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Abstract

The subcallosal cingulate (SCC/sgACC) is a proposed target for deep brain stimulation (DBS) in treatment-
resistant depression (TRD), and intraoperative local field potentials (LFPs) are being explored as a source of
candidate biomarkers.

We report a 52-year-old woman with early-onset, highly refractory TRD and comorbid obsessive-compulsive
and anxiety disorders who underwent tractography-guided multitarget DBS with four 8-contact non-
directional leads: two in the SCC and two along a trajectory through the posterior-ventral nucleus
accumbens (NAc), the anterior bed nucleus of the stria terminalis (BNST), and the anterior limb of the
internal capsule (ALIC). In this exploratory technical observation, LFPs were recorded from the macrocontact
of a microelectrode in the left SCC of the awake patient, with stimulation OFF, during two music trials: one
with a no-music baseline, two neutral songs (rock and classical), and her favorite (happy) song, and one with
a baseline and a sad song. Spectra (Welch’s method) and aperiodic exponents were compared post hoc, and
broadband (3-45 Hz) power during each song was expressed relative to the baseline of the same trial.

Verification of the raw data identified non-neural features that could mimic affective effects: the exported
segments had been downsampled without anti-alias filtering, so 60-Hz mains interference appeared as
narrow lines at 40 and 20 Hz, and 23 corrupted samples in the first 4 s of the happy-song segment inflated
its power more than 200-fold. After their exclusion, broadband power relative to baseline was higher during
the sad song (1.43-fold) than during the happy song (0.69-fold; between-song ratio 2.06, permutation
p=0.024) and the rock song (0.57-fold; ratio 2.48, p=0.004), but not the classical piece (1.13-fold; p=0.45).
Absolute power did not differ between the sad and happy songs, power rose transiently before the sad song
began and remained elevated after it ended, and aperiodic exponents showed no valence-related pattern.
Three months after stimulation onset, the 17-item Hamilton Depression Rating Scale score decreased from
26 to 13 and the Hamilton Anxiety Rating Scale score from 19 to 8.

This single-case observation provides, at most, a weak post hoc signal of valence-related SCC broadband
activity and mainly shows how acquisition and export artifacts can mimic affective LFP effects. Raw-data
verification, anti-alias filtering, and repeated, counterbalanced conditions are prerequisites for evaluating
intraoperative SCC LFPs as candidate biomarkers.

Categories: Psychiatry, Psychology, Neurosurgery
Keywords: deep brain stimulation, intraoperative local field potentials, multimodal targeting, spectral biomarkers,
treatment-resistant depression

Introduction

Major depressive disorder is among the leading causes of disability worldwide, and depressive disorders
account for the largest share of disability-adjusted life-years attributable to mental disorders [1]. In the
Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial, cumulative remission after up to
four sequential treatment steps was approximately 67%, with lower remission and higher relapse rates
among patients who required more steps [2], leaving a substantial group of patients with treatment-resistant
depression (TRD).

Deep brain stimulation (DBS) of the subcallosal cingulate (SCC/Brodmann area 25) was introduced on the
basis of the metabolic hyperactivity of this region in depression and its reduction with successful
antidepressant treatment [3,4]. Open-label series reported sustained responses, but the multicenter, sham-
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controlled BROADEN trial did not demonstrate superiority of active over sham stimulation during its six-
month blinded phase [5]. A recent pooled analysis of 172 implanted patients reported response and
remission rates of approximately 55% and 40%, respectively, at 24 months, with an adverse-event profile
consistent with other DBS indications [6]. Tractography studies showed that clinical response depends on
engaging a convergence of the forceps minor, uncinate fasciculus, cingulum bundle, and descending
subcortical fibers, supporting patient-specific, connectomic targeting [7]. In parallel, nodes of the reward
and threat circuitry, such as the nucleus accumbens (NAc) and the bed nucleus of the stria terminalis (BNST),
have been explored as alternative or complementary DBS targets [8,9].

