed substantially over the years. This implies that including
older studies means increased heterogeneity.

Combinations of the words depression, electroconvulsive
therapy, response, remission and the four predictors (age, depres-
sion severity, psychotic and melancholic symptoms) were used.
References from reviews and relevant articles were searched for add-
itional studies. The titles and abstracts were screened for relevance.
We selected articles in English. Searches were combined and dupli-
cates removed. To maintain statistical independence of effect sizes,
studies that reported on the same population were identified. When
redundancy was obvious, the most comprehensive report with the
largest sample size was used.

The inclusion of papers in the meta-analysis was evaluated sep-
arately by two independent researchers, the first (L.v.D.) and second
author (S.v.d.A.). Disagreements were resolved via consensus. If no
agreement was obtained, there was further discussion with two
senior researchers (T.B. and D.S.).

Data-collection process

When reported results were insufficiently detailed but the remain-
ing inclusion criteria were fulfilled, corresponding authors were
contacted for clarification and re-contacted if necessary. Authors
were contacted if an email address was available and the author
had published in the past 10 years. If data on only response or remis-
sion were available, authors were contacted to ask if data on the
other outcome measure could also be provided. In total, 62
authors were contacted, 21 of the responding authors provided us
with the data necessary to use their study in the meta-analysis.12–32

Data extraction

The information was independently extracted from each article by
two investigators (L.v.D. and S.v.d.A.) using a data extraction
sheet with the following data:

(a) study characteristics: year, country and design of the study,
diagnostic classification and depression severity scale used;

(b) characteristics of the study sample: number of participants, per-
centage female participants, percentage of patients with psych-
otic symptoms, mean age of the participants, average episode
duration and percentage with medication resistance;

(c) ECT related: the average number of ECT sessions, electrode
position used;

(d) outcome measure: general response and remission rates,
response and remission rates for patients with depression
with and without psychotic symptoms, for patients with and
without melancholic symptoms, average age (and s.d.) and
depression severity score (and s.d.) for ‘responders/non-
responders’ and ‘remitters/non-remitters’.

Quality assessment

There was a strict use of eligibility criteria to select studies for the
meta-analysis. Diagnostic criteria had to be used and an objective
measurement of response based on one of the clinician-rated
depression scales was required.

Furthermore, two of the reviewers (L.v.D. and T.B.) independ-
ently assessed several other quality aspects of the included studies
based on the GRADE method33 and the Newcastle–Ottawa
Quality Assessment Scale34 for cohort studies. The following three
quality criteria were assessed:

(a) design of the study (pro- or retrospective);
(b) observational or interventional study;
(c) completeness of outcome data (more v. less than 20%

drop-out).

Outcome measures

The primary outcome was remission, the secondary outcome was
response. The use of continuous data would be a more sensitive
method to detect differences. However, we chose to use remission
as primary outcome measure because it is often used as such in clin-
ical practice. Remission is associated with a lower full symptomatic
recurrence rate compared with achieving treatment response.9,35 In
all the selected studies, response was defined as a reduction of at
least 50% from the baseline HRSD or MADRS score. Remission
was usually defined as a depression scale score equal to or below
7 (for HRSD-17) or 10 (for HRSD-21, HRSD-24 and MADRS).

Statistical analyses

The predictors were analysed separately with Comprehensive Meta-
Analysis (CMA version 3). The effect size was analysed as an odds
ratio (OR) for the dichotomous variables psychotic and melancholic
symptoms. For age and severity of depression, the effect size was
represented by the standardised mean difference (SMD). For each
predictor, a random-effects model was computed since we expect
the true effect to vary from study to study dependent on the com-
position of the study population.36 The Stata ‘metan’ package was
used for part of the analyses on publication bias.

Without consideration of the study weights in the random-
effects model, we calculated the average age of all ‘responders/
non-responders’ and ‘remitters/non-remitters’. In the same way,
response and remission percentages were calculated for those with
and without psychotic and melancholic symptoms.

Publication bias

When there were ten or more studies in an analysis,37 funnel plots
were used to visualise whether or not the effects found were depend-
ent on the sample size.36 Publication bias was formally assessed with
the Egger’s test in CMA for age and depression severity given their
continuous outcome38 and with the Harbord’s test in Stata for the
dichotomous predictors.39

Heterogeneity and sensitivity analysis

Heterogeneity was assessed using Cochran’s Q-test and I2 statistics.
An I2 statistic of 0–40% was interpreted as heterogeneity that might
not be important, 30–60% may represent moderate heterogeneity,
50–90% may represent substantial heterogeneity and 75–100% is
considerable heterogeneity.37

Heterogeneity was further explored conducting sensitivity ana-
lyses. Therefore, we calculated the effect using fixed-effect and
random-effects modelling and evaluated the effect of the modelling
procedure on the overall effect per predictor. A substantial differ-
ence in the effect calculated by the fixed- and random-effects
model will be seen only if studies are markedly heterogeneous.40

Furthermore, we compared the overall effects based on potential
clinical sources of heterogeneity such as the continent of origin
(according to World Health Organization classification), the study
population (average age and episode duration of the sample, the
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percentage of patients with psychotic features, percentage with
medication resistance) and treatment parameters (length of ECT
course and electrode position used). The effects were also compared
based on the before mentioned study quality criteria.

Results

Selection of studies

After removal of duplicates and studies published before 1995
(Fig. 1), the literature search yielded 2193 potentially relevant arti-
cles. We excluded 1991 articles after review of titles and abstracts.
The full texts of the 202 remaining studies were analysed; 171 of
them did not meet eligibility criteria and were excluded, 2 articles
were added through reference lists and 1 through cross-reference.
In total, 34 articles were selected and used in this meta-ana-
lysis.12–32,41–53 The interrater reliability was good, with an interrater
agreement of 96.1% (kappa (κ) = 0.87, 95% CI 0.78–0.96).

Study characteristics

Overall, the selected studies reported on 3276 participants that
received an ECT course (supplementary Table 2). More than half
of the studies (52.9%) were carried out in Europe. A total of 25
studies included psychotic symptoms, 28 had data on age, 28 on
depression severity and 7 on melancholic symptoms.

Studies had between 15 and 414 participants (on average 99 per
study). The majority of the participants (64.3%) were women (range
27.0–77.8%) and 32.6% had psychotic symptoms (range 6.7–
70.6%). Patients were on average 57.1 years of age (range of mean
age was 33.1–74.8). Three studies reported on the same large
sample, but on a different predictor.19,31,54 The data of the largest
sample were used for the above calculations of study characteristics.

One of the three was eventually excluded54 because data on psych-
otic symptoms were provided by the authors of the largest sample.19

Results of the quality assessment can be found in the supple-
mentary material (supplementary Table 3). There were 7 retrospect-
ive studies and 27 had a prospective design. In total, 26 studies were
observational, 8 of them were interventional. Eight studies had a
drop-out rate of more than 20%.

Psychotic symptoms
Remission

Data on the presence of psychotic symptoms and remission
following ECT were provided in 21 studies. For remission, the
OR under the random-effects model was 1.47 (95% CI 1.16–1.85,
P = 0.001, I2 = 36.6) (Fig. 2(a)). The remission rate for patients
with depression and psychotic symptoms was 57.8%; for those
without psychotic symptoms it was 50.9%.

Response

Data on the presence of psychotic symptoms and response to ECT
were provided in 21 studies. Psychotic features were positively asso-
ciated with a higher ECT response rate under the random-effects
model (Fig. 2(b)). The OR was 1.69 (95% CI 1.27–2.24, P < 0.001,
I2 = 25.8). The response rate for patients with depression and psych-
otic symptoms was 78.9% and for those without psychotic symp-
toms it was 70.6%.

Age
Remission

In total, 24 papers provided data on age and remission. Age was
positively associated with higher ECT remission rates under the

4244 Records identified through database searching

2115 Embase

935 Medline ovid

753 Web of science

241 Cochrane

200 Google scholar

4042 Excluded based on review of title and abstract

1537 Duplicates removed

514 Published before 1995

1991 Excluded after initial screening of titles
and abstracts

202 articles screened

2 articles added through
reference list

1 extra article added
through cross-reference

171 excluded after review of full text

14 No full text available/only congress abstract

34 Reported on the same population

19 Not only patients with depression

34 No diagnostic classification or depression scale

66 Outcome or predictor not useable

4 No use of brief or ultrabrief-pulse ECT
34 studies included in

meta analysis

Fig. 1 Study selection.

ECT, electroconvulsive therapy.
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random-effects model (Fig. 2(c)). The SMD was 0.26 (95% CI 0.13–
0.38, P < 0.001, I2 = 53.4). The average age of those whose condition
remitted was 59.7 years, compared with 55.4 years for those whose
condition did not.

Response

Data on age and response to ECT could be extracted from 25 papers.
Age was positively associated with a higher ECT response under the
random-effects model (Fig. 2(d)). The SMD was 0.35 (95% CI 0.23–
0.47, P < 0.001, I2 = 29.7). The average age of those who responded
was 58.2 years, compared with 54.9 years for those who did not
respond.

Melancholic symptoms
Remission

There were seven studies that provided data on presence of melan-
cholic symptoms and remission after ECT. The OR under the
random-effects model was 1.24 (95% CI 0.69–2.22, I2 = 63.9,

Fig. 2(e)). The difference was, however, not significant (P = 0.467).
The remission rate for patients with depression and melancholic
symptoms was 62.9%, for those without melancholic symptoms it
was 65.5%.

Response

Data on melancholic symptoms and response could be obtained
from five studies. The OR under the random-effects model was
1.71 (95% CI 0.43–6.84, I2 = 85.9, Fig. 2(f)). The difference was,
however, not significant (P = 0.452) and there was considerable het-
erogeneity. The response rate for patients with depression and mel-
ancholic symptoms was 71.1% and for those without melancholic
symptoms it was 64.7%.

Depression severity
Remission

Data on depression severity and remission could be extracted from
23 studies. Remission following ECT was less likely in patients with

Psychotic symptoms 

(a) (b)

Age

(c) (d)

Study name Statistics for each study

Odds
ratio

Lower
limit

Upper
limit P

Odds ratio and 95% CI

0.01 0.1 1 10 100

No psychotic
symptoms

Psychotic
symptoms

Study name Statistics for each study

Odds
ratio

Lower
limit

Upper
limit P

Odds ratio and 95% CI

0.01 0.1 1 10 100

No psychotic
symptoms

Psychotic
symptoms

Study name Statistics for each study

Std diff
in means

Lower
limit

Upper
limit P

Std diff in means and 95% CI

–1.00 –0.50 0.00 0.50 1.00

Favours younger Favours older

Study name Statistics for each study

Std diff
in means

Lower
limit

Upper
limit P

Std diff in means and 95% CI

–1.00 –0.50 0.00 0.50 1.00

Favours younger Favours older

Alves et al (2016)30 1.029 0.297 3.573 0.964

Birkenhager et al (2003)15 3.667 1.163 11.563 0.027

Birkenhager et al (2010)14 0.945 0.426 2.094 0.889

Bjolseth et al (2015)16 4.538 1.411 14.596 0.011

Dombrovski et al (2005)43 1.288 0.791 2.099 0.309

Huuhka et al (2007)32 0.962 0.455 2.036 0.920

Kellner et al (2016)29 1.637 0.689 3.886 0.264

Kho et al (2005)44 2.517 0.913 6.940 0.075

Loo et al (2011)46 4.296 0.978 18.869 0.054

Medda et al (2014)47 0.520 0.282 0.958 0.036

Oudega et al (2014)20 2.488 1.002 6.176 0.049

O´Connor et al (2001)19 1.468 0.924 2.334 0.104

Piccinni et al (2009)49 0.222 0.029 1.709 0.148

Rhebergen et al (2015)22 2.447 1.084 5.521 0.031

Spashett et al (2015)26 1.337 0.872 2.050 0.184

Semkovska et al (2016)24 1.466 0.645 3.334 0.361

Sobin et al (1996)51 0.963 0.408 2.270 0.931

Spaans et al (2013)25 1.849 0.772 4.428 0.168

Tokutsu et al (2013)52 2.405 0.602 9.603 0.214

Van Waarde et al (2013)27 1.653 0.662 4.129 0.282

Winkler et al (2014)28 5.185 0.179 150.542 0.338

1.468 1.163 1.853 0.001

Alves et al (2016)30 0.988 0.222 4.407 0.987

Bharadwaj et al (2012)13 7.414 0.331 165.985 0.207

Birkenhager et al (2003)15 8.469 1.676 42.799 0.010

Birkenhager et al (2010)14 2.547 0.986 6.575 0.053

Bjolseth et al (2015)16 1.486 0.462 4.781 0.506

Dannon & Grunhaus (2001)41 0.333 0.039 2.871 0.317

De Vreede et al (2005)42 0.471 0.154 1.443 0.187

Huuhka et al (2007)32 2.094 0.864 5.075 0.102

Kellner et al (2016)29 2.769 0.924 8.292 0.069

Loo et al (2011)46 5.896 0.696 49.923 0.104

Medda et al (2014)47 0.801 0.430 1.494 0.486

O´Connor et al (2001)19 2.478 0.927 6.624 0.070

Okazaki et al (2010)48 1.905 0.321 11.309 0.478

Oudega et al (2014)20 1.329 0.481 3.672 0.584

Rhebergen et al (2015)22 1.621 0.724 3.630 0.240

Semkovska et al (2016)24 1.670 0.712 3.920 0.239

Spaans et al (2013)25 0.935 0.381 2.294 0.883

Spashett et al (2014)26 2.523 1.405 4.530 0.002

Tokutsu et al (2013)52 7.472 0.390 143.234 0.182

Tominaga et al (2011)53 1.433 0.185 11.120 0.731

Van Waarde et al (2013)27 2.752 0.909 8.328 0.073

1.688 1.274 2.237 <0.001

Alves et al (2016)30 –0.038 –0.644 0.568 0.901
Bauer (2009)12 0.242 –0.314 0.798 0.393
Birkenhager et al (2003)15 0.475 –0.077 1.026 0.091
Birkenhager et al (2010)14 0.021 –0.374 0.416 0.916
Bjolseth et al (2015)16 –0.024 –0.485 0.437 0.920
Bumb et al (2015)17 0.250 –0.635 1.134 0.580
Dombrovski et al (2005)43 0.292 0.073 0.511 0.009
Huuhka et al (2007)32 0.078 –0.293 0.448 0.681
Joshi et al (2015)18 0.854 0.093 1.615 0.028
Kellner et al (2016)29 0.245 –0.017 0.506 0.066
Lin et al (2015)45 –0.087 –0.507 0.332 0.683
Loo et al (2011)46 0.354 –0.121 0.829 0.144
Medda et al (2014)47 –0.087 –0.372 0.199 0.552
O´Connor et al (2001)19 0.266 –0.024 0.556 0.073
Oudega et al (2014)20 0.089 –0.347 0.526 0.688
Piccinni et al (2009)49 0.259 –0.675 1.192 0.587
Rhebergen et al (2015)22 0.552 0.186 0.917 0.003
Semkovska et al (2016)24 0.715 0.369 1.061 0.000
Spaans et al (2013)25 0.850 0.407 1.293 0.000
Spashett et al (2014)26 0.539 0.341 0.736 0.000
Schoeyen et al (2015)23 0.780 –0.107 1.668 0.085
Tokutsu et al (2013)52 –0.571 –1.191 0.048 0.071
Van Waarde et al (2013)27 0.150 –0.278 0.578 0.493
Winkler et al (2014)28 –0.247 –1.283 0.790 0.641

0.258 0.132 0.383 <0.001

Alves et al (2016)30 0.272 –0.540 1.084 0.511
Bauer et al (2009)12 0.265 –0.427 0.956 0.453
Bharadwaj et al (2012)13 –1.601 –3.072 –0.130 0.033
Birkenhager et al (2003)15 0.714 0.093 1.336 0.024
Birkenhager et al (2010)14 0.181 –0.257 0.620 0.417
Bjolseth et al (2015)16 0.020 –0.463 0.504 0.934
Bumb et al (2015)17 0.315 –0.785 1.415 0.574
Huuhka et al (2007)32 0.330 –0.086 0.745 0.120
Joshi et al (2015)18 0.881 0.083 1.680 0.031
Kellner et al (2016)29 0.185 –0.093 0.462 0.192
Ozkan Kuscu et al (2015)21 0.247 –0.544 1.038 0.540
Lin et al (2015)45 –0.104 –0.651 0.443 0.710
Loo et al (2011)46 0.018 –0.447 0.482 0.941
Medda et al (2014)47 0.187 –0.120 0.494 0.232
O´Connor et al (2001)19 0.440 0.077 0.803 0.017
Okazaki et al (2010)48 0.119 –0.762 0.999 0.792
Oudega et al (2014)20 0.464 –0.038 0.966 0.070
Rhebergen et al (2015)22 0.552 0.186 0.917 0.003
Schoeyen et al (2015)23 0.452 –0.488 1.392 0.346
Semkovska et al (2016)24 0.729 0.382 1.075 0.000
Spaans et al (2013)25 0.845 0.382 1.308 0.000
Spashett et al (2014)26 0.546 0.314 0.778 0.000
Tokutsu et al (2013)52 –0.118 –0.982 0.747 0.790
Tominaga et al (2011)53 0.425 –0.533 1.383 0.384
VanWaarde et al (2014)27 0.269 –0.195 0.733 0.256

0.348 0.229 0.467 <0.001

Fig. 2 Random-effects meta-analyses.

Effect of psychotic symptoms on remission (a) and response (b) and age on remission (c) and response (d) of depression after electroconvulsive therapy (ECT). Random-effectsmeta-
analyses of the effect of melancholic symptoms on remission (e) and response (f) and depression severity on remission (g) and response (h) of depression after ECT. Std diff,
standardised difference.
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higher depression severity scores, although the effect was not
significant under the random-effects model (SMD =−0.10, 95%
CI −0.20–0.002, P = 0.054, I2 = 29.7, Fig. 2(g)).

Response

In total, 26 studies reported on depression severity and response to
ECT. A small but significant association was found between
response and baseline symptom severity scores on the HRSD or
MADRS, under the random-effects model (SMD 0.19, 95% CI
0.07–0.31, P = 0.001, I2 = 28.1, Fig. 2(h)). Patients with higher
scores were more likely to respond to ECT.

Publication bias

The funnel plots that could be generated revealed no obvious asym-
metry (see supplementary Fig 1). Given the limited number of
studies in the melancholia analyses, no funnel plots were generated
for this predictor. According to Egger’s and Harbord’s test there was
also no significant publication bias in all of these analyses (Table 1).

Heterogeneity and sensitivity analysis

A group of observational studies often shows considerable hetero-
geneity, regardless of the number of included studies. The
Cochran’s Q-test and I2 statistics were used to quantify heterogen-
eity. There was evidence of moderate heterogeneity in all of the ana-
lyses that were done (Table 2), and substantial heterogeneity in the
analyses on melancholic symptoms.

Heterogeneity was further explored conducting sensitivity ana-
lysis. Therefore, we calculated the effect using both fixed-effect and
random-effects modelling and evaluated the effect of the modelling
procedure on the overall effect per predictor. The difference
between results of fixed- and random-effects analyses were small
(Table 2), confirming that heterogeneity in our analyses was limited.

Besides that, we compared the overall effects based on the
potential clinical sources of heterogeneity and study quality criteria
(as discussed). Continuous variables were analysed with meta-
regression, categorical variables were subjected to mixed-effects
subgroup analysis. Studies were excluded from the analyses if data
on the variable was not available. This can explain differences
found in overall effects.

Melancholic symptoms 

(e) (f)

Depression severity

(g) (h)

Study name Statistics for each study

Odds
ratio

Lower
limit

Upper
limit P

Odds
ratio

Lower
limit

Upper
limit P

Odds ratio and 95% CI

0.01 0.1 1 10 100

no melancholic
symptoms

melancholic
symptoms

Study name Statistics for each study Odds ratio and 95% CI

0.01 0.1 1 10 10

no melancholic
symptoms

melancholic
symptoms

Study name Statistics for each study

Std diff
in means

Lower
limit

Upper
limit P

Std diff in means and 95% CI

–1.00 –0.50 0.00 0.50 1.0

Favours mild Favours severe

Study name Statistics for each study

Std diff
in means

Lower
limit

Upper
limit P

Std diff in means and 95% CI

–1.00 –0.50 0.00 0.50 1.00

Favours mild Favours severe

Alves et al (2016)30 0.852 0.203 3.588 0.828

Birkenhager et al (2010)14 32.206 4.135 250.857 0.001

Bjolseth et al (2015)16 1.686 0.146 19.470 0.676

Dombrovski et al (2005)43 1.448 0.826 2.539 0.196

Fink et al (2007)31 0.665 0.358 1.235 0.197

Kellner et al (2016)29 0.728 0.426 1.246 0.247

Loo et al (2011)46 1.556 0.582 4.155 0.378

1.241 0.694 2.217 0.467

Alves et al (2016)30 2.307 0.464 11.468 0.307

Birkenhager et al (2010)14 22.820 6.933 75.114 0.000

Bjolseth et al (2015)16 0.255 0.013 5.136 0.372

Kellner et al (2016)29 0.795 0.448 1.410 0.433

Loo et al (2011)46 0.684 0.261 1.790 0.439

1.705 0.425 6.840 0.452

Alves et al (2016)30 –0.279 –0.888 0.330 0.369
Bauer et al (2009)12 0.309 –0.249 0.866 0.278
Birkenhager et al (2003)15 –0.023 –0.567 0.521 0.933
Birkenhager et al (2010)14 –0.199 –0.604 0.207 0.336
Bjolseth et al (2015)16 –0.134 –0.595 0.327 0.569
Bumb et al (2015)17 –0.823 –1.740 0.094 0.079
Huuhka (2007)32 –0.155 –0.526 0.216 0.413
Joshi et al (2015)18 0.255 –0.477 0.986 0.495
Kellner (2016)29 –0.129 –0.389 0.132 0.333
Lin (2015)45 –0.221 –0.642 0.199 0.302
Loo et al (2011)46 –0.509 –0.988 –0.031 0.037
Medda et al (2014)47 0.106 –0.179 0.392 0.465
O´Connor et al (2001)19 –0.189 –0.479 0.101 0.201
Oudega et al (2014)20 –0.167 –0.604 0.270 0.454
Piccinni et al (2009)49 –0.697 –1.654 0.260 0.154
Rhebergen et al (2015)22 0.395 0.033 0.758 0.033
Schoeyen et al (2015)23 0.065 –0.794 0.923 0.883
Semkovska et al (2016)24 –0.079 –0.415 0.257 0.646
Spaans et al (2013)25 –0.509 –0.941 –0.077 0.021
Spashett et al (2014)26 0.000 –0.194 0.194 1.000
Tokutsu et al (2013)52 –0.486 –1.103 0.130 0.122
Van Waarde et al (2013)27 0.012 –0.416 0.439 0.958
Winkler et al (2014)28 0.434 –0.610 1.479 0.415

–0.097 –0.197 0.002 0.054

Alves et al (2016)30 0.441 –0.374 1.256 0.289
Bauer et al (2009)12 0.607 –0.093 1.306 0.089
Bharawadaj et al (2012)13 0.491 –0.939 1.920 0.501
Birkenhager et al (2003)15 0.397 –0.215 1.008 0.203
Birkenhager et al (2010)14 0.612 0.166 1.059 0.007
Bjolseth et al (2015)16 0.156 –0.328 0.640 0.527
Bumb et al (2015)17 –0.169 –1.266 0.928 0.763
Huuhka (2007)32 0.422 0.004 0.839 0.048
Joshi et al (2015)18 0.259 –0.510 1.027 0.509
Kellner et al (2016)29 0.068 –0.209 0.345 0.630
Ozkan Kuscu et al (2015)21 0.111 –0.680 0.901 0.784
Lin et al (2015)45 0.479 –0.072 1.029 0.088
Loo et al (2011)46 –0.045 –0.509 0.420 0.851
Medda et al (2014)47 0.345 0.037 0.653 0.028
O´Connor et al (2001)19 –0.066 –0.428 0.295 0.720
Okazaki et al (2010)48 0.277 –0.607 1.161 0.539
Oudega et al (2014)20 0.129 –0.368 0.627 0.610
Rhebergen et al (2015)22 –0.249 –0.610 0.111 0.175
Schoeyen et al (2015)23 –0.009 –0.939 0.922 0.986
Semkovska et al (2016)24 0.169 –0.167 0.506 0.324
Sivaprakash et al (2000)50 0.169 –0.575 0.913 0.656
Spashett et al (2014)26 0.489 0.257 0.720 0.000
Spaans et al (2013)25 –0.294 –0.742 0.154 0.198
Tokutsu et al (2013)52 0.370 –0.498 1.237 0.404
Tominaga et al (2011)53 –0.888 –1.879 0.103 0.079
Van Waarde et al (2013)27 0.269 –0.195 0.734 0.256

0.190 0.074 0.306 0.001

Fig. 2 Continued.

Table 1 Results of tests for publication bias

Intercept 95% CI P

Harbord’s test
Psychosis – remission 0.563 −0.289 to 1.415 0.182
Psychosis – response 0.011 −0.529 to 0.550 0.968
Melancholia – remission 1.739 −1.112 to 4.590 0.178
Melancholia – response 0.630 −4.641 to 5.900 0.729

Egger’s test
Age – remission −0.626 −2.164 to 0.912 0.408
Age – response −0.787 −1.960 to 0.386 0.178
Severity – remission −0.546 −2.014 to 0.922 0.447
Severity – response −0.350 −1.517 to 0.817 0.542
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Psychotic symptoms

Age and medication resistance were clinical sources of heterogen-
eity in the remission analysis (Table 3). The predictive effect of
psychotic symptoms was stronger in samples with older patients
and those with lower levels of medication resistance. The results
were not significantly influenced by the other potential clinical
sources of heterogeneity (length of the ECT course, episode dur-
ation, electrode position and location of the study, supplementary
Table 4).

The study quality criteria had no significant influence on the
results of the remission analysis (design of the study, drop-out
and whether or not it was an observational study, supplementary
Table 4). The length of the ECT course was a clinical source of het-
erogeneity in the response analysis. It was significantly related to the
effect size, with longer courses corresponding to a greater predictive
effect of psychotic symptoms on ECT response (Table 3). The
results were not significantly influenced by the other potential clin-
ical sources of heterogeneity (age, episode duration, therapy resist-
ance, electrode position, location of the study) or the study quality
criteria (design of the study, drop-out and whether or not it was
an observational study, supplementary Table 4).

Age

The most important clinical source of heterogeneity in the analyses
on the effect of age on response and remission after ECT, was the
average episode duration (Table 3). SMDs were greater in studies
with longer episode duration. Moreover, the predictive effect of
age was significantly higher in studies that used right unilateral or
variable electrode positions, compared with those only using bilat-
eral ECT in the remission analysis (Fig. 3a).

In the remission analysis, the SMD was also influenced by
whether it was an observational study, or an interventional study.
Interventional studies found on average higher SMDs than observa-
tional studies (Fig. 3b). The results were not influenced by the other
potential clinical sources of heterogeneity (psychotic symptoms,
medication resistance, length of the ECT course, location of the
study), or the other study quality criteria (design of the study and
drop-out, supplementary Table 4).

In the response analysis, the results were not significantly influ-
enced by the other potential clinical sources of heterogeneity
(psychotic symptoms, electrode position, location of the study,
medication resistance, length of the ECT course), or the study
quality criteria (design of the study, drop-out and whether or not
it was an observational study, supplementary Table 4).

Melancholic symptoms

Because of low patient numbers in part of the analyses and different
definitions of the concept of melancholia, results of the response
and remission analyses were considered to be inconclusive.
Therefore, sensitivity analyses were not performed.

Depression severity

In the remission analysis, there was no significant influence of the
potential clinical sources of heterogeneity (age, psychotic symp-
toms, episode duration, medication resistance, length of the ECT
course, location of the study). Drop-out was a source of heterogen-
eity in the remission analysis (Fig. 3c). Studies with drop-out rates
above 20% found that lower depression scale scores favoured remis-
sion after ECT. Those with limited drop-out found no effect at all of
depression severity. There was no significant effect of the other
study quality criteria (design of the study and whether or not it
was an observational study, supplementary Table 4).
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The results of the response analysis were not significantly influ-
enced by any of the potential clinical sources of heterogeneity (age,
electrode position, length of ECT course, episode duration, therapy
resistance, location of the study). The SMD in the response analysis
was influenced by the design of the study. Retrospective studies
found remarkably higher SMDs than prospective studies (Fig. 3d).
The results were not influenced by the other study quality criteria
(drop-out and whether or not it was an observational study, supple-
mentary Table 4).

Discussion

Main findings

This meta-analysis provides evidence for the superior efficacy of
ECT in patients with depression with psychotic features, in older
patients and in those with a more severe depression, whereas data
on melancholic symptoms were inconclusive. This is an important
finding, because identification of reliable predictors could contrib-
ute to more targeted patient selection, consequently increased
ECT response and remission rates and limited episode duration.

We included 34 studies reporting on 3276 patients with a
depressive disorder treated with ECT. There were relatively strict
inclusion criteria to select only high-quality studies and, in contrast
to previous meta-analyses on prediction of ECT efficacy, we made a
distinction between data on response v. remission.

Presence of psychotic symptoms had an OR of 1.69 (P < 0.001)
for response and 1.47 (P = 0.001) for remission. The SMD for older
age was 0.35 (P < 0.001) in the response analysis, for remission it

was 0.26 (P < 0.001). These are all rather small effect sizes.55

When we look at the average age of patients whose condition remit-
ted (59.7) and compare this with the age of those who did not remit
(55.4), the difference is only 4.3 years. One could hypothesise that
the age of 57 somehow resembles a turning point in remission fol-
lowing ECT. However, it is clear that not every person older than 57
will experience remission after treatment with ECT, just as remis-
sion will not occur in every patient with depression with psychotic
symptoms. Therefore, age and psychotic symptoms are no water-
proof predictors of ECT efficacy. They can, however, serve as one
of several factors that can guide treatment decision-making.

A weaker association was detected between the severity of
depression and response to treatment (SMD 0.19, P = 0.001).
Depression severity was not associated with remission. This
appears logical, since higher scores pre-ECT need a larger decrease
than lower scores to attain remission.

Psychomotor disturbance is a key marker not only of melancho-
lia but also of psychotic depression.56 Thus, those with depression
with psychotic features often have melancholic symptoms.
Consequently, the finding that depression with psychotic features
is a predictor of ECT response and remission indirectly points to
melancholic symptoms also having predictive potential. However,
this does not result from our analysis. The few studies that reported
onmelancholic symptoms did not use the same definition of melan-
cholia. Furthermore, one of the studies had a very low number of
patients without melancholic features,16 and another one had very
low numbers of individuals who responded/remitted in patients
without melancholic symptoms.14 This resulted in very large confi-
dence intervals and considerable heterogeneity. We conclude that

Table 3 Tests of heterogeneity – results of meta- regression

Beta 95% CI Q P

Psychosis
Response, length course 0.089 0.001 to 0.176 3.89 0.05*
Remission, age 0.040 0.006 to 0.073 5.32 0.02*
Remission, medication resistance −0.019 −0.036 to −0.003 5.20 0.02*

Age
Response, episode duration 0.037 0.005 to 0.068 5.30 0.02*
Remission, episode duration 0.044 0.016 to 0.073 9.15 <0.01**

* P < 0.05, **P < 0.01.

Age 

Severity 

Group by
Electrode position Statistics for each study Std diff in means and 95% CI

Std diff
in means

Lower
limit

Upper
limit P

Std diff
in means

Lower
limit

Upper
limit P

Std diff
in means

Lower
limit

Upper
limit P

Std diff
in means

Lower
limit

Upper
limit P

0.6650.187–0.1190.034BL
0.0080.7070.1050.406RUL

<0.0010.5190.1660.343VAR

–1.00 –0.50 0.00 0.50 1.00

Favours younger Favours older Favours younger Favours older

Group by
Observational Statistics for each study Std diff in means and 95% CI

0.0000.7850.2460.515No

0.0050.3120.0540.183Yes

–1.00 –0.50 0.00 0.50 1.00

Group by
Drop out Statistics for each study Std diff in means and 95% CI

0.6390.091–0.148–0.029No

0.003–0.075–0.364–0.220Yes

–1.00 –0.50 0.00 0.50 1.00

Favours mild Favours severe Favours mild Favours severe

Group by
Design Statistics for each study Std diff in means and 95% CI

0.0460.2270.0020.114Pro

Retro 0.496 0.308 0.685 <0.001

–1.00 –0.50 0.00 0.50 1.00

(a) (b)

(c) (d)

Fig. 3 Significant results of subgroup analyses.

