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Differences among depressed patients on electrophysiologic and dichotic listening measures 
have been found to be related to therapeutic responsiveness to antidepressants. This report 
compares the pretreatment ERPs of 38 depressed patients who responded to the selective serotonin
reuptake inhibitor (SSRI) fluoxetine, 17 patients who were non-responders, and 49 healthy 
controls. EEG was recorded from 30 sites during oddball tasks using binaural complex tones or 
syllables. A principal components analysis with unscaled Varimax rotation measured five 
components identified in our prior study (Kayser et al., 1998): N1 (N100), N2 (N215), early P3 
(P315), late P3 (P400) and a late positive slow wave. Both responders and non-responders showed 
the same task-dependent hemispheric asymmetries of N2 and P3 components as seen for controls. 
There was a significant difference among groups in early P3 amplitude, but not in late P3 
amplitude. Non-responders showed reduced early P3 amplitude, whereas responders had the same 
amplitude as controls. While the late P3 had the expected parietal maximum scalp distribution, 
early P3 extended into frontocentral regions. The frontally-oriented topography of early P3 
resembled that typically seen for other early P3 subcomponents, i.e., P3a or the novelty P3. The 
reduction of early P3 in fluoxetine non-responders may therefore be consistent with reports of 
prefrontal dysfunction in patients who fail to respond to antidepressants.

AbstractAbstract

• Differences among depressed patients on electrophysiologic (EEG and 
ERP) and dichotic listening measures have been found to be related to 
therapeutic responsiveness to antidepressants (Bruder et al., 1999;
Pizzagalli et al., 2001).

• Evidence of greater left than right hemispheric activation during EEG 
and dichotic listening tests was associated with favorable response to a 
selective serotonin reuptake inhibitor (SSRI) antidepressant, whereas the 
opposite hemispheric asymmetry predicts poor response (Bruder et al., 
1996, 2001).

• This report compares pretreatment ERPs of depressed patients who 
subsequently responded to an SSRI antidepressant and those who did not.
ERPs were recorded during phonetic and tonal oddball tasks, which yield 
task-related hemispheric asymmetries of N2 and P3 components (Kayser
et al., 1998).

IntroductionIntroduction

• Patients who met DSM-IV criteria for major depressive disorder or
dysthymia received 12 weeks of treatment with fluoxetine.

• An independent evaluator rated each patient after 12 weeks using the 
Clinical Global Impression Improvement (CGI-I) scale. Patients who had 
a rating of "much improved" or better were considered responders and all 
other patients were non-responders.

• This report compares the pretreatment ERPs of 38 responders and 17 
non-responders that were recorded during an initial drug-free period.

• All participants were right-handed (Edinburgh Handedness Inventory) 
and were without hearing loss or neurological disorder.

ParticipantsParticipants

• Responders and non-responders showed the same task-dependent 
hemispheric asymmetries of the N2-P3 complex as seen for healthy 
adults (Kayser et al., 1998).

• An early P3 subcomponent (P315), with a more frontocentral scalp 
distribution than the parietal maximum P3 (P400), was reduced in
fluoxetine non-responders. The timing and frontally-oriented topography 
of this early P3 subcomponent resembles that typically seen for P3a or 
the novelty P3 (Friedman, 1993; Knight, 1984).

• An overall P3 measure, obtained by summing the factor scores for P315 
and P400 subcomponents, was reduced in fluoxetine non-responders at 
frontal sites.

• The reduction of early P3 in treatment non-responders may be an
electrophysiologic correlate of prefrontal dysfunction, which has been 
hypothesized to exist in patients who respond poorly to antidepressants 
(Kalayam & Alexopoulos, 1999).

Summary and ConclusionsSummary and Conclusions

Bruder, G.E., Otto, M.W., Stewart, J.W., McGrath, P., Fava, M., Rosenbaum, J.F., & Quitkin, F.M.. 
(1996). Dichotic listening before and after fluoxetine treatment for major depression: relations of 
laterality to therapeutic response. Neuropsychopharmacology, 15, 171-179.