Because DBS programming in TRD remains largely empirical, electrophysiological biomarkers are being
pursued. Most derive from local field potentials (LFPs), the summed electrical activity of neuronal
populations near the recording contact, whose power spectral density (PSD) describes how signal power is
distributed across frequencies. The PSD combines narrowband oscillations with a broadband aperiodic (1/f)
background, whose power decreases with frequency and whose steepness is summarized by the aperiodic
exponent (B). In chronic SCC recordings, changes in the right-hemisphere 1/f slope accompanied treatment
response [10], and SCC spectral dynamics tracked individual recovery trajectories in sensing-enabled cohorts
[11]; intraoperatively, a decrease in left SCC beta power predicted rapid antidepressant effects [12], and an
amygdala gamma-band biomarker has been used to trigger closed-loop ventral capsule/ventral striatum
stimulation [13]. Because the aperiodic exponent has been linked to excitation-inhibition balance [14], it
must be separated from narrowband oscillations to avoid misattributing broadband shifts to oscillatory
changes [15,16]; gamma-band activity has also been proposed as a candidate biomarker of depression [17].

Music offers a naturalistic and reproducible means of engaging these circuits. Music-evoked emotions
modulate activity in the amygdala, NAc, hypothalamus, hippocampus, insula, cingulate, and orbitofrontal
cortex [18], and intensely pleasurable music elicits dopamine release in the striatum [19]. Happy and sad
music recruit partly dissociable limbic-cortical networks [20,21], and individuals with depression
preferentially select sad music, a choice that may reflect emotion-regulation goals that maintain negative
mood [22]. Of direct relevance to the SCC, transient sadness increases subgenual cingulate activity in healthy
volunteers, whereas clinical recovery is accompanied by its reduction [23], and SCC DBS reduces automatic
attentional bias toward negative self-referential material in patients with TRD [24].

To our knowledge, intraoperative SCC LFP activity during emotion-evoking music has not been described in
TRD. This report is an exploratory technical observation: we describe the verification of intraoperative SCC
LFPs recorded during music listening and a post hoc comparison of broadband activity, relative to the
preceding no-music baseline, between a sad song and neutral and happy music. Given the involvement of
the SCC in negative mood [23], the sad song was the condition of primary interest; however, because each
song was presented once, in a fixed order, and without valence or arousal ratings, the design cannot test a
sadness-specific SCC response. Broadband power (the integral of the PSD over 3-45 Hz, which equals the
variance of the band-limited signal) and the aperiodic exponent were examined descriptively, and all
comparisons were defined after the recordings had been obtained. Because verification of the raw recordings
revealed acquisition and export artifacts capable of mimicking affective effects, the report also describes
how these artifacts were identified. The observation is not intended to establish a biomarker or a clinical
phenotype.

Case Presentation
History and presentation

A 52-year-old woman presented with severe, recurrent major depressive disorder that began at
approximately 26 years of age, with persistently depressed mood, daily sadness and frequent crying, marked
anhedonia, hopelessness, feelings of worthlessness, pathological guilt, progressive loss of motivation,
constant rumination, persistent fatigue, and insomnia alternating with hypersomnia. The course was
chronic, fluctuating, and progressively refractory, with multiple severe relapses and repeated
hospitalizations. She had persistent suicidal ideation and passive death wishes, with two serious suicide
attempts (one requiring intensive care) and one aborted attempt, and she had repeatedly expressed a wish
for euthanasia. Comorbidities included severe early-onset obsessive-compulsive disorder (contamination,
order, and cleanliness obsessions; washing and disinfection rituals; intrusive guilt-related thoughts; and
pathological perfectionism) that worsened in parallel with depression, a comorbid anxiety disorder, and
chronic insomnia; affective symptoms also worsened during menses. On mental status examination, she was
alert, oriented, and cooperative, with profoundly depressed affect and thought content dominated by guilt,
hopelessness, and death ideation, without psychotic symptoms; insight was partial and reality testing was
preserved.

