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Abstract

Establishing symptom-based predictors of electroconvulsive therapy (ECT) outcome seems promising, however, findings
concerning the predictive value of distinct depressive symptoms or subtypes are limited; previous factor-analytic approaches
based on the Montgomery—/oksberg Depression Rating Scale (MADRS) remained inconclusive, as proposed factors varied
across samples. In this naturalistic study, we refrained from these previous factor-analytic approaches and examined the pre-
dictive value of MADRS single items and their change during the course of ECT concerning ECT outcome. We used logistic
and linear regression models to analyze MADRS data routinely assessed at three time points in 96 depressed psychiatric
inpatients over the course of ECT. Mean age was 53 years (SD 14.79), gender ratio was 58:38 (F:M), baseline MADRS score
was M =30.20 (SD 5.42). MADRS single items were strong predictors of ECT response, remission and overall symptom
reduction, especially items 1 (apparent sadness), 2 (reported sadness) and 8 (inability to feel), assessing affective symptoms.
Strongest effects were found for regression models including item 2 (reported sadness) with up to 80% correct prediction
of ECT outcome. ROC analyses were performed to estimate the optimal cut-point for treatment response. MADRS single
items during the course of ECT might pose simple, reliable, time- and cost-effective predictors of ECT outcome. More severe
affective symptoms of depression at baseline and a stronger reduction of these affective symptoms during the course of ECT
seem to be positively associated with ECT outcome. Precise cut-off values for clinical use were proposed. Generally, these
findings underline the benefits of a symptom-based approach in depression research and treatment in addition to depression
sum-scores and generalized diagnoses.

Keywords Electroconvulsive therapy (ECT) - Montgomery—Asberg Depression Rating Scale (MADRS) - Depression -
Response prediction

Introduction

Electroconvulsive therapy (ECT) is one of the most effective
treatment options for depressive disorders, recommended
especially for the treatment of severe and treatment-resistant
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sive therapy can be regarded as a relatively costly, intensive
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treatment, implying patients being hospitalized for several
weeks undergoing recurrent anaesthesia. Moreover, tran-
sient cognitive side effects and the psychological distress
for patients undergoing this treatment without the desired
effects need to be considered [6, 7]. At the same time, there
is well-established evidence that ECT is a very effective
treatment option for severely depressed patients with a long
history of treatment efforts [1]. These factors underline the
importance of establishing reliable response predictors of
antidepressant treatment with ECT. Factors such as age,
psychotic symptoms and depression severity appear to be
well-founded predictors of successful ECT treatment; how-
ever, findings concerning depression symptoms or subtypes
are less clear [8]. In their factor-analytic approaches, Oka-
zaki et al. [9] Tominaga et al. [10] and Spashett et al. [11]
examined factors derived from the Montgomery—;\sberg
Depression Rating Scale (MADRS) [12] as predictors of
ECT response. Postulating response predictors employing
one of the most established clinical interviews for depres-
sion severity seems of great value for clinical decision mak-
ing, however, proposed factor models varied across samples
and implications remained inconclusive. Hence, the current
study refrains from this factor-analytic approach and rather
aims to examine the value of MADRS single items as pre-
dictors of ECT response. As this is the first study examining
MADRS single items during the course of ECT, we not only
aspire to examine the predictive value of MADRS single
items and, therefore, depressive symptoms but also seek to
depict the change of these depressive symptoms during the
course of ECT to deepen the understanding of the antide-
pressant mechanisms of ECT.

Method
Participants

Participants were psychiatric inpatients diagnosed with
a current depressive episode in accordance with DSM-5
who were treated with ECT at Charité—Universitdtsmedi-
zin Berlin. The present study analyses routinely assessed
depression severity employing the MADRS [12], so no
restrictions concerning comorbidities or medication intake
were made and no clinical trials registration is available.
However, the retrospective study design was approved by
the institutional review board of the Charité, performed in
accordance with the Declaration of Helsinki and patients’
informed consent was obtained. Routine MADRS ratings
were available for 120 moderately to severely depressed
inpatients, additional clinical and demographic data was
collected from medical records. To facilitate interpreta-
tion and enhance comparability with other studies, patients
who received ketamine treatment right before ECT,
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changed to ketamine treatment during the course of ECT
or received ketamine as an anaesthetic during ECT were
excluded (n=10), as well as patients older than 80 years
(n=4), patients who had to pause ECT due to urgent
other medical reasons (n=2), were rehospitalized shortly
after release and received a second course of ECT (n=1),
received only one ECT session per week in the beginning
(n=1) or received very few (6 or 7) ECT sessions (n=2).
Patients with baseline MADRS total score 2 SD > Mean
were identified as outliers and excluded (n=4), resulting
in our total sample size of n=96.