Bruder, G.E., Stewart, J.W., Tenke, C.E., McGrath, P.J., Leite, P., Bhattacharya, N., & Quitkin, F.M. 
(2001). Electroencephalographic and perceptual asymmetry differences between responders and
nonresponders to an SSRI antidepressant. Biological Psychiatry, 49(5), 416-425.

Bruder, G.E., Tenke, C.E., Stewart, J.W., McGrath, P.J., & Quitkin, F.M. (1999). Predictors of 
therapeutic response to treatments for depression: a review of electrophysiologic and dichotic 
listening studies. CNS Spectrums, 4, 30-36.

Friedman, D., Simpson, G.V., & Hamberger, M. (1993). Age-related changes in scalp topography to 
novel and target stimuli. Psychophysiology, 30, 383-396.

Kalayam, B., & Alexopoulos, G.S. (1999). Prefrontal dysfunction and treatment response in geriatric 
depression. Archives of General Psychiatry, 56, 713-718.

Kayser, J., & Tenke, C.E. (2000). Optimizing principal components analysis (PCA) methodology for 
ERP component identification and measurement: theoretical rationale and empirical evaluation. 
Psychophysiology, 37, S54.

Kayser, J., Tenke, C.E., & Bruder, G.E. (1998). Dissociation of brain ERP topographies for tonal and 
phonetic oddball tasks. Psychophysiology, 35, 576-590.

Knight, R.T. (1984). Decreased response to novel stimuli after prefrontal lesions in man. 
Electroencephalography and Clinical Neurophysiology, 59, 9-20.

Pizzagalli, D., Pascual-Marqui, R.D., Nitschke, J.B., Oakes, T.R., Larson, C., Abercombie, H.C., 
Schaefer, S.M., Koger, J.V., Benca, R.M., & Davidson, R.J. (2001). Anterior cingulate activity as a 
predictor of degree of treatment response in major depression: Evidence from brain electrical
tomography analysis. American Journal of Psychiatry, 158, 1-11.

ReferencesReferences

• ERPs were computed for each task (tonal/phonetic), condition 
(target/nontarget), and response hand (left/right), and submitted to an 
unrestricted principal components analysis (PCA) derived from the 
covariance matrix, followed by unscaled Varimax rotation (Kayser & 
Tenke, 2000), using an expanded data set (N=157; see poster #49). 

• PCA factor scores were submitted to a repeated measures ANOVA for 
targets only:

Between-Group Factors Within -Subjects Factors
Fluoxetine Responder (yes/no) Task (tonal/phonetic)
Gender (female/male) Site (13 symmetric electrode pairs)

Hemisphere (right/left)
Response Hand (right/left)

Data AnalysisData Analysis

Figure 2. Grand average event-related potential (ERP) waveforms for tonal and phonetic target stimuli at all 30 recording sites for 38 depressed patients responding to SSRI 
(fluoxetine) treatment and 17 depressed patients not responding (averaged across response hand and gender). ERPs of 49 healthy adults are shown for comparison purposes (cf. 
poster #49). Distinct ERP components closely corresponded to the extracted PCA factors, as is evident from the time course of the PCA factor loadings shown at selected sites. 
Horizontal (HEOG) and vertical (VEOG) electrooculograms are shown at a smaller scale before eye blink correction.

PCA factor loadings____

Control (n=49)
Responder (n=38)
Non-Responder (n=17)- - - -

____
____

Figure 3. Grand average event-related potential (ERP) waveforms at 
electrode site Cz (vertex) for 38 depressed patients responding to SSRI 
(fluoxetine) treatment and 17 depressed patients not responding
(averaged across task, response hand, and gender). Data of 49 healthy adults
are included for comparison purposes only. PCA factor loadings indicate that 
factor P315 captures the early portion of the P3 potential, whereas factor 
P400 reflects broader P3 activity, primarily after the P3 amplitude peak. Note 
that early P3 (P315) amplitude is reduced in non-responders.