Treatment resistance was documented after more than 15 psychotropic medications from different classes
(selective serotonin reuptake inhibitors, serotonin-norepinephrine reuptake inhibitors, tricyclic
antidepressants, mood stabilizers, atypical antipsychotics, benzodiazepines, and glutamatergic modulators),
electroconvulsive therapy since diagnosis, intravenous ketamine, repetitive transcranial magnetic
stimulation, and prolonged psychotherapy including intensive cognitive-behavioral therapy, all without
sustained response or with significant intolerance. Given the extreme treatment resistance, high suicide
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risk, chronicity, and absence of conventional alternatives, the interdisciplinary psychiatry-functional
neurosurgery team considered her a candidate for DBS. A multitarget approach was chosen according to her
symptom profile: the SCC to modulate mood regulation and the dominant depressive network; the BNST to
address sustained anxiety, anticipatory fear, and hypervigilance; and the ALIC and adjacent ventral striatum
to address obsessive-compulsive symptoms, rumination, and fronto-striatal regulation [3,8,9]. The patient
and her family were informed of the investigational nature, risks, benefits, and alternatives of the procedure,
and the patient completed and signed written informed consent for surgery, the intraoperative research
recordings, and publication. The study was approved by the Ethics Committee of the International
Neuromodulation Center (NEMOD).

Operative planning and targeting

Neurosurgical planning specified 3-T MRI (1-mm isotropic contrast-enhanced T1, T2, 3D fluid-attenuated
inversion recovery (FLAIR), and 32-40-direction diffusion tensor imaging (DTI)) for tractography-guided
SCC targeting [5]. Hardware used was a Vercise Genus P32 non-rechargeable IPG with four long 8-contact
non-directional leads (Boston Scientific, Marlborough, MA, USA; bilateral SCC and bilateral NAc-BNST-
ALIC) and extensions.

Conventional SCC targeting was performed using standard stereotactic coordinates: X = 7 mm lateral, Y = 8
mm anterior to the anterior commissure (AC), and Z = 2 mm inferior to the midpoint of the AC-PC plane.
From this nominal point, the trajectory was adjusted toward the zone of maximal fiber-density convergence,
specifically the intersection of the short frontal fibers, the cingulum bundle, and the uncinate fasciculus, to
optimize modulation of the fronto-limbic network. For the accumbens-BNST trajectory, coordinates were set
at X =3 mm lateral, Y = 14 mm anterior to the mid-commissural point (MCP) - positioning the lower
contacts posterior to the nucleus accumbens and anterior to the BNST - with Z = 2 mm inferior to the MCP.
The entry angle was deliberately aligned along the direction of the thalamic radiations, ensuring that the
most superior contacts would lie within the ALIC, enabling simultaneous engagement of ventral striatal,
BNST, and capsular pathways within a single optimized trajectory [6,9]. Postoperative MRI confirmed the
two SCC leads anteriorly and the two NAc-BNST-ALIC leads posteriorly. On probabilistic tractography, the
SCC leads reached the intersection of the forceps minor, uncinate fasciculus, and anterior cingulum fibers,
and the posterior leads traversed the tract through both NAc into the ALIC; volume of tissue activated (VTA)
modeling of the ventral SCC contacts showed activation of cingulum and forceps minor fibers (Figure ).
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E Intraoperative recording and test-stimulation contacts (left SCC, microelectrode phase, before lead implantation)

Side view
Five-hole guide (top view)

. Recording contact (lateral track)

Macrocontact of an FHC microelectrode; LFP channel of the
GLS system sampled at 1 kHz. All spectra in this report
come from this contact, with stimulation OFF.

I . Test-stimulation contact (central track)

Macrocontact of the central-track microelectrode
(continuous, 130 Hz, 2 mA, 142 ps). Recordings during
l l t SCC stimulation were not analyzed in this report.
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The four permanent 8-contact

FIGURE 1: Postoperative lead localization, probabilistic tractography,
volume of tissue activated (VTA) modeling, and intraoperative recording
configuration.