ECT treatment

ECT was administered in accordance with standard pro-
tocol at the Department of Psychiatry, Charité—Univer-
sititsmedizin Berlin, which includes three ECT sessions
per week (for details see Basso et al. [13] and Brakemeier
et al. [14]). In short, patients were anesthetized either
with etomidate (approximately 0.75 mg/kg) or propo-
fol (approximately 1.5 mg/kg). A Thymatron IV System
(Somatics, LLC, Venice, Florida, United States) was used
to deliver ultra-brief pulse stimuli (0.3 ms) for right uni-
lateral ECT. Succinylcholine (approximately 0.75 mg/
kg) was used for muscular relaxation. Motor and electro-
encephalogram (EEG) seizure duration, ictal-EEG wave
amplitude and post-ictal suppression index were monitored
for seizure quality. During the first ECT session, seizure
threshold was titrated and voltage was subsequently mod-
ified if patients showed insufficient seizures. The mean
number of administered ECT sessions was 13.60 (SD
2.66).

Study design and assessment

A routinely assessed German version of the Montgom-
ery—z&sberg Depression Rating Scale (MADRS) [12] con-
ducted by trained professionals at baseline before ECT treat-
ment (TO0), mid-treatment after six ECT sessions (T1) and at
the end of treatment 1-3 days after the last ECT session (T2)
was analysed. The MADRS consists of ten items assessing
the following depressive symptoms on a seven-point scale:
apparent sadness, reported sadness, inner tension, reduced
sleep, reduced appetite, concentration difficulties, lassitude,
inability to feel, pessimistic thoughts and suicidal thoughts.
Reduction of MADRS total score of 50% or more at T2
was defined as response, MADRS total score <10 at T2 as
remission, 50% reduction or more at T1 was defined as early
response [15]. In our sample, 53% of the patients responded,
34% remitted, all patients who remitted responded as well,
24% were classified as early responders.
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Statistical analyses

All analyses were conducted using SPSS® 26.0 (IBM Cor-
poration, Armonk NY, USA) for Windows®/Apple Mac®. T
tests for independent samples were used to examine differ-
ences between responders and non-responders concerning
clinical or demographic variables, chi-squared tests were
used to assess differences between categorical variables. As
distribution of gender differs between responders and non-
responders, gender was added to the regression models.

Change of depressive symptoms during the course of ECT

ANOVAs for repeated measures (TO, T1, T2) were applied,
separately for all single items and MADRS total score, gen-
der and psychotic symptoms were added as covariates. These
ANOVAs were performed for the overall sample and sepa-
rately for responders and non-responders. For the overall
sample, classification as responders vs. non-responders was
additionally added as a covariate.

Prediction of response

A two-step logistic regression model was used to predict
response. In order to control for gender, psychotic symptoms
and number of received ECT sessions these three variables
were added in the first step, in the second step, MADRS
single items and MADRS total score were each added to
a distinct model individually, thus each regression model
consisted of gender, psychotic symptoms, number of ECT
sessions in the first step and one MADRS item (or MADRS
total score) in the second step. In the second step interaction
terms of the respective MADRS item or total score with gen-
der, psychotic symptoms and number of ECT sessions were
added as well, these were removed when not significant.
In addition to the predictive value of MADRS items and
total score at baseline (T0) and mid-treatment (T1), we also
examined the predictive value of the change scores. Change
scores TO:T1 are defined as the change in percentage from
TO to T1, change scores T0:T2 as the change in percentage
from TO:T2.

Prediction of early response

The same two-step logistic regression model as described
above was applied.

Prediction of remission

Considering the relatively small amount of remitted patients
(34%) in our sample, the fact that in the group of 51 respond-
ers all 31 remitters are included, and that from a clinical
perspective we consider response prediction to be a more

urgent matter, we decided to only briefly report remission
prediction here, the same two-step logistic regression model
as described above was applied.

Prediction of overall symptom reduction

Even though the response definition of 50% symptom reduc-
tion is well established, this dichotomisation can be regarded
as a rough simplification which undoubtedly implies loss of
information. Thus, we decided that an important criterion
for successful ECT treatment is not only response, but also
overall symptom reduction, which we defined as change of
MADRS total score in percentage from TO to T2 (change
score MADRS total score TO:T2). To predict overall symp-
tom reduction, we used a two-step linear regression model,
similar to the logistic regression model mentioned above.
To control for gender, psychotic symptoms and number of
ECT sessions these three variables were added in the first
step, in the second step, MADRS single items and MADRS
total score were each added to a distinct model individually.