Mixed-effects analysis of electrode position in the remission analysis of the predictor age (a), of the study quality criterion observational/interventional in the remission analysis of
the predictor age (b), of dropout in the remission analysis of the predictor severity (c) and of study design in the response analysis of the predictor severity (d). BL, bilateral; RUL, right
unilateral; VAR, variable; Pro, Prospective; Retro, Retrospective; Std diff, standardised difference.
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this predictor is insufficiently investigated to draw solid conclusions
on its predictive effect.

Several relevant factors have emerged from the heterogeneity
analysis. Presence of psychotic symptoms was a stronger predictor
of remission in older patients and in patients with limited medica-
tion resistance. Psychotic symptoms were a stronger predictor of
response for those with a longer ECT course. A stronger predictive
effect of psychotic symptoms in patients receiving a longer ECT
course could mean that patients with depression with psychotic
symptoms might benefit from longer ECT courses.

A limited episode duration is known to predict a good response
to ECT.6 However, in studies with longer episode duration, the pre-
dictive effect of age on response and remission was stronger. This is
remarkable, since we have no reason to expect that episode duration
per se has an influence on the strength of the predictive effect of age.
The value of the predictor age was also considerably higher in
studies that used right unilateral or variable electrode positions in
the remission analysis. As we look further, this result might be
mediated by the location at which the study was performed. Age
was a strong predictor of response and remission in studies
carried out in the USA and Europe, and although the difference
was not significant, the predictive effect was not that clear in
studies carried out in Asia. An explanation could be that studies
from Asia all use the standard bilateral electrode position, adminis-
ter relatively short ECT courses and participants had a lower
average age. The question therefore remains if the predictors that
show a significant effect are relevant independent of the already
known predictors and other confounders.

Besides the four predictors we investigated, there are several
other potential clinical predictors that have been subject to previous
meta-analyses. The predictive effect of the number of episodes, the
age of onset, gender and a bipolar diagnosis on the efficacy of ECT
appears to be non-existent.6 The lack of predictive value of a bipolar
diagnosis was confirmed by a second meta-analysis.57 There was a
significant influence of episode duration (SMD −0.43, P < 0.001;
I2 = 35%) on ECT response. The weighted mean episode duration
for those who responded was 6.6 months and 14 months for
those who did not respond. Medication failure was the second sig-
nificant predictor (OR 0.57, P = 0.002; I2 = 35%) for poorer ECT
response, as mentioned in the introduction. This result was also
confirmed by a second meta-analysis.58

Data on known response predictors (episode duration and
medication failure) and the percentage of patients with psychotic
symptoms were not always provided and could therefore not
always be accounted for in the current analyses. The results of the
heterogeneity analyses therefore have to be interpreted with care.

The effect size of psychotic symptoms as predictor of response
and remission was considerably higher than the effect found in a
recent meta-analysis on ECT response prediction by Haq et al
(OR = 1.34, P = 0.12).6 The same holds true for age (SMD
0.112, P = 0.25) and depression severity (SMD −0.022, P = 0.90).
Differences between the meta-analyses were that, in our study
response and remission rates were separated and strictly defined
by HRSD or MADRS score. In addition, we retrieved unpublished
data from 21 authors, contributing to a more complete analysis of
those studies. To recapitulate, our study probably analysed a more
homogeneous sample that facilitated detection of significant
differences.

Strengths

There are several strengths to this comprehensive meta-analysis. To
make sure we based our analysis on reliable data, we used relatively
strict criteria for selection of studies (use of a diagnostic instrument
and a validated clinician-rated depression scale). The second

strength is the separate analysis for response and remission. This
distinction enabled us to confirm the findings of one outcome cri-
terion by a second one. Our findings lead to the conclusion that
age and psychotic symptoms are stronger predictors of response
than of remission. The fact that we contacted a number of
authors for extra data contributed to a large sample to study and
a more complete data analysis of studies concerned, limiting publi-
cation bias. Furthermore, it enabled us to find sources of
heterogeneity.

Limitations

There are several limitations to our meta-analysis. Where strict
selection criteria can be considered a strength, they can also be con-
sidered a limitation. As a consequence, a number of (often large)
studies have been excluded. An example is a large Swedish study
(n = 990)59 that has only used Clinical Global Impression –
Improvement scores and not a clinician-rated depression scale
(HRSD or MADRS) to distinguish between individuals who
responded and those that did not. The results of this study are,
however, in line with our findings – a higher proportion of older
patients responded (84.3%) as compared with younger ones
(74.2%, P < 0.001) and patients with severe, depression with
psychotic features had the highest response rate (88.9%) compared
with patients with severe, non-psychotic depression (81.5%) and
patients with mild/moderate depression (72.8%, P < 0.001).
Furthermore, several seemingly suitable studies60,61 could not be
used because they have not reported on the value of predictors for
responders v. non-responders and could not provide us with these
data.

As mentioned before, we did not only use data from studies that
were designed specifically to look at the predictive effect of psychotic
symptoms or one of the other predictors. Part of the data could be
abstracted from studies with a different objective. Considering pub-
lication bias, this is an advantage. On the other hand, this is an extra
source of heterogeneity between the studies. Different populations
were studied, the studies had divergent designs, several depression
scales and versions of these scales were used and the definition of
remission can therefore not be exactly the same in every study.
Moreover, ECT practice and patient selection for ECT differs all
around the world.62 We tried to minimise the impact of this hetero-
geneity by including some of these parameters in heterogeneity ana-
lysis to determine their effect on outcome.

Despite the fact that more effective forms of ECT exist,63 we
have chosen not to exclude studies that use ultrabrief-pulse ECT.
Given its cognitive advantages it can be the preferred treatment
for a subgroup of patients with depression. The predictor results
of the studies that use only ultrabrief-pulse ECT29,46 are in line
with the overall results of our meta-analysis.

Clinical implications

Besides episode duration and treatment resistance, which are estab-
lished predictors for the efficacy of ECT, age, depression severity
and the presence of psychotic symptoms can also be of value in
the ECT treatment decision-making process. Previous studies
found a favourable response to ECT in patients with a short
episode duration and limited treatment resistance. When episode
duration is longer, age might be able to guide decision-making.

ECT could be suggested relatively early to those prone to
respond or remit, thereby limiting depression duration and prevent-
ing a chronic trajectory of depressive symptoms. Other treatment
options can first be considered for those with lower response and
remission chances.
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Research implications

We have used the general definition of melancholia in our meta-
analysis. Another strategy could be to investigate psychomotor dis-
turbance as measured by the CORE Assessment of Psychomotor
Functioning or the score on HRSD retardation and agitation item
scores as a more specific marker.64 Observable psychomotor dis-
turbance has been suggested as an essential criterion in making a
diagnosis of melancholia65 and proved to be a predictor of ECT
response in previous studies.66,67 For future projects, it could be
valuable to incorporate measurement of the severity of psycho-
motor disturbance next to the general definition of melancholia
so that the predictive effect of the presence of melancholia and
more specific psychomotor disturbance can be evaluated.

Our analysis examined a lot of (often) small studies that report
on two or three of the factors that are known to be relevant. Larger
studies that report on all of the identified predictors (and the pres-
ence of personality disorder68) could be valuable to get a clearer view
on the combined effect of several predictors.

A combination of these clinical variables with their biological
underpinnings could further improve response and remission pre-
diction and could serve as more objective tools to guide patient
treatment matching.
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Section/
topic # Checklist item 

Reported 
on page # 

TITLE 

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT 

Structured 
summary 

2 Provide a structured summary including, as applicable: background; 
objectives; data sources; study eligibility criteria, participants, and 
interventions; study appraisal and synthesis methods; results; 
limitations; conclusions and implications of key findings; systematic 
review registration number. 

1

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is 
already known. 

2

Objectives 4 Provide an explicit statement of questions being addressed with 
reference to participants, interventions, comparisons, outcomes, 
and study design (PICOS). 

2

METHODS 

Protocol 
and 
registration 

5 Indicate if a review protocol exists, if and where it can be accessed 
(e.g., Web address), and, if available, provide registration information 
including registration number. 

NA

Eligibility 
criteria 

6 Specify study characteristics (e.g., PICOS, length of follow-up) and 
report characteristics (e.g., years considered, language, publication 
status) used as criteria for eligibility, giving rationale. 

2

Information 
sources 

7 Describe all information sources (e.g., databases with dates of 
coverage, contact with study authors to identify additional studies) 
in the search and date last searched. 

2/3

Search 8 Present full electronic search strategy for at least one database, 
including any limits used, such that it could be repeated. 

Contact 
author

Study 
selection 

9 State the process for selecting studies (i.e., screening, eligibility, 
included in systematic review, and, if applicable, included in the 
meta-analysis). 

2

Data 
collection 
process 

10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and 
confirming data from investigators. 

3

Data items 11 List and define all variables for which data were sought (e.g., PICOS, 
funding sources) and any assumptions and simplifications made. 

2

Risk of bias 
in individual 
studies 

12 Describe methods used for assessing risk of bias of individual 
studies (including specification of whether this was done at the 
study or outcome level), and how this information is to be used in 
any data synthesis. 

3

Summary 
measures 

13 State the principal summary measures (e.g., risk ratio, difference in 
means). 

3

Synthesis of 
results 

14 Describe the methods of handling data and combining results of 
studies, if done, including measures of consistency (e.g., I2) for each 
meta-analysis. 

3/4

Table DS1 ‑ PRISMA checklist

(Table continues on page 44)
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Section/topic # Checklist item Reported on page # 

Risk of bias 
across studies 

15 Specify any assessment of risk of bias that may 
affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies). 

3

Additional 
analyses 

16 Describe methods of additional analyses (e.g., 
sensitivity or subgroup analyses, meta-regression), if 
done, indicating which were pre-specified. 

3/4

RESULTS 

Study selection 17 Give numbers of studies screened, assessed for 
eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram. 

4

Study 
characteristics 

18 For each study, present characteristics for which 
data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations. 

4

Risk of bias 
within studies 

19 Present data on risk of bias of each study and, if 
available, any outcome level assessment (see item 12). 

6

Results of 
individual 
studies 

20 For all outcomes considered (benefits or harms), 
present, for each study: (a) simple summary data 
for each intervention group (b) effect estimates and 
confidence intervals, ideally with a forest plot. 

Figure 2

Synthesis of 
results 

21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency. 

4, 5, Figure 2, Table 
2

Risk of bias 
across studies 

22 Present results of any assessment of risk of bias across 
studies (see Item 15). 

6, Table 1, Online 
supplement DS4

Additional 
analysis 

23 Give results of additional analyses, if done (e.g., 
sensitivity or subgroup analyses, meta-regression [see 
Item 16]). 

6, 7, 8, Table 2, Table 
3, Figure 3, online 
supplement DS5

DISCUSSION 

Summary of 
evidence 

24 Summarize the main findings including the strength 
of evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, 
users, and policy makers). 

9, 10

Limitations 25 Discuss limitations at study and outcome level (e.g., 
risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias). 

10

Conclusions 26 Provide a general interpretation of the results in the 
context of other evidence, and implications for future 
research. 

9, 10

FUNDING 

Funding 27 Describe sources of funding for the systematic review 
and other support (e.g., supply of data); role of funders 
for the systematic review. 

3, 11

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for 
Systematic Reviews and Meta‑Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.
pmed1000097 For more information, visit: www.prisma-statement.org.
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Table DS3. Results of study quality assessment

Design Observational Dropout (>20%)

Alves 2016 Pro Yes Yes

Bauer 2009 Pro No No

Bharadwaj 2012 Retro Yes No

Birkenhager 2003 Retro Yes No

Birkenhager 2010 Retro Yes No

Bjølseth 2015 Pro No No

Bumb 2015 Pro Yes No

Dannon 2001 Pro Yes No

De Vreede 2005 Retro Yes No

Dombrovski 2005 Pro Yes No

Fink 2007 Pro Yes Yes

Huuhka 2007 Pro Yes No

Joshi 2015 Pro Yes Yes

Kellner 2016 Pro Yes Yes

Kho 2005 Retro Yes No

Kuscu 2015 Pro No No

Lin 2015 Pro Yes Yes

Loo 2011 Pro Yes Yes

Medda 2014 Pro Yes No

O´Connor 2001 Pro Yes Yes

Okazaki 2010 Pro Yes No

Oudega 2014 Pro Yes No

Piccinni 2009 Pro Yes No

Rhebergen 2015 Pro No No

Schoeyen 2015 Pro No Yes

Semkovska 2016 Pro No No

Sivaprakash 2000 Pro Yes No

Sobin 1996 Pro No No

Spaans 2013 Pro No Yes

Spashett 2014 Retro Yes No

Tokutsu 2013 Retro Yes No

Tominaga 2011 Pro Yes No

Van Waarde 2013 Pro Yes No

Winkler2014 Pro Yes No

Pro, prospective; Retro, retrospective 
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Figure DS4.  Funnel plots of the effect size according to the standard errors

A. Psychosis – remission

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

0,0

0,5

1,0

1,5

2,0

St
an

da
rd

 E
rr

or

Log odds ratio

Funnel Plot of Standard Error by Log odds ratio

0,0

0,5

1,0

1,5

2,0

St
an

da
rd

 E
rr

or

Log odds ratio

Funnel Plot of Standard Error by Log odds ratio

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

B. Psychosis – response

0,0

0,5

1,0

1,5

2,0

St
an

da
rd

 E
rr

or

Log odds ratio

Funnel Plot of Standard Error by Log odds ratio

-3 -2 -1 -0 1 2 3

C. Age - remission

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

0,0

0,1

0,2

0,3

0,4

0,5

0,6

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

0,0

0,1

0,2

0,3

0,4

0,5

0,6

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

48

CHAPTER 3



-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

0,0

0,2

0,4

0,6

0,8

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

0,0

0,1

0,2

0,3

0,4

0,5

0,6

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

D. Age - response

E. Depression severity - remission

F. Depression severity – response

0,0

0,1

0,2

0,3

0,4

0,5

0,6

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

0,0

0,2

0,4

0,6

0,8

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

0,0

0,2

0,4

0,6

0,8

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

0,0

0,2

0,4

0,6

0,8

St
an

da
rd

 E
rr

or

Std diff in means

Funnel Plot of Standard Error by Std diff in means

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0

49

CHAPTER 3



Table DS5. Results of heterogeneity and sensitivity analyses

Remission Response

Ps
yc

ho
ti

c 
sy

m
pt

om
s

Q df P Q df P

Location 3.16 4 0.531 3.90 4 0.420

Electrode position 5.37 2 0.068 0.18 2 0.914

Design 0.23 1 0.630 1.30 1 0.255

Observational 1.14 1 0.285 0.79 1 0.375

Dropout 0.21 1 0.646 0.03 1 0.861

Beta 95% CI P Beta 95% CI P

Age 0.040 0.006-0.073 0.021* -0.013 -0.054-0.029 0.543

Psychotic symptoms -0.013 -0.036-0.010 0.271 -0.020 -0.043-0.003 0.087

Episode duration 0.018 -0.015-0.050 0.296 0.034 -0.037-0.105 0.346

Medication resistance -0.019 -0.036- -0.003 0.023* -0.002 -0.021-0.017 0.859

Length course 0.063 -0.034-0.160 0.203 0.089 0.001-0.176 0.048*

A
ge

Q df P Q df P

Location 6.64 4 0.156 7.55 4 0.110

Electrode position 8.81 2 0.012* 5.22 2 0.074

Design 0.19 1 0.667 0.22 1 0.639

Observational 4.75 1 0.029* 2.53 1 0.112

Dropout 0.75 1 0.387 0.03 1 0.860

Beta 95% CI P Beta 95% CI P

Age -0.004 -0.020-0.012 0.609 0.002 -0.013-0.016 0.830

Psychotic symptoms -0.001 -0.014-0.012 0.874 0.003 -0.007-0.013 0.585

Episode duration 0.044 0.016-0.073 0.003** 0.037 0.005-0.068 0.021*

Medication resistance -0.002 -0.011-0.007 0.647 -0.001 -0.010-0.009 0.919

Length course 0.006 -0.049-0.061 0.828 0.013 -0.035-0.062 0.586

D
ep

re
ss

io
n 

se
ve

rit
y

Q df P Q df P

Location 5.31 4 0.257 3.32 4 0.506

Electrode position 4.24 2 0.120 4.91 2 0.086

Design 0.11 1 0.744 11.63 1 0.001**

Observational 0.49 1 0.483 0.10 1 0.749

Dropout 3.99 1 0.046* 0.07 1 0.790

Beta 95% CI P Beta 95% CI P

Age -0.001 -0.014-0.012 0.875 -0.009 -0.020-0.003 0.150

Psychotic symptoms 0.002 -0.008-0.011 0.730 0.002 -0.009-0.012 0.754

Episode duration 0.008 -0.027-0.042 0.666 -0.008 -0.044-0.029 0.683

Medication resistance <-0.001 -0.007-0.006 0.966 0.003 -0.003-0.008 0.389

Length course 0.022 -0.022-0.067 0.321 0.016 -0.029-0.061 0.487

(*) P<0.05, **P<0.01, ***P<0.001
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Objective: To investigate the potential role of the Maudsley Staging
Method (MSM) in the prediction of electroconvulsive therapy (ECT)
outcome in severely depressed adults.
Method: Between August 2015 and August 2017, 73 consecutive patients
with a major depressive episode (DSM-IV-TR) scheduled for ECT were
recruited. Prior to their first ECT session, the MSM was completed to
assess the level of therapy resistance. To determine the reduction in
depression severity and response and remission rates, symptom severity
was assessed at baseline and within one week after the last ECT session
using the 17-item Hamilton Depression Rating Scale (HDRS17).
Results: The percentage of symptom reduction following ECT was best
predicted by the MSM episode duration and depression severity factors
(R2 completer sample 0.24). Episode duration alone was the best
predictor of remission (area under the ROC curve for completers: 0.72).
Adding age to the models increased their predictive capacity.
Conclusion: An adapted version of the MSM gauging shorter episode
duration, more severe depressive symptoms and older age is
significantly associated with ECT effectiveness in adults with severe
recurrent depression and is thus highly suitable for use in clinical
practice, promoting the shared treatment decision-making process.
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Significant outcomes

• The percentage of HDRS decrease can be predicted by an adapted version of the MSM, evaluating
baseline depression severity and episode duration.

• Remission was best predicted by depressive episode duration.

• Adding age to the models improved their predictive capacities.

• The adapted MSM has the potential to contribute to the treatment decision-making process in
patients with depression.

Limitations

• Although the adapted MSM is a significant predictor, it can only explain part of ECT effectiveness.

• The sample size of our study is limited.

• Due to our observational design, there is substantial heterogeneity in patient and treatment charac-
teristics.
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Introduction

Despite the availability of a broad range of phar-
macological treatments for major depressive disor-
der (MDD), response rates are rather low. Results
from the Sequenced Treatment Alternatives to
Relieve Depression (STAR*D) study show a
response rate of less than 50% and a remission rate
of less than 30% to the first antidepressant trial
(1). Furthermore, remission rates decrease with
each subsequent antidepressant trial, with a
steep decline after two trials. The core assump-
tion in treatment resistance is the failure of ade-
quate treatment (in terms of adequate dose and
duration) to bring about improvement. The
STAR*D results prompted a categorical defini-
tion of treatment-resistant depression (TRD),
that is an MDD episode that does not respond
to a minimum of two adequate trials of antide-
pressant monotherapy (2). Several other defini-
tions have however also been proposed, ranging
from non-response to a single antidepressant to
non-response to at least two antidepressants
from different classes (3). Instead of a dichoto-
mous definition of treatment resistance (presence
or absence), TRD can also be described as a
continuum based on the number and types of
failed treatments (2). Examples of such continu-
ous staging models are the Antidepressant
Treatment History Form (1990), the Thase and
Rush staging model (1997) and the Maudsley
Staging Method (MSM; 2009) (2, 4–8).

The difference between the MSM and other stag-
ing models is that it incorporates two clinical fac-
tors associated with treatment resistance, that is
(depression severity and episode duration) in addi-
tion to treatment factors (7). According to Fekadu
et al. authors of the MSM, staging treatment
resistance only in relation to the number of
antidepressants used says little about the specific
nature of the depression itself. A moderately severe
major depression that does not respond to treat-
ment is distinct from a severe psychotic depression
that is also resistant to treatment. Fekadu et al.
conclude that a more severe depression and longer
episode duration are associated with non-remission
after treatment (9). Therefore, these two factors
were included in the MSM. A higher number of
failed antidepressants and a higher total MSM
score were also associated with non-remission (9).
The MSM consequently takes into account the
complex and multidimensional character of TRD.
Other advantages of the MSM are its clinical
usability and the equal consideration of
between-class and within-class switching of antide-
pressants (7).

To date, electroconvulsive therapy (ECT) is the
most effective biological treatment for severe
MDD (10, 11). However, its overall clinical use is
limited due to its potential cognitive side-effects
(12, 13), its limited availability and its limited
acceptability to a proportion of patients. Further-
more, response to ECT varies between 65% and
80% (10, 14). In the last few decades, numerous
predictors of ECT outcome have been proposed.
In their 2010 meta-analysis, Heijnen et al. found
the absence of medication failure to predict a
higher efficacy of ECT (15), while in their more
recent meta-analysis Haq et al. confirmed this and
also concluded that a shorter episode duration was
a good outcome predictor (16). In our 2018 meta-
analysis, we found three additional clinical predic-
tors of good outcome: old age, presence of psy-
chotic symptoms and higher baseline severity of
depressive symptoms (14).

Aims of the study

The three fundamental MSM elements, that is
antidepressant treatment failure, depression sever-
ity and episode duration, are all proven predictors
of ECT outcome in populations with severe recur-
rent MDD. In the present study, we will be investi-
gating whether combinations of these elements will
increase the predictive power of the MSM in a pop-
ulation of depressed patients treated with ECT.

Material and methods

Study population

A total of 73 consecutive patients (56 women, 17
men; mean age 58.8 (�15.1) years) awaiting ECT
at the University Psychiatric Hospital of Duffel
(Belgium) participated in our prospective longitu-
dinal study. This study is part of a larger research
project on ECT response predictors, the so-called
PROTECT cohort. All patients had been diag-
nosed with MDD or a severe depressive episode in
bipolar disorder according to the Diagnostic and
Statistical Manual, the DSM-IV-TR version (APA
2000). The diagnoses were confirmed by the Mini-
International Neuropsychiatric Interview (MINI
6.0) (17). The large majority of the participants
were inpatients of our hospital (92%, N = 67),
with the remaining patients received ECT on an
ambulatory basis. Prior to ECT, the 17-item
Hamilton Depression Rating Scale (HDRS17) was
completed, a score of at least 17 was required for
inclusion (18). Exclusion criteria were a history of
substance abuse (<6 months ago) or the presence
of a primary psychotic or schizoaffective disorder.
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All participants provided their written informed
consent prior to the start of the study procedures.
The study was approved by the Ethics Committee
of the University Hospital of Antwerp (project
number 15/10/93) and registered at clincaltrials.-
gov (trial registration number NCT02562846).

Treatment

Pharmacological therapy. During the ECT course,
patients continued their antidepressant and/or
antipsychotic medication. Agents and doses were
preferably not changed 4 weeks prior to and dur-
ing ECT (including the final assessment). Seven
percent of patients was not treated with antide-
pressants, 73% was on antidepressant monother-
apy and 20% of patients used more than one
antidepressant. In total, 68% took a tricyclic
antidepressant, 26% a selective serotonin reuptake
inhibitor, 3% a serotonin–noradrenaline reuptake
inhibitor and 16% other antidepressants. Seventy-
nine percent of patients were concurrently treated
with antipsychotics and 26% with a mood-stabili-
zer (mainly lithium), with 73% taking short-acting
benzodiazepines (an average 8.4 mg diazepam
equivalent dose) that were withheld 12 h prior to
each ECT session.

Electroconvulsive therapy. ECT was delivered twice
weekly according to recent guidelines (19) using a
brief-pulse (0.5 ms) constant-current Thymatron
IV system (Somatics LLC, Lake Bluff, IL, USA).
Electrodes were placed right unilateral (RUL),
bifrontal (BF) or bitemporal (BT) when a fast
antidepressant effect was needed (20). Patients that
were initially treated with RUL ECT were switched
to BT ECT if response was inadequate after six
treatments. Prior to ECT start, the stimulus dose
was established by means of the age method for
RUL-electrode placement and the half-age estima-
tion method for bilateral electrode positions (21).
Etomidate was the anaesthetic of choice (0.15 mg/
kg), with propofol (1 mg/kg) and ketamine (1–
2 mg/kg) being used when etomidate was not (well)
tolerated or in case of a lack of clinical response
after the first 12 sessions. Succinylcholine (Myople-
gine�, 0.5 mg/kg) was used as a muscle relaxant.

The endpoint of the ECT treatment was deter-
mined by the clinician, who based the decision on
ratings of mood and side-effects of treatment. Dur-
ing the ECT course, the mood was rated weekly
and ECT was continued until patients were either
asymptomatic (HDRS17 ≤ 7) or showed no fur-
ther improvement during the last three sessions.
Another reason to stop ECT was the occurrence of
intolerable side-effects.

Clinical assessment

Mood and effect of treatment. The baseline
HDRS17 rating was performed on the last week-
day prior to the first ECT session while the last
assessment was generally conducted one week after
the last ECT. The HDRS17 was rated by the main
researcher (LVD), MD and psychiatry resident or
(in case of absence) by another member of the
research team. All raters had received an HDRS
training session delivered by an experienced inves-
tigator (TB) and once every 3 months attended a
Hamilton rating session during which they inde-
pendently scored a video-recorded case and dis-
cussed their ratings. ECT efficacy was defined in
three ways. The primary outcome measure was the
pre- to post-ECT change (in percentages) in
HDRS17 scores. The secondary outcome measures
were response and remission, defined as a
HDRS17 decrease of >50% and an HDRS17 score
≤7 after the last ECT, respectively.

Treatment resistance. Treatment resistance was
assessed by the main researcher, completing the
MSM (7) prior to the start of ECT. This points-
based staging model evaluates three elements of
treatment resistance: the duration of the current
episode, the severity of the illness and treatment
history (Table 1). Because none of the partici-
pants in our study had subsyndromal or mild
depressive disorders, all had a score of 3 (moder-
ate), 4 (severe without psychotic symptoms) or 5
(severe with psychotic symptoms) on the depres-
sion severity item, as based on their baseline
HDRS scores (where scores of 17–23 are classi-
fied as moderate and scores ≥24 as severe). In
the original MSM, treatment history comprises
three elements: the number of failed antidepres-
sants, whether or not augmentation strategies
(with antipsychotics or lithium) and/or ECT had
been applied during this episode. We only used
the number of failed antidepressants in our anal-
yses as this was the only factor linked to non-
remission in the original MSM evaluation (7).
Antidepressant trials for the current depressive
episode were evaluated for adequacy according
to the instructions provided in the original MSM
paper (7).When the patient was unable to pro-
vide the required data on treatment history and
episode duration, the treating psychiatrist or the
family doctor was consulted.

Statistical analysis

Statistical analyses were performed with JMP 13.0.
One participant refused testing after the last ECT,
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for whom we used the last-observation-carried-for-
ward method.

To identify variables associated with the per-
centage of HDRS decrease, simple linear regres-
sion models were fitted. When more than one of
the variables was associated with the percentage of
HDRS decrease (P < 0.10), multiple linear regres-
sion models were fitted. Variables not reaching sig-
nificance in the multiple regression were removed
from the model before presentation of the final
results. The same approach was used with response
and remission, for which we used logistic rather
than linear regression since it concerns dichoto-
mous outcome variables.

When multicollinearity was observed between
the predictor variables, only the strongest predic-
tor was maintained in the multiple regression
model.

Results

Demographic and clinical characteristics for the
intention-to-treat (ITT) sample and completers are
shown in Table 2. The average number of ECT
sessions was 11.2 (�5.7), with 40 patients receiving
RUL and 11 BT treatment only, while two patients
were treated with BF ECT. In the remaining 18
patients, electrode positions were switched during
the course (mostly from RUL to BT). Etomidate
was used in 65, propofol in 17 and ketamine in 14
patients. The most common switch was from

Table 1. Original and adapted Maudsley staging parameters and suggested scoring conventions

Original MSM Adapted MSM

Parameter Specifications Score Parameter Specifications Score

Duration Acute (≤12 months) 1 Duration Acute (≤12 months) 1
Subacute (13–24 months) 2 Subacute (13–24 months) 2
Chronic (>24 months) 3 Chronic (>24 months) 3

Symptom severity (at baseline) Subsyndromal 1 Symptom severity (at baseline) Severe with psychosis 1
Syndromal Severe without psychosis 2
Mild 2 Moderate 3
Moderate 3 Age* ≥65 years 0
Severe without psychosis 4 50–65 years 1
Severe with psychosis 5 <50 years 2

Treatment failures
Antidepressants Level 1: 1–2 medications 1

Level 2: 3–4 medications 2
Level 3: 5–6 medications 3
Level 4: 7–10 medications 4
Level 5: >10 medications 5

Augmentation Not used 0
Used 1

ECT Not used 0
Used 1

Total (15) Total excluding age (6)
Total including age (8)

ECT = electroconvulsive therapy.
*Age can be added to the model to increase its predictive ability.

Table 2. Demographic and clinical characteristics of the study population

Demographic characteristics

ITT (N = 73)
Completers
(N = 65)

Age, years (mean � SD) 58.8 (�15.1) 58.4 (�15.6)
Biological sex, female % (N) 76.7 (56) 76.9 (50)
Clinical characteristics
Baseline HDRS score (mean � SD) 24.8 (�6.0) 24.9 (�6.1)
Endpoint HDRS score (mean � SD) 8.5 (�5.0) 8.0 (�4.7)
Average HDRS decrease % (mean � SD) 63.9 (�22.9) 66.1 (�22.5)
Responders % (N) 73.9 (54) 76.9 (50)
Remitters % (N) 56.2 (41) 61.5 (40)
CORE-defined melancholia % (N) 63.0 (46) 63.1 (41)
Bipolar % (N) 17.8 (13) 18.5 (12)
Episode duration in months

Mean � SD 14.3 (�18.1) 13.3 (�17.8)
Median, range 6.5, 1–84 6.0, 1–84

Maudsley staging method (MSM)
Episode duration

Acute (<12 months, N) 48 44
Subacute (12–24 months, N) 12 11
Chronic (> 2 years, N) 13 10

Failed treatments (N)
1–2 22 21
3–4 29 27
5–6 13 9
7–10 5 5
>10 0 0

Depression severity
Moderate (HDRS 17–23, N) 25 22
Severe without psychosis (HDRS ≥ 24, N) 17 12
Severe with psychosis (HDRS ≥ 24, N) 31 31

Augmentation % (N) 90.4 (66) 89.2 (58)
Previous electroconvulsive

therapy course % (N)
2.7 (2) 3.1 (2)

ITT, Intention-to-treat; HDRS, Hamilton Depression Rating Scale; CORE, Scale to assess
psychomotor functioning, patients with a score ≥ 8 were classified as melancholic.
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etomidate to ketamine (N = 14) and from propofol
to etomidate (N = 10). Eight patients could not
complete the ECT course because of side-effects
(N = 5) or reasons not related to the ECT (N = 3).
The ITT sample accordingly comprised 73 and the
completer sample 65 patients.

Predictors of treatment effect

To calculate the results for the three MSM factors
with an alleged predictive effect (14–16) (episode
duration, depression severity and the number of
failed antidepressants during the current episode),
we used the scoring method prescribed by the
model (see Treatment resistance section).

Separate predictors. The results of the linear
regression analyses performed on the data with the
percentage of HDRS decrease as outcome variable
are presented in Table 3.