A. Postoperative axial T1-weighted MRI showing the four implanted leads; magenta arrows indicate the two
anterior leads in the subcallosal cingulate (SCC), and lavender arrows indicate the two posterior leads along the
nucleus accumbens (NAc)-bed nucleus of the stria terminalis (BNST)-anterior limb of the internal capsule (ALIC)
trajectory. B. Probabilistic tractography (A, anterior; P, posterior) showing the internal capsule (yellow), the
amygdala (orange), and the four leads with the same arrow code: the anterior SCC leads (green and cyan) reach
the intersection of the forceps minor, uncinate fasciculus, and anterior cingulum fibers, whereas the posterior leads
(orange and yellow) traverse the tract through both NAc and course into the ALIC. C. The same reconstruction
rotated so that anterior is at the bottom and posterior at the top (R, right; L, left). D. VTA simulation for the ventral
contacts of the SCC lead shown in green, with activation of cingulum and forceps minor fibers (white arrows); the
simulation (5 mA, 130 Hz, 90-us pulse width) illustrates the relationship between the active contacts and these
tracts. All targets were implanted with long 8-contact non-directional leads (Boston Scientific, Marlborough, MA,
USA). E. Schematic of the intraoperative recording configuration in the left SCC during the microelectrode phase,
before lead implantation: LFPs were recorded from the macrocontact of the microelectrode in the lateral track
(blue), 2 mm from the central track, whose macrocontact (orange) was used for test stimulation (130 Hz, 2 mA,
142 ps); recordings obtained during stimulation were not analyzed. The schematic is not to scale.

Microelectrode recording (MER) and intraoperative LFP acquisition were performed using the Guideline 5
(GL5) neuromodulation system from FHC (Bowdoin, ME, USA), which provides simultaneous micro- and
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low-frequency electrophysiological recording channels. Multitarget surgical planning was carried out using
the Brainlab planning environment (Brainlab, Munich, Germany), incorporating its Elements Fibertracking
and tractography modules to reconstruct patient-specific white-matter pathways, visualize frontal-limbic
tracts, and optimize trajectory selection based on probabilistic tractography [9].

Intraoperative LFP methods

Experimental Design

Recordings were obtained during the microelectrode-recording phase of surgery, before implantation of the
definitive leads, with the patient fully awake under local anesthesia and a single low dose of
dexmedetomidine. Using the GL5 system, LFPs were recorded at the left SCC target (the first hemisphere
operated) from the macrocontact of an FHC microelectrode (3-mm tip) placed in a lateral track 2 mm from
the central track; test stimulation was delivered through the macrocontact of the central-track
microelectrode (continuous, 130 Hz, 2 mA, 142-ps pulse width) (Figure /F). Four songs were selected
preoperatively with the patient, according to her musical preferences, as pieces that evoked strong emotions
[20,21,25]: rock-neutral (“Enter Sandman,” Metallica), classical-neutral (Adagio for Strings, Op. 11, Samuel
Barber, conducted by Leonard Bernstein), favorite ranchera-happiness (“Coqueta,” Heredero), and ballad-
sadness (“Mi viejo,” Piero). Emotional labels were based on her preoperative report; intraoperative valence
or arousal ratings were not obtained. With stimulation OFF, two continuous trials were recorded (Figure 2A).
Trial 1 (270 s) consisted of a no-music baseline (0-27 s), the rock song (27-83 s), a second baseline (83-117
s), the classical piece (117-170 s), a third baseline (170-200 s), and the happy song (200-270 s). Trial 2 (70.7 s)
consisted of a no-music baseline (0-21 s), the sad song (21-51 s), and a no-music period (51-70.7 s).
Transitions were marked by tapping the recording cable, which produced a brief mechanical artifact used for
segmentation. The protocol was then repeated during test stimulation; these recordings were not analyzed
because the exported files could not be verified against the native recordings (they had been exported in a
different format, lacked a baseline segment of their own, and contained no identifiable stimulation artifact).
This report is therefore restricted to recordings obtained without stimulation.
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A Recording protocol (stimulation OFF). Cable taps marked each transition.
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FIGURE 2: Recording protocol, raw local field potentials, and non-neural
signal features (stimulation OFF).