ROC curves

Additionally, receiver operating characteristic (ROC) analy-
ses were performed to estimate the optimal cut point for
MADRS items and total score at baseline for response at
the end of treatment.

All p values are Bonferroni-corrected where applicable,
except for TO as predictor of ECT response. All assumptions
of the respective tests were satisfied or it was reasonable to
conclude that the tests were robust against the respective
violations, thus only parametric tests were used. Normal-
ity of distribution was tested with the Shapiro-Wilk test,
equality of error variances was tested with Levene’s test,
Greenhouse—Geisser correction was applied were necessary.
Cohen’s f, Cohen’s d, Phi coefficient (¢), or partial 5 are
reported as effect sizes.

Results
Clinical and demographic data

Our sample consisted of n=96 psychiatric inpatients diag-
nosed with a depressive episode. Demographic and clinical
characteristics for the overall sample, responders and non-
responders are shown in Table 1. In our overall sample, 47%
of the inpatients were diagnosed with psychiatric comor-
bidities, 67% received concomitant antidepressant medica-
tion. For detailed description of diagnosis type, psychiatric
comorbidities and antidepressant medication, please see
Tables 2 and 3, supplementary material.
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Table 1 Demographic and clinical characteristics

Variable Overall sample Responders Non-responders t df p d
M SD n M SD n M SD n
Age 5260 1479 96 5467 15.15 51 5027 1418 45 —-146 94 0.147 -0.30
Education (years) 1405 285 88 13.84 283 44 1429 293 42 0.72 84 0.476 0.16
Number of psychiatric hospitalizations® 398 333 94 418 415 50 375 202 44 -065 73 0.518 -=0.15
Number of depressive episodes 724 959 46 9.04 1136 28 444 497 18 -—-161 44 0.114 -0.49
Duration of current episode (months)* 9.61 9.44 46 8.53 944 27 11.13 9.66 19 092 44 0.364 0.28
Baseline (T0) MADRS total score 3020 542 96 3147 534 51 2876 521 45 -252 94 0.014 -0.52
Mid-treatment (T1) MADRS total score  20.30  7.26 96 1694 7.02 51 2411 547 45 553 94 <0.001 1.14
Treatment end (T2) MADRS total score  14.30 791 96 824 410 51 2126 501 45 13.88 94 <0.001 2.86
Change MADRS total score T0:T2 5091 2829 96 7326 1327 51 2558 17.12 45 1534 94 <0.001 3.16
Number of ECT sessions 13.60 266 96 1327 265 51 1398 266 45 1.30 94 0.198 0.27
e p ¢

Gender (F:M) 58:38 96 37:14 51 21:24 45 5.66 1 0.017 0.26
Psychotic Symptoms® (Y:N) 11:85 96 10:41 51 1:44 45 5.51 1 0.019 0.27
Suicide Attempt Lifetime® (Y:N) 30:41 71 17:23 50 13:18 31 0.00 1 0.962 0.01

# Assumption of equality of error variances violated (Levene’s test: p <0.05)
Yates corrected. Change MADRS total score TO:T2 is defined as the change in percentage from TO to T2. d=Cohen’s d, ¢ =Phi coefficient

Change of depressive symptoms during the course

of ECT

ANOVAs for repeated measures (baseline, mid-treatment
and treatment end) were performed for the overall sample
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Prediction of response

Stepwise logistic regression showed that in the first step
gender (f=1.46, Wald(1)=9.03, p=0.003, OR 4.32) and
psychotic symptoms (f=2.86, Wald(1)=6.55, p=0.010,

OR 17.40) were strongly associated with response, while
number of ECT sessions did not contribute significantly to
the model (f=—0.13, Wald(1)=2.37, p=0.124, OR 0.88),
72(3)=20.11, p<0.001, R>=0.25, f=0.58, 68% correct
prediction.
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In the second step, MADRS single items and MADRS
total score were each added to a distinct model individually,
thus each model consisted of gender, psychotic symptoms,
number of ECT sessions, and one MADRS item (or MADRS
total score).