Control (n=49)
Responder (n=38)
Non-Responder (n=17)- - - -

____
____

Figure 1. Varimax rotated (unscaled) factor loadings plotted over time for 
six orthogonal factors extracted by covariance-based principal components 
analysis (PCA). Factor labels were chosen to reflect both the time course of 
the factor loadings and the polarity of the associated ERP component. PCA 
factors may be interpreted as a measure of weighted time window amplitude. 
Note that the percentage of explained variance largely depends on the time 
period and the number of electrode locations covered by a factor.

PCA Factor Loadings

Targets at Cz

Figure 4. Topographies of PCA factor scores at 30 electrode sites (top view, nose 
upwards) corresponding to early (Factor P315) and late (Factor P400) P3, and the sum 
of both P3 factors (i.e., P315-plus-P400) for each patient group (averaged across task, 
response hand, and gender). Topographies of 49 healthy adults are presented for 
comparison purposes only. The factor scores (i.e., the weights of each PCA 
component) reflect the removal of the grand mean ERP waveform for a covariance-
based PCA. Note in top row that P315 amplitude is reduced in non-responders. Also, 
in bottom row note that the sum of Factors P315 and P400 was smaller in non-
responders at frontal sites.

Figure 5. Topographies of N2/P3 amplitude (differences of PCA factor scores, i.e., 
P315 + P400 – N215) for each group (averaged across gender and response hand). 
Maps were calculated for tonal and phonetic target stimuli, and for the corresponding 
tonal-minus-phonetic differences. Topographies of 49 healthy adults are presented for 
comparison purposes only. For all groups, N2/P3 amplitude was greater over right than 
left frontocentral sites in the tonal task, and was greater over left than right
temporoparietal sites in the phonetic task.
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• ERPs recorded from 4 midline and 26 homologous scalp placements 
using an electrode cap and a nose reference

• EEG data were collected in two different laboratories with different 
acquisition settings [.01-30 Hz band pass (-6dB/octave), 100 
samples/sec, versus .1-30 Hz band pass (-6dB/octave), 200 samples/sec]. 
Parameters were digitally equated off-line (1,280 ms epochs at 200 
samples/sec via spline interpolation, 200 ms pre-stimulus baseline). 
Differences in data acquisition were not related to any of the reported 
findings.

• ERP averages low pass filtered at 12.5 Hz (-24dB/octave)
• Horizontal and vertical EOGs (bipolar)
• EEG and horizontal EOG data artifacted at ±100 µV after blink 

correction (linear regression)

ERP Recording ERP Recording 

http://psychophysiology.http://psychophysiology.cpmccpmc..columbiacolumbia..eduedu

• There was a significant difference between responders and non-
responders in early P3 (P315), F[1,51]=4.67, p=.04, but not in late P3 (P400). 
Non-responders showed smaller early P3 amplitude when compared to 
either responders or controls (see Figures 3 and 4).

• Overall P3 amplitude (sum of P315 and P400 subcomponents) was 
significantly smaller in non-responders than responders at frontal sites (at 
F7/8, F[1,51]=5.15, p=.03; at FT9/10, F[1,51]=4.21, p<.05), but not at more 
posterior sites (see Figure 4).

• There were highly significant task-related hemispheric asymmetries for 
N2/P3 amplitude (Task x Hemisphere interaction, F[1,51]=53.7, p<.001). Both 
responders and non-responders showed greater N2/P3 amplitude over 
right than left frontocentral sites in the tonal task, but greater N2/P3 
amplitude over left than right temporoparietal sites in the phonetic task 
(see Figure 5).

Main Findings Main Findings 

http://psychophysiology.http://psychophysiology.cpmccpmc..columbiacolumbia..eduedu//mmediammedia/spr2001//spr2001/ProzRespProzResp..pdfpdf

• ERPs were measured to binaural stimuli in two oddball tasks with 60 
targets (20%) and 240 standards (80%).

• Tonal Task: Complex tones (fundamental frequencies between 264 Hz 
and 528 Hz)

• Phonetic Task: Consonant-vowel syllables (/ta/, /da/, /ka/)

• Subjects responded to infrequent targets as quickly as possible with a 
button press. Response hand was counterbalanced within subjects.

Tonal and Phonetic Oddball TasksTonal and Phonetic Oddball Tasks

http://psychophysiology.cpmc.columbia.edu
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