A. Timeline of the two trials recorded without stimulation; transitions were marked by cable taps. The bar under
trial 2 marks the exported 20-s excerpt (25-45 s), which matched every 10th sample of the native recording. B.
Raw 20-s excerpts of trial 1 at 100 Hz (linear trend removed for display). The happy-song excerpt contains 23
corrupted samples between 1.96 and 3.62 s (red ticks; values fall to =0-0.1 mV and are clipped in the display); the
first 4 s of every trial-1 excerpt (shaded) were excluded from analysis. C. Native 1-kHz recording of trial 2 (black,
unfiltered, showing slow DC drift) and the same signal band-pass filtered at 3-45 Hz (blue, x10, offset). D. Power
spectral density (PSD) of trial 2 at 1 kHz, showing a 60-Hz mains line with harmonics and no peak at 40 Hz. E.
The sad-song period downsampled to 100 Hz by taking every 10th sample without filtering, as in the exported
files (red), and after anti-alias filtering (blue); the 60-Hz and 120-Hz lines fold to 40 and 20 Hz only without filtering.
PSDs were estimated with Welch’s method (4-s Hann windows, 50% overlap).

Data Verification and Preprocessing

The LFP channel was acquired at 1 kHz and exported as text. For trial 1, the available data were 20-s excerpts
exported at 100 Hz (one from a baseline period and one from each song); for trial 2, the complete recording
at 1 kHz was available. Before analysis, the data were verified in three steps. First, the exported 20-s excerpt
of the sad song was located within the native trial-2 recording by cross-correlation; it matched samples 25-
45 s exactly (r = 1.000) when every 10th sample was taken, showing that the exported files had been
downsampled by sample decimation without an anti-alias filter, a procedure that folds activity above the
new Nyquist frequency (50 Hz) into the analysis band [26]. Second, the spectrum of the native recording was
examined up to 500 Hz for line noise. Third, each excerpt was screened for corrupted samples (deviation of
more than 0.3 mV from an 11-sample running median) and for slow drift. Because corrupted samples were
confined to the first 4 s of one excerpt (see Results), all trial-1 analyses used the 4-20-s window of each
excerpt. To keep processing identical across trials, the trial-2 recording was decimated in the same way
(every 10th sample) for the main analysis, and the result was checked after anti-alias (finite impulse
response) filtering and downsampling. No notch filter was applied, and electrode impedance values were not
available.

Spectral Analysis and Post Hoc Statistics

2026 Contreras Lopez et al. Cureus 18(10): e118691. DOI 10.7759/cureus.118691 6 of 12


https://assets.cureus.com/uploads/figure/file/2202407/lightbox_44061c50c8ab11f1bea0a3ebd07d9780-Figure-2.png
javascript:void(0)

Cureus

Part of SPRINGER NATURE

PSDs were estimated with Welch’s method (Hann window, 4-s segments, 50% overlap, density scaling, linear
detrending; 0.25-Hz resolution) [27,28]. Broadband power was obtained as the integral of the PSD over 3-45
Hz, which, by Parseval’s theorem, equals the variance of the band-limited signal and indexes local
population activity [29]; bins at 2-3 Hz, 19.5-20.5 Hz, and 39.5-40.5 Hz, which contained narrow lines of
non-neural origin, were excluded. The aperiodic exponent (B) was estimated by spectral parameterization
(Fitting Oscillations and One-Over-F (FOOOF)/specparam, version 1.1; fixed aperiodic mode, 2-45 Hz)
[15,16]. For each song, broadband power was expressed relative to the baseline of the same trial; for trial 2,
both the 30-s sad-song period and a 16-s window matched in length to the trial-1 windows (29-45 s) were
analyzed. All statistical comparisons were defined after inspection of the data and are therefore post hoc and
exploratory. Each condition was divided into non-overlapping 2-s epochs, and broadband power was
computed for each epoch. Song-versus-baseline differences were tested with a permutation test on the mean
log epoch power (20,000 permutations) [30]. Differences between songs were tested on the song-to-baseline
ratio, permuting song and baseline labels within each trial, so that the variability of both baselines was
taken into account. Because adjacent epochs are not independent and each song was presented once, p
values are reported uncorrected as descriptive measures; Holm-adjusted values are also given for the three
contrasts involving the sad song [31].