Baseline (TO)

MADRS total score (f=0.62, Wald(1)=4.71, p=0.030,
OR 1.88), item 1 (=0.65, Wald(1)=4.78, p=0.029, OR
1.91), item 2 (f=4.41, Wald(1)=6.28, p=0.012, OR 82.10)
and item 8 (#=2.59, Wald(1)=4.67, p=0.031, OR 13.27)
were significantly associated with ECT response, the model
including item 2 and gender*item 2 interaction showed the
best fit: ¥*(5)=31.60, p<0.001, R>*=0.37, f=0.77, 70% cor-
rect prediction.

Mid-treatment (T1)

MADRS total score (f=—0.17, Wald(1)=14.48, p<0.001,
OR 0.84), item 1 (f=—0.68, Wald(1)=8.24, p=0.004, OR
0.51) and item 2 (f=—-0.67, Wald(1)=8.83, p=0.003, OR
0.51) were Bonferroni-corrected significant predictors, the
model including item 2 showed the best fit: y*(4)=30.64,
p<0.001, R>=0.37, f=0.77, 78% correct prediction.

Change Scores TO:T1

Change scores for items 1, 2, 8, 10, and MADRS total
score were Bonferroni-corrected significant predictors. The
two models including item 2 (f=-0.05, Wald(1)=16.54,
p<0.001, OR 0.95), y*(4)=44.08, p<0.001, R>=0.49,
f=0.98, 80% correct prediction and MADRS total
score (f=—0.07, Wald(1)=19.03, p<0.001, OR 0.94),
x*(4)=50.56, p<0.001, R*=0.55, f=1.11, 80% correct
prediction, showed the best fit.

Change Scores T0:T2

Change scores for items 1, 2, 5, 6, 8, 9, and 10 were Bon-
ferroni-corrected significant predictors, the model includ-
ing item 2 (f=—0.12, Wald(1)=19.48, p <0.001, OR 0.89)
showed the best fit: x*(4)=89.42, p<0.001, R*=0.81,
f=2.06,92% correct prediction.

Complete information for all regression analyses pre-
dicting response can be found in Table 4, supplementary
material.

Prediction of early response
Stepwise logistic regression showed that in the first step psy-

chotic symptoms (#=1.84, Wald(1) =6.66, p=0.010, OR
6.29) were associated with early response, whereas no effect
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of gender was found (f=1.06, Wald(1)=3.32, p=0.069,
OR 2.88), ¥%(2)=9.20, p=0.010, R*=0.14, f=0.40, 49%
correct prediction.

In the second step, no effects of MADRS items predicting
early response were found (all p > 0.05).

Complete information for all regression analyses predict-
ing early response can be found in Table 5, supplementary
material.

Prediction of remission

Stepwise logistic regression showed that in the first step gen-
der (f=1.60, Wald(1)=8.57, p=0.003, OR 4.97), psychotic
symptoms (f=1.44, Wald(1)=3.96, p=0.047, OR 4.24)
and number of ECT sessions (f=-0.23, Wald(1)=5.76,
p=0.016, OR 0.79) were strongly associated with remis-
sion, ¥*(3)=17.48, p=0.001, R*=0.23, f=0.55, 69% cor-
rect prediction.

In the second step, MADRS single items and MADRS
total score were each added to a distinct model individually,
thus each model consisted of gender, psychotic symptoms,
number of ECT sessions and one MADRS item (or MADRS
total score).

Baseline (TO) MADRS total score and MADRS single
items could not predict ECT remission. For mid-treatment
(T1), Change Scores TO:T1 and Changes Scores TO:T2 as
predictors, results were similar to prediction of response, the
two models either including MADRS total score or item 2,
respectively, showed the best fit. Complete information for
all regression analyses predicting remission can be found in
Table 6, supplementary material.

Prediction of overall symptom reduction

Stepwise linear regression showed that in the first step
gender (f=—-0.25, r=-2.59, p=0.011) and psychotic
symptoms (f=—0.27, t=-2.76, p=0.007) significantly
contributed to predicting overall symptom reduction, while
number of ECT sessions did not significantly contribute to
the prediction (#=0.16,r=1.61, p=0.111), F(3, 92)=4.99,
p=0.003, R>=0.11, f=0.35.

In the second step, MADRS single items and MADRS
total score were each added to a distinct model individually,
thus each model consisted of gender, psychotic symptoms,
number of ECT sessions and one MADRS item (or MADRS
total score).

Baseline (TO)

MADRS total score, item 1, 2, 8, and 9 significantly con-
tributed to predicting overall symptom reduction, MADRS
total score was a Bonferroni-corrected significant predictor
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(B=—0.30, t=—3.25, p=0.002), F(4,91)=6.77, p<. 001,
R?=0.20, f=0.50.