All three factors were significantly associated
with HDRS decrease in the ITT as well as the com-
pleter sample. A strong correlation between episode
duration and the number of failed antidepressants
(r = 0.56, P < 0.001) was found. The multiple lin-
ear regression model therefore only includes
depression severity and the strongest of the two
correlated variables – episode duration. The

regression model with episode duration and depres-
sion severity as independent variables explained
23% of the variance in HDRS decrease in the ITT
sample and 24% in the completer sample.

The part of the variance that can be explained
by a combination of depression severity and failed
antidepressants is similar (ITT: 0.23; completer
sample: 0.24) to the variance explained by depres-
sion severity and episode duration. A shorter epi-
sode duration and a lower number of failed
antidepressant treatments individually predicted
remission both in the ITT and the completer sam-
ple (Table 3). The fact that depression severity was
no significant predictor in this analysis is inherent
to the definition of remission in that higher base-
line symptom severity implies that a greater
decrease in HDRS is needed to reach remission
than when baseline HDRS scores are lower.
Because of the correlation between episode dura-
tion and failed antidepressant treatments, the final
model has only one predictor, that is episode dura-
tion. A ROC curve was fitted that had an area
under the ROC curve (AUC) of 0.69 in the ITT
and 0.72 in the completer sample. The results of
the response analyses differed slightly. All three
predictors individually predicted response in the
ITT sample while in the completer sample only epi-
sode duration reached significance. In the ITT

Table 3. Predictors of percentage of HDRS decrease, response and remission for the ITT (N = 73) and the completer (N = 65) samples

Outcome = percentage of HDRS decrease

ITT Completers

F-ratio Prob > F R2 F-ratio Prob > F R2

Simple linear regression
Shorter episode duration 11.61 <0.001*** 0.14 11.82 <0.01** 0.16
More severe depression 10.51 <0.01** 0.13 9.61 <0.01** 0.13
Failed antidepressants 7.94 <0.01** 0.11 6.47 0.01* 0.1
Multiple linear regression 0.23 0.24
Shorter episode duration 8.95 <0.01** 9.14 <0.01**
More severe depression 7.8 <0.01** 7.05 0.01*

Outcome = non-response vs. response Unit odds ratio 95% CI Significance Unit odds ratio 95% CI Significance

Simple logistic regression
Shorter episode duration 2.17 1.14–4.14 0.02* 2.27 1.10–4.69 0.03*
More severe depression 0.53 0.28–1.00 0.05* 0.51 0.26–1.00 0.05
Failed antidepressants 1.92 1.03–3.58 0.04* 1.66 0.86–3.21 0.13

Multiple logistic regression
Shorter episode duration 2.02 1.04–0.92 0.04*
More severe depression 0.58 0.30–1.11 0.1

Outcome = non-remission vs. remission Unit odds ratio 95% CI Significance Unit odds ratio 95% CI Significance

Simple logistic regression
Shorter episode duration 3.14 1.55–6.35 <0.001*** 4.13 1.81–9.43 <0.001***
More severe depression 0.71 0.42–1.22 0.21 0.75 0.43–1.32 0.32
Failed antidepressants 2.61 1.38–4.93 <0.01** 2.75 1.38–5.46 <0.01**

ITT, Intention-to-treat.
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sample, we performed a multiple logistic regression
with episode duration and severity as predictors.
Although depression severity was no longer a sig-
nificant contributor in the regression, the AUC of
the model was 0.71 and the AUC of the simple
logistic regression model with episode duration in
the completer sample was 0.65.

Adapted MSM. As we found shorter episode dura-
tion and severe depressive symptoms to be the
most consistent independent predictors of a higher
efficacy of ECT in our ECT sample, we con-
structed a composite score of these two treatment-
resistance factors. To make sure the effects of the
predictors had the same direction, we transformed
the depression severity score by awarding the mini-
mal score of 1 to severe depression with psychotic
symptoms, a score of 2 to severe depression with-
out psychotic symptoms and a score of 3 to moder-
ate depression (Table 1). In this way, lower scores
on episode duration (corresponding with shorter
episode duration) and on depression severity (cor-
responding with a more severe depression) are
both related to a greater reduction in HDRS
scores. In Table 4, the percentage of HDRS
decrease and response and remission rates are pre-
sented for each of the possible scores on this
adapted MSM scale.

There is a clear decrease in ECT effectiveness
with increasing adapted MSM scores. Details of
the regression model for the ITT and completer

samples with the percentage of HDRS decreases
can be found in Table 5.

When looking at the outcome variable percent-
age of HDRS decrease, we found that the adapted
MSM renders results comparable to the multiple
regression model with depression severity and epi-
sode duration as two separate predictors (both
have an R2 of 0.23 in the ITT and 0.24 in de com-
pleter sample).

The adapted MSM score is significantly associ-
ated with the percentage of HDRS decrease as well
as with the occurrence of remission and response.
When remission is taken as outcome variable, the
use of the adapted MSM has no clear advantage
over the use of episode duration as the only remis-
sion predictor (AUC of both was 0.70, Table 6).
For response, the adapted MSM score also shows
no clear advantage over the multiple logistic

Table 4. Percentage of HDRS decrease, response and remission rates for each possible score on the adapted MSM scale (excluding age) for the ITT (N = 73) and completer
(N = 65) samples.

Adapted MSM score

N
Percentage of HDRS decrease

(95% CI) Response rate (%) Remission rate (%)

ITT Completers ITT Completers ITT Completers ITT Completers

2 24 24 77 (71–84) 77 (71–84) 92 92 79 79
3 13 11 66 (55–77) 69 (58–81) 69 73 62 73
4 22 19 58 (48–69) 60 (49–72) 73 74 43 47
5 8 6 53 (35–70) 60 (42–77) 63 83 38 50
6 6 5 36 (9–76) 36 (0–73) 33 20 33 20

ITT, Intention-to-treat.

Table 5. Regression model of adapted MSM scores (excluding age) vs. percentage
of HDRS decreases for the ITT (R2 = 0.23) and completer (R2 = 0.24) samples

Point estimate

95% confidence interval

PLower limit Upper limit

ITT
Intercept 93.15 79.48 106.81
Adapted MSM score �8.50 �12.22 �4.77 <0.0001

Completers
Intercept 94.95 81.12 108.78
Adapted MSM score �8.64 �12.51 �4.77 <0.0001

ITT, Intention-to-treat.

Table 6. Regression model of adapted MSM scores (excluding age) vs. response
(non-responder/responder) and remission (non-remitter/remitter) for the ITT (AUC for
both = 0.70) and completer (AUC response = 0.71, AUC remission = 0.70) sam-
ples

Point estimate
(log scale)

Estimated
Odds Ratio

95% confidence
interval

P
Lower
limit

Upper
limit

Response
ITT

Intercept �3.32
Adapted
MSM score

0.62 1.86 1.19 2.92 0.0067

Completers
Intercept �3.55
Adapted
MSM score

0.65 1.92 1.17 3.14 0.0095

Remission
ITT

Intercept �2.31
Adapted
MSM score

0.59 1.81 1.20 2.73 0. 0047

Completers
Intercept �2.62
Adapted
MSM score

0.63 1.87 1.20 2.92 0.0057

ITT, Intention-to-treat.
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regression model with separate predictors in the
ITT sample. The adapted MSM score rendered a
somewhat better model in the completer sample
with an AUC of 0.71 compared to 0.65 in the sim-
ple logistic regression model of Table 3.

Compared to the total original MSM score, the
adapted MSM is an improvement as a predictor of
ECT treatment effect for both percentage HDRS
decrease and response as outcome variables. In the
ITT sample, there was no significant influence of
the original MSM total score in the analyses with
the percentage of HDRS decrease (R2 of 0.01) or
treatment response (AUC of 0.57) as outcome
variables. The original MSM total score did signifi-
cantly predict remission (AUC of 0.66), but the
adapted MSM yielded an AUC of 0.70. Results in
the completer sample were comparable, with total
MSM scores not affecting the percentage of HDRS
decrease/response but showing a significant predic-
tive effect on remission (AUC: 0.68), with the
adapted MSM score only slightly improving the
AUC (0.70).

Improving the adapted MSM. Considering what is
already known about the prediction of the effect of
ECT, we realized that our model was incomplete.
Of the predictors we considered ‘confirmed’ (14,
16), only four are covered by the MSM. The only
known ECT-response predictor that has no place
in the MSM is age. We created a categorical vari-
able for age, adding 2 points for patients under 50
to the adapted MSM score, 1 point for those
between 50 and 65 years and no points for patients
aged 65 years and older. The score of the adapted
MSM including the variable ‘age’ thus ranges
between 2 and 8 (Table 1). When we added age to
the prediction model of the completer sample, R2

of the percentage of HDRS decrease increased
from 0.24 to 0.31 and the AUC for response and
remission increased from 0.71 or 0.72 to 0.77 or
0.76, respectively (with older age corresponding to
a better treatment effect).

Discussion

Since the future of a more accurate patient-treat-
ment matching lies in practical clinician- and
patient-friendly assessment tools, we evaluated the
predictive capacity of the three key factors of the
Maudsley Staging Method (MSM) and con-
structed an alternative, adapted version that
affords a more accurate prediction of the efficacy
of electroconvulsive therapy (ECT) for severe per-
sistent depression.

We found that shorter episode duration and
more severe depressive symptoms, two core factors

of the MSM, most consistently predicted a larger
effect of ECT in patients with recurrent severe
depression. The number of failed antidepressant
treatments did not significantly improve the pre-
diction model that already included data on epi-
sode duration because these variables (episode
duration and the number of antidepressant trials)
correlated strongly. Of the three key factors in the
original MSM evaluation, the number of failed
antidepressants also had the weakest association
with remission (7). Adding age to the analyses
improved the prediction models.

In our clinical practice, we find that a substantial
part of the patients referred for ECT is too ill to
participate in clinical studies. However, our study
confirms the effectiveness of ECT especially for the
most severely and urgently depressed part of the
patient spectrum (i.e. those patients with lower
adapted MSM scores reflecting a shorter episode
duration and more severe depressive symptoms),
with remission rates of 79% (Table 4) for those
with the lowest MSM scores. Note that more sev-
ere depressive symptoms predict a higher efficacy
of ECT. This is not in agreement with findings of
the original MSM report (7) in which more severe
depressive symptoms significantly lowered chances
of remission. An explanation for these contrasting
results can be found in differences in study design
and patient population. The original paper mea-
sured treatment outcome at discharge after admin-
istration of a variety of treatment options while
our study specifically investigates the effect of
treatment with ECT. As a consequence, our popu-
lation is a selection of more severely depressed
patients and not a reflection the whole spectrum of
depression severity as one of our inclusion criteria
was a HDRS score ≥ 17. Another explanation for
this contrasting finding could be that patients with
a severe depressive disorder relatively often show
psychotic symptoms. Patients with psychotic
depression have been reported to show a remark-
ably good response to ECT (14). The MSM does
not evaluate the presence of psychotic symptoms
as a separate factor but as a constituent part of the
severity component. As this implies only a one-
point difference between patients with and those
without psychotic symptoms, this predictor might
be insufficiently valued in the MSM for use in a
depressed population eligible for ECT.

Although lower adapted MSM scores predict
higher symptom reductions, we do not discourage
the use of ECT for people with higher or even
maximum adapted MSM scores (reflecting a
longer episode duration and moderate depression
severity) as in our trial 20% (Table 4) of the com-
pleters with a maximum adapted MSM score still
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reached remission. Overall, ECT might still be the
best treatment option for individuals suffering
from persistent MDD, although other treatment
options should also be considered in this patient
group.

Although none of the predictors assessed is
novel or unexpected, the relevance of our report
lies in the fact that we composed a prediction
model that incorporates different (known) predic-
tors. Using the categories posed by the MSM
increases the reliability of the collected data, which
is desirable in research as well as clinical practice.
Since the predictor episode duration is, by defini-
tion, always assessed retrospectively, its exactness
is inherently doubtful. The chance that the regis-
tered episode duration is situated in the correct
MSM category is considerable, compared to the
estimation of episode duration in months.
Together with its ease of use, this makes the MSM
a highly applicable tool for clinical practice.

Comparison with previous studies

Although numerous studies have investigated pre-
dictors of ECT efficacy, few attempted to create an
actual prediction model that unites the known pre-
dictors while still being clinically applicable. De
Vreede et al. (22) proposed a prediction index for
poor ECT response consisting of four independent
factors: age, presence of a personality disorder,
psychotic symptoms and treatment resistance.
Their model is more complex than the adapted
MSM we suggest since, during a depressive episode
with ECT being imminent, it is often hard to diag-
nose the presence of a personality disorder. Still,
the precision of their remission prediction model
(AUC = 0.76) was comparable to ours
(AUC = 0.77). Another noteworthy model is the
3-item ECT Appropriateness Scale (EAS) devel-
oped by Kellner et al. (23). Founding their selec-
tion of relevant variables, that is depression
severity, heritability and episodic nature of depres-
sion, on the literature, their model was not vali-
dated in a patient sample. Just like we do in our
model, they pose that more severe depression is a
reason to consider treatment with ECT.

We chose the MSM as a starting point for our
predictive ECT-efficacy model mainly because of
its straightforward rating system. With their Dutch
Measure for the quantification of Treatment Resis-
tance in Depression (DM-TRD) (24) Peeters et al.
recently suggested an extension of the MSM, add-
ing functional impairment, comorbid anxiety, per-
sonality disorder and psychosocial stressors to the
model. The DM-TRD outperformed the MSM in
the prediction of future depressive

symptomatology and equalled the MSM in the
prediction of remission. Nevertheless, besides the
presence of a personality disorder (25), we expect
their model to have no added value for patients eli-
gible for ECT.

Limitations

A limitation of the study is the relatively small
sample size. Replication of our findings in a larger
ECT sample would be valuable. With about one-
third being moderately depressed, the patients in
our study were, on average, somewhat less severely
depressed (HDRS17 of 24.8) than the rates
reported in most ECT studies (HDRS17 of 27.6
(26)). Due to the observational design of our study,
our sample inevitably comprised a combination of
severely depressed patients with an acute ECT
indication and depressed patients with often less
severe but longer-lasting depressive symptoms that
had proved resistant to multiple antidepressant
treatments. It is not unlikely that part of this group
had not responded to these previous treatment
strategies as a consequence of the presence of psy-
chiatric comorbidities, such as personality disor-
ders. As we did not systematically assess the
presence of personality disorders prior to initiating
ECT in our naturalistic design, it is impossible to
determine the role of such comorbidity in our sam-
ple. Moreover, the observational design of our
study implied that the inpatients were not all stay-
ing at the same treatment unit and that the outpa-
tients were seen by different clinicians. Our
participants were, therefore, not necessarily offered
the same psychological/psychiatric or antidepres-
sant therapies. Although we do not expect a major
influence of electrode positions (27), anaesthetics
used (28, 29) or the length of the treatment course
on ECT effectiveness, the heterogeneity in our
treatment protocols should be taken into account
when interpreting our results. Given that we had
opted for a naturalistic study design, besides
heterogeneous in treatment, our sample was also
rather heterogeneous in composition, consisting of
mainly female patients, unipolar as well as bipolar
patients, patients with and without melancholic
symptoms and with varying degrees of suicidality.
Several of these factors have been linked to ECT
responsiveness in the past (30). However, as meta-
analyses have not found any confirmation of an
influence of gender, polarity or melancholia on
ECT responsiveness (14, 16, 31), we chose not to
account for these factors in our analyses but do
consider the heterogeneity they cause to be a limi-
tation of our study. The severity of suicidal intent
is a predictor worth investigating in future studies.
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Still, although heterogeneous, our sample is a good
reflection of depressed patients seen in daily clini-
cal ECT practice.

To conclude, an accurate prediction of the effi-
cacy of ECT for depression will facilitate the
shared treatment decision-making process. For
some patients, it may prevent a detrimental delay
in effective treatment and for others exposure to
needless (cognitive) side-effects. Starting from the
MSM, we propose a model that predicts symptom-
severity reductions and symptom remission follow-
ing ECT. Evaluating baseline depression severity
and episode duration in a treatment-resistant sam-
ple, our adapted model was successful in predicting
the percentage of HDRS decrease, while episode
duration alone was best at predicting remission.
Adding the age of the patient to these two models
further improved their predictive capacity. Given
its simplicity, this adapted model has the potential
to be used as a clinical instrument supporting
treatment decisions.
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Abstract

Objectives: The presence of psychotic symptoms is an important predictor of responsive-
ness to electroconvulsive therapy (ECT). This study investigates whether a continuous 
severity measure, the Psychotic Depression Assessment Scale (PDAS), is a more accurate 
predictor.

Methods: Depression severity was assessed before and after the ECT course using the 
Montgomery-Asberg Depression Rating Scale (MADRS) in 31 patients with psychotic de-
pression and 34 depressed patients without psychotic symptoms. Logistic regression mod-
els for MADRS response and remission were fitted, with either the PDAS total score or the 
dichotomous predictors ‘absence/presence of psychotic symptoms’ as the independent 
variables. Age, episode duration, and treatment resistance were added as covariates. 

Results: Both the asserted presence of psychotic symptoms and a higher PDAS total score 
reflected MADRS response (AUCs: 0.83 and 0.85, respectively), with MADRS remission 
also being predicted by the presence of psychotic symptoms and higher PDAS scores 
(AUCs: 0.86 and 0.84, respectively). Age was a contributor to these prediction models with 
response and remission rates being highest in the older patients. PDAS scores decreased 
significantly during ECT: at endpoint 81.5% of the patients showed significant response and 
63.9% had achieved remission.

Conclusions: The PDAS indeed accurately predicts response to and remission after ECT 
in (psychotic) depression and most pronouncedly so in older patients but appears to have 
no clear advantage over simply verifying the presence of psychotic symptoms.  This could 
be the consequence of a ceiling effect as ECT was extremely effective in patients with psy-
chotic depression. 

ClinicalTrials.gov: Identifier: NCT02562846.

Keywords: major depressive disorder; psychotic depression; electroconvulsive therapy; 
response prediction
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Introduction

A major depressive disorder (MDD) can occur with or without psychotic features (34,117). 
The associated delusions and/or hallucinations in psychotic depression (PD) are often 
mood-congruent with a prevailing sense of guilt, sin, or poverty. Epidemiological studies 
of PD show a prevalence of 0.35% to 1%, with higher rates in older age (35). Since the risk 
of suicide is high in people coping with MDD and even higher in those also experiencing 
psychotic symptoms (118), it is clear that we need to optimize the treatment for both condi-
tions.

Current treatment guidelines for PD are highly heterogeneous. Although some recommend 
antidepressant-antipsychotic combination therapy, others recommend antidepressant 
monotherapy or consider electroconvulsive therapy (ECT) equally appropriate as first-line 
treatment (119). In a meta-analysis our group recently conducted, we could conclude that 
ECT was effective in patients with PD (120). Furthermore, the relapse rates after successful 
ECT were lower than those documented for persons with nonpsychotic depression (121). 

Besides its implementation in persisting and urgent cases, optimal effectiveness predictors 
could support the choice for ECT in other circumstances. Bearing in mind that in PD the 
severity of psychotic symptoms can vary from mild to very severe, we wondered whether 
the widely used practice of merely establishing their presence or absence is the best way 
to predict clinical response to ECT. As a more severe depression predicts better ECT re-
sponse (120), one could argue that more severe psychotic symptoms may likewise predict 
higher response rates and that merely dichotomizing their manifestation then causes an 
unnecessary loss of information. We were hence curious to find out whether more contin-
uous measures of psychotic symptom severity would be a more sensitive predictor of ECT 
response. In current literature, we found no studies on this subject. Also, scales to evaluate 
these symptoms in depression are scarce. The Psychotic Depression Assessment Scale 
(PDAS) is the only empirically derived rating tool covering both the depressive and psychot-
ic symptoms of PD (81,82). 

In the present study we investigate whether in depression, as hypothesized, the psychotic 
symptom severity as measured with the PDAS is a more sensitive predictor of responsive-
ness to ECT than the dichotomous measure of the presence or absence of psychotic symp-
toms. The secondary aim of our investigation was to determine whether the scale is sensi-
tive enough to differentiate the response to ECT of patients with PD from that of persons 
without psychotic symptoms. We also compare the speed of response of these two patient 
groups, expecting the first group to respond faster (80,122). 
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Materials and Methods

Study design

The study was a single-site, prospective ECT study. The study was registered in the online 
clinical database ClinicalTrials.gov (Identifier: NCT02562846). Patients were included be-
tween August 2015 and August 2017. 

Study population

A total of 73 patients (56 women, 17 men; mean age of 58.0 (±14.9) years) diagnosed with 
MDD or bipolar disorder, current major depressive episode, according to the DSM-IV-TR and 
scheduled for ECT participated in the study. The presence of psychotic symptoms was con-
firmed by consensus between an experienced treating psychiatrist and the main investiga-
tor (LVD), and were based on the observations of the psychiatrist and psychiatric nurses, 
as well as on patient interviews and data from the family, referring GP or psychiatrist. The 
Mini-International Neuropsychiatric Interview 6.0 (MINI 6.0) was completed to support the 
diagnosis and to screen for psychiatric comorbidity (102). When the clinical diagnosis did 
not match the MINI-diagnosis, the clinical diagnosis was decisive for inclusion in the PD or 
non-PD group. To be eligible for participation, patients referred for ECT had to score at least 
17 on the Hamilton Depression Rating Scale – 17 items (HDRS17)  (103). Patients with a his-
tory of recent substance abuse (<6 months ago) or a primary psychotic or schizoaffective 
disorder were excluded. 

This study is part of the so-called PROTECT cohort study, a research project on ECT-re-
sponse predictors carried out in Duffel Psychiatric Hospital (Belgium) (123–125), which en-
tails that there may be some overlap in our descriptions of the procedures with earlier stud-
ies of our group. Most of the participants were hospitalized (91%) at the time of the study. 
Indications for ECT were treatment resistance, the presence of severe melancholic or psy-
chotic symptoms, and acute suicidality. The study was approved by the Ethics Committee 
of the University Hospital of Antwerp (project number 15/10/93). All participants provided 
their written informed consent.  

Treatment

Pharmacological treatment

All participants continued their antidepressant and/or antipsychotic medication during the 
ECT course, with drugs and doses not being changed (where possible) for four weeks prior 
to and during the ECT course.  
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Electroconvulsive therapy

ECT was administered twice weekly using a  brief-pulse (0.5ms) constant-current Thyma-
tron IV system (Somatics LLC, Lake Bluff, IL, USA). The electrodes were placed unilaterally 
over the right hemisphere (RUL), bifrontal (BF) or bitemporal (BT) when a fast antidepres-
sant effect was required or when patients did not respond to unilateral ECT (55). Before the 
first session, the stimulus dose was determined using the age method for RUL treatment 
and the half-age method for the bilateral interventions (57). Etomidate (0.15mg/kg) was the 
anesthetic routinely used, but propofol (1mg/kg) was deployed when etomidate was not 
(well) tolerated and ketamine (1-2mg/kg) was used when a clinical response was lacking 
after 12 consecutive sessions. Succinylcholine (Myoplegine®, 0.5mg/kg) was used as the 
muscle relaxant. 

The treating clinician determined the endpoint of the ECT based on the patient’s ratings of 
mood and ECT side effects. Mood was rated weekly throughout the ECT course using the 
Montgomery-Asberg Depression Rating Scale (MADRS) and ECT was continued until the 
patient was either in remission or showed no further improvement during the last three 
sessions. 

Assessment of mood, predictors, and outcome measures

Depression severity was assessed at baseline (before the start of ECT) and within one week 
after the last ECT session using the HDRS17 (103), the MADRS (105) and the PDAS. The 
PDAS was used to assess the severity of (psychotic) depression and, more particularly, to 
quantify the severity of psychotic symptoms. The PDAS consists of a depression subscale 
(HAM-D6) covering the items depressed mood, feelings of guilt, work and activities, psy-
chomotor retardation, psychic anxiety, and general somatic symptoms, and a psychosis 
subscale (BPRS-5) covering the items emotional withdrawal, suspiciousness, hallucinatory 
behavior, unusual thought content, and blunted affect. The PDAS was found to be clinically 
valid, unidimensional, and responsive to change (81,82). Severity ranges are 8-15 for mild, 
16-23 for moderate, and >23 for severe symptoms. A PDAS score <8 is taken to indicate re-
mission (126). 

The primary outcome measure for our study is remission in terms of a post-ECT score of 
≤ 10 on the MADRS, while we defined response as a pre-post MADRS reduction of at least 
50% (106,127). 

The episode duration of depression was assessed in months. Patients were considered to 
be treatment resistant when they had had more than two failed antidepressant treatments 
(128). Age was registered  as a continuous variable because of its potential influence on 
treatment outcome (120). Presence of psychomotor symptoms was assessed at baseline by 
means of the CORE assessment of psychomotor functioning (78) and the Montreal Cogni-
tive Assessment (MOCA)(111,129) to be able to evaluate differences in cognitive functioning 
between patients with and without psychotic symptoms. 
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Statistical analysis

Statistical analyses were performed with JMP 13.0. We used the last-observation-car-
ried-forward method for one participant who refused testing after the last ECT session.  

Comparisons between participants with and without psychotic symptoms were conducted 
on the intention-to-treat sample (ITT, n=73) using a one-way ANOVA for continuous varia-
bles and a Pearson Chi-square test for categorical variables. 

All other analyses were done on the per-protocol sample (PP, n=65). To test the PDAS’ sen-
sitivity to change following ECT in the two populations, baseline and endpoint scores were 
compared with paired samples t-tests. Furthermore, the proportions of participants who 
responded and remitted according to their pre-post PDAS total scores were compared with 
a Pearson chi-square test.

To determine whether the PDAS total score and/or the dichotomous measure (presence/
absence of psychotic symptoms) are reliable predictors of response and remission after 
ECT, logistic regression models were fitted. In a first set of models, we entered response as 
a binary outcome variable, where patients with a reduction of 50% or more on the MADRS 
were coded as positive responders and those not achieving these rates as negative re-
sponders. In a second set of models, we entered remission as the dependent variable, 
where individuals with a MADRS score ≤ 10 were coded as positive and those with higher 
scores as negative. In the univariable analysis, the independent variable was either the 
PDAS (continuous variable) or the presence/absence of psychotic symptoms (binary var-
iable). In the multivariable analysis, age, episode duration, and treatment resistance were 
added as covariates (74,120). In order to obtain a model with contributing covariates only, 
the initial model was simplified by stepwise backward elimination.

To test whether patients with PD had responded faster to ECT than patients without psy-
chotic symptoms, we compared the times to response of these two groups by means of a 
Cox proportional hazard model. As the two groups differed significantly in these two varia-
bles, age and baseline depression severity were entered as covariates. A hazard ratio with 
95% confidence intervals was calculated. 

Results

Characteristics of the two patient populations

After screening, 33 patients with PD and 40 patients with non-psychotic MDD who were 
prescribed ECT were found eligible to be included in the study. The baseline sociodemo-
graphic and clinical characteristics of the participants stratified by subtype are shown in 
Table 5-1.
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Table 5‑1. Differences in the demographic and clinical variables of the participants with 
major depression with and without psychotic features as tested by ANOVA or chi‑square 
analyses before the start of the ECT course

 Depression with 
psychotic symptoms

Depression without 
psychotic symptoms

F or Χ2 P

N 33 40

Age, mean (SD) 64.61 (12.64) 53.98 (15.44) F= 10.06 0.0022

Sex, female % (N) 75.8 (25) 77.5 (31) Χ2= 0.03 0.8608

Bipolar % (N) 12.1 (4) 22.5 (9) Χ2= 1.33 0.2487

CORE-defined melancholia, 
% (N) 93.9 (31) 37.5 (15) Χ2= 24.71 <.0001

Episode duration (months), 
mean (SD) 12.06 (17.92) 16.08 (18.21) F= 0.83 0.3649

Treatment resistant*, % (N) 57.1  (16) 73.5 (25) Χ2= 1.84 0.1913

HDRS17, mean (SD) 28.61 (5.17) 21.60 (4.54) F= 37.17 <0.0001

MADRS, mean (SD) 37.06 (6.20) 29.33 (6.46) F= 26.89 <0.0001

PDAS, mean (SD) 23.09 (4.83) 14.68 (2.83) F= 85.82 <0.0001

PDAS (depression subscale), 
mean (SD) 16.70 (3.30) 12.88  (2.08) F= 36.25 <0.0001

PDAS (psychosis subscale), 
mean (SD) 6.39 (2.36) 1.80 (1.59) F= 98.07 <0.0001

PDAS severity, % (N)
  Mild
  Moderate
  Severe

3.03 (1)
54.55 (18)
42.42 (14)

65.00 (26)
35.00 (14)

0 (0)

Χ2=37.32 <0.0001

MoCA, mean (SD) 20.03 (6.08) 23.78 (3.62) F = 10.64 0.0017

Number of ECT sessions, 
mean (SD) - range 10.91 (5.23), 2-25 11.41 (5.74), 4-27 F = 0.11 0.7467

CORE, Scale assessing psychomotor functioning, patients with a score ≥ 8 were classified as melancholic; * 
Patients were considered to be treatment resistant when they had had >2 failed antidepressant treatments; 
HDRS = Hamilton Depression Rating Scale; MADRS = Montgomery‑Asberg Depression Rating Scale; PDAS = 
Psychotic Depression Assessment Scale; MoCA = Montreal Cognitive Assessment.

The patients with PD were older than those without psychotic symptoms and almost all of 
them met the criteria for CORE-defined melancholic depression, while they were, on aver-
age, also more severely depressed according to all symptom scales. Cognitive functioning 
(as assessed with the MoCA or Montreal Cognitive Assessment (111,112)) was better in the 
patients without psychotic symptoms but this could be attributable to their younger age. 
Episode durations were shorter in the PD group but not significantly so.
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Eight patients could not complete the ECT course because of ECT-induced side effects (N=5) 
or for reasons not related to the ECT (n=3). Accordingly, the intention-to-treat (ITT) sample 
comprised 73 patients and the per-protocol (PP) sample 65 (31 patients with PD, 34 without 
psychotic symptoms), of whom 74% showed a positive response and 62% had achieved remis-
sion according to the MADRS. Of patients with PD, 90% responded and 81% remitted. Re-
sponse and remission rates were considerably lower in patients without psychotic symptoms 
compared to those with psychotic symptoms (59% and 44%, respectively). 

Prediction of response/remission based on psychotic symptoms

The univariable logistic regression analysis on the PP sample (n=65) showed that the pres-
ence of psychotic symptoms was significantly associated with treatment response (MADRS 
decrease of > 50%, OR=6.53 (CI 1.66-25.78), p<0.01, AUC=0.70) and remission (MADRS score 
≤ 10, OR=5.28 (CI 1.72-16.16), p<0.01, AUC=0.69). Similarly, a lower PDAS total score was as-
sociated with nonresponse (unit OR = the odds ratio per unit change of the predictor = 0.87 
(CI 0.77-0.98), p=0.01, AUC=0.71) and nonremission (unit OR = 0.89 (CI 0.80-0.98), p=0.01, 
AUC=0.68). This shows that higher baseline PDAS total scores as well as the confirmation of 
the presence of psychotic symptoms equally contribute to the prediction of response and 
remission.

The results of the multivariable regression analyses can be found in Table 5-2. Only covari-
ates that actually contributed to the predictive model were retained in these final models.

Table 5‑2. Results of the logistic regression analyses with MADRS response and remission as the primary 
outcome variables and age, treatment resistance, and episode duration as covariates in the per‑protocol 
sample (N=65). 