Results

Intraoperative Results

Raw-data verification: Three non-neural features were identified (Figure 2). First, the native 1-kHz recording
contained a large 60-Hz mains line, which accounted for about 64% of total signal power, with harmonics up
to 480 Hz, but no peak at 40 Hz (Figure 2D). Because the exported data had been downsampled to 100 Hz
without anti-alias filtering, the 60-Hz line and its 120-Hz harmonic folded to 40 Hz and 20 Hz, where they
appeared in every condition, including the baselines, as narrow lines more than 8,000-fold above
neighboring frequencies; after anti-alias filtering, the 40-Hz line disappeared (Figure 2F). The ~40-Hz and
~20-Hz lines are therefore aliased mains interference, and neither their height nor their width carries neural
information. In addition, a narrow line at 2.5 Hz, of unidentified and presumably instrumental origin, was
present in all conditions at the native sampling rate. Second, the happy-song excerpt contained 23 corrupted
samples between 1.96 and 3.62 s, which dropped to ~0-0.1 mV from a signal level of ~1.1 mV (Figure 2B).
When these 4 s were included, 3-45-Hz power of the excerpt was ~218-fold that of its baseline and the
spectrum flattened (aperiodic exponent 0.50, R?=0.66); after their exclusion, the excerpt was comparable to
the other conditions (exponent 2.07, R%=0.93). No corrupted samples were found in the other excerpts or in
trial 2. Third, the signal showed a slow DC drift (0.8 mV over 70 s in trial 2; Figure 2C), which was removed
by linear detrending and does not affect the 3-45-Hz band.

Song-related changes in broadband power (stimulation OFF): Within trial 1, broadband power relative to
baseline was 0.57-fold during the rock song (permutation p=0.024), 1.13-fold during the classical piece
(p=0.60), and 0.69-fold during the happy song (p=0.14) (Figure 3A, 3C). Within trial 2, it was 1.43-fold during
the sad song (p=0.087; 1.31-fold, p=0.21, in the length-matched window) and 1.21-fold after the song ended
(p=0.32) (Figure 3B, 3C). In the native 1-kHz time course, power had already increased transiently during the
last 5 s of the baseline, before the sad song started, and remained elevated after the song ended, without a
difference between the song and the subsequent no-music period (ratio 0.98) (Figure 3D). Repeating the
trial-2 analysis with anti-alias filtering instead of sample decimation gave nearly identical results (whole-
window ratio 1.59 vs 1.56).
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FIGURE 3: Broadband spectral power during each song relative to the
baseline of the same trial (stimulation OFF).

A. Power spectral densities (PSDs) of trial 1: baseline, rock, classical, and happy excerpts (4-20 s of each 20-s
excerpt). B. PSDs of trial 2: baseline (0-21 s), sad song (21-51 s), and no-music period (51-70 s), downsampled
as in trial 1. Grey bands mark the narrow non-neural lines (2.5 Hz, and 60-Hz and 120-Hz mains interference
aliased to 40 and 20 Hz) excluded from broadband power. C. 3-45-Hz power of 2-s epochs relative to the
geometric mean of the baseline of the same trial; bars show geometric means. Brackets give the ratio between
song-to-baseline ratios and the uncorrected permutation p value (20,000 permutations, labels permuted within
trials). D. Time course of 3-45-Hz power in trial 2 at 1 kHz (4-s windows, 0.5-s steps); horizontal bars show
medians. All analyses are post hoc.

Comparison between songs: Because each song was referred to its own baseline, differences between songs
were evaluated on the song-to-baseline ratios. The ratio for the sad song was 2.06-fold that for the happy
song (p=0.024; 1.90-fold, p=0.051, in the length-matched window) and 2.48-fold that for the rock song
(p=0.004), but did not differ from that for the classical piece (1.26-fold, p=0.45) (Figure 3C). After Holm
adjustment for the three sad-song contrasts, p values were 0.012 (rock), 0.048 (happy), and 0.45 (classical).
These contrasts depend on the reference baseline: the two baselines differed in absolute power (22.0 uV2in
trial 1 vs 12.5 uV? in trial 2; p=0.035), and absolute broadband power did not differ between the sad and
happy songs (19.5 vs 15.4 uV?; p=0.26).

Aperiodic exponents ranged from 1.80 to 2.34 across conditions (baselines 2.34 and 1.96; rock 2.04, classical
2.10, happy 2.07, sad 2.04, after the sad song 1.80), without a pattern related to emotional valence. Periodic
components fitted by spectral parameterization were small and inconsistent across conditions and were not
interpreted.