Change Scores TO:T1

Change scores for MADRS total score and items 1, 2, 3, 6, 8,
and 10 were Bonferroni-corrected significant predictors. The
two models including item 2 (f=0.54, r=6.17, p<0.001),
F(4,91)=14.77, p<. 001, R?=0.37, f=0.77 and MADRS
total score (#=0.54, r=6.18, p<0.001), F(4, 91)=14.80,
p<.001, R?=0.37, f=0.77 showed the best fit.

Change Scores T0:T2

Change scores from TO to T2 for items 2,4, 5,7, 8,9, and 10
were Bonferroni-corrected significant predictors. The model
including item 2 (f=1.84, r=6.08, p <0.001) and number
of ECT sessions*item 2 interaction (f=—1.04, t=—3.44,
p=0.001) showed the best fit: F(5, 90)=55.81, p<0.001,
R*=0.74, f=1.69.

Complete information for all regression analyses predict-
ing overall symptom reduction can be found in Table 7, sup-
plementary material.

ROC curves

As regression models including MADRS total score and
item 2 showed the best fit, ROC curves were computed for
these variables.

MADRS total Score baseline (T0)

Area under the curve was 0.64, p=0.017, optimal cut point
by Youden-index was MADRS total score =32 (sensitivity
0.49, specificity 0.73).

MADRS item 2 baseline (T0)

Area under the curve was 0.65, p=0.013, optimal cut point
by Youden-index was item 2 =35 (sensitivity 0.47, specific-
ity 0.78).

Discussion
Main findings

In this retrospective naturalistic study, we examined 96 psy-
chiatric inpatients diagnosed with a depressive episode who
were treated with ECT at Charité—Universitatsmedizin Ber-
lin. We studied change of depressive symptoms during the
course of ECT and explored whether depressive symptoms
and their change during the course of ECT could predict

treatment outcomes. We analysed the routinely assessed
MADRS from three time points: baseline (T0), mid-treat-
ment (T1) and end of treatment (T2). For the first time,
MADRS single items and their association with ECT out-
comes were examined.

For all patients, MADRS total score significantly
decreased from baseline to treatment end. Considering
the single items, highest reductions were found for items 1
(apparent sadness), 2 (reported sadness) and 8 (inability to
feel). Responders showed significant reductions for all sin-
gle items. Significant reductions for single items within the
non-responder group were only found for item 1 (apparent
sadness) and 2 (reported sadness).

In our sample, 53% of the patients responded, women
were more likely to respond to ECT than men, as were
patients who experienced psychotic symptoms during their
current episode, age was not associated with response.
Responders showed higher depression scores at baseline
and lower scores at the end of treatment.

MADRS total score, single items and their change during
the course of ECT were useful predictors of ECT response,
remission and overall symptom reduction. Single items,
especially item 1 (apparent sadness), 2 (reported sadness)
and 8 (inability to feel) showed predictive values compara-
ble with or higher than that of MADRS total score. Strong-
est effects were found for item 2 with large effect sizes,
e.g. the regression model including the change of item 2
(reported sadness) from baseline to treatment end showed
92% correct prediction of ECT response or non-response. It
is important to note the direction of these effects: at base-
line, higher depression scores are positively associated with
ECT outcome, at mid-treatment lower depression scores
are positively associated with ECT outcome. No effects for
prediction of early response were found. ROC curves were
computed to estimate the optimal cut point for MADRS total
score and item 2 (reported sadness) at baseline for response
at the end of treatment: MADRS total score =32, item 2=5.

Comparison with findings from other studies

In accordance with previous findings, depression severity at
baseline and a larger symptom reduction until mid-treatment
was positively associated with ECT outcome [8, 16, 17].
Response rate in our sample was relatively low, this might
be due to the relatively low percentage of patients with psy-
chotic features and the exclusion of patients diagnosed with
schizoaffective disorders in contrast to other studies such
as Nordenskjold et al. [18], as well as differences in elec-
trode placement, dosage and utilized anaesthetic [6]. Even
though women were not more severely depressed at baseline
and did not report psychotic features more frequently, we
found higher response rates for women in our sample, which
has not been reported by previous studies [7]. Patients’ age
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ranged from 22 to 80 years, however, in accordance with
some other studies, no association between age and ECT
response was found [19, 20]. Contradicting previously
reported effects of age were rather small and a possible
“turning-point” in the mid-fifties is discussed, however, this
remains an open question for further research [8].