Dichotomous model PDAS model
OR(95% 
CI)* P-value λ2 Prob> λ2 AUC

OR(95% 
CI)* P-value λ2

Prob> 
λ2 AUC

Outcome = MADRS response 22.26 <.0001 0.83 Outcome = MADRS response 22.13 <.0001 0.85 

Psychotic 
symptoms 
[NO]

3.16
(0.70-14.35)

0.1356 PDAS 0.90
(0.78-1.04)

0.1513

Age 0.92
(0.87-0.97)

0.0016 Age 0.91
(0.87-0.96)

0.0008

Outcome = MADRS remission 27.13 <.0001 0.86 Outcome = MADRS remission 25.09 <.001 0.84

Psychotic 
symptoms 
[NO]

4.48
(1.09-18.49)

0.0380 PDAS 0.93
(0.80-1.03)

0.1197

Age 0.93
(0.89-0.98)

0.0070 Age 0.93
(0.88-0.97)

0.0007

Treatment 
resistance 
[NO]

0.15
(0.03-0.78)

0.0242 Treatment 
resistance 
[NO]

0.17
(0.04-0.84)

0.0173

In the dichotomous model, the presence of psychotic symptoms was used as a dichotomous variable. In the 
PDAS model, the PDAS score was used to objectify the predictor psychotic symptoms. *Please note, this is the 
unit OR of nonresponder/nonremitter versus responder/remitter; PDAS = Psychotic Depression Assessment Scale.
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Compared to a response prediction model with ‘age’ only (AUC: 0.81), adding either the 
dichotomous or the continuous predictor ‘psychotic symptoms’ did not result in clinically 
meaningful improvement (AUC: 0.83 and 0.85, respectively). Addition of the two predictors 
to the remission analyses (AUC ‘age’ only: 0.74) seemed slightly more contributive (AUC of 
0.86 and 0.84, respectively). Overall, we found no clear difference in adequacy between the 
various models. Episode duration was the only covariate that was not withheld in any of the 
prediction models. Higher age, the presence of psychotic symptoms, and the absence of 
treatment resistance all three coincided with a beneficial effect of ECT.

PDAS responsiveness 

We used the PP data to analyze the responsiveness of the PDAS. As can be seen in 
 Table 5-3, the PDAS total scores as well as its two subscale scores decreased significantly 
during ECT in all patients and in both subgroups (with and without psychotic symptoms). 

Table 5‑3. Results of the paired samples t‑tests of the differences in the PDAS total and subscale scores before 
and after ECT for the whole per‑protocol sample and those with and without psychotic features.

Baseline score Endpoint score t P

Per-protocol sample (N=65)

Total PDAS (mean ± SD) 18.80 (5.86) 5.66 (3.85) 16.52 <.0001

PDAS Depression subscale (mean ± SD) 14.75 (3.38) 4.62 (2.86) 18.74 <.0001

PDAS Psychosis subscale (mean ± SD) 4.05 (3.12) 1.05 (1.34) 8.55 <.0001

Depression with psychotic symptoms (N=31)

Total PDAS (mean ± SD) 23.29 (4.92) 5.65 (3.89) 17.49 <0.0001

PDAS Depression subscale (mean ± SD) 16.74 (3.40) 4.35 (2.60) 17.04 <0.0001

PDAS Psychosis subscale (mean ± SD) 6.55 (2.34) 1.29 (1.60) 12.45 <0.0001

Depression without psychotic symptoms (N=34)

Total PDAS (mean ± SD) 14.71 (2.91) 5.68 (3.87) 13.79 <.0001

PDAS Depression subscale (mean ± SD) 12.94 (2.13) 4.85 (3.09) 13.12 <.0001

PDAS Psychosis subscale (mean ± SD) 1.76 (1.63) 0.82 (1.03) 4.76 <.0001

PDAS = Psychotic Depression Assessment Scale

The PDAS scores indicated more severe symptoms at baseline than after the ECT course; 
this pre-post difference (-13.1, 95% CI [-14.7, -11.6]) was significant (t(64)= -16.5, p<.0001) and 
represented a large effect: r=0.90.

At the endpoint of the study, 81.5% (n=53) of the PP sample had responded to ECT and 
63.9% (n=46) was in remission according to the PDAS. 
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Speed of response to ECT

For our Cox proportional hazard model testing the time to response (MADRS decrease 
>50%)  in the patients with PD and those without psychotic symptoms we only entered the 
data recorded for the first eight weeks of treatment (Figure 5-1) in the PP sample. 
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Figure 5‑1. Time‑to‑event analysis of the times to response (>50% MADRS reduction) for the per‑protocol 
patients with (n=31) and without (n=34) psychotic symptoms. MADRS = Montgomery‑Asberg Depression Rating 
Scale.

The dependent variable thus was response within 8 weeks of treatment. As the two patient 
groups differed significantly in age and baseline depression severity, we accounted for 
these two covariates in the model. With a hazard ratio of 1.3 (95% CI 0.6-2.7, NS) in favour of 
those with psychotic symptoms, the model did not indicate a significant difference in the 
times to response between the two groups after controlling for age and baseline depres-
sion severity. The unadjusted hazard ratio was 1.9 (95% CI 1.1-3.4, p=0.029) for psychotic 
symptoms v. no psychotic symptoms.

Discussion

The results of our study on the effectiveness of ECT in patients with a major depression 
with and without psychotic features show that, although the PDAS indeed is a sensitive 
measure of ECT outcome with higher scores predicting better response, the mere ascer-
tainment of the presence of psychotic symptoms predicted ECT response and remission 
equally well. Age was an essential contributor in the prediction models tested, with older 

  Depression with psychotic symptoms
  Depression without psychotic symptoms
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patients being most likely to respond better and achieve remission. We found a significant 
difference in the speed of response in favor of patients with concomitant psychotic symp-
toms, that however lost its significance after correction for age and depression severity. 

Unlike we hypothesized, we found no advantage of the PDAS over the dichotomous predic-
tor ‘presence/absence of psychotic symptoms’. This could be explained by a ceiling effect. 
Given that ECT was extremely effective in patients with PD (90% responders; 81% remitters), 
it is unlikely that the PDAS could do even better. One could also argue that the PDAS total 
score does not only reflect the severity of psychotic symptoms as it also quantifies de-
pressive symptoms. Still, the depression subscale does include items on guilt, anxiety, and 
hopelessness, for instance, which are not seldom related to the content of patients’ delu-
sions; these seemed to be clinically relevant indicators, justifying the use of the scale’s total 
score in our analyses. Although theoretically the PDAS makes a clear distinction between 
symptoms of depression and psychosis, in practice this distinction appears less apparent. 

As psychotic symptoms are not always recognized by the clinician (130), we opted for clas-
sifying patients based on the clinical judgment of a clinician and a researcher that was not 
only based on their own observation but also on observations of nurses during hospitalisa-
tion and briefing from the family or referring doctor. The use of a systematic interview that 
evaluates the presence of psychotic symptoms, such as the Delusion Assessment Scale 
(131) could be valuable for future research to increase the reliability of correctly classifying 
patients as psychotically depressed.

The predictive effect of psychotic symptoms was also clouded by the covariates tested. 
As patients suffering from depression with psychotic features tend to be older and more 
severely depressed than patients without psychotic symptoms, both factors known to pre-
dict better ECT response, it is difficult to tell which of the variables is the better predictor. In 
our meta-analysis of ECT-response predictors, age was found to be a significant covariate 
in analyses including ‘psychotic symptoms’ as the independent variable, with higher odds 
ratios for PD versus patients without psychotic symptoms in cohorts with an older average 
age (120). In more recent studies, the predictive effect of age even seemed to be mediated 
by, amongst others, the presence of psychotic symptoms (132,133), suggesting that depres-
sion characteristics rather than age itself is associated with ECT outcome. Unfortunately, 
we were unable to create age categories to further explore this interrelation in the present 
study because of the limited sample sizes. Studies with larger cohorts did identify psychot-
ic symptoms as an independent predictor, even after controlling for age and depression 
severity (75,80). 

It is remarkable that episode duration played no significant role in the prediction models 
considering that this factor was one of the strongest predictors when used as a categorical 
variable in another recent ECT-predictor study of ours (123). Here, we found the prediction 
models we created with elements of the Maudsley Staging Method as a measure of treat-
ment resistance to be adequate but less successful (AUC of 0.77 for response prediction) 
than the best prediction model in our current investigations using age, presence of psy-
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chotic symptoms and treatment resistance (AUC=0.86 for remission prediction) as predic-
tors of ECT outcome. Studies attempting to predict ECT response based on structural (70) 
or functional MRI data (71) seem to outperform prediction models based on clinical fea-
tures. A prediction model based on results of structural imaging had a 100% sensitivity rate, 
with 78.3% specificity (70). The subgenual cingulate gyrus volume was most contributive 
in this small sample (n=23). With fMRI, a resting state network centered in the dorsomedial 
prefrontal cortex was identified that predicted treatment outcome with 84% sensitivity 
and 85% specificity (n=45) (71). New research that would focus on a combination of clinical 
and biological predictors may then be valuable. Besides pertinent baseline variables, the 
quality of the induced convulsions (based on wave amplitude and hemispheric brain wave 
synchronicity, amongst others) should be considered as clinically adequate seizures appear 
to coincide with better ECT outcomes (60). 

To our knowledge, we are the first to have used the PDAS in a depressed population receiv-
ing ECT, with results showing that its total score is responsive to change. Earlier, the PDAS 
was found to be a sensitive measure of drug treatment response in psychotic depression 
(82) as well as a clinically valid, scalable, and responsive index of PD severity in older adults 
(134). In our ECT study the significant differences between baseline and endpoint PDAS 
total scores adequately reflected response in the whole sample and the two subgroups, 
showing 63.9% of the PP sample to be in remission, as was confirmed by the MADRS 
post-ECT scores. This remission rate is comparable to the rates reported in other studies 
(80,135). 

Patients with PD responded to ECT faster than patients without psychotic symptoms 
(HR=1.9). The finding that, after adjusting for covariates such as age and baseline depres-
sion severity,  patients with PD responded equally fast to ECT as those without psychotic 
symptoms is in contrast to the findings of several other studies (80,122). Potential explana-
tions are a lack of power as a consequence of the limited sample sizes of our two subgroups 
or a clouding of the actual difference by adjusting for these covariates. One could also 
criticize selection of these covariates. Although age differed significantly between the two 
subgroups, the value of age as a predictor became subject of debate recently (132) and 
others factors such as bipolar status could be a valuable alternative. Although there is no 
clear difference in ECT outcome between patients with uni- and bipolar depression (74), 
several studies found a faster clinical improvement for patients with bipolar depression 
(136,137). Although others found no advantage, the role of polarity for speed of response to 
ECT could be worth further exploring in future studies (138).

Strengths and limitations 

This is the first study to measure depression severity with the PDAS before and after ECT 
and to explore the scale’s predictive capacity and performance. The strongest prediction 
model we found (incorporating presence of psychotic symptoms  as predictor, age and 
treatment resistance as covariates) has a sensitivity of 94.9% and specificity of 55.7%, 
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which is rather good for a prediction model exclusively based on clinical characteristics. 
However, because our samples were relatively small and there were significant differences 
between the patients with PD and those without psychotic symptoms (in age, presence of 
CORE-defined melancholia, depression severity and cognitive functioning) with a probable 
influence on their ECT outcomes, our results should be interpreted with caution. Repli-
cation of our findings in larger samples of comparably aged patients with psychotic and 
non-psychotic depression would be of great value. 

An important limitation of this study is the beforementioned ceiling effect of the PDAS. As 
there were only a few patients with PD not responding (n=3) or remitting (n=6), it was very 
difficult for the PDAS to outperform the dichotomized predictor. The fact that practically all 
testing in this study was done by the same investigator (LVD) precludes inter-rater variabili-
ty but can be considered a limitation in that it may have led to confirmation bias. Independ-
ent rating of the different scales would have been preferable but was not feasible within our 
wider research program. 

Clinical implications

ECT should be considered in depressed patients with psychotic symptoms and/or high 
PDAS scores. The PDAS is responsive to ECT-induced change and, also given its brevity (11 
items), may be conveniently used to monitor treatment response in patients with psychotic 
depression undergoing ECT especially since general depression scales such as the HDRS of 
MADRS only capture a fraction of the psychotic symptoms in this population (82).
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Abstract
Background: Retardation and agitation are symptoms of 
major depressive disorder (MDD), and their presence could 
play a role in determining clinically meaningful depressive 
subtypes such as nonmelancholic depression (NMD) and 
melancholic depression (MD). In this project, we explored 
whether three depression subgroups (NMD, MD with psy-
chotic symptoms, and MD without psychotic symptoms) 
could be distinguished based on objective measures of psy-
chomotor functioning. Methods: Sixty-nine patients with 
MDD underwent extensive clinical and psychomotor testing 
prior to treatment with electroconvulsive therapy. Psycho-
motor functioning was assessed subjectively using the Core 
Assessment of Psychomotor Change (CORE) and objectively 
by means of both 24-h actigraphy and performance on a fine 
motor drawing task. Results: The daytime activity levels 
measured by actigraphy were significantly lower (F = 7.1,  

p = 0.0004) in MD patients both with and without psychotic 
symptoms than in those with NMD. No objective psychomo-
tor variable was able to distinguish between melancholic pa-
tients with and those without psychotic symptoms. Conclu-
sions: The depression subtypes NMD, MD with psychotic 
symptoms, and MD without psychotic symptoms are not 
marked by increasing psychomotor retardation, possibly be-
cause psychomotor disturbance in MD with psychotic symp-
toms often consists of agitation rather than retardation, or a 
mixture of the two. However, psychomotor functioning as 
measured by actigraphy can be used to distinguish between 
NMD patients and MD patients. © 2018 S. Karger AG, Basel

Introduction

Psychomotor retardation and agitation are core symp-
toms of major depressive disorder (MDD) [1]. Parker de-
scribes a hierarchical model for distinguishing depression 
subtypes by the presence of three specific features [2]. A 
depressed mood is presumed to be present across all three 
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subtypes and can therefore not provide any distinction. 
The distinction between nonmelancholic depression 
(NMD) and melancholic depression (MD) is marked by 
the presence of psychomotor disturbance (PMD) in mel-
ancholia [2–4]. PMD appears to be more prominent in 
the depressive subtype with psychotic symptoms than in 
patients who do not have psychotic symptoms [3, 5]. This 
last class is, however, distinguished by the presence of 
psychotic symptoms. To summarize, PMD and psychotic 
symptoms construct the hierarchical model, and mem-
bers of the residual NMD class lack both features [6]. Un-
derlying this, each subtype is assumed to be characterized 
by disruptions in the three relevant neurotransmitter sys-
tems (serotonin, noradrenaline, and dopamine), but their 
relative contributions vary. NMD seems to be largely se-
rotonergically driven, whereas the melancholic and psy-
chotic subtypes of depression additionally have contribu-
tions from the noradrenergic and dopaminergic systems, 
respectively [6].

Depression with psychotic features is known as a rath-
er prevalent condition, with approximately 35% of se-
verely depressed inpatients meeting the diagnostic crite-
ria [7]. The lifetime prevalence varies between 0.35 and 
1%, with higher rates in older age [8]. The hierarchical 
model we use to distinguish depression subtypes implies 
that patients with psychotic symptoms also have psycho-
motor symptoms or melancholia [6]. Although most of 
the depressed patients with psychotic features indeed be-
long to the melancholic subtype, a small group of de-
pressed patients with psychotic symptoms does not pre-
sent with melancholic features. Although the prevalence 
of psychosis is higher among melancholic patients (51.1%) 
than among nonmelancholic patients (17.7%), psychotic 
nonmelancholics definitely exist [9].

Despite being core symptoms of MDD, psychomotor 
symptoms are difficult to measure and their clinical ob-
servation is rater dependent and therefore subjective. 
Moreover, an exact definition of psychomotor function-
ing is lacking, given the complex involvement of numer-
ous cognitive and psychomotor processes [10, 11]. This 
could explain why, to date, no studies have focused on the 
direct comparison of psychomotor functioning between 
the three subtypes mentioned above. The Core Assess-
ment of Psychomotor Change (CORE) is a rating scale 
developed to assess psychomotor symptoms in a uniform 
and standardized way in patients with MDD. This scale 
provides a global impression of psychomotor functioning 
(in three different domains – retardation, agitation, and 
noninteractiveness) and was designed to distinguish be-
tween NMD and MD [3, 12]. However, the CORE instru-

ment provides rather a rough estimate of psychomotor 
functioning and relies on the subjective judgment of the 
investigator.

Several other methods have been developed with the 
aim of ensuring more objective measurements of psycho-
motor functioning [10] able to detect abnormalities that 
escape the clinical eye. Such objective measurements 
could improve classification into depressive subtypes, as-
sist in monitoring the evolution of a depressive episode, 
and play a role in treatment selection [13]. Many of the 
objective measurement methods that have been devel-
oped focus on the domains of gross and fine motor activ-
ity [10]. Gross motor activity refers to movement of the 
entire body that enables general movement and balance. 
Fine motor skills, on the other hand, are involved in fine 
movements such as writing and drawing. Previous re-
search has applied drawing tasks in depressed subjects to 
reveal substantial fine motor retardation in patients with 
MDD [14–18]. Several studies have measured gross mo-
tor activity in psychiatric disorders by means of wrist ac-
timetry [19, 20] and found lower gross psychomotor ac-
tivity in depressed patients than in healthy controls [21–
24]. Melancholic patients have also been found to be less 
active during wakefulness than nonmelancholic patients 
[21, 24].

Besides the various processes that are involved in psy-
chomotor functioning, several other factors must be tak-
en into account when studying psychomotor functioning 
in depressive subtypes. First of all, some authors claim 
that differences in PMD can be attributed to variations in 
symptom severity, rather than being distinguishing fea-
tures of depression subtypes in themselves [25, 26]. Oth-
ers do not agree, however [27, 28]. The second factor is 
age. Cognitive and psychomotor retardation often occur 
in the process of normal aging [13, 29], and it has been 
suggested that aging and depression have an additive ef-
fect on psychomotor performance [16]. Age should there-
fore be taken into account in the analysis of a depressed 
sample of subjects of different ages. The final factor that 
is believed to have an influence on psychomotor perfor-
mance in depressed populations is pharmacotherapy. 
Psychotropic drugs can contribute to improvements in 
psychomotor and cognitive performance in the long 
term, mostly due to clinical recovery. On the other hand, 
certain drugs such as benzodiazepines have been found to 
impair psychomotor performance [10, 13].

Although motor retardation is considered to be one of 
the key elements of the melancholic subtype of depres-
sion [30], it remains unclear whether differences in objec-
tive psychomotor performance can indeed distinguish 
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between NMD and MD or distinguish MD patients with 
psychotic symptoms from those with no psychotic symp-
toms [10] irrespective of a clinician-rated instrument. 
The goal of this project was to evaluate the different do-
mains of psychomotor performance in these three de-
pression subgroups in order to assess whether it is one of 
these specific domains that can be held responsible for the 
division into diagnostic subgroups. We expected to find 
a difference in objective psychomotor functioning be-
tween the three subtypes, hypothesizing that, as we com-
pared NMD patients to MD patients without psychotic 
symptoms and then to MD patients with psychotic symp-
toms, the daytime gross motor activity level would de-
crease and the time needed to complete fine motor tasks 
would increase. Additionally, differences in diurnal vari-
ation of activity levels between the subgroups will be as-
sessed, with the expectation that the biggest differences in 
activity levels will be found between MD and NMD pa-
tients in the morning hours [31]. 

Subjects and Methods

Study Population
We included 69 patients (52 women, 17 men; mean age of 57.9 

[±15.1] years) with MDD or depressive episodes in bipolar disor-
der according to the DSM-IV-TR. The diagnosis was required to 
have been confirmed using the MINI diagnostic interview version 
6.0 [32], and the patients had to have scored ≥17 on the Hamilton 
Depression Rating Scale – 17 items (HDRS17) at the time of inclu-
sion. Patients with a history of substance abuse (< 6 months ago) 
or primary psychotic or schizoaffective disorders were excluded.

The study was part of a project designed to investigate electro-
convulsive therapy (ECT) response predictors that was being car-
ried out at the University Psychiatric Hospital in Duffel (Belgium). 
The large majority of patients were severely depressed, awaiting 
treatment with ECT. Most of them had been hospitalized (91%).

In addition, a local database of healthy controls was used to cre-
ate an age-matched healthy control group (36 women, 15 men; 
mean age of 55.2 [±15.9] years), collected during previous similar 
psychomotor studies by our group, applying exactly the same fine 
psychomotor measurement methods [18, 33, 34].

Treatment
During the study, most patients were being treated with anti-

depressants that were adequately dosed. Of the 69 patients, 52% 
were on tricyclic antidepressant monotherapy, 17% were under-
going selective serotonin reuptake inhibitor monotherapy, and 6% 
were being treated with other antidepressants. Five patients were 
not treated with antidepressants and 12 used a combination of an-
tidepressants. Before the start of treatment with ECT, the current 
depressive episode was treated with 1 or 2 adequately dosed anti-
depressants in 29% of the patients, with 3 or 4 in 43% of the pa-
tients, with 5 or 6 in 20% of the patients, and with 7–10 antidepres-
sants in 8% of the patients. Antipsychotics were being adminis-

tered to 81% of the patients, and 28% of the patients were receiving 
mood stabilizers (mainly lithium) as an add-on therapy. In addi-
tion, 71% of the patients were being treated with benzodiazepines 
(at a dose of 8.5 mg diazepam equivalent on average). Treatment 
resistance among the patients was assessed using the Maudsley 
Staging Method [35]: 6% had mild treatment resistance, 80% had 
moderate resistance, and 14% were severely treatment-resistant. A 
history of other treatment methods for the current episode (be-
sides ECT; n = 2) was not systematically assessed. Hospitalized 
patients were subjected to therapy programs on the wards.

Clinical Assessment
Mood
Depression severity was assessed with the HDRS17 [36]. Given 

the high prevalence of psychotic symptoms in this sample of de-
pressive subjects awaiting treatment with ECT and the cooccur-
rence of psychotic symptoms with psychomotor symptoms in de-
pression [2], we used the Psychotic Depression Assessment Scale 
(PDAS) to quantify the severity of the patients’ psychotic symp-
toms. The PDAS is a rating scale which covers both the psychotic 
and depressive domains of depression with psychotic symptoms 
and is a sensitive measure of treatment response in this type of de-
pression [37, 38].

Psychomotor Functioning
Psychomotor functioning was assessed as part of a larger test 

battery with assessment of mood and cognitive functioning. The 
patients had therefore been observed for about 1 h before psycho-
motor functioning was assessed by the main researcher, a Doctor 
of Medicine trained in psychiatry. For patients on two of the par-
ticipating wards (approx. 10% of the measurements), psychomo-
tor functioning was assessed by the psychomotor therapists of 
these wards that were trained to rate the CORE. All assessments 
were conducted in the week prior to ECT. Gross motor function-
ing was assessed within 2–3 days of the CORE ratings and fine mo-
tor measures.

Clinician Rating. The CORE is used to measure observable psy-
chomotor functioning, the cardinal feature of melancholia [12]. It 
was developed as a diagnostic tool with the aim of classifying mel-
ancholic and nonmelancholic subtypes of depression [3, 4]. Dur-
ing assessment, 18 observable clinical features related to psycho-
motor functioning are scored on a 4-point scale based on severity, 
ranging from 0 (absence of the symptom) to 3 (severe). The CORE 
generates scores in three psychomotor categories: retardation, ag-
itation, and noninteractiveness. A cutoff of 8 is used to define MD. 
The validity of the Dutch version of the CORE as a measure of 
PMD has been confirmed [39].

Gross Motor Performance. Gross motor performance was mea-
sured by means of the MotionWatch 8 (CamNtech Inc, Cam-
bridge, UK), which registers the movement of the limb to which it 
is attached and can be used to quantify the intensity and duration 
of physical activity. Earlier studies support the use of accelerome-
try tools as an objective measure of gross psychomotor functioning 
[40]. During our study, the MotionWatch was worn around the 
wrist of the patient’s nondominant arm for 24 consecutive hours 
[41]. Activity counts were stored in 2-s intervals. Analyses were 
performed using the most recent version of the MotionWare soft-
ware. Approximate wake-up and bed times were set so that the 
software could calculate daytime and nighttime activity levels 
(DAL and NAL).
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Fine Motor Performance. We used a digital drawing task to 
measure fine motor performance. In this line copying task (LCT), 
the patients were asked to copy straight lines that had one of four 
possible orientations (vertical, horizontal, or oblique in both di-
rections). For a full description of the setup used for this task, we 
refer to previous papers by our group [16, 18]. The use of a graph-
ic tablet (Wacom Intuos Pro) and a pressure-sensitive pen con-
nected to a laptop allowed us to calculate variables such as initia-
tion time and movement time (IT and MT). The IT mainly reflects 
the cognitive component of the performance and is defined as the 
time between the presentation of the stimulus and the beginning 
of the first drawing movement. The MT reflects the motor com-
ponent and is defined as the time between the beginning of the 
first drawing movement and the end of the last drawing move-
ment. Motor retardation affects both cognitive and motor pro-
cesses, as reflected in increases in both IT and MT [13]. Not all 
patients were able to execute the drawing tasks, as some were too 
agitated or too severely depressed to be able to follow the instruc-
tions adequately (n = 14). Two patients had no baseline measure-
ment of fine motor functioning because of planning issues, and 3 
measurements could not be used because of technical problems at 
the time of testing.

Definition of Subgroups
The patients were divided into NMD and MD subgroups based 

on their CORE scores, as this instrument was designed to make this 
distinction [5, 12, 42]. Several other studies have compared non-
melancholic with melancholic patients based on this cutoff [4, 9, 
43, 44]. Patients who scored < 8 points formed the NMD group, 
while those who scored ≥8 were classified as MD patients. The lat-
ter group was then divided into patients with and those without 
psychotic symptoms based on the presence of delusions and hal-
lucinations.

Statistical Analysis
In order to compare psychomotor functioning between the 

three subgroups of depression, we conducted one-way analysis of 
covariance (ANCOVA) using JMP 13, taking age into account as 
a covariate. The outcome variables were log transformed to obtain 
normality in residuals and homoscedasticity. As there were four 
main outcome variables (DAL, NAL, LCT IT, and LCT MT), we 
considered the ANCOVA to be significant at a Bonferroni-cor-
rected p value of 0.0125. If a significant difference between groups 
was found, Tukey’s HSD multiple comparisons were performed 
to identify which groups differed from one another. As the effect 
size, partial ƞ2 or the proportion of variance explained by the sub-
groups that could not be explained by age was calculated for the 
objective motor measures. Based on the results of the above anal-
yses, a ROC analysis was conducted to determine the sensitivity 
and specificity of daytime activity levels in separating MD from 
NMD.

Partial Pearson correlations were also conducted on the log-
transformed data in SPSS 23.0, controlling for age, in order to ex-
plore correlations between psychomotor functioning and symp-
tom severity. The symptom severity scores were diminished with 
the psychomotor item scores (rendering an HDRS15 score and a 
PDAS10 score, excluding retardation and agitation from the 
HDRS and retardation alone from the PDAS).

In the drawing tasks, only extreme outliers (lines drawn much 
more slowly or quickly than other lines drawn by the same patient) 

were removed from the data before calculation of the average IT 
and MT for each patient. The interquantile range was multiplied 
by 3, and values further beyond the 10 and 90% quantiles than 3 
times the interquantile range were removed.

Results

The demographic and clinical characteristics of the en-
tire sample are shown in Table 1. Patients were signifi-
cantly slower than controls in IT and MT on the task of 
fine motor performance, the LCT (p < 0.001). As we did 
not have a control sample of patients that wore a Motion-
Watch for 24 h, we compared the activity levels found in 
our study to activity levels found in other studies. The 
average daytime activity level measured by the Motion-
Watch was 7,280 (±4,300) counts per hour in our sample. 
This is a low activity level compared with other studies 
that assessed psychomotor functioning in a somewhat 

Table 1. Demographic and clinical characteristics of the patient 
sample (n = 69) and healthy controls (n = 51)

Patients with 
MDD (n = 69)

Controls 
(n = 51)

Age, years 57.9±15.1 55.2±15.9
Female, % (n) 75.4 (52) 70.6 (36)
Episode duration, months 14.9±18.4
Psychotic symptoms, % (n) 45.0 (31)
Melancholic symptoms, % (n) 62.3 (43)
Bipolar, % (n) 18.8 (13)
HDRS17 score 24.2±6.0
PDAS score

Depressive symptoms
Psychotic symptoms

18.3±5.7
14.5±3.3

3.8±3.0
CORE score

Retardation
Agitation
Noninteractiveness

10.3±7.9
5.3±4.2
2.3±2.7
2.7±3.4

MotionWatch (n = 67)
DAL, counts per 2 s
DAL, counts per hour
NAL, counts per 2 s

4.0±2.4
7,250±4,325

0.4±0.6
Drawing task (n = 50)

LCT IT, s
LCT MT, s

1.1±0.5
0.6±0.4

0.9±0.2***
0.4±0.2***

Values are presented as means ± SD unless specified otherwise. 
The age-matched controls significantly differed from the patients 
according to the t test (*** p < 0.001). MDD, major depressive dis-
order; DAL, daytime activity level; NAL, nighttime activity level; 
LCT, line copying task; IT, initiation time; MT, movement time.
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younger population (45.0 years) with depressive symp-
toms (12,417 ± 6,285 counts per hour). Compared to the 
controls (41.0 years), the difference is even larger, with a 
daytime activity level of 19,599 (±7,050) counts per hour 
[45]. The depressed adults in another ECT population 
had an average activity level of 10,140 counts per hour, 
but they were somewhat younger than the patients in our 
sample (47.9 years) [46]. These results indicate a substan-
tial reduction in gross motor activity in our sample.

Distinguishing Subgroups Based on Psychomotor 
Functioning
In the final analyses, we distinguished between the 

subgroups NMD, MD with no psychotic symptoms, and 
MD with psychotic symptoms, as described in the Sub-
jects and Methods section. When we divided the patients 
into these subgroups, we found that 2 patients did not fit 
the model: psychotic symptoms were present, but there 
were no melancholic symptoms. We identified 24 NMD 
patients, 14 MD patients with no psychotic symptoms, 
and 29 MD patients with psychotic symptoms. The hier-
archical model for distinguishing subtypes of depression 
[2] was tested by comparing psychomotor functioning 
between these three subgroups (Table 2).

On average, the patients with MD and psychotic symp-
toms were older than the group of patients with NMD. 
The mean depression severity score as measured by the 
HDRS17 was lowest among NMD patients and highest 

among MD patients with psychotic symptoms. Because 
the CORE was used to distinguish between melancholic 
and nonmelancholic patients, the difference in CORE 
scores between these groups is logical. The average CORE 
score of the MD patients with psychotic symptoms was 
not significantly higher than the average score of the MD 
patients with no psychotic symptoms after correction for 
multiple comparisons.

The objective measures of psychomotor functioning 
revealed significantly lower daytime activity levels, as 
measured by the MotionWatch, in the MD groups (Table 
2). Daytime activity was lowest in the MD group without 
psychotic symptoms. Daytime activity levels can play a 
role in distinguishing MD from NMD with an AUC of 
0.82 in ROC analysis. According to our analyses, a day-
time activity level of 3.35 counts per 2 s was the best cutoff 
point, with a sensitivity of 72% and specificity of 91%. 
With this cutoff, there were 2 false positives (classified 
melancholic, while they were not) and 12 false negatives 
(melancholic according to the CORE, but not according 
to activity levels). It is possible that these false negatives 
were mainly patients with agitation that were also classi-
fied as melancholic according to the CORE.