Postoperative/Early Outcome

Depressive and anxiety symptoms were rated with the 17-item Hamilton Depression Rating Scale (HDRS-17)
[32] and the Hamilton Anxiety Rating Scale (HAM-A) [33] before surgery and three months after stimulation
was activated. The HDRS-17 total score decreased from 26 to 13 (50%), with the largest item changes in
depressed mood (4 to 1), suicidal ideation (3 to 1), work and activities (3 to 1), and genital symptoms (2 to 0),
whereas guilt increased from 0 to 1. The HAM-A total score decreased from 19 to 8 (58%), with reductions in
mood, cognitive, gastrointestinal, autonomic, and sleep items (Figure 4A-4C). In addition, patient-reported
ratings on 11 non-validated items (scored 1-10), obtained at baseline and four weeks after stimulation was
activated, improved in sleep quality, hope for the future, social and family satisfaction, concentration,
gardening, enjoyment of daily activities, and mood, whereas daytime energy decreased (10 to 5) (Figure 4D);
a global well-being index, defined as the mean change across the 11 items after reverse-scoring the two
items for which higher scores indicate worse status, increased by 3.73 points. Medication was not changed
between stimulation activation and the three-month assessment. No obsessive-compulsive symptom scale
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was available. These open-label ratings from two time points describe the clinical course; they cannot
establish efficacy or be attributed to a specific target.

HDRS-17 items (score / item maximum)

Baseline

Validated scales: total scores
304 3 months

~@- HDRS-17 :
Depressed mood 4/a 4
-~ HAM-A P
26 Guilt o4 4
Early insomnia 02 o2
20 Middle insomnia 012 o2
19 Late insomnia 02 02
T
§ 13 Cso) -y
5 General somatic symptoms 22 w2
Genital symptoms. 212 [
Hypochondriasis va 4
0 Weight loss 02 o2
Baseline 3 months after
(preoperative) stimulation onset Insight 2 o2
C ’ . ) D ) ) :
HAM-A items (score / item maximum) Patient-reported ratings (1-10; non-validated)
Baseline 3 months Baseline 4 weeks
Tension va 4
Hope for the future 10
Fears va 4
S coct . a o
Depressed mood “ R Gardening (ability/enjoyment) — 10
Somatic (muscular) o4 04
Somatic (sensory) 0/a 0/a
cardiovascular = o evorment ot aay acvices [ R B
—— T
Motivation to start the day
Genitourinary 4 o/4
Behavior at interview 4 o/a Energy level during the day 10 —

+ Higher scores indicate worse status (reverse-scored in the global well-being index)

FIGURE 4: Clinical ratings before and after surgery.

A. Total scores of the 17-item Hamilton Depression Rating Scale (HDRS-17)[32] and the Hamilton Anxiety Rating
Scale (HAM-A) [33] before surgery and three months after stimulation onset. B, C. Item scores of the HDRS-17
(B) and HAM-A (C), shown as score/item maximum; color intensity is proportional to the fraction of the item
maximum. D. Patient-reported ratings (1-10) on 11 non-validated items at baseline and four weeks after
stimulation was activated; higher scores indicate more favorable ratings, except for the two items marked 1, which
were reverse-scored for the global well-being index. Ratings are open-label and descriptive and do not establish
treatment efficacy.

Discussion

The main contribution of this report is methodological. Verification of the raw recordings showed that the
most conspicuous spectral features of these data were not neural: the ~40-Hz and ~20-Hz lines were 60-Hz
mains interference and its harmonic folded into the analysis band by downsampling without anti-alias
filtering, and the largest broadband change, a more than 200-fold power increase with spectral flattening,
arose from 23 corrupted samples in a single excerpt. Each of these features could easily be mistaken for an
affective or stimulation-related effect: a 40-Hz peak may be expected in auditory paradigms, because
auditory steady-state responses occur at this frequency and depend on arousal, attention, inhibitory tone,
and stimulus predictability [34-40], and broadband power shifts and spectral flattening are interpreted as
changes in population activity and excitation-inhibition balance [14,29]. In intraoperative recordings, where
time is limited and environmental interference is common, inspection of raw traces, analysis at the native
sampling rate, and anti-alias filtering before any downsampling should therefore precede spectral
interpretation [26].