Strongest predictive effects were found for item 2
(reported sadness), this can be linked to previous factor-
analytic findings. Even though Okazaki et al. [9] and
Spashett et al. [11] proposed two distinct predicting factors,
consisting of different MADRS single item combinations
(called “dysphoria” and “despondency”, respectively), item
2 occurs to be the one item these two distinct factors have
in common. ECT outcome was positively associated with a
higher affective symptomatology at baseline (item 1 appar-
ent sadness, item 2 reported sadness, item 8 inability to feel)
and during the course of ECT these symptoms showed the
strongest decrease. Partly, this can be associated with previ-
ous findings linking melancholic features of depression to
ECT outcome [21]. However, findings remain inconsistent,
especially as definitions and assessment of melancholic fea-
tures vary. Melancholic features often imply a broad variety
of differing symptoms, not only affective but also somatic
symptoms such as agitation, loss of appetite and sleeping
disturbances [7, 8]. We found no evidence for strong pre-
dictive values of somatic symptoms for ECT outcome. Our
findings underline the proposed limited usefulness of mel-
ancholic features as predictor of ECT outcome [22] and sup-
port a more symptom-based approach of depression research
as proposed by Fried and Nesse [23] corresponding to the
heterogeneity of depressive disorders [24].

Implications

Our findings imply a strong antidepressant effect of ECT,
especially in decreasing affective symptomatology. More
severely depressed patients seem to benefit more, espe-
cially patients reporting pronounced affective symptoms
measured with MADRS at baseline. We propose MADRS
total score =32 and item 2 =35 at baseline as potential cut-off
points determined with ROC curves. After future validation
and in combination with other aspects such as age, psychotic
symptoms, psychomotor symptoms and the physicians’ gen-
eral assessment, these cut-off points might pose a useful
addition to clinical decision-making. MADRS single items
and their change during the course of ECT (especially item
2 reported sadness) can provide a simple, reliable, cost- and
time-effective contribution to predicting ECT outcome.
While patients classified as non-responders also show sig-
nificant decrease in affective symptoms, responders and non-
responders differ particularly concerning the reduction of
pessimistic thoughts. Thus, patients who did not sufficiently
benefit from ECT might particularly benefit from additional
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interventions such as cognitive behavioural therapy after
ECT. Unfortunately, the limited research examining cogni-
tive behavioural interventions after ECT, while promising,
until now mainly focused on maintaining ECT response,
disregarding those other patients in need [14, 25, 26].

Limitations

No follow-up data were available, thus no assumptions
about long-term predictive values of MADRS single items
regarding maintained response or potential relapse can be
made. Due to the naturalistic setting, potential confound-
ing of depressive symptoms with psychiatric medication
or comorbidities cannot be ruled out. Future studies with a
constant concomitant psychotropic medication might also be
enlightening to determine specific effects of ECT. Consider-
ing the heterogeneity of depression scales [27], analysing
predictive values of depressive symptoms assessed with a
different depression scale such as the Hamilton Depression
Rating Scale (HRSD) [28] or self-report measures such as
the BDI-II (Beck Depression Inventory) [29] seems advis-
able for robust conclusions. Taking into account the impor-
tance of other demographic and clinical predictors such as
age and psychomotor symptoms [30], future studies with
larger samples might examine more comprehensive regres-
sion models including all these factors. This might help to
gain a better understanding of their respective, potentially
interacting, effects [31].

Conclusions

In this naturalistic retrospective study, we examined 96
patients diagnosed with a depressive episode in accordance
with DSM-5 who were treated with ECT at Charité—Uni-
versitdtsmedizin Berlin. We studied change of depressive
symptoms assessed with the MADRS during the course of
ECT and tested, whether these could predict ECT outcome.
Strongest reduction during the course of ECT and strongest
predictive effects were found for affective symptoms, espe-
cially item 2 (reported sadness). Future longitudinal studies
employing a variety of clinical interviews and self-report
measures for depression severity are needed to validate our
findings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00406-021-01301-8.

Author contributions LB made substantial contributions to the concep-
tion and design of the work, the acquisition, analysis and interpretation
of data and wrote the manuscript. CH made substantial contributions
to the analysis and interpretation of data. AS and AD made substantial
contributions to the acquisition and interpretation of data. AH made
substantial contributions to the acquisition of data. SA made substantial


https://doi.org/10.1007/s00406-021-01301-8

European Archives of Psychiatry and Clinical Neuroscience (2021) 271:1275-1284

1283

contributions to the conception and design of the study and acquisition
of data. MG made substantial contributions to the analysis and inter-
pretation of data. MB made substantial contributions to conception and
design of the study and has been involved in drafting the manuscript.
SG made substantial contributions to conception and design of the
study as well as analysis and interpretation of data and co-wrote the
paper. All authors revised the work critically for important intellec-
tual content, approved the final version to be published and agreed to
be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appro-
priately investigated and resolved.