Patients with MD performed the copying tasks more 
slowly than those with NMD. However, this difference 
was not significant after correction for age and multiple 
comparisons. The raw data show that the patients with 
MD but no psychotic symptoms performed the cognitive 

Table 2. Clinical and psychomotor functioning in the three depression subgroups: results of the ANCOVA analyses of log-transformed 
outcome variables accounting for age

NMD MD no psy MD psy Age-controlled

F p value Tukey’s HSD Partial ƞ2

Age, years 50.0±14.4 58.4±16.0 64.3±12.9
HDRS17 score 19.3±2.8 24.5±4.7 29.0±4.6 26.5 <0.0001 MD psy > MD no psy > ND
PDAS total score 13.6±2.4 16.2±2.9 23.1±4.9 30.4 <0.0001 MD psy > MD no psy > ND
CORE total score 3.4±1.9 11.9±4.9 15.8±7.9 45.5 <0.0001 MD psy and MD no psy > ND
CORE NI score 0.4±0.6 2.8±2.7 4.7±4.0 17.8 <0.0001 MD psy and MD no psy > ND
CORE AG score 1.0±1.2 2.3±1.8 3.6±3.5 7.3 0.0003 MD psy > ND
CORE RET score 2.0±1.7 6.8±3.4 7.5±4.4 17.1 <0.0001 MD psy and MD no psy > ND
MW DAL, counts/2 s 5.6±2.5 2.8±1.0 3.3±2.2 7.7 0.0002 ND > MD no psy and MD psy 0.1813
MW NAL, counts/2 s 0.3±0.2 0.3±0.3 0.4±0.8 0.1 0.9324 0.0047
LCT IT, s 0.9±0.2 1.4±0.7 1.2±0.4 8.6 <0.0001 0.0928
LCT MT, s 0.4±0.3 0.7±0.4 0.8±0.6 6.6 0.0009 0.0862

Values are presented as means ± SD. NMD, nonmelancholic depression; MD no psy, melancholic depression without psychotic 
symptoms; MD psy, melancholic depression with psychotic symptoms; NI, noninteractiveness subscale; AG, agitation subscale; RET, 
retardation subscale; MW, MotionWatch; DAL, daytime activity level; NAL, nighttime activity level; LCT, line copying task; IT, initia-
tion time; MT, motion time.
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component of the LCT most slowly, while those with MD 
and psychotic symptoms performed the motor compo-
nent of the task most slowly.

Differences in Diurnal Variation between the 
Subgroups
Besides comparing overall daytime activity levels as 

measured by the MotionWatch, we also examined activ-
ity levels by time of day to explore differences in diurnal 
variation between the subgroups (Fig. 1).

All three groups exhibited a peak in activity levels at 
wake-up time. The activity levels of the NMD group sub-
sequently remained high, while the MD groups’ daytime 
activity levels appeared lower. The difference between the 
MD group with and that without psychotic symptoms 
was unclear. We divided daytime activity levels into three 
periods: morning (from 7 a.m. to 12 noon), afternoon 
(from 12 noon to 6 p.m.), and evening (from 6 p.m. to 11 
p.m.) (Table 3).

Activity levels in the afternoon and evening were sig-
nificantly higher in the NMD group than in the two MD 
groups. The differences between the three subgroups 
were not found to be significant in the morning.

Associations with Clinical Symptoms and the Effect of 
Psychotropic Drugs
Severity of depression, as measured by the HDRS15, 

was found to correlate with CORE total and subscores 
(Table 4), as were PDAS10 scores. The two symptom 
scales did not correlate with activity levels measured by 
the MotionWatch, nor with measures of fine motor per-
formance.

When we examined the effect of psychotropic drugs, 
no significant difference in objective measures of PMD 
was found between patients who were taking benzodiaz-
epines and those who were not. There was also no sig-
nificant difference between patients that used no anti-
depressants, those on monotherapy, and those on a com-
bination of antidepressants (p > 0.05).

Discussion

The current study was designed to determine whether 
three depression subgroups (NMD, MD with no psy-
chotic symptoms, and MD with psychotic symptoms) 
could be distinguished based on objective measures of 
psychomotor functioning. The major strength of this 
study is its application of a combination of objective psy-
chomotor measurement methods in a large sample of se-
verely depressed patients. Measuring gross motor activ-
ity with actigraphy enabled us to distinguish between 
MD and NMD patients. This difference in activity level 
was most obvious in the afternoon and evening. After 
measuring fine motor activity using an LCT, we found 
no clear difference between the three subgroups. The fact 
that there was no clear correlation between objective 
PMD and depressive symptom severity indicates that it 
is the depression subtype rather than the severity of the 
depression that determines the level of psychomotor dys-
function. These findings are in line with the results of 
Razavi et al. [47]. Overall, however, no objective psycho-
motor measure was able to distinguish between all three 
subgroups clearly.
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The MotionWatch’s ability to distinguish the NMD 
group from the two MD groups is consistent with find-
ings from two smaller studies [21, 24]. A similar study 
also found lower activity levels [48] in a unipolar de-
pressed group with motor retardation than in a group 
with no retardation. When we examined daytime activity 
levels per part of the day, we found that the morning ac-
tivity levels were not significantly different between the 
three subgroups. However, a comparison of both groups 
of MD patients with the NMD group revealed a signifi-
cant difference in morning activity levels, with MD pa-
tients exhibiting less activity than NMD patients. This is 
to be expected, as patients with melancholic symptoms 
often feel worse in morning. Because most of the patients 
were hospitalized, it is also likely that the wards’ therapy 
programs had an influence on these results. The only oth-

er study that described activity levels by time of day before 
ECT [46] did not distinguish between subgroups and had 
a rather limited sample size (n = 15).

Although activity levels in the morning and evening 
were similar in the two groups of MD patients, those with 
psychotic symptoms showed higher afternoon activity 
levels than those without psychotic symptoms. This could 
be a consequence of increased agitation in the MD sub-
group with psychotic symptoms – an increase which was 
not reflected in significantly higher CORE agitation sub-
scale scores in the group with psychotic symptoms, how-
ever.

Copying tasks may also be able to distinguish sub-
groups, according to a study that compared fine motor 
functioning in melancholic and nonmelancholic patients 
[17]. The authors found a difference in both IT and MT 
on the LCT. In the current project, differences between 
the three subgroups were present but less convincing. Af-
ter correction for age and multiple testing, they did not 
attain the level of statistical significance. The fact that we 
found no significant difference between those with NMD 
and those with MD could be explained by the large num-
ber of MD patients that were unable to complete the 
drawing task. More differences could have been revealed 
if the patients with the most severe retardation or agita-
tion had been able to complete the task. When we com-
pared the patients who completed the drawing task with 
those who did not, we found that the latter group were on 
average more severely depressed (mean HDRS17 score of 
28 vs. 23) and had higher total CORE scores (17 vs. 8).

In contrast to our initial hypothesis, we found that ob-
jective measurements did not reveal larger PMDs in MD 
patients with psychotic symptoms. While the difference 
was not significant, those with psychotic symptoms even 
seemed to be somewhat more active and have shorter ITs 
on the LCT than MD patients who did not have psychot-

Table 3. Daytime activity scores by part of day: results of the ANCOVA analyses of log-transformed outcome variables accounting for 
age

NMD MD no psy MD psy Age-corrected

F p value Tukey HSD Partial ƞ2

MW morning 5.0±2.4 3.3±1.4 3.3±1.9 3.5 0.0211 0.0816
MW afternoon 6.2±3.6 1.3±0.7 3.0±2.4 11.1 <0.0001 NMD > MD no psy and MD psy 0.2604
MW evening 3.9±1.6 2.1±1.4 2.2±1.6 8.9 <0.0001 NMD > MD no psy and MD psy 0.1733

MW scores are given in counts per 2 s (mean ± SD). NMD, nonmelancholic depression; MD no psy, melancholic depression without 
psychotic symptoms; MD psy, melancholic depression with psychotic symptoms; MW, MotionWatch.

Table 4. Age-corrected partial Pearson correlations between psy-
chomotor and clinical symptoms on log-transformed outcome 
variables

HDRS15 PDAS10

CORE_TOT 0.505*** 0.614***
CORE_NI 0.372** 0.527***
CORE_AG 0.473*** 0.377**
CORE_RET 0.288* 0.427***
MW DAL –0.087 –0.210
LCT IT –0.184 –0.227
LCT MT –0.108 0.014

HDRS15 = HDRS 17 excluding items 8 (retardation) and 9 (ag-
itation). PDAS10 = PDAS excluding item 6 (retardation). *  p < 
0.05, ** p < 0.01, *** p < 0.001. NI, noninteractiveness subscale; 
AG, agitation subscale; RET, retardation subscale; MW, Motion-
Watch; DAL, daytime activity level; LCT, line copying task; IT, 
initiation time; MT, motion time.
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ic symptoms. A possible explanation is that the patients 
with psychotic symptoms showed more agitation, on av-
erage, than the patients who did not have psychotic symp-
toms according to their CORE agitation subscale scores, 
though this difference in agitation level was not signifi-
cant. With regard to the influence of this factor on the 
patients’ performance on the drawing task, it may be im-
patience, rather than acceleration, which is manifested as 
a reduction in IT compared to MD patients without psy-
chotic symptoms. Most studies which compare patients 
with psychotic depression to patients with no psychotic 
symptoms show significantly higher rates of psychomo-
tor agitation in the first group [49–51]. Others find no 
significant difference, however [52, 53].

Differences in underlying brain functioning could ex-
plain the lower activity levels found in the melancholic 
patients compared to the nonmelancholic patients. Ear-
lier studies identified white matter microstructure altera-
tions in the medial forebrain bundle in patients with MD 
[24] which could play a role in motor functioning. Exten-
sive neurobiological comparisons of melancholic and 
nonmelancholic patients are scarce, however.

Limitations
The CORE was rated by the same person who instruct-

ed the patients during the instrumental assessments. Al-
though a clear protocol was in place for instruction in 
these tasks, it would have been better if the assessments 
had been carried out by separate researchers. Because our 
patient population mainly consists of severely depressed 
or treatment-resistant hospitalized patients awaiting 
treatment with ECT, the potential for generalizing results 
to the broader population of depressed patients is limited. 
The fact that our model had no place for NMD with psy-
chotic symptoms can also be considered a limitation of 
our study. The unequal distribution of patients over the 
three subgroups limits the strength of our findings. Other 
limitations of this study are consequences of its natural-
istic design, which involved patients being treated with a 
variety of different combinations of psychotropic drugs 
that may have an influence on psychomotor functioning. 
We have no indication that the use of psychotropic drugs 
in our sample differs from their use in other severely de-
pressed patients, however, and the influence of psycho-
tropic drugs appears to be limited, as we found no sig-
nificant difference in objective PMD between patients 
who were/were not being treated with benzodiazepines 
and those that were not treated with antidepressants, 
those on monotherapy, and those who were treated with 
a combination of antidepressants.

Our patients wore the MotionWatch for 24 consecu-
tive hours, but patients diagnosed with MDD may exhib-
it different activity patterns on different days. We chose 
to monitor 24 h in order to ensure compliance and also 
for practical reasons, as the availability of the watches was 
limited. In future projects, it would be useful to apply a 
somewhat longer measurement period of 3 days so that 
activity levels can be averaged.

The fact that we divided our groups into nonmelan-
cholic and melancholic patients based on their CORE 
scores could also be considered a limitation. Melancholia 
arguably entails more than observable PMD, but this def-
inition was chosen because PMD is considered to be one 
of the key features of melancholia [12]. Grouping based 
on a different method that does not rely entirely on psy-
chomotor functioning would, however, have been a valu-
able addition. An earlier study, which defined melancho-
lia according to the DSM-IV major depressive episode 
specifier [54], found that 10 of their melancholic patients 
obtained CORE scores < 8 and 22 patients scored ≥8. Us-
ing observable PMD as a classifier may have meant that a 
number of patients were classified as nonmelancholic ac-
cording to the CORE, while a diagnostic melancholia 
specifier would have classified them as melancholic.

Suggestions for Future Research
Future projects could benefit from considering other 

means of measuring PMD in order to limit dropout 
among the most severely depressed patients and capture 
agitation more effectively. It would also be worth investi-
gating measurements of activity levels over longer peri-
ods of time (> 24 h) in outpatient settings, where ward 
activation programs cannot interfere with the results. 
Studies with larger sample sizes evenly distributed over 
the three subgroups could also enable researchers to dis-
tinguish between patients who predominantly exhibit re-
tardation, agitation, or a combination of the two.

Conclusions

To conclude, psychomotor functioning as measured 
by actigraphy can be used to distinguish between non-
melancholic depressed patients and those with melan-
cholic symptoms. This study found no significant differ-
ences in objective psychomotor performance between 
MD patients with and those without psychotic symp-
toms, perhaps because PMD in those with psychotic 
symptoms often consists of both agitation and retarda-
tion, rather than retardation alone.
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6.2. Correlation between psychomotor domains
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Abstract

Objective: To explore the correlations between observer ratings and instrumental parameters
across domains of psychomotor functioning in depression. Method: In total, 73 patients with
major depressive disorder underwent extensive psychomotor and clinical testing. Psychomotor
functioning was assessed with (i) an observer-rated scale (the CORE measure) and also
objectively with (ii) 24-h actigraphy, and (iii) a fine motor drawing task. Results: Observer ratings
of retardation correlated with instrumental assessments of fine and gross motor functioning. In
contrast, observer ratings of agitation did not correlate with observer ratings of retardation or
with the instrumental measures. These associations were partly influenced by age and, to a lesser
extent, by depression severity. Conclusion: Psychomotor disturbance is a complex concept with
different manifestations in depressed patients. Although observer ratings of retardation
correspond well with instrumental measures of the motor domains, objective measurement of
agitation and other aspects of psychomotor disturbance require further research.

Significant outcomes

∙ Observer-rated retardation correlated with an instrumental assessment of motor
functioning.

∙ Agitation did not correlate with objectively measured motor functioning.
∙ Associations found were partly influenced by age and depression severity.

Limitations

∙ Not all aspects of psychomotor functioning were captured by our measurement methods.
∙ Due to the complexity of the task, there was 23% dropout on the task of fine motor

functioning.
∙ Our sample was heterogeneous, and we did not control for all factors with a potential

influence on psychomotor functioning.

Introduction

According to the Diagnostic and Statistical Manual of Mental disorders 5th edition (DSM-5),
psychomotor retardation and agitation are symptoms of major depressive disorders (MDD)
and have significant diagnostic and therapeutic implications (1,2). Although psychomotor
disturbance (PMD) in depression may include psychomotor retardation and agitation, their
defining features remain unclear, including the motor and cognitive domains. Therefore, the
combined application of psychomotor rating scales, instruments and experimental tasks
covering motor and cognitive domains could help to clarify this issue (2).

Observer-based rating scales have been developed to quantify PMD. For example, the
CORE measure of psychomotor functioning provides a global impression of psychomotor
functioning in the domains retardation, agitation and non-interactiveness; the CORE was
designed to distinguish between non-melancholic and melancholic depression (3,4). However,
all clinical rating scales require training and are prone to observer bias. Therefore, in-depth
objective instrumental testing is recommended to explore the various domains of PMD (1,2).
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The three domains that have received the most attention are
speech, and gross and fine motor activity (2). Actigraphy allows
continuous objective quantification of spontaneous gross motor
activity (5). Similarly, computerised drawing tasks can assess
cognitive and motor components of fine motor activity (6).
However, reports of assessments across all psychomotor domains
are scarce (2,7).

This study aimed to explore the association between observer
ratings of psychomotor retardation and agitation, and objective
measures of gross and fine motor functioning, in currently
depressed subjects. We hypothesised that gross and fine motor
functioning would be related (to varying extents) to expert
observer ratings of psychomotor retardation and agitation.

Material and methods

Study population

This study included 73 patients (56 women, 17 men) with an
MDD or a depressive episode in bipolar disorder (according to
the DSM-IV-TR) recruited from the inpatient and outpatient
department of Duffel Psychiatric Hospital (Belgium); their mean
age was 58.8 (±15.1) years, and the (average) duration of a
depressive episode was 14.3 (±18.1) months. These patients were
awaiting treatment with electroconvulsive therapy (ECT) and are
part of the PROTECT cohort (8). Diagnoses were confirmed by
the MINI diagnostic interview version 6.0 and, at inclusion,
patients had to score ≥ 17 on the Hamilton Depression Rating
Scale-17 items (HDRS17) (9). Excluded were patients with a
history of substance abuse (<6 months previously), or a primary
psychotic or schizoaffective disorder.

All patients provided written informed consent before the
study procedures were performed. The study protocol was in
accordance with the Declaration of Helsinki and was approved by
the local Medical Ethics committee.

Treatment

Most patients were treated with antidepressants: 37 were on tri-
cyclic antidepressant monotherapy, 12 on selective serotonin
reuptake inhibitors monotherapy and four were treated with
another antidepressant. Five patients were not treated with anti-
depressants, and 15 used a combination of antidepressants. Of all
patients, 79% used antipsychotics for agitation or concurrent
psychotic symptoms, 26% received add-on mood stabilisers
(mainly lithium) and 73% were treated with benzodiazepines (at a
dose of, on average, 8.4mg diazepam equivalents). The study
procedures were scheduled before ECT.

Clinical assessment

Mood
The severity of the depressive disorder was assessed with the
HDRS17 (9). To rule out double incorporation of psychomotor
symptoms in our analyses, the depression severity score excluding
the items on psychomotor functioning (8 – retardation and 9 –
agitation) was calculated (HDRS15).

Psychomotor functioning
Psychomotor functioning was assessed as part of a larger test
battery with an assessment of mood and cognitive functioning.
Patients had therefore been observed for about 1 h before psy-
chomotor functioning was assessed by the main researcher, an

MD trained in psychiatry. For patients on two of the participating
wards (~10% of measurements), psychomotor functioning was
assessed by the psychomotor therapists of these wards that were
trained to rate the CORE. All assessments were conducted in the
week before ECT. Gross motor functioning was assessed within
2–3 days of the CORE ratings and fine motor measures.

Clinician rated The CORE measurement tool was used to
assess observable psychomotor functioning (3,4). The clinician
scores 18 observable clinical features on a 4-point scale based on
severity ranging from 0 (absence of symptom) to 3 (severe). The
CORE generates scores in three psychomotor categories: a central
non-interactiveness scale capturing cognitive impairment, and
two motoric scales capturing retardation and agitation. The
Dutch version of the CORE has high inter-rater reliability and
excellent validity (10).

Gross motor functioning Gross motor functioning was mea-
sured by means of the MotionWatch8 (MW) (CamNtech Ltd,
Cambridge, UK) using accelerometry. Earlier studies support the
use of accelerometry as an objective measure of spontaneous gross
motor functioning (11) with reduced activity levels in depression
(7,12–14).
Patients wore the actigraphy watch on the wrist of the non-

dominant arm for 24 consecutive hours. Activity counts were
stored in 2-s intervals. The approximated wake-up time and
bedtime were set, and the software provided a daytime activity
level (DAL) and nighttime activity level.

Fine motor performance Fine motor performance was mea-
sured with a digital Line Copying Task (LCT). On this task,
significantly more psychomotor slowing has been demonstrated
for melancholic versus non-melancholic depressive patients and
patients with depression in general compared with controls
(1,2,15,16). A full description of the set-up for this task is already
published (17,18). In brief, patients sit at a table and are asked to
copy lines presented on a computer screen. The use of a graphic
tablet (WACOM Intuos Pro) and a pressure-sensitive pen, con-
nected to a laptop, allows the calculation of variables such as
initiation time (IT) and movement time (MT). IT mainly reflects
the cognitive component of the performance and is defined as the
time between the presentation of the stimulus and the start of the
first drawing movement. MT reflects the motor component and is
defined as the time from the start of the first drawing movement
to the end of the last drawing movement.
The drawing tasks could not be performed by all patients as

some of them were too agitated or severely depressed to follow
instructions adequately (N= 17). Two patients had no baseline
measurement of fine motor functioning because of planning
issues, three measurements could not be used as a consequence of
technical problems at the moment of testing.

Statistical analysis

Statistical analyses were performed with SPSS 24 and JMP 13.
Descriptive statistics are reported as a mean ± standard

deviation. The normal distribution of the variables allowed the
use of Pearson’s correlation. Partial correlation coefficients were
calculated using multiple linear regression models accounting for
either age alone, or age and depression severity; these two latter
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variables are known to influence psychomotor performance
(11,15,19). In case of missing data, patients were only excluded in
the comparisons with missing data and not completely excluded
from analyses. Because 21 comparisons were made, a Bonferroni-
corrected p-value was calculated.

Differences in psychomotor functioning caused by potential
confounders such as medication use, body mass index (BMI) (20)
and smoking status (21) were assessed with analysis of variance
(for medication use and smoking status) or correlational (for
BMI) analyses.

Multiple regression models were calculated to further explore the
relation between gross and fine motor functioning and the score on
the CORE retardation subscale, including age, depression severity
and smoking status as covariates. The relative contribution of the
motor function to the prediction is expressed as the change in R 2

between a model including (i) solely age and depression severity,
and a model including (ii) age, depression severity and motor
function, as explanatory variables. Patients that had missing values
in gross motor functioning or fine motor performance were
excluded from the respective regression analyses.

Results

Out of the 73 patients, 33 had psychotic symptoms, 46 had
melancholic depression and 13 had bipolar depression. The
average HDRS17 score was 24.8 (±6.0), the average HDRS15
score was 22.3 (±5.5). The total CORE score was 10.6 (±7.9),
consisting of an average CORE subscale rating of 5.4 (±4.1,
retardation), 2.4 (±2.8, agitation) and 2.8 (±3.4, non-interac-
tiveness). On instrumental measures of gross psychomotor
functioning, patients (n= 71) had a DAL of 3.9 (±2.4) counts per
2 s. Fine motor functioning could be tested in 51 patients; LCT IT
was 1.1 (±0.5) s, and LCT MT was 0.6 (±0.4) s. In total, 50
patients had all three assessments.

Table 1 presents the correlation matrix. Strong correlations
were found between the CORE total and its subscales, as well as
between the cognitive and motor components of the LCT.

Observer ratings of psychomotor retardation and agitation
correlated with the total CORE score, but not with each other.
Similarly, objective instrumental measures of both gross and fine
motor functioning correlated with CORE total scores, but not
with each other. In addition, there was no correlation between the
CORE agitation subscale and either of the objective measures of
psychomotor performance. Correcting for age decreased the
correlation coefficients, whereas adding depression severity to
the partial correlation analysis slightly increased the strength of
the correlation.

There was no significant difference in psychomotor func-
tioning between patients that used no antidepressants, those that
were on monotherapy and those that were treated with a com-
bination of antidepressants, nor did psychomotor functioning
correlate with BMI (all p-values >0.05). Smokers (N= 22), how-
ever, had significantly lower CORE total (F= 5.78, p= 0.0188)
and retardation subscale (F= 10.72, p= 0.0016) scores than the
non-smokers. They were also somewhat faster on the motor
component of the drawing task (LCT MT, F= 8.51, p= 0.0053).

To test whether information on motor functioning could
improve the prediction of the CORE retardation scores, multiple
regression models were fitted with gross (MWDAL) and fine motor
(LCT MT) functioning as explanatory variables, in addition to age,
smoking status and depression severity scores (Table 2).

The regression model with the MW activity level explained
45% of the variance (F= 1347, p< 0.0001) in the CORE retar-
dation rating, whereas the model with MT of the copying task
explained 36% of the variance (F= 6.33, p= 0.0004). The fraction
of the explained variance contributed by gross and fine motor
functioning was 19% and 10%, respectively. This represents the
additional accuracy in predicting the CORE retardation score
contributed by the information on gross and fine motor func-
tioning, in addition to the information on age, smoking status and
depression severity.

Discussion

The present study confirms the association between observer
ratings of retardation and instrumental assessment of fine and
gross motor functioning. However, observer ratings of agitation
did not correlate with the instrumental measures; also, there was
no clear correlation between fine and gross motor functioning.
The associations were partly influenced by age and depression
severity.

To our knowledge, this is the first study to directly compare
three different measurement methods for psychomotor func-
tioning in a relatively large, depressed patient population. Because
a strict Bonferroni correction was used to correct for multiple
comparisons, some relevant correlations may not be labelled as
significant results.

Correlations between observer ratings of retardation and
DALs were the most obvious. Correlations between the CORE
retardation subscale and instrumental measures of fine motor
functioning were also present; however, significance was lost after
correction for age. Subtle cognitive and fine motor slowing might
be a component of psychomotor functioning that is better
detected by objective measurement than by observer-rated mea-
surement. The more cognitive component genuinely escapes the
clinician’s eye. Therefore, the CORE retardation subscale might
be a better reflection of gross than fine motor retardation. As
some of the most severely depressed patients (often with high
CORE scores) were unable to complete the drawing tasks because
of the relative complexity, correlations with fine motor func-
tioning have to be interpreted with care. The moderate to strong
correlation between the CORE and DALs are in line with previous
reports (11). Correlations between the CORE and results on the
drawing tasks are similar to those between the scores on the
Salpêtière Retardation Rating Scale and the results of drawing
tasks found by Pier et al. (16). However, neither of these latter
studies corrected for the effect of age or depression severity.

Moreover, worth discussing is the fact that observer-rated
agitation does not correlate with either of the instrumental
measures. This result is in contrast with the findings of Attu et al.
(11) who reported correlations between CORE agitation and
activity levels in the same direction as the correlation with CORE
retardation, indicating that slower patients often experience
retardation combined with periods of agitation. We suggest that
the concept of CORE-defined agitation is a construct that is not
adequately captured by actigraphy (as used here). Although being
restless and moving around is an activity that is normally cap-
tured by the MW, agitation often appears alongside retardation,
thereby compensating for the moments of increased activity with
overall diminished activity levels. Besides that, agitation fre-
quently appears more episodic and is not always present at the
moment of observation, thereby impeding registration of this
symptom. Moreover, since we monitored activity levels for only
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24 consecutive hours, a non-parametric circadian rhythm analysis
could not be carried out. One might expect that the stability of the
activity-rest patterns could be more informative about agitation
than the DAL. Moreover, calculation of immobility parameters
could have been valuable (22). Besides motor agitation, the CORE
agitation items are facial anxiety and agitation, verbal stereotypy
and stereotype movements. Thus, four of the five CORE agitation
items are unlikely to be captured by actigraphy, which might
explain why we found no correlation between the CORE agitation
subscore and actigraphy.

Although in our analyses we have used the HDRS17 excluding
two items on psychomotor functioning as a measure for depres-
sion severity, it could have been interesting to rate depression
severity according to the melancholia subscale of the HDRS17
(the HDRS6) that has proven to be superior to the HDRS17 in
terms of scalability in a recent review of literature (23). However,

because retardation is considered to be the most severe symptom
of the melancholia subscale (24) and we would exclude this item
for calculation of an adapted score (HDRS5), we have chosen to
use the full HDRS in our analyses after all. We can confirm a
somewhat greater age-controlled correlation between the CORE
and the HDRS5 subscale (r= 0.497, p< 0.001) than between the
CORE and the HDRS15 (r= 0.433, p<0.001), which is consistent
with findings by Caldieraro et al. (25).

A remarkable finding was that smokers showed somewhat
milder psychomotor symptoms than non-smokers. A possible
explanation for this difference can be found in age, as the smokers
were on average younger than the non-smokers, but even con-
trolling for age the CORE retardation subscale and motor com-
ponent of the drawing task differ significantly for smokers versus
non-smokers. This could be a consequence of the positive effect of
nicotine on motor abilities (26) or could be explained by another

Table 1. Pearson correlations between the psychomotor symptoms

CORE total score CORE NI CORE AG CORE RET MW DAL LCT IT LCT MT

CORE total score 1

CORE NI

Not corrected 0.920* 1

Age corrected 0.910*

Age and HDRS15 corrected 0.909*

CORE AG

Not corrected 0.476* 0.306 1

Age corrected 0.381* 0.204

Age and HDRS15 corrected 0.209 0.071

CORE RET

Not corrected 0.829* 0.725* − 0.020 1

Age corrected 0.792* 0.675* − 0.176

Age and HDRS15 corrected 0.801* 0.659* − 0.323

MW DAL

Not corrected − 0.458* − 0.406* 0.010 − 0.546* 1

Age corrected − 0.376* − 0.331 0.120 − 0.488*

Age and HDRS15 corrected − 0.398* − 0.335 0.162 − 0.490*

LCT IT

Not corrected 0.427* 0.369 − 0.016 0.429* − 0.293 1

Age corrected 0.234 0.216 − 0.228 0.285 − 0.173

Age and HDRS15 corrected 0.385 0.307 − 0.129 0.348 − 0.187

LCT MT

Not corrected 0.532* 0.455* 0.009 0.523* − 0.315 0.769* 1

Age corrected 0.385 0.332 − 0.184 0.410 − 0.205 0.693*

Age and HDRS15 corrected 0.503* 0.396 − 0.129 0.452* − 0.213 0.685*

AG, agitation subscale; HDRS15, Hamilton Depression Rating Scale, excluding 2 items on psychomotor functioning; IT, initiation time; LCT, Line Copying Task; MT, movement time; MW DAL,
MotionWatch daytime activity level; NI, non-interactiveness subscale; RET, retardation subscale.
Correlations of interest are presented in italics.
*p< 0.00239.
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factor in which both groups differ (that we have not registered),
such as coffee consumption (27).

Limitations

A limitation of the present study is the amount of dropout (23%)
on the task of fine motor functioning due to the complexity of the
task. Development of a simplified measure to assess fine motor
functioning would be valuable for severely depressed patients,
who frequently experience PMD. Because of the limited size of
our sample, we did not control for all potential confounders.
Although we have looked for differences between patients that did
not use antidepressants and those that were on monotherapy or
several antidepressants, the use of different combinations of
psychotropics could have influenced psychomotor performance
and was not accounted for in our analyses. The diagnostic het-
erogeneity (uni- as well as bipolar, melancholic as well as non-
melancholic, both psychotic and non-psychotic depression) can
be considered another limitation of this study, as well as the
difference in therapy programmes on the wards that could have
influenced the DALs that were measured. Besides that, there was a
skewed gender distribution for which we have no explanation.

Conclusion

This study involved two domains of psychomotor functioning
which were correlated with a well-known scale to measure PMD.
Correlations were found that confirm the concept of psychomotor
retardation, in part explained by age. These analyses indicate
that different measurement methods are required to capture the
different aspects of psychomotor functioning. Actigraphy and
measurement of fine motor functioning can make a valuable
contribution when diagnosing psychomotor retardation.

Suggestions for future research

For future research, we emphasise that actigraphy and drawing
tasks do not capture all aspects of PMD, as defined by the CORE.
Because of the complexity of the construct, a more extensive test
battery would be beneficial. For example, speech and gait analysis
could be of added value to obtain more objective information on
these items of the CORE.
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Abstract 

Background: Psychomotor symptoms are core features of melancholic depression. This 
study investigates whether psychomotor disturbance predicts the outcome of electrocon-
vulsive therapy (ECT) and how the treatment modulates psychomotor disturbance. 

Methods: In 73 adults suffering from major depressive disorder psychomotor functioning 
was evaluated before, during and after ECT using the observer-rated CORE measure and 
objective measures including accelerometry and a drawing task. Regression models were 
fitted to assess the predictive value of melancholic depression (CORE ≥ 8) and the psycho-
motor variables on ECT outcome, while effects on psychomotor functioning were evaluated 
through linear mixed models.

Results: Patients with CORE-defined melancholic depression (n=41) had a 4.9 times greater 
chance of reaching response than those (n=24) with non-melancholic depression (Chi-
Square=7.5, P=0.006). At baseline, both higher total CORE scores (AUC=0.76; P=0.001) and 
needing more cognitive (AUC= 0.78; P=0.001) and motor time (AUC=0.76; P=0.003) on the 
drawing task corresponded to superior ECT outcomes, as did lower daytime activity levels 
(AUC=0.76) although not significantly so after Bonferroni correction for multiple testing. A 
greater CORE-score reduction in the first week of ECT also predicted higher ECT effective-
ness. ECT reduced CORE-assessed psychomotor symptoms and improved activity levels 
only in those patients showing the severer baseline retardation. 

Conclusions: Although the sample was relatively small and results may have been con-
founded by differences in age and depression severity between responders and non-re-
sponders, psychomotor symptoms clearly predicted beneficial outcome of ECT in patients 
with major depression, indicating that monitoring psychomotor deficits can help personal-
ise treatment. 

Highlights

- Patients with CORE-defined melancholic depression have a 4.9 times greater 
chance of reaching response to ECT than depressed patients without melancholic 
symptoms. 

- High baseline CORE scores and poor performance on a drawing task predict a 
better ECT outcome. 

- A substantial reduction in CORE scores during the first week of ECT precedes a 
beneficial treatment response. 
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Introduction

Psychomotor disturbance is a core symptom of major depressive disorder (MDD) (139) and 
according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-
5), the presence of marked psychomotor retardation or agitation is important in specifying 
a depressive episode as melancholic depression (Mel-D)(1). Some authors even argue that 
the mere presence of psychomotor symptoms can distinguish Mel-D from non-melancholic 
depression (NMD), with the former representing the more severe end of the depression 
continuum (9, 30,139). Another line of evidence suggests that melancholia should particu-
larly be seen as a categorical entity based on distinct biological underpinnings, higher her-
itability, a distinctive pattern of symptoms, and a differential response to treatment modali-
ties such as antidepressants and electroconvulsive therapy (ECT) (31,32,140–145).  

