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The orbitofrontal cortex (OFC) is centrally involved in high-
level cognitive functions. For instance, it has long been asso-
ciated with decision-making (Wallis, 2012), with traditional
views focusing on its role in response inhibition (Dias,
Robbins, & Roberts, 1996), and more recent studies empha-
sizing valuation or outcome prediction (Rudebeck & Murray,
2014; Schoenbaum, Roesch, Stalnaker, & Takahashi, 2009).
The OFC is also implicated in emotional processing, evidenced
by OFC patients having difficulties attending to emotional
stimuli (Hartikainen & Knight, 2003), and recognizing
emotional expressions (Hornak et al., 2003). These studies
suggest that the OFC subserves high-level functions; however,
its role in lower-level functions of sensory processing remains
largely unknown.

The OFC's involvement in sensory response draws support
from animal and human research. Functional data has shown
the OFC receives information from the auditory sensory mo-
dality in monkeys (Zald & Kim, 1996). Structural studies have
demonstrated connections between the OFC and the superior
temporal gyrus in monkeys (Barbas, Ghashghaei,
Dombrowski, & Rempel-Clower, 1999; Petrides & Pandya,
2007) and Heschl's gyrus in humans (Cammoun et al., 2015),
areas critical for auditory sensory processing. The sensory
response to auditory input is commonly indexed by the N1
event-related potential (ERP) component, which is primarily
generated in the supratemporal plane in humans, with addi-
tional contributions from lateral temporal regions and the
parietal cortex (Knight, Hillyard, Woods, & Neville, 1980;
Naatanen & Picton, 1987). Top-down attentional control has
been shown to modulate this auditory evoked potential
(Knight, Hillyard, Woods, & Neville, 1981; Waldorff et al., 1993).
Previous studies implicating the OFC in the aforementioned
high-level cognitive functions indicate that the OFC is capable
of exerting top-down control. Together, these studies suggest
the OFC has the neuroanatomical connections and the func-
tional capacity to exert top-down attentional control to
modulate auditory sensory processing. To our knowledge, this
has not been directly tested in humans. We used a combined
electrophysiological and neuropsychological approach to
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determine whether human OFC is a critical brain region for
regulating sensory processing of auditory stimuli.

We recruited nine patients with lesions in the OFC, and
nine matched healthy controls to participate in the experi-
ment. All controls were tested at the University of California,
Berkeley, while patients were tested at two sites: University of
California, Berkeley (n = 5) and the University of Oslo (n = 4).
Fig. 1a shows the lesion overlap for OFC patients. Subjects'
demographic information and patient characteristics are
presented in Supplementary Information. All subjects pro-
vided written informed consent, and were reimbursed for
their participation. This study was approved by the institu-
tional review boards at the University of California, Berkeley,
the Oslo University Hospital, and the Norwegian Regional
Committee for Medical Research Ethics, Region South.

Subjects were presented with a series of standard tones
(800 Hz) and target tones (1000 Hz), one at a time in a random
order with probabilities of .8 and .2, respectively. The duration
of each tone was 200 msec, and the inter-trial interval was
randomly jittered between 800 and 1200 msec. In the attend
condition, subjects were instructed to focus on the tones and
press a button only when the target tone is heard. Mean re-
action time and d prime were computed for each subject. D
prime is an accuracy measure that takes into consideration
both hit rate and false alarm rate, and was calculated as fol-
lows: d’ = Z (hit rate) — Z (false alarm rate). In the ignore
condition, they were instructed to refrain from paying explicit
attention to the tones. We recorded subjects' EEG from 64
active electrodes. EEG signals were bandpass-filtered at
1-15 Hz for Event-Related Potential (ERP) analysis. The N1 and
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N2 peak amplitudes were measured over fronto-central
midline sites, whereas the P3b mean amplitude was
measured over parietal sites. ERP responses to standard and
target tones in the attend and ignore conditions were aver-
aged separately across subjects within each group. See
Supplementary Information for EEG data preprocessing and
analysis details.

OFC patients had reduced d prime [t (16) = —2.35, p = .032;
Fig. 1b] compared with controls, whereas mean reaction time
to attended targets did not differ between groups (p = .99). ERP
measures were compared between groups using an ANOVA
that included within-subject factors of condition (attend vs
ignore) and tone (standard vs target), and a between-subject
factor of group. Bonferroni correction was applied to account
for the three ANOVAs performed for each ERP component,
yielding a critical o of .017. Results are shown in Fig. 1c. A main
effect of group revealed that OFC patients showed reduced N1
peak amplitude compared with the controls (patients:
—1.15 pV; controls: —3.19 uV; p = .001). A similar pattern was
observed for the preceding P1 ERP component; however, the
effect only approached significance. Details regarding this
post-hoc analysis are reported in the Supplementary
Information. No other effects involving attention or group
for the N1 were significant (p = .524—.887). There was a con-
dition by tone interaction for the N2 (p = .006), driven by larger
N2 peak amplitudes for target relative to standard tones dur-
ing the attend (p = .002), but not ignore condition (p = .211).
The P3b showed effects of condition (p = .001) and tone
(p <.001) that were modified by a condition by tone interaction
(p = .004). This was driven by larger P3b mean amplitudes for
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Fig. 1 — A) Lesion overlap for OFC patients. Each horizontal line on the far right image reflects the location of each slice
shown on the left. Color map indicates percentage of overlap across patients. B) Behavioral performance for OFC patients
(shown in teal) and healthy controls (shown in blue). OFC patients showed reduced d prime compared to healthy controls. C)
ERP waveforms for OFC patients (left) and healthy controls (right) for electrodes FCz (top) and Pz (bottom). Time windows of
analyses for N1 (.08—.12 sec), N2 (.2—.3 sec), and P3b (.4—.6 sec) are highlighted in yellow.
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