Funding Open Access funding enabled and organized by Projekt
DEAL. This work was supported by the German Research Founda-
tion (GR4510/5-1 to Simone Grimm, BA3578/5-1 to Malek Bajbouj)
and by the European Commission (H2020-634541 to Simone Grimm).

Availability of data and materials The data that support the findings
of this study are available from the corresponding author, LB, upon
reasonable request.

Code availability Not applicable.

Declarations

Conflict of interest The author declares that they have no competing
interest.

Ethics approval The retrospective study design was approved by the
institutional review board of the Charité, performed in accordance with
the Declaration of Helsinki.

Consent to participate Patients’ informed consent was obtained.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Gelenberg AJ, Freeman MP, Markowitz JC, Rosenbaum JF, Thase
ME, Trivedi MH et al (2010) Practice guideline for the treatment
of patients with major depressive disorder. Am J Psychiatry
167(10):152

2. Kho KH, van Vreeswijk MF, Simpson S, Zwinderman AH (2003)
A meta-analysis of electroconvulsive therapy efficacy in depres-
sion. J ECT 19(3):139-147

3. Baldinger P, Lotan A, Frey R, Kasper S, Lerer B, Lanzenberger
R (2014) Neurotransmitters and electroconvulsive therapy. ] ECT
30(2):116-121

10

11.

12.

13.

14.

15.

16.

17.

18.

20.

Cinar S, Oude Voshaar RC, Janzing JGE, Birkenhiger TK,
Buitelaar JK, van den Broek WW (2010) The course of depres-
sive symptoms in unipolar depressive disorder during elec-
troconvulsive therapy: a latent class analysis. J Affect Disord
124(1-2):141-147

Nordanskog P, Larsson MR, Larsson E-M, Johanson A (2014)
Hippocampal volume in relation to clinical and cognitive out-
come after electroconvulsive therapy in depression. Acta Psychiatr
Scand 129(4):303-311

Merkl A, Heuser I, Bajbouj M (2009) Antidepressant electrocon-
vulsive therapy: mechanism of action, recent advances and limita-
tions. Exp Neurol 219(1):20-26

Pinna M, Manchia M, Oppo R, Scano F, Pillai G, Loche AP et al
(2018) Clinical and biological predictors of response to electro-
convulsive therapy (ECT): a review. Neurosci Lett 669:32-42
van Diermen L, van den Ameele S, Kamperman AM, Sabbe
BCG, Vermeulen T, Schrijvers D et al (2018) Prediction of elec-
troconvulsive therapy response and remission in major depres-
sion: meta-analysis. Br J Psychiatry 212(2):71-80

Okazaki M, Tominaga K, Higuchi H, Utagawa I, Nakamura
E, Noguchi M et al (2010) Predictors of response to electro-
convulsive therapy obtained using the three-factor structure
of the Montgomery and Asberg Depression Rating Scale for
treatment-resistant depressed patients. J ECT 26(2):87-90
Tominaga K (2011) Symptom predictors of response to elec-
troconvulsive therapy in older patients with treatment-resistant
depression. [JGM. 4:515

Spashett R, Fernie G, Reid IC, Cameron IM (2014) MADRS
symptom subtypes in ECT-treated depressed patients: relation-
ship to response and subsequent ECT. J ECT 30(3):227-231
Montgomery SA, Asberg M (1979) A new depression
scale designed to be sensitive to change. Br J Psychiatry
134(4):382-389

Basso L, Bonke L, Aust S, Gértner M, Heuser-Collier I, Otte C
et al (2020) Antidepressant and neurocognitive effects of serial
ketamine administration versus ECT in depressed patients. J Psy-
chiatr Res 123:1-8

Brakemeier E-L, Merkl A, Wilbertz G, Quante A, Regen F, Biih-
rsch N et al (2014) Cognitive-behavioral therapy as continuation
treatment to sustain response after electroconvulsive therapy
in depression: a randomized controlled trial. Biol Psychiatry
76(3):194-202

Maust D, Cristancho M, Gray L, Rushing S, Tjoa C, Thase ME
(2012) Psychiatric rating scales. In: Handbook of Clinical Neurol-
ogy [Internet]. Elsevier. pp 227-37. https://linkinghub.elsevier.
com/retrieve/pii/B9780444520029000139. Accessed 24 Jun 2020
Husain MM, Rush AJ, Fink M, Knapp R, Petrides G, Rummans
T et al (2004) Speed of response and remission in major depres-
sive disorder with acute electroconvulsive therapy (ECT): a con-
sortium for research in ECT (CORE) report. J Clin Psychiatry
65(4):485-491