ECT is a relevant treatment option for patients with Mel-D (146–148), with 60-80% treat-
ment efficacy depending on the criteria used for the selection of patients and the definition 
of treatment outcome (43,149). Despite its effectiveness and safety, in general, ECT is only 
considered when patients have failed to respond to several pharmacological treatments 
(101). However, a delayed start of ECT is known to reduce the chances of a good response 
(74), underscoring the importance of identifying predictors of ECT response to promote 
targeted patient selection. Melancholia has long been considered to be a good clinical 
predictor of depression outcome in ECT (29), but meta-analyses on the predictive value of 
melancholic symptoms were inconclusive due to study heterogeneity (74,120). This could be 
explained by the fact that several studies did not explicitly investigate psychomotor distur-
bance since this is not a mandatory symptom of Mel-D (150).

Moreover, definitions of psychomotor symptoms as key features of Mel-D remain elusive 
(7) as they may encompass different domains of psychomotor and cognitive functioning. 
To aid the differentiation between Mel-D and NMD, the CORE assessment of psychomotor 
functioning was designed (32). Although, like other observer-rated instruments, the CORE 
is clinically useful (5), it still provides a rather rough estimate of psychomotor performance 
and depends on the judgment and training of the investigator. These disadvantages may 
be overcome by, alternatively or additionally, applying objective psychomotor assessment 
tools such as accelerometry and computer-based drawing tasks (7) that may be even more 
predictive of depression outcome after ECT. 

Also, little is known about the effect of ECT on (the course of) psychomotor functioning in 
Mel-D. Although in common clinical practice it is assumed that psychomotor improvement 
precedes the improvement of other symptom clusters of depression in patients treated 
with ECT, a recent study nonetheless showed that all clusters gauged by the Montgom-
ery-Åsberg Depression Rating Scale (MADRS) responded to ECT in depressed older pa-
tients as early as in the first week of ECT, where the mood symptom cluster improved fast-
est compared to the melancholic and suicidal symptom clusters (151). To our knowledge, no 
recent studies have specifically investigated the effect of ECT on (the course of) psychomo-
tor symptoms.
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Therefore, the present study investigates the predictive value of psychomotor disturbance 
in depressed patients receiving ECT using both the observer-rated CORE instrument and 
objective measures, hypothesising that the presence of psychomotor symptoms such as 
agitation or retardation as assessed with the CORE, low baseline activity levels and/or fine 
motor performance and the change in psychomotor functioning in the first week of ECT will 
predict a favourable outcome. We additionally investigate the effect of ECT on (the course 
of) psychomotor functions.

Methods

Study design

We used a single-site, prospective longitudinal design. The study was conducted in Belgium 
and registered at the online clinical database ClinicalTrials.gov (ClinicalTrials.gov identi-
fier: NCT02562846). Patients were included between August, 2015 and August, 2017. The 
authors assert that all procedures contributing to this work comply with the ethical stand-
ards of the relevant national and institutional committees on human experimentation and 
with the Helsinki Declaration of 1975, as revised in 2008.

Study population

Patients with a major depressive episode in uni- or bipolar disorder according to the DSM 5 
who were scheduled for ECT were included. Diagnoses were confirmed using the MINI diag-
nostic interview, version 6.0. (102). Eligible patients also needed to have a score of at least 
17 on the Hamilton Depression Rating Scale - 17 items (HDRS17) – at the time of inclusion. 
Patients with a history of any substance abuse in the past six months or a primary psychot-
ic or schizoaffective disorder and patients that had recently (<6 months) been treated with 
ECT were excluded. 

This study is part of a larger research project on ECT-response predictors conducted in 
Duffel Psychiatric Hospital (Belgium)(123–125). Reasons for ECT referral were treatment re-
sistance, presence of severe melancholic or psychotic symptoms and acute suicidality. The 
study was approved by the Ethics Committee of the University Hospital of Antwerp (project 
number 15/10/93). All participants provided written informed consent.  

Treatment

Pharmacological

Before ECT, 7% of the patients did not use any antidepressant, while 74% were treated 
with antidepressant monotherapy (selective serotonin reuptake inhibitor (n=12), tricyclic 
antidepressant (n=38), serotonin noradrenaline reuptake inhibitor (n=1), mirtazapine (n=2)) 
and 19% with a combination of antidepressants. Seventy-nine percent of the patients 
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used additional antipsychotic medication for agitation or psychotic symptoms; 27% were 
on add-on mood stabilizers (mainly lithium) and up to 73% also used benzodiazepines (on 
average, 8.5(±5.9) mg diazepam equivalents/day). Patients continued their antidepressants 
and/or antipsychotics during the study period, with the drugs and doses preferably not 
being changed four weeks before and during the ECT course. When we examined the effect 
of psychotropic drugs on psychomotor functioning, no significant difference in objective 
measures of psychomotor disturbance was found between patients who were taking ben-
zodiazepines and those that were not. The total CORE score was, however, higher in the 
patients using benzodiazepines (12.2 vs 6.6), F-ratio =7.9, P=0.0064. The scores on the CORE 
agitation subscale were the only outcomes that significantly differed between the patients 
using benzodiazepines and those that did not (2.9 vs 1.0, F-ratio=7.4, P=0.0084). Correlations 
between benzodiazepine dose and the movement component of the line-copying task (r= 
0.32, p=0.03; for a description of the task, see Objective measures) and the CORE agitation 
subscale (r=0.25, p=0.04) were also found. There were no significant differences in psycho-
motor functioning between the patients that used no antidepressants, those on monother-
apy and those on a combination of antidepressants, nor in the psychomotor functions of 
the patients that used antipsychotic medication and those that did not (p > 0.05).

ECT

ECT was administered twice a week according to recent guidelines (101) using a  brief-pulse 
(0.5ms) constant-current Thymatron IV system (Somatics LLC, USA). Electrodes were 
placed right unilaterally (RUL) or bilaterally when a fast antidepressant effect was needed 
(55). Prior to the first session, the stimulus dose was established by the age method for RUL 
electrode placement and the half-age method for bilateral electrode position (57). Etomi-
date was the anaesthetic of choice (0.15mg/kg) and propofol (1mg/kg) and ketamine (1-
2mg/kg) were used when etomidate was not tolerated or when clinical response was lack-
ing after the first 12 sessions. Succinylcholine (0.5mg/kg) was used as a muscle relaxant.

The endpoint of the ECT course was determined by the treating psychiatrist based on im-
provement of mood and side effects of the treatment. ECT was continued until the patient 
was in remission or showed no further improvement during the last three sessions. 

Clinical assessment 

Mood

Depression severity was assessed with the 17-item Hamilton Depression Rating Scale 
(HDRS17) (103) prior to study entry and the Montgomery-Åsberg Depression Rating Scale 
(MADRS) (106,152,153) was used to evaluate the course of the depressive symptoms during 
ECT (105). Treatment responders were defined as those patients that showed an end-of-
treatment decrease of at least 50% on the MADRS and remitters as those that had an end-
of-treatment MADRS score ≤10. 
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Psychomotor assessment

Clinician-rated assessment

The CORE was used to assess observable psychomotor performance and to define Mel-D 
(total CORE score ≥ 8) (8). We chose to use CORE-defined melancholia because a compre-
hensive study (n=489) found that DSM-defined melancholia did not identify the depressed 
patients more likely to respond to ECT (77). A training video was used as the gold stand-
ard for the rating process. The investigator rated 18 clinical features of each patient on a 
4-point severity scale ranging from 0 (no symptoms) to 3 (severe symptoms) in three psych-
omotor categories: a central non-interactiveness scale capturing cognitive impairment and 
two motor scales capturing retardation and agitation. The Dutch version of the CORE has 
high inter-rater reliability and excellent validity (107). 

Objective measures

Accelerometry-based activity monitoring

Gross motor functioning was monitored using the MotionWatch8 (MW) (CamNtech Ltd., 
Cambridge, UK) accelerometer. Earlier studies support the use of accelerometry as an 
objective and non-intrusive measure of spontaneous gross motor functioning (108) with 
reduced activity levels found in major depression (4,154–156). Patients wore the actigraph 
on the wrist of the nondominant arm for 24 consecutive hours. Activity counts were stored 
in 2-s intervals. The approximated wake-up time and bedtime were set and the software 
provided a daytime activity level (DAL) in movement counts per 2 seconds.  

In the first 54 consecutive participants measurements were performed at baseline, 1, 2 and 
3 weeks into the ECT course and after the last ECT session. For feasibility reasons, gross 
motor functioning was only recorded before and after the ECT course in the last 19 partici-
pants. 

Line-copying task

Fine motor performance was evaluated with a digital line-copying task (LCT). This task 
has demonstrated significantly more psychomotor slowing in patients with Mel-D than in 
those diagnosed with NMD and in patients with major depression in general as compared 
to healthy controls (5–7,13). In brief, patients are asked to copy lines presented on a com-
puter screen on a digital tablet  (WACOM Intuos Pro) using a pressure-sensitive pen that 
is connected to a laptop, allowing the calculation of variables such as initiation time (IT) 
and movement time (MT), where IT mainly reflects the cognitive component of the perfor-
mance, defined as the time between the presentation of the stimulus and the start of the 
first drawing movement, and MT the motor component, defined as the time from the start 
of the first drawing movement to the end of the last drawing movement (14). 
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The patients practised the task once before the actual test to diminish learning effects 
in later measurements. The LCT was performed at baseline, 1, 2 and 3 weeks into the ECT 
course and after the last ECT session by the first 50 participants. For feasibility reasons, the 
last 23 participants completed the LCT before and after the ECT course only. Not all partic-
ipants succeeded in completing the task at all time points and some were offered a lighter 
version of the protocol because they were either too agitated, retarded or in other ways too 
severely depressed to follow all instructions adequately (n=17). 

In two patients no baseline fine motor measurements were made due to planning issues, 
while in another three measurements could not be used as a consequence of technical 
problems at the time of testing. 

Statistical analysis

Statistical analyses were performed with JMP 14.0. Extreme outliers on the objective psy-
chomotor measures were identified and removed based upon the following decision rule: 
the interquartile range was multiplied by 3 and values beyond 3 times the interquartile 
range removed (LCT IT n=2, LCT MT n= 1) before calculating the average values and stand-
ard deviations. 

Using simple logistic regression, we modelled the associations between the presence of 
melancholia, separate psychomotor variables and response and remission after treatment. 
Melancholia was defined as ‘present’ when CORE scores were ≥ 8. The psychomotor var-
iables include the baseline and change values in the first week of treatment of the CORE 
total and subscale scores and DALs in terms of accelerometer outcomes and LCT ITs and 
MTs. Response/remission after treatment was scored as a decrease of >50%/score of 10 or 
lower on the MADRS. The regression models estimate the change in odds (for response/
remission) per unit change in the psychomotor variables and test whether a change in the 
psychomotor variable is associated with a significant change in odds. The predictive power 
of the models was expressed using the area under the curve (AUC). 

Each of the psychomotor factors with a significant association to the outcome in the sim-
ple logistic regression analyses were included separately in a multiple regression model in 
which the presence of psychotic symptoms and benzodiazepine dose served as covariates. 
This starting model was simplified by stepwise backward elimination. 

We fitted linear mixed models to assess the effect of ECT on psychomotor functioning. To 
account for the non-independence between observations from the same individual, individ-
ual ID was entered as a random effect in the model. The moment of testing was entered as 
a fixed effect. The CORE total and subscale scores, DALs and LCT ITs and MTs were entered 
as outcome variables. When there was a significant change across time points, a post-hoc 
analysis was carried out with a Tukey HSD correction for multiple hypothesis testing. 
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The subgroup of patients with the most severe retardation was created by selecting 25% 
of those patients showing the lowest DALs (n=18), in which group we also evaluated the 
course of symptoms during ECT by fitting linear mixed models. 

As we used seven different outcome variables, an additional Bonferroni correction was 
applied to the p-values of the fixed effect. Therefore, a result was considered significant if 
the p-value was lower than 0.0071.

Results

The patient population

In total, 73 patients (56 women, 17 men, 58.8(±15.1) years of age) participated in the study. 
The demographic and clinical details listed in Table 6-1 and show that our cohort is char-
acterized by an uneven distribution of male and female patients and a long mean episode 
duration.

Table 6‑1 ‑ Characteristics of the study population (n=73)

Age, years (mean ± SD) 58.8 (±15.1)

Female n (%) 56 (76.7)

Bipolar n (%) 13 (17.8)

Psychotic features N (%) 33 (45.2)

CORE-defined melancholia N (%) 46 (63.0)

Episode duration in months 
 Mean ± SD
 Median, range

14.3 (±18.1)
6.5, 1-84

Treatment resistant N (%) 46 (67.6)

Length ECT course (mean ± SD) 11.2 (±5.8)

Benzodiazepine use N (%) 53 (72.6)

Diazepam equivalent dose benzodiazepine users (n=53)
(mean+-SD)

8.5(±5.9)

Responders to ECT N (%) 54 (73.9)

Remitters after ECT N (%) 41 (56.2)

CORE-defined melancholia is a score of ≥ 8 on the CORE Assessment of Psychomotor Func-
tioning (8); treatment resistance is defined as >2 failed antidepressant treatments; response = 
MADRS decrease ≥50%; remission = final MADRS score ≤10.  

Five patients were unable to complete the course because of side effects induced by the 
ECT and three for reasons unrelated to the treatment. The intention-to-treat sample thus 
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comprised 73 and the completer sample 65 patients. In the completer sample, 74% had 
responded and 62% were remitted after ECT.

Predictive value of melancholia and (change in) psychomotor 
functioning for ECT outcome

The patients with Mel-D (n=41 in the completer sample) had 4.9 times greater odds to 
achieve response than the patients with NMD (Chi-Square=7.5, p=0.0063). The odds ratio 
for reaching remission was 2.9 for melancholic compared to non-melancholic depression 
(Chi-Square=3.9, p=0.0472).

We fitted logistic regression models with each of the psychomotor variables as independ-
ent variables and response (Table 6-2) and remission (Data Supplement 6-1) as based on the 
MADRS as the outcome variables. The absolute change in psychomotor variables for the 
responders/non-responders and the remitters/non-remitters can be found in Data Supple-
ment 6-2. 

Table 6‑2 ‑ Response‑prediction values for the psychomotor variables investigated as computed by simple 
logistic regression analyses on the completer sample (N=65)

Baseline value Change first week ECT

Unit OR
(95% CI) p-value AUC

Unit OR
(95% CI) p-value AUC

CORE Total score 0.840
(0.740;0.953)

0.0007 0.76 0.558
(0.386;0.806)

<.0001 0.84

CORE Non-
interactiveness

0.777
(0.598;1.010)

0.0224 0.68 0.715
(0.501;1.019)

0.0328 0.64

CORE Agitation 0.686
(0.479;0.983)

0.0109 0.74 0.368
(0.171;0.791)

0.0003 0.75

CORE Retardation 0.796
(0.657;0.964)

0.0077 0.70 0.579
(0.370;0.906)

0.0057 0.68

Daytime activity level 1.311
(1.021;1.684)

0.0249 0.76 0.740
(0.485;1.127)

0.1374 0.64

LCT Initiation Time 0.007
(0.000;0.528)

0.0010 0.78 0.083
(0.001;7.738)

0.2442 0.58

LCT Movement Time 0.012
(0.000;0.868)

0.0029 0.76 0.051
(0.000;9.019)

0.2293 0.55

Unit OR= unit odds ratio; CI = confidence interval; AUC = area under the curve; LCT = line‑copying task.  
Bonferroni‑corrected p‑values < 0.0071 are considered statistically significant and displayed in blue. 
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Several of the baseline psychomotor variables were associated with ECT response, with 
higher CORE total scores and longer ITs and MTs on the LCT corresponding to a better re-
sponse. The baseline CORE subscale scores and DALs showed a nominally significant as-
sociation with ECT response, but this effect was no longer significant after Bonferroni cor-
rection for multiple testing. As to change in the first week of treatment, larger reductions in 
the CORE total scores and more specifically in the scores on the agitation and retardation 
subscales were significantly associated with a beneficial final treatment outcome. These 
results were confirmed by the remission analyses (Data Supplement 6-1).  With an AUC of 
0.84 (P<0.0001) for the change in CORE total scores and trends towards significance for the 
changes in its subscale scores, change in the first week of treatment proved to be especial-
ly relevant. 

Stepwise backward elimination of the multiple regression models including each of the 
psychomotor variables with a significant association to the outcomes in Table 6-2 and the 
presence of psychotic symptoms and benzodiazepine dose as covariates resulted in an 
improvement of the prediction models with the CORE total score (AUC 0.76 à 0.83 (+ben-
zodiazepine dose)), baseline LCT IT (AUC 0.78à0.87 (+benzodiazepine dose)) and MT (AUC 
0.76 à 0.89 (+benzodiazepine dose)) and change in CORE agitation (AUC 0.75 à 0.85 (+psy-
chotic symptoms)) and retardation (AUC 0.68 à 0.81 (note that in the elimination process 
the psychomotor variable was removed and both covariates were included)) after one week 
of ECT. A more detailed description of the multiple regression models can be found in Data 
Supplement 6-3. 

The effect of ECT on mood and psychomotor functioning

At first sight, there is a clear improvement in mood and psychomotor functioning according 
to the CORE scale (Table 6-3, Figure 6-1). No obvious change is seen in the more objective 
measures of gross and fine motor functioning. The course of psychomotor symptoms dur-
ing ECT could be masked by heterogeneity in the expression of psychomotor symptoms 
such as agitation and retardation. In the quartile of patients with the lowest DALs (n=18), 
a significant increase in activity levels was seen during the ECT course using mixed model 
analyses (from 1.54(±0.61) at baseline to 2.41(±1.19) counts per 2s at the end of treatment, 
F(54.2)=4.8, p=0.0021, Data Supplement 6-4). As a substantial proportion of the patients 
with the lowest activity levels had not been able to complete all line-copying items, we did 
not perform mixed model analyses for this task. 
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Table 6‑3 ‑ Course of mood and psychomotor symptoms during ECT (N=73) as analysed by linear mixed models.

Baseline After 1 
week

After 2 
weeks

After 3 
weeks

End of 
Treatment

Effect of time 

MADRS 32.82(7.40)a 23.14(9.11)b 18.88(9.49)c 15.94(9.56)d 11.15(7.30)e F(4,273.0)= 117.3; p=<.0001

MW DAL, counts per 2s 3.95(2.38) 4.06(2.46) 3.79(2.27) 3.86(2.10) 4.18(2.34) F(4,207.6)= 1.1; p=.3758

LCT  IT, s 
 MT, s

1.13(0.46)
0.63(0.44)

1.09(0.41)
0.56(0.36)

1.18(1.11)
0.64(0.62)

1.23(0.81)
0.72(0.71)

1.09(0.44)
0.65(0.39)

F(4,140.2)=1.1; p=.3574
F(4,143.7)=0.4; p=.8118

CORE total score
Non-interactiveness 
Agitation 
Retardation

10.64(7.90)a

2.82(3.43) a

2.38(2.79) a

5.44(4.12) a

6.85(6.55)b

1.99(3.02)b

1.25(2.14)b

3.61(3.46)b

5.07(5.70)c

1.44(2.80)bc

0.80(1.46)bc

2.86(2.99)bc

3.53(3.97)cd

1.04(1.66)bc

0.44(0.96)c

2.11(2.41)c

2.35(3.33)d

0.75(1.75)c

0.24(0.69)c

1.37(1.62)d

F(4,265.1)=59.7; p<.0001
F(4,264.6)=15.8; p<.0001
F(4,268.6)=30.1; p<.0001
F(4,265.0)=54.0; p<.0001

Value(SD). MADRS = Montgomery‑Asberg Depression Rating Scale; MW DAL = MotionWatch daytime activity 
level; LCT= line‑copying task; IT = initiation time; MT = movement time. The 1, 2 and 3‑week objective psychomo‑
tor measurements were exclusively obtained in the first 50 patients entering the study (LCT: n=29‑34 patients; 
MW DAL: n=43‑50).
 abcde Values that do not share the same superscript on the same line are statistically significantly different after 
Tukey adjustment for multiple comparisons.

Figure 6‑1 ‑ Effect of electroconvulsive therapy (ECT) on psychomotor functioning
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Evolution of psychomotor function during ECT as based on the CORE total (A) and subscale scores (B). 
Each error bar is constructed using a 95% confidence interval of the mean.

Discussion

Using an observer-rated instrument (CORE) and objective measures (accelerometry and 
line-copying task) we investigated whether psychomotor functioning predicts ECT out-
come in depressed patients and found that, as hypothesized, psychomotor disturbance as 
well as the presence of CORE-defined melancholia predicted a favourable outcome, as did 
objectively measured retardation and change in psychomotor functioning in the first week 
of treatment. Our analysis of the effects of ECT on (the course of) psychomotor functioning 
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revealed that CORE scores had clearly improved and most evidently so in the first three 
weeks of treatment. Daytime activity levels (DALs) only significantly increased in the pa-
tients showing the lowest baseline levels. 

Our study then confirms the effectiveness of ECT in depressed patients displaying psych-
omotor symptoms, while our analyses show that both observer-rated and objective, elec-
tronic measures can be used in outcome prediction models. Despite the fact that part of 
the most severely depressed patients could not complete all elements of the line-copying 
task, a slower performance clearly corresponded to a beneficial treatment outcome. The 
most accurate prediction model we obtained was the one that had LCT movement time 
and benzodiazepine dose as covariates. Where two recent meta-analyses remained incon-
clusive due to study heterogeneity (74,120), our findings add to the knowledge on the effec-
tiveness of ECT in Mel-D compared to NMD, and are partly in line with the results of a study 
(n=81) that particularly found an association between the retardation subscale of the CORE 
and ECT response (78), with the distinction that the baseline presence of agitation seems 
to play a somewhat more prominent role in our sample (AUC agitation > AUC retardation). 
A recent study evaluating the effect of ECT on the psychomotor functioning of an elderly 
population found no differences between patients with Mel-D and those with NMD (133). 
Taken together, finding the presence of marked psychomotor disturbances in depression to 
be a marker of ECT response, we venture that screening and monitoring psychomotor per-
formance can help personalize depression treatment.

Because of their potential effects on psychomotor performance (7) and treatment out-
come, mostly in anxious depression, in our prediction analyses we restricted ourselves to 
two well-documented covariates, i.e. psychotic symptoms (120) and benzodiazepine dose 
(157). As they negatively influence ECT-induced seizure duration (158), benzodiazepines 
were withheld at least 12 hours before each session. However, we still found that benzodiaz-
epine dose significantly improved the prediction models for several psychomotor variables, 
with higher doses corresponding to better response and remission rates (Data Supplement 
6-2). Arguably, benzodiazepine use in-between treatments influences depression symp-
toms, diminishing anxiety levels and, above all, slowing down or speeding up psychomotor 
functioning (in case of agitation and catatonia, respectively). 

Besides this observed interdependence, the predictive effect of psychomotor functioning 
might also have been confounded by differences in, amongst other parameters, the re-
sponders’ and non-responders’ ages and depression severity. As in other studies (26,120), 
age evidently correlated with all the psychomotor variables, with the average age of the 
responders being 63, while this was 44 for the non-responders (see Data Supplement 6-2). 
Since at baseline no substantiated response prediction could be made, we did not match 
patients for age or symptom severity. Because the predictive effect of age appears to be 
mediated by psychomotor functioning and psychotic symptoms (132,133), we chose not to 
add this variable to our multiple regression models and since depression severity correlat-
ed with CORE scores, it was also not included as a covariate. The number of failed antide-
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pressant treatments, or treatment resistance, and episode duration, two other known pre-
dictors of ECT outcome (74),  evidently correlated and their predictive effects seems to be 
related to depression severity. In clinical practice, patients with very severe depression are 
offered ECT relatively soon, while patients with less severe symptoms are usually treated 
longer with various antidepressants before ECT is suggested, prolonging episode duration. 

Although we found a clear improvement in post-treatment CORE scores, we found no sta-
tistically or clinically significant improvement in any of the objective psychomotor variables. 
As, to our knowledge, there are no other studies reporting on a longitudinal evaluation of 
psychomotor functioning in relation to ECT, we can only compare our results to the course 
of psychomotor symptoms during antidepressant trials. Meta-analyses on the subject 
found a positive effect of the agents on psychomotor speed (159) and daytime activity 
levels (160). It needs to be noted here that our sample consisted of patients without clear 
psychomotor symptoms, for whom no change in daily functioning was to be expected, and 
patients with clear retardation, agitation or both. Since a patient who has alternating pe-
riods of retardation and agitation may show the same activity levels as a patient without 
psychomotor disturbance, this complicates the interpretation of these values and their 
change. Given that the least active quartile of our patients did show a significant increase 
in objectively measured DALs, ECT appears to positively affect objectively measured psych-
omotor symptoms only when severe retardation is present. As most of the patients in this 
subgroup were unable to complete all assessments with the line-copying task, the effects 
of ECT on fine motor performance remain unclear. Overall, the psychomotor cluster is poor-
ly understood and would benefit from novel assessment methods (161). The acute negative 
influence of ECT on cognitive functioning (89,90) should also be taken into account as de-
pression-related psychomotor slowing might show subtle improvements that are masked 
by the transient negative ECT-induced cognitive effects. As such cognitive side effects 
usually resolve within two weeks after the last treatment (89), a follow-up measurement 
after one month could have been valuable in our study.

Strengths and limitations

We used an extensive test battery to quantify different aspects of psychomotor functioning 
in depression in search of the best variables for our prediction models of ECT outcome. As 
far as we know this is the first study to use objective, instrument-based psychomotor meas-
ures in this context and to directly compare the outcomes of observer-rated and these 
electronic measures. Also novel is that, rather than looking at early changes in depression 
severity (122,162), we considered early changes in psychomotor functioning as a potential 
ECT outcome predictor.  

Our study was limited in that the sample size was relatively small, which especially ham-
pered the more complex fine-motor task as several patients were not able to finish the 
line-copying task because of the severity of their depressive symptoms, resulting in 
non-random dropout. The patients incapable of completing all LCT assessments were on 
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average more severely depressed (MADRS score of 39.6 vs 30.8) and showed more psych-
omotor symptoms (total CORE score of 19.7 vs 7.9). Therefore, there is an underrepresenta-
tion of the most severely depressed patients in our LCT analyses, which is why the results 
of this task should be interpreted with caution. 

To conclude, we found that both CORE-defined melancholic depression and symptoms of 
psychomotor disturbance predict a good ECT response and remission. Particularly patients 
with high CORE total scores and poor fine-motor performance appear to benefit most from 
ECT, while a substantial reduction in CORE scores during the first week of ECT is an argu-
ment to continue the treatment as it predicted response as well as remission. The results 
obtained underscore the relevance of closer focus on psychomotor functioning in depres-
sion as the presence and severity of disturbances in this domain may guide treatment 
choices.

110

CHAPTER 6



Data Supplements
Data Supplement 6‑1 ‑ Remission prediction for all psychomotor variables as computed by simple logistic 
regression analyses on the completer sample (n=65)

Baseline value Change first week

Unit OR
(CI)

p-value AUC Unit OR
(CI)

p-value AUC

CORE Total score 0.929
(0.861;1.003)

0.0400 0.66 0.697
(0.555;0.875)

<.0001* 0.81

CORE Non-interactiveness 0.885
(0.747;1.048)

0.1300 0.60 0.605
(0.413;0.887)

0.0013* 0.68

CORE Agitation 0.908
(0.749;1.102)

0.3053 0.65 0.750
(0.530;1.063)

0.0784 0.68

CORE Retardation 0.876
(0.759;1.011)

0.0503 0.65 0.651
(0.452;0.937)

0.0098 0.66

Daytime activity level 1.154
(0.927;1.438)

0.1908 0.64 0.770
(0.524;1.132)

0.1575 0.62

LCT Initiation Time 0.212
(0.035;1.298)

0.0515 0.71 0.214
(0.005;8.677)

0.4001 0.58

LCT Movement Time 0.227
(0.038;1.352)

0.0632 0.69 0.011
(<0.0001;2.452)

0.0636 0.63

Unit OR= unit odds ratio; CI = confidence interval; AUC = area under the curve; LCT = line‑copying task.  
Bonferroni‑corrected p‑values < 0.0071 are considered to be statistically significant and displayed in blue. 
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Data Supplement 6‑2 – Differences in age, depression severity, treatment and baseline raw psychomotor 
variables for the responders/non‑responders and remitters/non‑remitters (n=65)

 MADRS Response MADRS Remission

  Nonresponders Responders Nonremitters Remitters

Age Mean 44.41 63.31 49.76 63.75

SD 17.12 11.64 16.80 12.15

Baseline MADRS Mean 28.53 34.23 30.08 34.40

SD 5.67 7.45 5.52 8.03

CORE_Tot Mean 5.94 12.52 8.32 12.35

 SD 5.18 8.34 7.07 8.46

CORE_NI Mean 1.41 3.40 2.08 3.38

 SD 2.29 3.75 2.91 3.80

CORE_AG Mean 1.12 2.88 1.96 2.70

 SD 2.26 3.04 3.36 2.65

CORE_RET Mean 3.41 6.25 4.28 6.28

 SD 2.29 4.48 3.51 4.45

MW_DAL Mean 5.09 3.51 4.41 3.60

 SD 1.82 2.44 2.06 2.55

LCT_IT Mean 0.85 1.23 0.98 1.23

 SD 0.17 0.51 0.37 0.51

LCT_MT Mean 0.38 0.72 0.48 0.72

 SD 0.17 0.49 0.36 0.49

Change CORE_tot WK1 Mean 0.82 4.85 1.60 5.18

 SD 1.63 4.11 3.06 3.98

Change CORE_NI WK1 Mean -0.06 1.20 -0.16 1.53

 SD 1.09 2.54 1.65 2.45

Change CORE_AG WK1 Mean 0.06 1.54 0.68 1.45

 SD 0.97 1.86 2.12 1.48

Change CORE_RET WK1 Mean 0.82 2.11 1.08 2.21

 SD 1.47 1.82 1.53 1.86

Change MWDAL WK1 Mean -0.66 0.26 -0.42 0.35

 SD 2.52 1.45 2.10 1.51

Change LCT_IT WK1 Mean -0.04 0.05 -0.01 0.05

 SD 0.12 0.24 0.22 0.21

Change LCT_MT WK1 Mean -0.06 0.02 -0.07 0.04

 SD 0.13 0.20 0.11 0.21

Length ECT course Mean 13.76 10.38 13.20 10.05

Sd 5.97 5.45 6.26 5.11

Diazepam-equivalent dose Mean 6.43 8.87 6.99 9.22

(benzodiazepine users only. 
n=47)

SD 4.50 6.25 4.22 6.65
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Data Supplement 6‑3 ‑ Results of the stepwise backward logistic regression analyses with MADRS response as 
the primary outcome variable, a psychomotor variable as predictor and the presence of psychotic symptoms 
and benzodiazepine dose as covariates in the completer sample (n=65).

OR(95% CI)* P-value λ2 Prob> λ2 AUC

Baseline scores

Model 1 Total CORE score 0.87 (0.77-0.99) 0.0317 18.27 0.0001 0.83

Benzodiazepine dose 0.84 (0.72-0.98) 0.0279

Model 2 LCT Initiation Time 0.02 (0.00-1.39) 0.0707 18.31 0.0001 0.87

Benzodiazepine dose 0.76 (0.59-0.97) 0.0279

Model 3 LCT Movement Time 0.01 (0.00-0.29) 0.0389 32.40 <.0001 0.89

Benzodiazepine dose 0.73 (0.57-0.94) 0.0137

Change in the first week

Model 4 Change CORE Agitation 0.30 (0.12-0.73) 0.0078 21.42 <.0001 0.85

Psychotic symptoms [NO] 8.66 (1.62-46.26) 0.0116

Model 5** Change CORE Retardation removed removed 17.87 0.0002 0.81

Benzodiazepine dose 0.83 (0.71-0.97) 0.0170

Psychotic symptoms [NO] 4.78 (1.13-20.20) 0.0334

AUC = area under the curve; LCT = line‑copying task. *Please note, this is the unit OR (odds ratio) of the 
nonresponders versus the responders. ** The change in CORE retardation no longer significantly contributes 
to the prediction model after addition of the covariates. 
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Data Supplement 6‑4 – Graph visualizing the course of the daytime activity levels during ECT in the quartile of 
patients with the lowest activity levels at baseline (n=18) as assessed with linear mixed models.
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1.54(0.61)a 1.82(1.02)ab 1.94(1.16)ab 2.29(1.32)b 2.41(1.19)b F(4,54.2)=4.8; p=.0021

Value(SD). MW DAL = MotionWatch daytime activity level.  
 ab Values that do not share the same superscript are statistically significantly different after Tukey adjustment 
for multiple comparisons.
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Manuscript in preparation for publication:  
Exploring interdependence between predictors of ECT outcome in depression. 