After these artifacts were excluded, the only signal suggestive of a valence-related effect was that broadband
SCC power, relative to the preceding baseline, increased during the sad song and decreased during the happy
and rock songs. This direction would be consistent with the increase in subgenual cingulate activity during
transient sadness and its reduction with recovery [3,23], with the reduction of attentional bias toward
negative self-referential material after SCC DBS [24], and with the close relationship between broadband
LFP power and local population spiking [29]. However, several observations argue for caution. The sad-song
ratio did not differ from that of the neutral classical piece; the songs were recorded in two separate trials
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whose baselines differed in absolute power, so the contrasts depend on the reference used, and absolute
power did not differ between the sad and happy songs; and in trial 2 power rose transiently before the song
started and remained elevated after it ended, a time course more consistent with a slow change in state, such
as arousal or anticipation, than with a response locked to the music. Music modulates deep and cortical field
potentials, including beat-related beta synchrony in basal ganglia LFPs and emotion-specific cortical activity
patterns [41,42], and standardized musical stimuli remain an attractive way to probe affective circuits
intraoperatively, but the present data do not establish a valence-specific SCC response.

The aperiodic exponent reflects excitation-inhibition balance and varies with vigilance state and task
engagement [43,44]; event-related changes in the spectral slope track attention and age-related shifts in
excitation-inhibition balance and predict behavior [44,45], resting exponents predict cognitive decline and
change across the lifespan [46,47], and flatter exponents relate to inefficient information processing [48].
Because the exponent is state-dependent, behavioral state must be documented when it is used as a
biomarker. In the present recordings, the exponent varied between 1.80 and 2.34 without a pattern related to
the emotional content of the music, and the only marked departure from 1/f scaling was produced by
corrupted samples, which shows that an apparently flattened spectrum should prompt inspection of the raw
signal before physiological interpretation.

Limitations and future directions

This report has important limitations. First, it describes a single patient and a single intraoperative session,
and each song was presented once, in a fixed order, without repetition, randomization, or counterbalancing;
differences between songs may therefore reflect acoustic features, familiarity, preference, time, or arousal
rather than emotional valence, and no intraoperative valence or arousal ratings were obtained. Second, the
sad song was recorded in a different trial from the other songs, with a baseline that differed in absolute
power, so between-song contrasts depend on the reference baseline. Third, for trial 1 only 20-s excerpts
exported at 100 Hz without anti-alias filtering were available; aliased components could not be removed
retrospectively and were handled by excluding the affected frequency bins. Fourth, all statistical
comparisons were post hoc, epochs within a condition are not independent, and p values are descriptive.
Fifth, non-neural contributions such as muscle or movement activity cannot be excluded without
simultaneous electromyography or video, and the source of the 2.5-Hz line was not identified. Sixth,
recordings during test stimulation were not analyzed because the exported files could not be verified, so no
inference about the effect of stimulation on SCC activity can be drawn. Finally, the clinical outcomes were
open-label, were obtained at two time points, did not include an obsessive-compulsive symptom scale, and
reflect chronic multitarget stimulation, so they cannot be related to the intraoperative observations. Future
intraoperative studies should record at the native sampling rate with anti-alias filtering, include a no-
stimulus reference recording, verify raw traces before analysis, present repeated and counterbalanced
stimuli with concurrent valence ratings, and prespecify the analyses.

Conclusions

In this exploratory single-case technical observation, verification of intraoperative SCC LFPs recorded
during emotion-evoking music showed that the most salient spectral features, a 40-Hz line and a large
broadband increase with spectral flattening, arose from aliased mains interference and corrupted samples
rather than from neural activity. After their exclusion, broadband power increased relative to baseline
during the sad song and decreased during the happy and rock songs, a post hoc signal that did not
distinguish the sad song from a neutral classical piece and was not time-locked to the music. These findings
do not establish a valence-related SCC biomarker; they indicate that raw-data verification, anti-alias
filtering, and repeated, counterbalanced conditions are prerequisites for evaluating intraoperative SCC LFPs
as candidate biomarkers for personalized DBS.
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