Martinez-Amorés E, Goldberg X, Galvez V, de Arriba AA, Soria
V, Menchén JM et al (2018) Early improvement as a predictor
of final remission in major depressive disorder: new insights in
electroconvulsive therapy. J Affect Disord 235:169-175
Nordenskjold A, von Knorring L, Engstrom I (2012) Predictors
of the short-term responder rate of Electroconvulsive therapy in
depressive disorders—a population based study. BMC Psychiatry
12(1):115

. Birkenhidger TK, Pluijms EM, Ju MR, Mulder PG, de Van Broek

WW (2010) Influence of age on the efficacy of electroconvulsive
therapy in major depression: a retrospective study. J Affect Disord
126(1-2):257-261

Loo CK, Mahon M, Katalinic N, Lyndon B, Hadzi-Pavlovic D
(2011) Predictors of response to ultrabrief right unilateral elec-
troconvulsive therapy. J Affect Disord 130(1-2):192-197

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://linkinghub.elsevier.com/retrieve/pii/B9780444520029000139
https://linkinghub.elsevier.com/retrieve/pii/B9780444520029000139

1284

European Archives of Psychiatry and Clinical Neuroscience (2021) 271:1275-1284

21.

22.

23.

24.

25.

26.

Rasmussen K (2011) Electroconvulsive therapy and melancholia:
review of the literature and suggestions for further study. J ECT
27(4):315-322

Fink M, Rush AJ, Knapp R, Mueller M, Biggs M, Bailine S et al
(2007) DSM melancholic features are unreliable predictors of
ECT response: a CORE publication. J ECT 23(3):8

Fried EI, Nesse RM (2015) Depression sum-scores don’t add up:
why analyzing specific depression symptoms is essential. BMC
Med 13(1):72

Fried EI, Nesse RM (2015) Depression is not a consistent syn-
drome: an investigation of unique symptom patterns in the
STAR*D study. J Affect Disord 172:96-102

Fenton L, Fasula M, Ostroft R, Sanacora G (2006) Can cognitive
behavioral therapy reduce relapse rates of depression after ECT?
A preliminary study. J ECT 22(3):196-198

Wilkinson ST, Ostroff RB, Sanacora G (2017) Computer-assisted
cognitive behavior therapy to prevent relapse following electro-
convulsive therapy. J ECT 33(1):52-57

@ Springer

217.

28.

29

30.

31.

Fried EI (2017) The 52 symptoms of major depression: lack of
content overlap among seven common depression scales. J Affect
Disord 208:191-197

Hamilton M (1960) A rating scale for depression. J Neurol Neu-
rosurg Psychiatry 23(1):56-62

Beck AT, Steer RA, Brown GK (1996) Manual for the beck
depression inventory-II. Psychological Corporation, San Antonio
van Diermen L, Vanmarcke S, Walther S, Moens H, Veltman E,
Fransen E et al (2019) Can psychomotor disturbance predict ECT
outcome in depression? J Psychiatr Res 117:122-128

Heijnen WTCJ, Kamperman AM, Tjokrodipo LD, Hoogendijk
WIG, van den Broek WW, Birkenhager TK (2019) Influence
of age on ECT efficacy in depression and the mediating role of
psychomotor retardation and psychotic features. J Psychiatr Res
109:41-47



	A symptom-based approach in predicting ECT outcome in depressed patients employing MADRS single items
	Abstract
	Introduction
	Method
	Participants
	ECT treatment
	Study design and assessment
	Statistical analyses
	Change of depressive symptoms during the course of ECT
	Prediction of response
	Prediction of early response
	Prediction of remission
	Prediction of overall symptom reduction
	ROC curves


	Results
	Clinical and demographic data
	Change of depressive symptoms during the course of ECT
	Prediction of response
	Baseline (T0)
	Mid-treatment (T1)
	Change Scores T0:T1
	Change Scores T0:T2

	Prediction of early response
	Prediction of remission
	Prediction of overall symptom reduction
	Baseline (T0)
	Change Scores T0:T1
	Change Scores T0:T2

	ROC curves
	MADRS total Score baseline (T0)
	MADRS item 2 baseline (T0)


	Discussion
	Main findings
	Comparison with findings from other studies
	Implications
	Limitations

	Conclusions
	References