7.1. Conceptual considerations

Evaluating the results of this research project, we can conclude that several clinical varia-
bles are associated with ECT outcome. At the same time, they often explained overlapping 
parts of the variance in outcome. Consequently, we wonder how these predictors are 
related to each other and to ECT outcome. In our own sample, the patients with psychotic 
depression (PD) were older and had more severe symptoms of depression compared to 
patients without psychotic symptoms. Also, they had somewhat shorter episode durations, 
while treatment resistance was less frequent (Chapter 5). Psychotic symptoms were almost 
in all cases accompanied by melancholic symptoms. 

There has been much debate about the relevance of age as a factor in depression treat-
ment, especially in relation to treatment response. In general, PD seems to be relatively 
prevalent in old age (163,164) and is often characterized by severe depressive symptoms 
(34), with ECT being considered one of the first treatment options for this population 
(165–167). Antidepressants seem to be less efficacious in late-life MDD (168) and we indeed 
found ECT to be more effective in elderly patients (Chapter 3). It is hypothesized that, rath-
er than being a consequence of aging per se, the latter favourable response ensue from 
clinical factors that distinguish older from younger patients (169). In two large studies, 
responders were not only older but also more likely to have melancholic features, shorter 
episode durations and less likely to have been pharmacotherapy-resistant before starting 
ECT (170,171) compared to nonresponders. Furthermore, ECT responders more often suf-
fered from psychotic depression (171). It seems reasonable to suggest that the symptom 
profile or depression severity is responsible for the reported differences in treatment effica-
cy and that the fact that older age is associated with better treatment outcome is simply a 
consequence of the fact that psychomotor and psychotic symptoms are more prevalent in 
older patients, as was recently confirmed by Heijnen et al (2019)(132). Their study shows that 
psychomotor retardation and psychotic features are strong predictors of ECT efficacy, that 
explain the association between age and ECT outcome. 

As proposed by Parker et al (2000) (172) in their hierarchical model of depression, both 
psychomotor and psychotic symptoms can be considered markers of depression severity. 
Although depression severity as measured by a depression severity scale is often higher 
in patients with either one or both of these symptoms, this does not necessarily apply to 
individual patients. For example, patients with psychotic depression may be denying the 
presence of several of the most common depressive symptoms, generating an artificially 
low score on the depression severity scale. From our analyses (Chapter 5 and Chapter 6, 
Section 6.3), both the presence of observable psychomotor disturbance and the presence 
of psychotic symptoms appeared closely related to ECT outcome. Patients with observable 
psychomotor symptoms (CORE ≥ 8) were 4.9 times more likely to respond to treatment than 
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patients without such symptoms, while patients with psychotic symptoms were 6.5 times 
more likely to respond than patients without these symptoms. 

The presence of psychomotor symptoms typifies a depressive disorder as being melan-
cholic. The presence of psychotic symptoms defines a subtype of melancholic depression 
(30,173). Psychomotor symptoms are often more pronounced in patients with psychotic 
symptoms (173,174). Other factors that have been linked to ECT outcome (age, episode du-
ration and resistance to antidepressant treatment) may then have their predictive effects 
mediated by these distinguishing elements of melancholia. As mentioned above, the preva-
lence of melancholic depression tends to be higher in old age and very severely depressed 
patients are treated with ECT relatively soon, while patients with moderate depression are 
usually treated with several antidepressants prior to considering ECT, prolonging episode 
duration. We therefore chose to extend the model proposed by Heijnen et al (2019) (132) by 
taking into account all the clinical predictors that have been relevant in past research and 
exploratively using more precise evaluation tools to assess the two key elements, i.e. psy-
chomotor and psychotic symptoms, in our new model. In this conceptual model as visual-
ized in Figure 7‑1, we suggest that ECT outcome is related to the presence of melancholia in 
which patients present with retardation, agitation or psychotic symptoms or a combination 
of the beforementioned symptoms, and that the other factors that have been linked to ECT 
outcome are indirect predictors whose predictive effects are mediated by the presence of 
melancholia. 

SYMPTOM
CHANGE

MELANCHOLIC
DEPRESSION

agitation

retardation

psychotic 
symptoms

episode 
duration

age

Figure 7‑1 ‑ Predicting ECT outcome in depression: Conceptual model of predictor interdependence
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7.2. Methodology

For the in- and exclusion criteria and other methodological considerations of this study, we 
refer to the Methods section of Chapter 2. 

7.2.1. Variables used in path-model

The outcome measure used was the decrease of the MADRS-score during treatment with 
ECT (either absolute or percentage). Age was used as a continuous variable. Episode dura-
tion was used as a continuous variable (in months) and coded as a dichotomous one (< 6 
months (N=33) or > 6 months (N=35). Treatment resistance was also dichotomized based 
on if there were zero, one or two (N=22) versus more than two failed antidepressants (N=46) 
used in the current depressive episode. Psychotic symptoms were either classified as 
present or absent, but their severity was also assessed using the psychosis subscale of the 
Psychotic Depression Assessment Scale (PDAS). Psychomotor disturbance was assessed 
with the CORE assessment of psychomotor functioning and patients were classified as ei-
ther melancholic or not melancholic based on a CORE cut-off of 8. Also, to get an indication 
of the content of the psychomotor symptoms present, the score on the CORE agitation and 
retardation subscale was used in the path-model. 

7.2.2. Statistical analysis 

First, Pearson or Spearman correlations were computed for variables coding for age and ep-
isode duration, treatment resistance, depressive symptomatology (i.e. psychotic features, 
psychomotor agitation, psychomotor retardation), and treatment outcome. 

Next, to estimate the mediating role of depression symptomatology in the relationship be-
tween age / episode duration and ECT treatment effect, we constructed a path model and 
estimated the size and direction of all direct and indirect paths using structural equation 
modelling.  For this purpose, we used the presence of psychotic symptoms and severity of 
agitation and retardation to describe depressive symptomatology to create a latent varia-
ble: melancholic depression. 

Finally, by means of sensitivity analysis, we re-estimated our path model using the dichoto-
mized variable for episode duration instead of a continuous variable, treatment resistance 
instead of episode duration, a dichotomous variable to code for the presence or absence 
of melancholia instead of two continuous variables coding for agitation and retardation, 
the PDAS psychosis subscale score to code for the severity of psychotic symptoms instead 
of the presence/absence of psychotic symptoms, and the percentage instead of absolute 
change in MADRS score, separately. 

We used the following categories in our interpretation of the strength of the path coefficients:  
weak (<.2), moderate (0.2–0.5) or strong (>.5) (175).  Since our model included both continu-
ous and dichotomous variables, SEM analyses were conducted using robust weighted least 
squares estimation (176). The path analysis was conducted using MPlus, version 7.4 (177).
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7.3. Results

Correlations between the variables used in the path-model can be found in Table 7-1. 
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The results of the path analysis can be found in Table 7-2 and Figure 7-2. The presence of 
melancholic depression was strongly associated with change in depressive symptoms. The 
association between age and the effect of ECT appears to be mediated by the presence of 
elements of melancholic depression. There is no direct association between age and the 
effect of ECT. Episode duration only had a direct association with ECT outcome.  Sensitivity 
analyses supported the size and direction of the direct and indirect paths between episode 
duration and age and ECT outcome.

Table 7‑2 ‑ Path model: Standardized direct and indirect effects of age, episode duration and clinical features 
of depression on symptom change in patients treated with ECT (N=73) resulting from SEM analysis. Significant 
effects are in bold script.

Reduction in Depressive Symptoms

Estimated SE p-value

Age

Direct effect -.14 .19 .479

Indirect effect

Age-Melancholic depression-Symptom change .53 .18 .004

Total effect .39 .09 <.001

Length of episode

Direct effect -.38 .08 <.001

Indirect effect

 Length of episode-Melancholic depression–Symptom change .11 .11 .318

Total effect -.27 .08 .001

Melancholic depression

Direct effect .84 .17 <.001
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SYMPTOM
CHANGE

MELANCHOLIC
DEPRESSION

agitation

retardation

psychotic 
symptoms

episode 
duration

age -.14(.19)

-.38(.08)

-.38(.19)
.84(.17)

.13(.12)

.49(.10)

.51(.11)

.92(.08)

.63(.12)

Figure 7‑2 ‑ Path model of the relationship between age / episode duration, melancholic depression and the 
effect of ECT on depressive symptoms (N=73). Standardized coefficients and standard errors are reported. 
Significant paths (p < 0.05) are depicted as dark blue arrows; non‑significant paths are depicted as light blue 
arrows. Negative associations are depicted in red, positive ones in green.

7.4. Discussion

In this chapter we evaluated the interdependence of a selection of clinical predictors of 
ECT outcome. Although it is one of the best known predictors in the field of ECT, we found 
no direct predictive effect of age in our sample as it was rather indirect and mediated by the 
presence of symptoms of a melancholic depression, i.e. psychomotor retardation, agitation 
or psychotic symptoms. Episode duration, on the other hand, was directly associated with 
ECT response and its predictive effect was not mediated by the presence of melancholic 
depression. 

We can only compare our model to the one recently proposed in a study conducted in The 
Netherlands (132). Differences between this model and ours are that we included an extra 
variable (episode duration) and that we grouped the psychomotor and psychotic variables 
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under one term: melancholic depression. In our sample, agitation significantly contributed 
to this concept, while its presence did not play a mediating role in the Dutch sample. An ex-
planation could be that the measures we used were more sensitive in identifying the pres-
ence of retardation and agitation, given that Heijnen et al (2019) used HDRS item scores. 

Opposed to what we expected, the association between episode duration and the effect of 
ECT was not mediated by the presence of melancholic depression. A longer episode dura-
tion can result from several factors, such as late help-seeking (178), inadequate treatment 
(179) or nonresponse to adequate treatment (128). The fact that a depressive disorder does 
not respond to a sequence of adequate medication trials might suggest that we are dealing 
with a treatment-resistant depression, although inadequate diagnostics (179), the pres-
ence of comorbidity (180) or other factors, such as familial, social, financial or employment 
issues, may have hampered recovery as well. When depressive symptoms persist, it is more 
likely that patients will encounter more of these additional problems, delaying or reducing 
the chance of recovery even further. Accordingly, we speculate that the association be-
tween episode duration and ECT response could also be mediated by factors that we did 
not evaluate in our present investigations. It would be interesting for future research to de-
lineate the role of comorbidity here, with a focus on personality disorder (79, 85,181), where 
screening for its presence may, for example, be performed using the Standardized Assess-
ment of Personality – Abbreviated Scale (SAPAS) (182,183). Samples should then be consid-
erable in order to create a valid prediction model that can allow for all these variables. 

The validity of our path was confirmed by the sensitivity analyses that were performed. The 
effects were comparable to those obtained when another outcome measure (percentage 
MADRS decrease instead of absolute decrease) was used. Unfortunately, dividing patients 
into two groups based on episode duration (more or less than 6 months) and using this 
more robust variable in our path model caused power problems, preventing the  model 
from fitting all the data  adequately. Although there were a few outliers in the continuous 
episode duration measure, the statistical model we used corrects for their presence. Be-
cause episode duration and treatment failure correlated strongly, they could not both be 
incorporated in our model. Replacing the one by the other did not substantially alter the 
associations found. Treatment failure was also directly associated with treatment outcome 
but had no indirect effects mediated by the presence of melancholic depression. Instead 
of the clinically relevant split-up between agitation and retardation, one could also use a 
dichotomous version of this variable to distinguish patients with and without melancholic 
depression. Sensitivity analyses using this rather robust dichotomous variable also did not 
clearly change the association found in the path models. The contribution of this variable to 
-melancholic depression- was comparable to that of psychotic symptoms. Using this con-
tainer concept of psychomotor functioning makes the model somewhat less sensitive but 
somewhat more intuitive. In summary, the -shape- of the predictor used does not appear to 
influence the models created as sensitivity analyses showed that switching between con-
tinuous and dichotomous measures did not substantially alter the model.
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To conclude, based on the results of our analysis of the interdependence of predictors 
(assumed to be) associated with treatment outcome, ECT can be said to be a very effective 
treatment option for patients suffering from melancholic depression, with the chance of a 
beneficial outcome being reduced in patients with longer episode durations. In this latter 
patient group, it would be of interest to first confirm the diagnosis of depression and, to 
look for comorbidity that may influence ECT outcome. 

124

CHAPTER 7



THE EFFECT OF 
ECT ON COGNITIVE 

FUNCTIONING

8.1. Evolution of group means 127
8.2. Evolution at an individual level 130
8.3. Discussion 134

8

125





Manuscript in preparation for publication: Short- and longer-term effects of ECT on cogni-
tive functioning in patients with depression. 

Besides the effects of ECT, we extensively evaluated cognitive functioning in our sample 
of depressed patients as cognitive impairment is a known side-effects of the treatment. 
Although efforts are made to limit the occurrence of such cognitive side effects (by using 
right unilateral electrode placement and limiting the number of treatments where possible), 
they can never be prevented completely. In this chapter we present the preliminary results 
on various cognitive functions following our ECT protocol. 

As one would expect cognitive abilities to diminish with increasing age (184) and depres-
sion severity (91), we evaluated both factors in our sample using correlational analyses 
and indeed found a significant correlation between age and cognitive functioning and 
depression severity and cognitive functioning with higher age and higher depression se-
verity corresponding to diminished global cognitive functioning (according to the Montreal 
Cognitive Assessment (MOCA)), working memory (Symbol Digit Substitution Task or SDST), 
and verbal memory and learning (Hopkins Verbal Learning Test – Revised (HVLT-R)). Higher 
age was also significantly associated with autobiographical memory problems, depression 
severity was not. Neither age nor depression severity correlated with subjective memory 
complaints.  

8.1. Evolution of group means

In Table 8-1, the data on the course of mood and cognitive functioning can be found. Several 
of these variables are graphically displayed in Figure 8-1. We fitted linear mixed models to 
assess the effect of ECT on cognitive functioning. The subject ID was entered as a random 
effect and the moment of testing as a fixed effect. When a significant change over time 
points emerged, Tukey HSD analyses were used to assess which time points differed from 
each other (Table 8-1). Mood and MOCA ratings were collected for all patients. However, 
not all patients were able to complete the more extensive cognitive tests (HVLT-R, SDST, 
AMI (Autobiographical Memory Interview) and PRMQ (Prospective Retrospective Memory 
Questionnaire)) due to the severity of their depressive disorder (N=50 at baseline and end 
of treatment, N=46 at 3 months and n=41 at 6 months) that should be taken into account as 
selection bias. Dropout was most often due to refusal to further participate in the study.
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Table 8‑1 ‑ Evolution of cognitive functioning during and after ECT in the completer sample (N=65) using linear 
mixed model analyses

  Baseline During*

End of 
treat-
ment FU3M FU6M Effect of time

N=65 N=60 N=65 N=56 N=51
HDRS Mean 24,91 16,75 7,95 9,19 9,33 -
 Std Dev 6,12 6,28 4,75 6,49 6,60 -
MADRS Mean 32,74 23,30 10,35 12,23 13,74 -
 Std Dev 7,43 9,19 7,12 8,65 10,16 -
MOCA Mean 22,45ab 22,17a 21,88a 23,77b 23,63ab F(4,228.2)=4.3; p=0.0024
 Std Dev 4,91 5,24 4,91 4,44 4,36
HVLT-R-TL Mean 19,59ab 18,66a 18,31a 20,57b 21,27b F(4,181)=5.6; p=0.0003
 Std Dev 6,59 5,59 5,94 6,42 6,32
HVLT-R-DR Mean 5,98a 4,74b 4,90b 5,52ab 6,32a F(4,179.4)=6.2, p=0.0001
 Std Dev 3,41 2,80 2,97 3,47 3,30
SDST (CORRECT #) Mean 38,41a 35,85b 37,29ab 40,80a 40,33a F(4,180.2)=5.3, p=0.0004
 Std Dev 16,16 16,35 16,79 17,92 15,01
AMI part C - total score Mean 26,14a . 24,78b 25,75ab 26,21ab F(3,132.1)=3.1, p=0.0283
 Std Dev 3,74 . 4,12 3,47 3,81

AMI personal 
semantic

Mean 18,39a . 17,41b 18,20ab 18,66a F(3,131.6)=4.9, p=0.0029

 Std Dev 2,25 . 2,61 2,02 2,21
AMI 
autobiographical

Mean 7,75 . 7,37 7,55 7,55 F(3,132.3)=0.9, p=0.4380

 Std Dev 1,82 . 1,83 1,97 2,09
PRMQ total score Mean 33,31 . 33,15 32,55 33,16 F(3,128.5)<0.1, p=0.9983
 Std Dev 12,68 . 9,36 10,73 13,72

PRMQ-prospective Mean 16,00 . 15,54 15,61 16,21 F(3,128.3)=0.1, p=0.9442
 Std Dev 6,91 . 4,73 5,55 6,71

PRMQ-retrospective Mean 17,31 . 17,60 16,84 17,47 F(3,129.0)=0.1, p=0.9379
 Std Dev 6,24 . 5,24 5,79 7,06

HDRS= Hamilton Depression Rating Scale; MADRS = Montgomery‑Asberg Depression Rating Scale; MOCA = 
Montreal Cognitive Assessment; HVLT‑R=Hopkins Verbal Learning Test – Revised; TL = total words learned; DR 
= delayed recall; SDST = Symbol Digit Substitution Task; AMI = Autobiographical Memory Interview; PRMQ = 
Prospective Retrospective Memory Questionnaire. * Measurement during ECT was performed after 1 week for 
MOCA and mood, after 2 weeks for the SDST and HVLT‑R. ab Time points that do not share the same subscript 
are statistically significantly different after Tukey adjustment for multiple comparisons

On average and despite an improvement in mood, we see a slight deterioration of cognitive 
functioning during ECT, which persists until the end of treatment, improving to levels (not 
significantly) above baseline at three and six months after the last treatment for most of the 
cognitive tests. 
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Figure 8‑1 ‑ Evolution of cognitive functioning according to the MOCA (A), HVLT‑R (B), SDST (C) and AMI (D) 
during and after ECT.
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8.1.1. Global cognitive functioning

Global cognitive functioning was gauged using three different versions of the MOCA to 
diminish learning effects. In our sample, the score at the 3-month follow-up was significant-
ly better than the scores during ECT and at treatment completion. Compared to baseline, 
there was no worsening or improvement of global cognitive functioning at the group-mean 
level. 

8.1.2. Verbal memory

For the assessment of verbal memory we used the HVLT-R, again using different versions, 
and made a distinction between total words learned (TL) and delayed recall (DR). TL was 
significantly higher at the 3 and 6-month follow-ups than it was during ECT and at the end 
of treatment (Figure 8‑1 B). DR significantly deteriorated during ECT, with the deteriora-
tion persisting until the end of treatment. At six months, DR had significantly improved 
compared to the earlier assessments. Comparing baseline scores with those obtained 
six months after the acute treatment phase, we observed no significant differences in the 
group-mean performance on the HVLT-R. 
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8.1.3. Working memory

To assess working memory, we contrasted the correct number of digits reproduced on four 
different versions of the SDST. Performance scores significantly decreased during ECT but 
had improved to levels comparable to those recorded at baseline at both follow-up assess-
ments (Figure 8‑1 C).

8.1.4. Retrograde memory

We used the last part of the AMI pertaining to recent events only, comparing a subscale 
score on personal/semantic memory and a subscale score more specifically reflecting au-
tobiographical memory. The combined score was lower at treatment completion compared 
to baseline, which was mainly attributable to a deterioration in the score on the personal/
semantic subscale.  At the 6-month follow-up, the score had improved to levels comparable 
to the value obtained at baseline (Figure 8‑1 D).

8.1.5. Subjective cognitive functioning

Subjective memory problems were evaluated using the PRMQ. Neither the prospective nor 
the retrospective subscale scores changed significantly during and after ECT or follow-up.

Note that all the above analyses are preliminary and did not account for potential influenc-
ing of confounders such as age, baseline depression severity, presence/absence of mel-
ancholia or psychotic symptoms, electrode position, ECT treatment during the follow-up 
period or such other factors.

8.2. Evolution at an individual level

A recent study in patients with late-life depression pointed out that there are considerable 
differences in the effects of ECT on cognitive functioning at the individual level and fur-
ther study is recommended to identify patients at high risk of cognitive side effects (185). 
We therefore also evaluated individual changes in cognitive functioning using the reliable 
change index (RCI) (186), which indicates whether a change in score is significantly greater 
than could be expected based on test-retest reliability. We used a 90% confidence-interval, 
meaning that RCI values of 1.645 or higher were considered statistically significantly differ-
ent. RCIs were calculated according to Jacobson and Truax (187): RCI = (retest score - test 
score) / SE (standard error). The SE was calculated using the variance in baseline scores of a 
control sample and the reliability of the test extracted from papers on psychometric prop-
erties of the relevant cognitive tests (i.e. MOCA (188), SDST (189,190), HVLT-R (191), PRMQ 
(192)). No normative data for part C of the AMI were found. When the scores of the control 
group differed substantially from those of our clinical sample (which was the case for the 
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MOCA), we used the variance in baseline scores of our own sample. Results of the RCI anal-
yses for each of the outcome variables at different time points can be found in Table 8-2 and 
the visualization of RCI analyses at the 6-month follow-up in Figure 8-2.

Table 8‑2 ‑ Effect of ECT on cognitive functioning on an individual level. 

During End of treatment FU3M FU6M

MOCA 

Worsened 13 17 3 4

Stable 41 40 44 38

Improved 6 8 9 9

SDST

Worsened 11 6 4 5

Stable 36 40 36 28

Improved 1 5 6 6

HVLT-R-TL

Worsened 10 11 3 1

Stable 36 36 38 35

Improved 1 4 5 5

HVLT-R-DR

Worsened 15 11 9 4

Stable 27 35 32 31

Improved 5 3 5 6

PRMQ_TOT

Worsened 12 10 9

Stable 26 27 20

Improved 9 6 8

Number of participants who worsened, remained stable  or improved on the cognitive tasks compared to 

baseline according to the Reliable Change Index at the four time points.
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Figure 8‑2 ‑ Effect of ECT on long‑term cognitive functioning per‑patient.  
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During ECT and at the end of treatment, we see a worsening of cognitive functioning in a 
substantial part of the patients on almost all of the cognitive (sub)tests. As can be seen in 
the Table 8-2 and its graphical representation, the scores of most of the patients are stable 
at six months compared to the baseline values. Thus, although we found no significant dif-
ferences at the group-mean level between these time points, we did find differences at the 
individual level. Global cognitive functioning (as measured with the MOCA) had improved 
in about 20% of our patients (N=9), while 10% (N=4) performed significantly worse at six 
months compared to baseline. Looking at working memory (SDST), we see approximately 
15% of the patients improving (N=6) and an equally great part deteriorating (N=5). The effect 
of ECT on verbal learning (HVLT-R) differs depending on the outcome measure used. In only 
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one patient (2%) the total number of words learned had dropped at the 6-month follow-up,  
while it had improved in 12% (N=5), with delayed recall being poorer in 10% (N=4) and im-
proved in 15% (N=6).  Eight patients report significantly more memory problems six months 
after ECT compared to baseline while another nine describe significantly less memory prob-
lems. 

8.2.1. The deteriorators – Who are they?

As we deemed it clinically most relevant, we grouped patients whose performance had 
deteriorated at two or more time points on one or more of the cognitive (sub)tests (MOCA, 
SDST, HVLT-R TL and DR, N=27) and created a subgroup within this group whose perfor-
mance was also poorer at at least one of the two follow-up assessments (N=13). The differ-
ences between the patient groups with and without clear worsening of cognitive functions 
can be found in Table 8-3.

Table 8‑3 ‑ Differences between patients with and without clear cognitive decline during and after ECT

 Worsening ≥ 2 time points Worsening ≥ 2 time points
(at least 1 at follow-up)

  NO YES NO YES

N 38 27 52 13

Age Mean 62,79 52,15 F-Ratio =  8.19; 
P=0.0057

59,65 53,23 NS

 SD 14,23 15,52 14,89 17,81

HDRS_TOT Mean 26,13 23,19 NS 25,65 21,92 F-Ratio = 4.06; 
P=0.0483

 SD 6,35 5,42 6,23 4,72

MADRS Mean 33,95 31,04 NS 33,50 29,69 NS

 SD 7,33 7,36 7,23 7,73

MOCA Mean 20,92 24,59 F=10.07; 
P=0.0023

21,96 24,38 NS

 SD 5,27 3,42 5,08 3,71

Psychotic 

No 17(26.2%) 17(26.2%) NS 22(33.9%) 12(18.5%)) X2 = 12.07; 
P=0.0012

Yes 21(32.3%) 10(15.4%) 30(46.2%) 1(1.5%)

Melancholic

No 12(18.5%) 12(18.5%) NS 15(23.1%) 9(13.9%) X2 = 7.28; 
P=0.0070

Yes 26(40.0%) 15(23.0%) 37(56.9%) 4(6.2%)

HDRS= Hamilton Depression Rating Scale; MADRS = Montgomery‑Asberg Depression Rating Scale; MOCA = 
Montreal Cognitive Assessment; NS = not significant.
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The patients experiencing a detrimental effect of ECT on their cognitive functioning are 
somewhat younger than those without such clear effects. Also, according to the HDRS, 
they are somewhat less severely depressed and showed better baseline cognitive func-
tioning. Interestingly, the patients with melancholic depression (N=4/41) and those with 
psychotic symptoms (N=1/31) seldom showed clear cognitive impairment at follow-up as a 
consequence of the ECT.  

8.2.2. Summary of the cognitive analysis results

Having conducted exploratory analyses of mean cognitive functioning during and after ECT, 
we see a negative effect on global cognitive functioning, working memory, verbal memory 
and personal semantic memory during the course and at treatment completion at the 
group level. However, at the 3 and the 6-month follow-up, all mean performance scores had 
returned to baseline values. 

At the individual level, we found patients both improving and deteriorating on each test, 
with those experiencing memory problems often showing a somewhat higher baseline 
cognitive performance (MOCA), being relatively younger and less severely depressed than 
those not experiencing a clear worsening of their cognitive skills, while they seldom have 
melancholic or psychotic features. 

8.3. Discussion

Our group means of cognitive functioning during and after a treatment course of ECT are 
in line with the findings of a meta-analysis on ECT-related objective cognitive performance, 
where acute anterograde amnesia was observed during and one week after ECT, with  
memory functions recovering in the follow-up period (89). We likewise found no evidence of 
persistent cognitive dysfunction at the group level but would like to nuance previous and 
our findings. As major depression has a known negative influence on cognitive functioning 
(91), one could argue that any baseline assessment will reflect only -depressed- cognitive 
abilities. Poor performance at follow up could then be considered to indicate persistent 
cognitive dysfunction, not compared to baseline but compared to predepression function-
ing. With mood improving, cognitive functioning is also expected to improve, whereas we 
saw a status quo in the longer term. Here,  and although a comparable study to ours in older 
patients found no such relationship, analyses separating responders from nonresponders 
could be valuable to clarify if this status-quo effect is a consequence of the heterogeneity 
in the change in mood (185). If we cannot show improvement in cognitive functioning in 
ECT responders, it is possible that the treatment has longer-lasting side effects that may 
be masked by improvements coinciding with improvements in mood. Another explanation 
could be that functional impairment after recovery from depression is a pre-existing vulner-
ability (193).  
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9.1. Main findings

9.1.1. Clinical predictors of ECT outcome: contribution of the 
literature

In a comprehensive literature review and meta-analysis evaluating clinical predictors of 
response and remission to ECT in depression, we found evidence suggesting superior effi-
cacy of ECT in patients with psychotic (and correspondingly more severe) depression and 
in older patients, whereas the data reported for melancholic symptoms were inconclusive 
(Chapter 3). However, effect sizes of our meta-analyses were small, suggesting that relying 
on clinical indicators for response prediction alone may be ill-advised and/or that in past 
studies the predictors were not applied optimally. 

9.1.2. Clinical predictors of ECT outcome: results of our study

To find out how we can best use clinical predictors of ECT response, we conducted a longi-
tudinal study. A thorough baseline evaluation and follow-up of 73 patients treated with ECT 
enabled us to assess the value of several of these predictors. 

In Chapter 4, the focus is on the predictive value of treatment resistance, which factor 
we evaluated with an instrument called the Maudsley Staging Method (MSM). We opted 
for this instrument as we deemed it to have great potential for implementation in clinical 
practice because of its ease of use.  On top of that, it comprises three elements (episode 
duration, prior antidepressant regimens, depression severity) that have been associated 
with a beneficial ECT outcome. All of the presumed associations with response to ECT, i.e. 
shorter episode duration, limited number of failed antidepressant treatments and more 
severe depressive symptoms, were confirmed in our sample. Shorter episode duration most 
consistently predicted a larger treatment effect in depressed patients. The number of failed 
antidepressants did not significantly improve the prediction models that already included 
data on episode duration because these variables correlated strongly (r = 0.56, P < 0.001). 
Depression severity did improve the accuracy of the prediction models tested. A composite 
score of episode duration and depression severity, the two strongest MSM factors, was 
constructed (adapted MSM) and compared to the predictive effect of the total original 
MSM score. The adapted MSM was indeed an improvement. To increase the accuracy of 
our ECT response prediction model even further, age was categorized and added as a third 
variable to the adapted MSM, with older age corresponding to a better ECT outcome. The 
most accurate prediction model including episode duration, depression severity and age as 
created with the MSM had an AUC of 0.77. 

In Chapter 5, we compared the predictive capacity of the mere presence/absence of 
psychotic symptoms to the predictive capacity of the severity of symptoms of psychotic 
depression as gauged with the Psychotic Depression Assessment Scale (PDAS) and found 
the presence of psychotic symptoms and higher PDAS scores to be associated with better 
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treatment outcome. Contrary to our expectations, we found no advantage of the PDAS 
score over the mere presence/absence of psychotic symptoms although this may be at-
tributable to a ceiling effect given the extremely high response and remission rates for the 
subgroup of patients with psychotic depression. Incorporating all relevant covariates (the 
presence of psychotic symptoms, higher age and greater depression severity) in the analy-
ses, the best prediction model rendered an AUC of 0.87. 

The focus in Chapter 6 is on psychomotor symptoms. The presence of marked psychomo-
tor retardation or agitation is an important feature of major depressive disorder and can 
play a role in specifying a depressive episode as melancholic depression (Mel-D)(1,172). Due 
to the heterogeneity in the studies we reviewed, it is not yet confirmed that the presence of 
Mel-D is a predictor of ECT outcome (Chapter 3). Looking for the most suitable instrument 
to use in models predicting ECT response (section 6.1, section 6.2), we employed several 
ways to measure psychomotor functioning and found significant differences in daytime 
activity levels (DALs) between patients with Mel-D (score ≥ 8 on the CORE assessment of 
psychomotor functioning) and those with non-melancholic depression (NMD). According to 
our analyses, a DAL of 3.35 counts per 2 seconds was the best cut-off point, with a sensitivi-
ty of 72% and specificity of 91%. Unlike what one would expect, the group difference in DALs 
was most obvious in the afternoon and evening and not in the morning. The results on a 
line-copying task (LCT) demonstrated that the performance of the patients with Mel-D was 
also  slower than that of the patients with NMD, but these differences were not significant 
after correction for age and multiple comparisons. 

Looking at the predictive effect of the psychomotor variables, we uncovered that patients 
with (CORE-defined) melancholic depression were 4.9 times more likely to respond to treat-
ment with ECT than patients with NMD (section 6.3). The total CORE score also adequately 
predicted treatment response. In fact, all of the psychomotor variables (higher CORE 
scores, lower DALs, slow performance on the LCT) were associated with the response to 
ECT,  albeit that some of these variables did not survive Bonferroni correction. Also, im-
provement in psychomotor functioning in the first week of treatment preceded a clinically 
beneficial treatment outcome. Particularly the change in CORE total score and its agitation 
and retardation subscale scores proved to be useful in this respect. Multivariate regression 
analyses with baseline fine motor performance (LCT movement time) and benzodiazepine 
dose as covariates produced the best prediction model (AUC 0.89).

9.1.3. Clinical predictors of ECT outcome: interdependence 
investigated 

Looking back at the analyses of this project, we can conclude that several clinical variables 
were associated with ECT outcome. At the same time, they often explained overlapping 
parts of the variance in treatment response. Inspired by a recent study that showed that 
age has its predictive effect via other clinical variables such as psychomotor retardation 
and psychotic symptoms (132), in the study reported on in Chapter 7 we evaluated the inter-
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dependence between the different variables in our own sample. 

Although it is one of the best known predictors in the field of ECT, we found no direct pre-
dictive effect of age in our sample; it rather was indirect and mediated by the presence of 
symptoms of melancholic depression: psychomotor retardation, agitation and psychotic 
symptoms. Episode duration and treatment resistance were directly associated with ECT 
outcome and their predictive effects were not mediated by the presence of melancholic 
depression. 

ECT outcome then seems to be related to the presence of melancholic depression. Episode 
duration appeared more directly associated with ECT outcome, but its predictive effect 
may be mediated by other factors not accounted for in our model, such as the presence of a 
personality disorder.  

9.1.4. Side-effects of ECT: do they persist?

Alongside the desired effects of ECT, we evaluated reported side effects of the treatment. 
These exploratory analyses presented in Chapter 8 showed acute anterograde amnesia 
during and immediately after the ECT course but recovering memory function in the fol-
low-up period (up to six months). Our results are in line with those reported in the current 
literature on the subject (89). No persistent objective cognitive dysfunction could be con-
firmed at the group (means) level. Looking at the course in individual patients using RCI 
analyses, however, we observed clear heterogeneity in the effect of ECT on their cognitive 
functioning, with some patients improving and others significantly deteriorating during 
treatment. The patients experiencing memory problems often had somewhat higher base-
line cognitive abilities, were relatively younger and less severely depressed than the pa-
tients not showing a clear worsening in the cognitive functions assessed. Additionally, they 
seldom showed melancholic or psychotic features. 

9.2. Discussion of the main findings

The results of our meta-analysis reported in Chapter 3 differed slightly from those of a 
meta-analysis on the same subject performed three years earlier (74). Whereas we found 
a convincing predictive effect of the factors age and psychotic symptoms, in the earlier 
meta-analysis these predictors were only weakly associated with ECT outcome. Moreover, 
although we found a predictive effect of depression severity, Haq et al (74) concluded the 
evidence on this aspect to be inconclusive. This difference could be explained by the fact 
that in our meta-analysis we probably analysed a more homogeneous sample that facilitat-
ed detection of significant differences, as we retrieved unpublished data from 21 authors 
and separated studies that used response and remission as outcome measures. The two 
meta-analyses agreed that the evidence on the predictive capacity of melancholic symp-
toms was inconclusive because the number and size of datasets were too small and given 
heterogeneity between the studies. 
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9.2.1. How should we use clinical predictors of ECT response? 

In our first paper on predictors of ECT outcome (Chapter 4), we focused on the complex 
concept of treatment resistance. As, up to now, there is no consensus on the exact defini-
tion of the concept (83,194), we chose the MSM since the method gauges a continuum of 
treatment resistance. We preferred this model over considering treatment resistance to 
be an all-or-nothing phenomenon. The MSM reflects the complexity of treatment-resistant 
depression without the disadvantages of hierarchical staging models such as the Thase 
and Rush model (195) that  assumes that treatment prior to ECT follows a certain protocol 
sequence although in clinical practice treatment is always patient-specific (84). 

The fact that with our study we found evidence supporting the effectiveness of ECT es-
pecially for the most severely depressed and urgent patients is not in agreement with the 
findings of the original MSM report (84) in which severer depressive symptoms significantly 
lowered patients’ chances of remission. It is important to note here that the original study 
measured treatment outcome at discharge after administration of a variety of treatments 
while in our study we exclusively investigated the effect of ECT.  Given that one of our in-
clusion criteria was a baseline HDRS score ≥ 17, our sample comprised a select group of 
more severely depressed and urgent patients and thus did not reflect the entire spectrum 
of depression severity. Furthermore, patients with a severe depressive disorder relatively 
often have psychotic symptoms, as was the case in our sample, who have been reported 
to show a remarkably good response to ECT (120). Depression severity as established with 
the adapted MSM we created was therefore the reverse of the original MSM, with lower 
scores reflecting lower treatment resistance and greater chances of a good ECT response. 
It is remarkable that treatment resistance as defined by our adapted MSM is determined 
by depression severity and episode duration, and that the number of failed antidepressant 
treatments (often used as a stand-alone indicator of treatment resistance) appear to be 
redundant when data on the other two aspects are available. 

Another point worth discussing is the fact that within the clinical or research context it is 
often not feasible to reconstruct a patient’s exact treatment history and episode duration. 
Since some of these relevant data are difficult to retrieve from the medical files, we often 
need to rely on the memory of the patient or family members. Here, the categories as used 
in the MSM increase the reliability of these recollected data, which benefits both research-
ers and clinical practitioners. 

The adapted MSM we compiled can be efficiently used in clinical practice to explore a com-
bination of variables related to ECT response. And although the total adapted MSM score 
gives an indication of the probability of a beneficial ECT outcome, we, of course, do not 
recommend to base patient-treatment matching exclusively on the outcomes of this in-
strument. As our series of investigations have shown, it remains important to also consider 
data on other aspects of depression, such as psychomotor functioning or the presence of a 
personality disorder, if available. 
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We were puzzled by the fact that we found no advantage of the PDAS total score over 
the dichotomous predictor ‘presence/absence of psychotic symptoms’ (Chapter 5), even 
though this lack may be explained by a ceiling effect given that ECT was extremely effective 
in patients with psychotic depression.  One could also argue that the PDAS total score 
does not merely reflect the severity of psychotic symptoms as it also quantifies depressive 
symptoms. Still, the depression subscale does include items on guilt, anxiety and hopeless-
ness, for instance, which are frequently related to the content of a patient’s delusions; to 
us, these seemed to be clinically relevant indicators, justifying the use of the scale’s total 
score for our analyses. Although, theoretically, the PDAS makes a clear distinction between 
symptoms of depression and psychosis, in practice this distinction was less apparent. We 
nevertheless consider the PDAS to have great potential for use in ECT research and clinical 
practice because the scale proved sensitive to ECT-induced change in patients with psy-
chotic depression as well as those without psychotic symptoms. Its depression subscale 
has clinimetric properties superior to those of both the HDRS17 and the MADRS (196). 
Also, general depression scales such as the HDRS and the MADRS only capture a fraction 
of the psychotic symptoms in this patient population (82), another argument in favour of 
the PDAS. The fact that the predictive effect of psychotic symptoms was so convincing, 
stresses the importance of this symptom cluster, which is not always recognized in clinical 
practice (130). 

Opting for a clinician-rated assessment of psychomotor functioning, the CORE, to distin-
guish between patients with Mel-D and NMD (Chapter 6) seemed reasonable (32) given the 
biological differences found between the CORE-based diagnoses of Mel-D and NMD (142). 
It has the advantage that it captures both retardation and agitation, while the objective 
measures we used in our study seemed to mainly capture retardation (section 6.2), which 
is in line with previous reports on the topic (13,108). We pose that minor cognitive and fine 
motor deficits are components that are better detected by objective, electronic tools than 
by observer-rated measurements. Subtle psychomotor impairments that could escape the 
clinician’s eye can best be captured by a digitized task gauging specific elements of fine 
motor performance. 

Agitation proved to be an aspect of psychomotor functioning that is much harder to 
capture with objective  methods or instruments as it frequently is more episodic and not 
always present at the time of observation. Moreover, agitation often occurs alongside re-
tardation, complicating its detection. As both retardation and agitation can be indicative 
of Mel-D, we underscore the need to look for both phenomena. Although we found the 
presence of both expressions of psychomotor disturbance to be associated with ECT out-
come (section 6.3), we still recommend to make a distinction between patients displaying 
retardation alone  and those with (superimposed or sole) agitation since the latter group 
presents diagnostical as well as clinical challenges (197). Are patients with agitated depres-
sion bipolar or unipolar? There is evidence in support of both hypotheses. According to 
some, agitated depression is a mixed state and patients should accordingly be classified as 
pseudo-unipolar (197–199). However, others claim that agitated depression is no more fre-
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quently bipolar than retarded depression and pure agitated depression even less frequently 
bipolar than unipolar (200). Our clinical experience is in line with this last hypothesis. Irre-
spective of the underlying diagnosis, there seems to be consensus on the fact that agitated 
depression poses a greater suicide risk and that treatment for this group of patients asks 
for a special approach given that antidepressants alone could worsen the symptoms and 
increase agitation (199,201), supporting the arguments in favour of early consideration of 
ECT. Additionally, early adequate treatment of patients with agitated depression is of the 
greatest relevance because the clinical subtype is also known for its rather negative long-
term prognosis (202,203). 

Based on previous and our findings, we suggest using a combination of instruments to 
assess psychomotor functioning. Retardation can best be captured by the CORE retarda-
tion subscale, by actigraphy and drawing tasks. The CORE agitation subscale seems to best 
reflect its presence and severity. Still, as alluded to above, in view of its clinical and thera-
peutic significance and given its more episodic nature, the identification and quantification 
of agitation warrants more or prolonged attention.    

Our psychomotor analyses (section 6.3) showed that electronic as well as observer-rated 
measures can be used in prediction models. The study also adds to the knowledge on the 
efficacy of ECT in Mel-D compared to NMD, where two recent meta-analyses remained 
inconclusive due to study heterogeneity (74) (Chapter 3). Our results partly coincide with 
those of a study (N=81) that particularly found an association between the CORE retar-
dation subscale and ECT response (78), although the presence of agitation at baseline 
seemed to play a somewhat greater role in our sample. A recent study evaluating ECT 
outcome based on psychomotor functioning in an elderly population found no differences 
between patients with Mel-D and NMD (133), but this could be due to underpowering as 
only 19.4% of the population had an NMD diagnosis. 

9.2.2. Understanding the interdependence of predictors

As confirmed by our path analyses (Chapter 7), it is not because patients are older that they 
respond better to ECT, it is because these older patients more often suffer from psychotic 
depression and CORE-defined melancholia than younger patients do. Comparing our model 
to the only other comparable model that was recently proposed in a Dutch study  (132), we 
can note two differences: we included episode duration as an additional variable and clus-
tered the psychomotor and psychotic variables under the term melancholic depression. In 
our patients, agitation significantly contributed to the notion of melancholic depression, 
while agitation did not mediate response in the sample of our Dutch colleagues, which may 
result from our use of more sensitive measures to identify the presence of retardation and 
agitation, where Heijnen et al (2019) used HDRS item scores only. 

Refuting our hypothesis, the association between episode duration and ECT response was 
not mediated by melancholic depression but may be by other factors not investigated, such 
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as comorbidity or other personal and socioeconomic aspects impeding recovery, for in-
stance relational, social, financial or employment problems, since patients with longer-term 
depression are more likely to also be faced with such additional issues, further reducing 
their chances of recovery. It would be informative if new research were to evaluate the me-
diating role of comorbidity, particularly the role of personality disorders, where the Stand-
ardized Assessment of Personality – Abbreviated Scale (SAPAS) (182,183) could be used to 
screen for their presence. 

Sensitivity analyses confirmed that the associations in the path model we created were 
independent of the -shape- of the predictor used, given that replacing continuous by di-
chotomous versions of the variables did not substantially alter the model.

Based on the results presented in this doctoral thesis, we recommend treatment with ECT 
if factors inherent to melancholic depression, i.e. psychomotor retardation and/or agitation 
and psychotic symptoms are present since we found them to be key predictors of treat-
ment outcome. Finding age to only have an indirect influence, we think it should not be 
given too much weight. Patients not responding (well) to ECT are often those coping with 
more chronic depressions with less severe symptoms and, sometimes, a personality disor-
der, which latter factor appears to have a negative impact on the outcome of all forms of de-
pression treatment (85,204). Recent unpublished research (205) using the abovementioned 
SAPAS (182,183) to screen for personality disorders showed promising results. Using a cut-
off score of 3 to indicate a likely underlying personality disorder, the authors found clear 
differences in the treatment outcomes of patients above and below this threshold, with the 
patients not meeting the SAPAS threshold having a 5.7 times larger odds of responding to 
ECT than those scoring above the cut-off limit (205). As we did not systematically assess 
the presence of personality disorders prior to initiating ECT in our naturalistic study, it is 
impossible to say anything meaningful about their potential role in our sample. 

Our proposal to focus on the depressive disorder rather than on related factors is consist-
ent  with the EAS, the ECT appropriateness scale, proposed by Kellner et al (2012)(206), 
which gauges the severity, heritability (207) and episodic nature of the depression, all as-
pects related to a type of depression with a biological aetiology, although the approach we 
suggest is somewhat different in that we put the focus on identifying two factors related 
to depression severity, namely the presence of psychomotor disturbance and psychotic 
symptoms. 

9.2.3. Why do patients with melancholic depression respond better to 
ECT? 

In an extremely simplified interpretation of the neurotrophic hypothesis of depression, 
stress disrupts neuroplasticity, resulting in a dysfunctioning of several essential brain 
structures such as the hippocampus and amygdala. Dysfunctions in these structures 
hamper the control over the HPA-axis and higher cortisol levels limit BDNF expression 
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(62,208,209). Treatment of depression with antidepressants (210,211), lithium (212) or ECT 
(213) seems to have beneficial neurotrophic effects by increasing BDNF levels (64, 67,214), 
resulting in enhanced neuroplasticity (65) and restored control over the HPA-axis. The su-
perior effect of ECT over other treatment methods (43) could be explained by the fact that 
ECT is a more potent stimulator of neuroplasticity (213), with increased cell proliferation 
(2.5- to 4-fold vs 1.5-fold) and a relatively abrupt start of this neurogenic process (3 days 
after a single seizure)  compared to antidepressants (2-3 weeks) (215–217). 

The stress-regulation system of patients with melancholic depression seems to be more 
severely disturbed than it is in patients without symptoms indicative of melancholic de-
pression (73, 143,218), which, so it seems, ‘leaves more room for improvement’. Patients 
without melancholic and psychotic symptoms often have the more reactive depressive 
disorders or are the more treatment resistant, showing a chronic course of symptoms 
sometimes complicated by the presence of a personality disorder. We then posit that mel-
ancholic depression is the purest biological expression of all depressive disorders and that 
patients suffering from the syndrome can be expected to optimally benefit from ECT, the 
most direct and powerful of treatments. 
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10.1. Clinical implications

The identification of reliable predictors of ECT response can contribute to a more targeted 
patient selection, enhancing outcomes and remission rates and thereby limiting the burden 
of depression for both the patient and society. Since a more accurate patient-treatment 
matching lies in practical clinician- and patient-friendly assessment tools, we evaluated the 
predictive capacity of several easy-to-assess clinical variables. In view of the current need 
of budget cuts in health care and the severity of the pathology in the patient populations 
treated with ECT, low-cost and quick assessment strategies are preferred over expensive 
and more invasive testing. 

This research project has shown that ECT response can to a rather large extent be predict-
ed by a combination of easily assessed clinical variables. In patients with major depression, 
antidepressants will generally be considered the treatment of choice. When antidepressant 
regimens do not work (sufficiently) (165,166) and when a rapid response is required (76) or 
when a patient fulfils certain criteria as explained below, ECT may be suggested. Based on 
our results, we can expect positive results particularly in patients suffering from melan-
cholic depression either with or without psychotic symptoms. Apart from being severely 
depressed, these patients present with psychomotor retardation or agitation (or both). 
Up to now, current treatment guidelines for psychotic depression (PD) are highly diverse, 
with some recommending antidepressant-antipsychotic combination therapy, others 
antidepressant monotherapy, while in some ECT is considered equally appropriate as a 
first-line treatment (119)). Based on our studies we would suggest to recommend ECT as a 
first-line treatment in all PD treatment guidelines. Additionally, we recommend screening 
patients for psychomotor disturbance, suggesting that in cases of observable psychomotor 
agitation and/or retardation ECT should also be considered as a first-line treatment op-
tion. When we do not consider ECT at an earlier stage in these cases, we consign severely 
depressed patients to less effective treatments and the risk of prolonged illness. Especially 
in patients with a relatively long episode duration and a high number of failed antidepres-
sant treatments, we recommend a more expectant policy, where, while reconfirming the 
diagnosis, comorbidity with a potential influence on ECT outcome is carefully screened 
for, as well as other factors that could diminish ECT response, such as the patient’s family, 
social, employment and financial status. If the diagnosis is established and no relevant 
comorbidity or other issues potentially affecting treatment outcome are found, there is no 
reason to withhold ECT from these patients. However, when one or more features indicative 
of melancholic depression are present, we propose not to let episode duration guide the 
treatment decision. Moreover, although the chances of a good response are likely to be 
lower in patients not fulfilling the criteria of melancholic depression, that is those without 
signs of psychomotor or psychotic symptoms, we do not discourage the use of ECT since in 
our trial, for instance, 20% of the patients with the longest episode duration and symptoms 
of moderate depression still reached remission following their ECT course. So, overall, ECT 
might be the best treatment option also for individuals suffering from persistent MDD es-
pecially when other guideline treatments have failed.
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An accurate prediction of the efficacy of ECT for depression will facilitate the shared treat-
ment-decision making process. For some patients it may prevent a detrimental delay in 
effective treatment and for others exposure to needless (cognitive) side effects. Because 
of its limited availability, ECT may at present not be used as frequently as it actually could 
(219,220). Besides reliable methods to arrive at a sound indication for ECT, this could be 
one of the hurdles impeding an optimal usage of the treatment. From a health-economical 
point-of-view, it seems reasonable to increase ECT availability and its usage as it is not only 
a clinically effective but also a cost-effective treatment (221).  

To summarize, as we found ECT to be most effective in these patients, we propose that ECT 
should be considered as a first-line treatment when depressed patients have concurrent 
psychotic symptoms or a high CORE score (8 or higher) implying either the presence of re-
tardation or agitation or both. Our recommendation is supported by our finding that these 
patients experience the least amount of cognitive side effects from the treatment.

10.2. Future research perspectives

In our meta-analysis we found and scrutinized many (often) small-scale studies reporting 
on (some of the) factors that are known to be relevant with respect to ECT efficacy. Larger 
studies that investigate all of the relevant predictors identified so far could be valuable to 
confirm the interdependence we found in our path model. It therefore remains pertinent 
to continue collecting simple, quantifiable clinical variables on a large scale to enable us to 
compare (combinations of) specific predictors in more homogeneous groups of patients. 
We recommend assessing the severity of psychomotor symptoms by means of the CORE, 
as this symptom cluster is still poorly understood and underinvestigated, while replication 
of our results on the predictive effect of psychomotor disturbance would be most valuable. 
As actigraphy and drawing tasks do not seem to capture all aspects of psychomotor distur-
bance as defined by the CORE, we look forward to the research domain criteria (RDoC – a 
research framework for investigating and understanding mental disorders) that will soon 
include a motor domain to provide a framework for studying motor dysfunction in mood 
disorders (161). Given its potential in specifying the diagnosis of depression, we think it is 
worth investigating the predictive capacity of psychomotor disturbance in other disorders 
as well, for instance in schizophrenia (222). 

Besides these clinical predictors, we deem it useful to also screen for the presence of 
personality disorders (85) in future research, while, given that clinically adequate seizures 
appear to coincide with better ECT outcomes (60), the quality of the induced convulsions 
(based, among other factors, on wave amplitude and hemispheric brain wave synchronicity) 
also merits closer attention. New research focusing on a combination of clinical and biolog-
ical predictors would also be valuable, where we see potential in structural (70) and func-
tional MRI data (71) and the monitoring of cortisol (73) and inflammation, more specifically, 
IL-6 (223).
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Finding the most effective treatment for major depressive disorder is one of the great chal-
lenges of the twenty-first century. Although ECT is one of the most effective treatments 
available, it is often not used until all other treatment options have failed. This is unfortu-
nate, given the remarkably favourable outcomes reported for the most severely depressed 
patients. When we do not prescribe ECT sooner, this group of patients will unnecessarily be 
subjected to less effective treatments, increasing the risk of prolonged illness and suicide. 
In the studies reported in this dissertation, predictors of ECT outcome were evaluated to 
identify patients most prone to respond to ECT and to thus improve patient-treatment 
matching. 

In a comprehensive review and meta-analysis of the literature assessing clinical predictors 
of ECT response in depression, we found superior efficacy of the procedure in patients with 
psychotic (and correspondingly more severe) depression and in older patients; the data on 
melancholic symptoms were insufficient and ambiguous (Chapter 3). 

In the study presented in Chapter 4, the predictor treatment resistance was examined 
using the Maudsley Staging Method (MSM), which instrument would also be suitable for 
use in clinical practice because of its simplicity and clinician/patient-friendliness.  Assess-
ing three factors linked to good ECT response, we indeed found shorter episode duration 
to most consistently predict a larger effect of ECT, with fewer failed antidepressant treat-
ments and more severe depressive symptoms also corresponding to better outcomes. 
Adapting the MSM, a composite score of episode duration and depression severity, the two 
strongest MSM variables, was computed and to increase the accuracy of our prediction 
model, age was categorized and added as a third variable, where older age was shown to 
correspond to a better ECT outcome. The adapted MSM significantly predicted ECT out-
come. 

The study reported in Chapter 5  compared psychotic symptoms as a dichotomous predic-
tor with the severity of psychotic depression as measured with the Psychotic Depression 
Assessment Scale (PDAS). The presence of psychotic symptoms and higher PDAS scores 
were both associated with superior ECT effects. Although the PDAS was responsive to 
change during and after ECT, surprisingly, its scores did not generate better results than 
the dichotomous variable, possibly due to a ceiling effect given the very high response and 
remission rates for the patients with psychotic depression. No significant differences were 
found in the speed of response between the patients with and those without psychotic 
symptoms. 

Psychomotor retardation and/or agitation in major depressive disorder can be understood 
to indicate melancholic depression (Mel-D). Up to now, it could  not be confirmed that 
Mel-D is a predictor of ECT response (Chapter 3). Testing ECT prediction models, we as-
sessed specific gross and fine psychomotor functions with observer-rated and electronic 
instruments (Chapter 6). The CORE assessment of psychomotor functioning (score ≥ 8) 
revealed significant differences in daytime activity levels between patients with Mel-D and 
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those with non-melancholic depression (NMD). Interestingly, the differences were most 
pronounced in the afternoon and evening. Scrutiny of the predictive effects of the psy-
chomotor variables analysed revealed that patients with (CORE-defined) Mel-D were 4.9 
times more likely to respond to ECT than patients with NMD, with the CORE total score also 
adequately predicting ECT response. Analyses showed that all psychomotor variables were 
associated with the effect of ECT, with higher CORE total and subscale scores, lower activi-
ty levels and slow performance on the line-copying task (LCT) predicting a better response, 
although not all significantly so after Bonferroni correction. Furthermore, improvement 
in psychomotor functioning in the first week of treatment predicted a beneficial clinical 
outcome, where the change in CORE total score and its agitation and retardation subscale 
were most informative. 

Despite their predictive capacities, several clinical variables appeared to explain overlap-
ping parts of the variance in treatment outcome. Path analyses suggest that ECT response 
is mediated by melancholic depression, a type in which besides severe depressive symp-
toms either psychomotor disturbance or psychotic symptoms, or both, occur (Chapter 7). 
The association between age and ECT outcome is also mediated by the presence of melan-
cholic depression and although episode duration and medication failure are both directly 
associated with ECT response, other variables that we have not accounted for may have 
played a role.

The exploratory analyses of potential side effects of ECT presented in Chapter 8 showed 
acute anterograde amnesia during and after the treatment course, with memory functions 
being restored during the 6-month follow-up period. Group (means) analyses found no 
indications of persistent objectively measured cognitive dysfunction but RCI analyses did 
reveal clear heterogeneity in cognitive functioning at the patient-level , with some patients 
improving and others significantly deteriorating during treatment. The patients suffering 
from memory problems tended to have higher pretreatment cognitive scores and were 
overall younger, less severely depressed and seldom had melancholic or psychotic symp-
toms than those whose performance was not (markedly) impaired. 

Wrapping up, we propose to recommend ECT as a first-line treatment for depressed pa-
tients concurrently presenting with psychotic symptoms and/or melancholic symptoms, 
reflecting either retardation or agitation, or both, since the findings presented in this dis-
sertation showed ECT to be most effective in these subgroups, while cognitive side effects 
were the most moderate. We also suggest to confirm the diagnosis in patients with persis-
tent symptoms and to look for any comorbidity or other relevant patient-specific factors 
that could potentially negatively affect ECT response. 
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Het vinden van de meest effectieve behandeling voor depressie is een van de grote uitda-
gingen van de 21e eeuw. Hoewel ECT een van de meest effectieve beschikbare behandelin-
gen is, wordt het vaak niet gebruikt totdat alle andere behandelmogelijkheden ineffectief 
bleken. Dat is jammer, aangezien ECT spectaculaire resultaten kan hebben zeker voor de 
meest ernstig depressieve patiënten. Als we niet eerder ECT overwegen,  stellen we ernstig 
depressieve patiënten bloot aan minder effectieve behandeling en het risico op langdurige 
ziekte en suïcide. In de studies beschreven in dit doctoraat werden voorspellers van ECT 
outcome geëvalueerd om patiënten te kunnen identificeren met grote kans op respons om 
zo patient-treatment matching te verbeteren. 

In een uitgebreide literatuurstudie en meta-analyse over klinische voorspellers van outco-
me na ECT bij depressie, vonden we superieure effectiviteit van ECT bij patiënten met psy-
chotische (en bijgevolg ernstigere) depressie en bij oudere patiënten, terwijl gegevens over 
het predictief effect van melancholie inconclusief waren (hoofdstuk 3). 

In hoofdstuk 4 evalueerden we therapieresistentie met de Maudsley Staging Method 
(MSM), geschikt voor gebruik in de klinische praktijk wegens zijn eenvoud en gebruiksvrien-
delijkheid. Bovendien bestaat het uit drie elementen die geassocieerd zijn met een gunstige 
ECT outcome, en alle veronderstelde associaties (kortere episodeduur, een beperkt aantal 
reeds gefaalde antidepressieve behandelingen en meer ernstige depressieve symptomen) 
werden bevestigd in onze studie. Kortere episodeduur was de meest consistente voorspel-
ler van een gunstige outcome. Een samengestelde score van episodeduur en de ernst van 
de depressie, de twee sterkste MSM-factoren, werd geconstrueerd (aangepaste MSM) en 
om de nauwkeurigheid van ons predictiemodel te verhogen, werd de leeftijd van de patiënt 
gecategoriseerd en toegevoegd als een derde variabele aan de aangepaste MSM, waarbij 
hogere leeftijd overeenkwam met een betere behandeloutcome. De aangepaste MSM was 
een significante voorspeller van ECT outcome.

In hoofdstuk 5 werd de voorspellende waarde van de aan- of afwezigheid van psychotische 
symptomen vergeleken met de voorspellende waarde van de ernst psychotische depres-
sie gemeten met de Psychotic Depression Assesment Scale (PDAS). Aanwezigheid van 
psychotische symptomen en hogere PDAS-scores waren geassocieerd met een beter be-
handelresultaat. In tegenstelling tot wat we verwachtten, vonden we geen voordeel van de 
PDAS als voorspeller ten opzichte van de dichotome voorspeller, hoewel dit te maken kan 
hebben met een plafondeffect wegens de erg hoge respons- en remissiecijfers voor patiën-
ten met psychotische depressie. We vonden geen significant verschil in -time to response- 
tussen patiënten met en zonder psychotische symptomen. 

De aanwezigheid van uitgesproken psychomotorische retardatie of agitatie kan een on-
derscheid tussen melancholische (Mel-D) en niet-melancholische depressie (NMD). Tot 
nu toe kon nog niet worden bevestigd dat de aanwezigheid van Mel-D gepaard gaat met 
een gunstige ECT outcome (hoofdstuk  3). Bij het testen van ECT predictiemodellen eva-
lueerden we specifiek grove en fijne motoriek met zowel als observatieschaal als meer 
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objectieve meetinstrumenten (hoofdstuk 6). Significante verschillen in activiteitsniveaus 
overdag werden gevonden tussen patiënten met Mel-D en NMD. In tegenstelling tot wat 
men zou verwachten, was het verschil in activiteitsniveaus overdag het meest duidelijkst in 
de middag en de avond. Patiënten met Mel-D hadden in onze sample een 4.9 keer grotere 
kans om goed te reageren op een behandeling met ECT dan patiënten met NMD, en ook de 
totale CORE-score voorspelde adequaat het effect van de behandeling. In feite waren alle 
onderzochte psychomotorische variabelen geassocieerd met de respons op behandeling 
met ECT (hogere CORE-totaal en subschaal-scores, lagere activiteitsniveaus overdag, 
trage prestaties op een lijnkopieertaak) hoewel een aantal van deze predictoren de Bonfer-
roni-correctie niet overleefden. Verbetering van het psychomotorisch functioneren in de 
eerste behandelingsweek bleek bovendien een voorloper te zijn van een gunstige behan-
deloutcome, waarbij verandering in de totale CORE-score en de agitatie en retardatie-sub-
schaal het meest waardevol bleken. 

Hoewel de voorspellende waarde van verschillende klinische variabelen door onze analyses 
werd bevestigd, lijken ze vaak overlappende delen van de variantie in uitkomst te verklaren. 
Volgens pad-analyse (hoofdstuk 7) lijkt ECT-outcome bepaald te worden door de aanwe-
zigheid van symptomen van een melancholische depressie waarbij psychomotorische 
symptomen en/of psychotische symptomen aanwezig zijn. De associatie tussen leeftijd en 
ECT-outcome wordt ook gemedieerd door de aanwezigheid van melancholische depressie 
en hoewel episodeduur en behandelfalen direct geassocieerd lijken te zijn met ECT-outco-
me, zouden andere variabelen waar we geen rekening mee hebben gehouden in onze analy-
ses een rol kunnen hebben gespeeld.

De verkennende analyses naar neveneffecten van de behandeling (hoofdstuk 8) laten acu-
te anterograde amnesie zien tijdens en vlak na de behandeling met ECT, maar herstellende 
geheugenfunctie in de 6 maanden durende follow-up periode. Kijkend naar groepsgemid-
delden vonden we geen persistent objectief cognitief disfunctioneren, maar de RCI-analy-
ses tonen een duidelijke heterogeniteit in cognitief functioneren op patiënt-niveau, waarbij 
een deel significant verbetert en anderen significant verslechteren tijdens de behandeling. 
De patiënten die geheugenproblemen ervaren, lijken wat hogere baseline cognitieve scores 
te hebben en waren jonger, minder ernstig depressief en hadden zelden melancholische of 
psychotische symptomen dan de patiënten zonder duidelijke geheugenproblemen.

Op basis van onze bevindingen stellen we voor om ECT te beschouwen als een eerstelijns 
behandeloptie voor patiënten met psychotische en/of melancholische symptomen, vertra-
ging en/of agitatie, aangezien de bevindingen in dit proefschrift aantoonden dat ECT het 
meest effectief bleek te zijn in deze subgroepen, terwijl cognitieve bijwerkingen beperk 
waren. We stellen voor om de diagnose te bevestigen bij patiënten met langere episode-
duur en om te zoeken naar eventuele comorbiditeit of andere relevante patiëntspecifieke 
factoren die mogelijk de ECT respons negatief kunnen beïnvloeden. 
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